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PREFACE

The inferior man’s reasons for hating knowledge are not hard to discern.
He hates it because it is complex –

because it puts an unbearable burden upon his meager capacity for taking in ideas.
Thus his search is always for short cuts. All superstitions are such short cuts.

Their aim is to make the unintelligible simple, and even obvious.
So on what seem to be higher levels. No man who has not had a long and arduous education

can understand even the most elementary concepts of modern pathology.
But even a hind at the plow can grasp the theory of chiropractic in two lessons.

Hence the vast popularity of such quackeries.
They are idiotic, but they are simple – and every man prefers

what he can understand to what puzzles and dismays him.
Henry Louis Mencken

Is it not pleasant to learn with
a constant perseverance and application?

Confucius1

The truth shall make you fret
Terry Pratchett2

Existence and conditions of humanity in early XXIst Century are more than

ever dependant on results of scienti�c research. Yet, at the same time, the average

understanding of these results and the whole scienti�c process is very, very low. This

rapidly widening gap invites all sorts of more accessible `explanations' and recipes,

whether spiritual, supernatural or pseudoscienti�c. Our capability | as humanity or

individual societies | to intelligently make decisions that may dramatically inuence

the future of life on Earth is drastically limited by this lack of understanding.

It should be thus one of the major tasks of every scientist to devote her or his

time to popularisation and explanation. And, indeed, many scientists do engage in this

1Analects, 1.1
2The Truth, 2000
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noble endeavour. There are quite a few good books making Science understandable and

accessible | to a degree. This book is somewhat di�erent. It has not been written by an

active researcher, but by someone that could, at best, be characterised as an `amateur

scientist'. Its main purpose is quite simple: to share the sense of wonder that can result

from following our e�orts to understand Nature. To show, by examples, that at the

Internet age it is possible to dig quite deeply into the accumulated scienti�c knowledge,

without huge budget and quite a lot of fun. To get intelligent understanding not only

of the facts of physics or biology, but also of the controversies related to politics and

teaching, to social aspects of doing science, its disputes, quarrels and accusations.

There is today so much data that we seem to lose the basic ability to understand,

evaluate and prioritize it. Television, books and newspapers are always searching for

the new, new thing. So do the investors. So do kids, for whom yesterday's music and

games are already ancient. The Internet can provide almost any information, from

the relatively rare treasures to utter rubbish. Dressed in fancy graphics, ordered and

presented to us by automated search engines (with, of course, not so slight advertising

tilt), the web pages have already overloaded our capacity to grok them. Moreover, we

hear from various gurus, journalists and political leaders that science is dead, useless or

even dangerous. Thus our view of the world becomes increasingly shallow or false.

A well known saying claims that any su�ciently developed technology is indisguish-

able from magic. And because in general we do not understand the technology we

use, such magic �lls the air. Our technology has indeed became so advanced that we

barely understand its human-facing interface (such as word-processing computer pro-

grams, for which special courses are needed), let alone their inner workings. Most of us

have stopped trying to understand how things work. At the same time our schools shy

away from hard science, so how can we be sure that our decisions are based on proper

understanding?

Dear Reader, do you feel con�dent that you understand the issues when you vote,

directly or indirectly, for (or against) issues such as nuclear power or a new school

curriculum? Have you checked all the pros and cons? Do you know why snow is

white (and in what ways is this fact relevant to global warming and environmental

protection), why do we see rainbows as they are, why the Universe expands ever faster,

how electric cars inuence energy and pollution balance of Earth, in what ways the

bird-u is di�erent from the `normal' one, or why did you have to learn reading and

writing at school, while you had learned talking `naturally' and without e�ort? Do you

know why some people seem to have better understanding of some issues than others?

And what can we do about it? There are answers to some these questions | and

to many other. Some questions are still open, and many of those must be answered

and the answers applied correctly and turned to actions for our race to survive and

prosper. We are more and more aware of the dangers of the world: pandemic diseases,

global warming and others. Despite this the level of understanding of their mechanisms

is tragically low. Stupidity and miseducation is seldom mentioned among the dangers.
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Most of us live in a black magic world and blindly take decisions that a�ect us and future

generations. This scares me profoundly. Perhaps some issues will never be answered

fully. But, I argue, there is a method of getting closer to the answers.

The book is a record of a personal journey into those aspects of science that have

caught my attention. I do not claim to be an expert in most of the �elds. I admit

that my judgements may be mistaken, my sources limited and my opinions biased.

The main reason for choosing particular topics is that I think they are important | or

funny. The book is also a personal account of my observations of the nearly hopeless

�ght for scienti�c logic and reason within greater society, and against the way we are

blindfolding ourselves and our children. Fight that we are losing: on average we know

less and less of the world around us with each generation. What is worse, we accept

it. I think that we live in special age: we have, as the whole humanity, accumulated

enough knowledge to solve most of the problems besetting us today, and in near future.

The main problem lies in the will to apply the right solutions. And to have this will,

we need to be sure what solutions are correct. Science is the best tool to evaluate

consequences of our social actions; scienti�c method can ensure that this evaluation is

not done by dictators' decisions or by uninformed voting, democracy of the blindfolded.

But to make the right decisions in a democratic way, the information on choices and

implications must be accessible to most of us. And I am deeply afraid that through

combinations of many factors (social, political, religious and psychological), despite

the existence of the knowledge and its technical availability, more and more people in

democratic societies are denied or estranged from the basic scienti�c results and way

of thinking. The situation in the Third World countries is far worse: not only people

seldom have any ability to participate in democratic decision process, they do have very

limited access to any education3.

I was brought up under communist rule. This had, among others, the two following

results: I have heard the words `Political Correctness ' for the �rst time when I was

thirty two (and by all measures at an age when one is deeply set in behavioral pattern4);

second | after years of communist dictatorship Poles have deep hatred toward all forms

of censorship (even, or perhaps especially, censorship `in the name of and for the
bene�t of the people ').

Therefore many remarks I make here, the choice of quoted works, generally the

whole attitude of this book is not politically correct. The fault is all mine. I intend

to call white { white and stupidity { stupidity. And I do not think that the fact that

most of the players in NBA are black is racist, nor that the fact that there are more

men doing research in physics than women is sexist5.

There is a huge di�erence between all types of revealed knowledge (such as o�ered,

3The two notable exceptions seem to be: basic religious brainwashing necessary for group identity

and basic military training, enabling to hold and use a Kalashnikov rie.
4As documented in the Polish proverb `czego si¦ Ja± nie nauczyª, Jan nie b¦dzie umiaª '
5After all, there were only two scientists to receive Nobel Prize twice for scienti�c work and one of

them was a woman. Can you name her?
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for example, by religious systems) and knowledge resulting from the scienti�c method.

Not just because of live, developing nature of the latter, but mainly because it opens

the eyes to interdependence of the tools used in understanding. To make myself clearer,

let me give a high level example. We are biological creatures. This inuences ways we

perceive the Reality, through our eyes, ears, touch, smell and taste. More importantly,

through our brains, equipped to give priority to given types of observations and reason-

ing | as evolutionary adaptation aimed to save us from sabre tooth tigers, poisonous

plants and give advantages over our neighbours. Biology also inuences how we interact

with each other, how we communicate. Thus, our biological origins inuence both how

we divide mentally the world into chunks (objects, processes) and also how we describe

them. In other words our biology inuences our science, including the basic notions of

physics, such as atoms.

To go further, once we use scienti�c method and language we develop description

of the Reality in growing detail, we also start to explain and understand our biological

heritage and limitations. We close the circle, linking the foundations of explanation with

the explanation itself.6 Working through scienti�c method we are not only left with

knowledge that is constantly changing, but also one where no fundamental cornerstone

can be pointed out. The rule is to question, not to trust authority. This situation is

very uncomfortable for many people (those who bothered to give it a thought, anyway).

In comparison, in revealed or authoritarian systems (such as religions) we can point

to the ultimate source, usually unchanging and presented in a way that allows broad

understanding. The resulting world view is simpler and more comfortable, with things

guaranteed to be in their proper places. Usually, religions or philosophical systems

place Humanity, or more frequently a fragment of Humanity, such as a `Chosen Nation'

or the `working class' near the central point of the system, the source of order. This

provides us with feelings of importance and security. Such systems are usually formu-

lated and explained in a way that allows almost everyone to `participate'. Moreover, the

predictions are usually so vague that they are, in fact, decoupled from Nature and facts.

This gives them the security against the unexpected: scienti�c theory can be falsi�ed

or improved by new experiments and observations, while most religions are una�ected

by such earthly matters, and may still use literally frameworks formulated thousands

of years ago.

On the other hand, the followers of revealed systems are, by de�nition, ill prepared to

adapt to changes | social, technical, environmental. This forces us to decide, whether

we want the comfort of an authoritarian system (which might clash with Reality7) or

openness of the scienti�c approach, with the insecurity brought by changes and by

displacing Humanity from central location in the system. For me the choice was and

is natural: follow the best of what can be known about Nature. My interest is in

the ways and byways of scienti�c understanding of the world, in comparison with the

6The same chain of thought might just as well be started from physics.
7And in such case | so much worse for the Reality
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naive childhood models or religious, political ideologies and visions. I deeply believe

that as our capability to change the whole Earth ecosystem increases, the basis for our

decisions has to change from intuitive or doctrinal to the informed. And that this means

that we should make much more e�ort than we do today to increase the role | and

understanding | of Science.

Commenting on activities of other people and on their beliefs touches, par force,
the realm of morality. While the sources and more importantly, aims of morality are

separate from science, the ways of implementation de�nitely should take it into account

Reality, as we best know and understand it. Therefore, via what Edward O. Wilson calls

consilience, even fundamental physics a�ects how we | as individuals and societies |

could strive to and perfect the moral landscape and ultimately, our behaviour. Some

of my friends, who have read early drafts of the book have warned me against putting

in a chapter on de�nitely touchy subject, religion. They have asked me if I did have

to do it? Well, I think there are two reasons for this chapter: the �rst is that I believe

that traditional religious stance is in conict with scienti�c mentality. You can either

put all your trust in some more or less ancient holy text, and trust it completely | or

you would go through life with a questioning mind, doubting even your masters, and

doomed to ever changing world of trying to understand the world the best you can.

In this I �nd a deep, philosophical chasm. The second reason is more mundane: in

many cases, large or small, there is evidence of religions trying to tell scientists what

and how to research, either directly or via traditions and social conventions. And such

skirmishes often put an interesting perspective on science itself.

The subtitle of the book refers to random walk. This is meant to reect the

somewhat `organic' nature of the work, driven by random news and changes in interests.

Some chapters were (are) revisited quite a few times, some of them a lot less frequently.

Some passages are much longer, while others are unduly short, either because I have

not much to say or I have not found the proper wording yet. To the physicists and

mathematicians these characteristics are exactly what is found in the study of random

walks, quite a respectable branch of theoretical physics. Thus the metaphor is, for me,

doubly strong. The question whether such a walk would eventually lead to desired

objective depends (at least in formal systems) on some system parameters8. As for the

book, the Reader has to judge himself. The random nature of the work resulted

in several topics being revisited as new interesting information became available. This

means, that in principle, no chapter is ever `�nished': Science is alive. The patchwork
state of the book reects my jumping interests and the e�ort to gather all that I can.

An e�ort that is, of course, futile; but interesting nevertheless. You should not try to

�nd de�nitive answers here, or to treat this work as some sort of a textbook: it is not. I

try, at best, to whip up the appetite for thinking, showcasing unresolved questions and

8Such as the dimensionality of the space (see for example http://en.wikipedia.org/wiki/Random_
walk). For a one dimensional or two dimensional space the answer (yes) is di�erent than in higher

dimensions. But who knows what is the dimension of Science?

http://en.wikipedia.org/wiki/Random_walk
http://en.wikipedia.org/wiki/Random_walk
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conceptual conicts, referring to the original works as much as possible. A recurring

theme of increasing unity in various branches of Science, interlinking many disciplines

with a network of common tools, surprising similarities in results and possible universal

underlying mechanisms have facilitated the wild jumps from linguistics to quantum

theory. I encourage the Reader to explore this exciting country, perhaps not just by

the steps I have taken, but with the same curiosity.

To explore, one needs access. Fortunately, today, more than ever, such access is

possible. The main source of the information is, of course, the WEB (for this reason I

have tried to give url addresses of as many sources as I could), but I would like to list

here the books that have had the strongest inuence on me, which is reected in many

places in this book.9 I have chosen to use the alphabetical order of the list because

it does not indicate relative personal importance. And I have not listed the whole

curriculum of physics textbooks, monographs and research papers that have formed my

knowledge of the physical world | they are too numerous and probably of less interest

to the Reader. Some of them are found in the References section.

� Robert Axelrod, The Evolution of Cooperation, (Axelrod, 1984)

� Robert Axelrod, The Complexity of Cooperation, (Axelrod, 1997)

� Richard Dawkins, The Sel�sh Gene, (Dawkins, 1977)

� Richard Dawkins, The Extended Phenotype, (Dawkins, 1982)

� Richard Dawkins, The Blind Watchmaker, , (Dawkins, 1986)

� Jared Diamond, Guns, Germs and Steel, (Diamond, 1999)

� S. N. Dorogovtsev and J. F. F. Mendes, Evolution of Networks, (Dorogovtsev
and Mendes, 2002b)

� Robert H. Frank, Passions within Reason, (Frank, 1988)

� Paul R. Gross, Norman Lewitt and Martin W. Lewis, The Flight from Science
and Reason, (Gross et al., 1996)

� Paul R. Gross and Norman Levitt, Higher Superstition, (Gross and Levitt, 1998)

� Douglas R. Hofstadter, G�odel, Escher, Bach, (Hofstadter, 1980)

� Douglas R. Hofstadter, The Mind's I, (Hofstadter and Dennett, 1981)

� Douglas R. Hofstadter, Metamagical Themas, (Hofstadter, 1985)

� Bj�rn Lomborg, The Skeptical Environmentalist, (Lomborg, 2001b)

9In fact many of these are books that are pivotal to my whole set of judgements and values. Perhaps

it would be advisable to the Reader to drop this book and go directly to the listed sources?. . .
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� John Maynard Smith, Evolution and the Theory of Games, (Maynard Smith,

1982)

� Steven Pinker, The Blank Slate, (Pinker, 2002)

� Steven Pinker, How the Mind Works, (Pinker, 1997)

� Bertrand Russel, History of Western Philosophy, (Russell, 1961)

� Carl Sagan, Brocas Brain, (Sagan, 1974)

� Carl Sagan, The Demon-Haunted World, (Sagan, 1995)

� Ullica Segestr�ale, Defenders of the Truth, (Segerstr�ale, 2000)

� Aaron Sloman, The Computer Revolution in Philosophy, (Sloman, 1978)

� Charles P. Snow, The Two Cultures, (Snow, 1964)

� Alan Sokal and Jean Bricmont, Fashionable Nonsense: Postmodernist Intellec-
tuals' Abuse of Science, (Sokal and Bricmont, 1998)

� Edward O. Wilson, Sociobiology: The New Synthesis, (Wilson, 1975c)

� Edward O. Wilson, On Human Nature, (Wilson, 1978)

� Edward O. Wilson, Consilience, (Wilson, 1998)

I have also used, very extensively, the resources of the Internet. In fact, many of the

topics of the book have originated from some �ndings of things that I thought funny

or interesting. Following the trails has led me to some treasure troves. I have tried

to give credit and source to all those that found their place in this work. There were

many, many more, that I have read, or at least opened. Too many to enumerate, and

de�nitely too many to remember.

I feel that I need to give a word of warning: this is not a book by a specialist. I quit
active research some �fteen years ago. So, Dear Reader, if you are looking for precise, in

depth analysis of the �elds that have caught your attention in the table of contents, be

warned. The book contains personal views and understanding of the subjects, and the

topics themselves were chosen based on personal interests. It is, indeed, a random walk,

its path covering only a tiny part of the Realm of Science. I have literally wandered

from subject to subject, as the uctuating ow of interest and curiosity took me. Some

areas did not get the attention they deserve, while others are, perhaps, described with

too much detail.

At the same time, the warning is also an encouragement. Not only to read the

book (which is obvious, every author wants this), but to follow my steps. It is possible,

today, to �nd a lot of information, to evaluate and understand it | resources are all

around us. I have not had access to specialized libraries, apart from a small private
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book collection. I was able to access most of the materials through the Web. Thus I can

claim, that anyone with access to the web can follow the scienti�c developments quite

closely. My wholehearted encouragement is as follows: do not believe the newspapers,

e-mails, gurus and doomsayers. Make the effort and check things yourself. Check

for the original sources. Use search engines. Use special archives (such as, for exam-

ple, physics, mathematics, computer science and biology related http://arxiv.org/ or

Google Scholar http://scholar.google.com). Look what debunkers of extraordinary

claims say about the things you doubt.

I do not say that this would be an easy task. You will have to, of course, to

refresh your school science lessons, learn new things and techniques. But the reason is

threefold: satisfaction brought by expanded understanding of the world around you,
joy of finding things that you miss in the daily conundrum and ability to recognize
situations when someone wants to manipulate you through misleading, incomplete

or just plain false information. These are worth the e�ort.

Lastly, a word about the form of the book. It has been written in leaps and bounds,

as I became enchanted with some social or scienti�c topic, when a titbit of information

has triggered a response. Perhaps in our Internet age I should have tried blog or

even a more traditional live web page. But I am a traditionalist at heart, preferring

beautifully typeset words and pages, and for this reason I have put some additional

e�ort and used, what is in my opinion, the best typesetting program available (at least

freely): LATEX. Most of the graphics and other computer related work has been done

using freely available software. And of course, most of the original sources were found

in the vast virtual space of the net. For a person coming from behind the Iron Curtain,

this is the very breath of freedom, even though I am fully aware of the multiple abuses

of the internet technology. Thanks!

http://arxiv.org/
http://scholar.google.com
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CHAPTER

ONE

NATURE AS SOCIAL CONSTRUCT?

The natural world has small or non-existent role
in the construction of scientific knowledge

Kenneth J. Gergen1

I am a stodgy old scientist who believes, naively,
that there exists an external world,

that there exist objective truths about that world,
and that my job is to discover some of them

Alan Sokal2

1Feminist critique of science and the challenge of social epistemology, in Feminist Thought and

the Structure of Knowledge, ed. Mary McCanney Gergen, New York University Press, 1988
2Sokal (1996b)
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1.1 The Method

Intention, perception and reality
are very much interrelated and inseparable in Postmodern Deconstruction.

This implies, however, that what is real
depends both on what we perceive to be real,

and what our intentions are regarding what we perceive to be real.
L. Frederick Zaman III3

As the main topic of this work is science, it is worth to start with some de-

scription of what science is. It is crucial, because quite often I will pick up examples

of activities that are pseudo-scienti�c or anti-scienti�c, and to be able to tell real sci-

ence from fake we need to know the principles. For me the most important aspects that

decide if a given inquiry and proposed explanation of discussed topic is scienti�c or not

lies in two factors: the aim of the explanation and the method of deriving and checking

it. Of course this has been a topic of thousands of essays and analyses, discussions and

quarrels, so a simple de�nition or even one page description seems futile, but I need at

least to establish a sort of common vocabulary, as quickly and as painlessly as possible.

In our electronic age it is natural to turn to the Internet. In line with the goal of this

book | which is to promote involvement and understanding of science, I'll turn to the

WIKIPEDIA, an online encyclopedia constructed by communal e�ort in the spirit of free

software4.
At http://en.wikipedia.org/wiki/Scientific_method#Philosophical_issues we

�nd a clear and quite extensive description:

The scientific method or process is considered fundamental to the scientific in-
vestigation and acquisition of new knowledge based upon physical evidence. Scientists
propose new assertions about our world in the form of theories: observations, hypothe-
ses, and deductions. Predictions from these theories are tested by experiment. If a
prediction turns out to be correct, the theory survives. Any theory which is cogent
enough to make predictions can then be tested reproducibly in this way. The method
is commonly taken as the underlying logic of scientific practice. The scientific method
is essentially an extremely cautious means of building a supportable, evidenced under-
standing of our world.

The scientific method’s essential elements are iterations and recursions of the fol-
lowing four steps:

1. Characterization

2. Hypothesis (a theoretical, hypothetical explanation)

3http://theoryandscience.icaap.org/content/vol003.002/zaman.html
4`Wikipedia is a Web-based free content encyclopaedia that is written collaboratively by volunteers. It

consists of 195 independent language editions sponsored by the non-profit Wikimedia Foundation. Entries on
traditional encyclopedic topics exist alongside those on almanac, gazetteer and current events topics. It is ‘an
effort to create and distribute a free encyclopaedia of the highest possible quality to every single person on
the planet in their own language.' ' http://en.wikipedia.org/wiki/Wikipedia

http://en.wikipedia.org/wiki/Scientific_method#Philosophical_issues
http://theoryandscience.icaap.org/content/vol003.002/zaman.html
http://en.wikipedia.org/wiki/Wikipedia
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3. Prediction (logical deduction from the hypothesis)

4. Experiment (test of all of the above)

The above is an hypothetico-deductive method, and includes observation in the first and
fourth steps. Each step is subject to peer review for possible mistakes. These activities
do not describe all that scientists do (see below) but apply mostly to experimental
sciences (e.g., physics, chemistry). The steps above are often taught in education.

Science is a social activity. The process is subject to evaluation by scientists directly
involved, or by the scientific community, at any stage. A scientist’s theory (or proposal)
becomes accepted only once it is known to others (by publication or, ideally, peer
reviewed publication) and criticised.

Characterization The scientific method depends upon a careful characterization of the
subject of the investigation. (The subject may also be called the problem or the
unknown.)

Observation demands careful measurement and the use of operational definitions
of relevant concepts. Formally, these terms have exact meanings which do not
necessarily correspond with their natural language usage. For example, mass and
weight are quite distinct concepts.

New theories may also arise upon realizing that certain terms had not previously
been clearly defined. For example, Albert Einstein’s first paper on relativity begins
by defining simultaneity and the means for determining length. These ideas were
skipped over by Isaac Newton with, ‘I do not define time, space, place and motion,
as being well known to all.’ Einstein’s paper then demonstrates that some widely
accepted ideas (viz., absolute time and length independent of motion) were invalid.

Hypothesis development A hypothesis includes a suggested explanation of the sub-
ject. It will generally provide a causal explanation or propose some correlation.

Observations have the general form of existential statements, stating that some
particular instance of the phenomenon being studied has some characteristic.
Causal explanations have the general form of universal statements, stating that ev-
ery instance of the phenomenon has a particular characteristic. It is not deductively
valid to infer a universal statement from any series of particular observations. This
is the problem of induction. Many solutions to this problem have been suggested,
including falsifiability and Bayesian inference.

Scientists use whatever they can — their own creativity, ideas from other fields,
induction, systematic guessing(!), etc. — to imagine possible explanations for a
phenomenon under study. There are no definitive guidelines for the production of
new hypotheses. The history of science is filled with stories of scientists claiming a
flash of inspiration, or a hunch, which then motivated them to look for evidence to
support or refute their idea. Michael Polanyi made such creativity the centrepiece
of his discussion of methodology.

Prediction from the hypothesis A useful hypothesis will enable predictions, by de-
ductive reasoning, that can be experimentally assessed. If results contradict the
predictions, then the hypothesis under test is incorrect or incomplete and requires
either revision or abandonment. If results confirm the predictions, then the hy-
pothesis might be correct but is still subject to further testing.
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Einstein’s theory of General Relativity makes several specific predictions about
the observable structure of space-time, such as a prediction that light bends in a
gravitational field and that the amount of bending depends in a precise way on
the strength of that gravitational field. Observations made during a 1919 solar
eclipse supported General Relativity rather than Newtonian gravitation.

Predictions refer to experiment designs with a currently unknown outcome; the
classic example was Edmund Halley’s prediction of the year of return of Halley’s
comet which returned after his death. A prediction differs from a consequence,
which does not necessarily bear a time-dependent connotation. Thus, one conse-
quence of General Relativity, which Einstein deduced, was the size of the precession
of the perihelion of the orbit of the planet Mercury. The observed value, on the
order of 42 arc-seconds per century, was one of the pieces of evidence for Ein-
stein’s characterization of his theory of General Relativity. This consequence (43
arc-seconds per century, the size of the precession) was known to Einstein, in con-
trast to his predictions, in which he had enough confidence to publish, but which
yet required corroboration as of 1915.

Experiment Once a prediction is made, an experiment is designed to test it. The
experiment may seek either confirmation or falsification of the hypothesis. Yet an
experiment is not an absolute requirement. In observation based fields of science
actual experiments must be designed differently than for the classical laboratory
based sciences.

Scientists assume an attitude of openness and accountability on the part of those
conducting an experiment. Detailed recordkeeping is essential, to aid in recording
and reporting on the experimental results, and providing evidence of the effec-
tiveness and integrity of the procedure. They will also assist in reproducing the
experimental results.

Integrity may be augmented by the introduction of a control. Two virtually iden-
tical experiments are run, in only one of which the factor being tested is varied.
This serves to further isolate any causal phenomena. For example in testing a
drug it is important to carefully test that the supposed effect of the drug is pro-
duced only by the drug itself. Doctors may do this with a double-blind study: two
virtually identical groups of patients are compared, one of which receives the drug
and one of which receives a placebo. Neither the patients nor the doctor know
who is getting the real drug, isolating its effects.

Once an experiment is complete, a researcher determines whether the results (or
data) gathered are what was predicted. If the experimental conclusions fail to
match the predictions/hypothesis, then one returns to the failed hypothesis and
re -iterates the process. If the experiment(s) appears ‘successful’ - i.e. fits the
hypothesis - then its details become published so that others (in theory) may
reproduce the same experimental results.

Evaluation and Iteration This phase has several paths:

• Testing and improvement
The scientific process is iterative. At any stage it is possible that some
consideration will lead the scientist to repeat an earlier part of the process.
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Failure to develop an interesting hypothesis may lead a scientist to re-define
the subject they are considering. Failure of a hypothesis to produce interesting
and testable predictions may lead to reconsideration of the hypothesis or of
the definition of the subject. Failure of the experiment to produce interesting
results may lead the scientist to reconsidering the experimental method, the
hypothesis or the definition of the subject.

• Verification
Science is a social enterprise, and scientific work will become accepted by the
community only if they can be verified. Crucially, experimental and theoretical
results must be reproduced by others within the science community.

• Re-evaluation
All scientific knowledge is in a state of flux, for at any time new evidence could
be presented that contradicts a long-held hypothesis. A particularly luminous
example is the theory of light. Light had long been supposed to be made
of particles. Isaac Newton, and before him many of the Classical Greeks,
was convinced it was so, but his light-is-particles account was overturned
by evidence in favor of a wave theory of light suggested most notably in
the early 1800s by Thomas Young, an English physician. Light as waves
neatly explained the observed diffraction and interference of light when, to
the contrary, the light-as-a-particle theory did not. The wave interpretation of
light was widely held to be unassailably correct for most of the 19th century.
Around the turn of the century, however, observations were made that a
wave theory of light could not explain. This new set of observations could be
accounted for by Max Planck’s quantum theory (including the photoelectric
effect and Brownian motion—both from Albert Einstein), but not by a wave
theory of light. Nor, for that matter, by the particle theory.

• Peer review evaluation
Scientific journals use a process of peer review, in which scientists’ papers
describing experimental results and their conclusions are submitted to a panel
of fellow scientists for evaluation.

• Reproducibility
Reproducibility is straightforward in simple cases — in proofs in theoretical
physics, or in the chemical analysis of a salt, for example, where materials
and techniques are readily accessible. Results that are not easily reproduced
are often controversial. For example, the cold fusion experiments of Fleis-
chmann and Pons were never peer reviewed: They were announced directly
to the press before any other scientists were able to evaluate their efforts or
reproduce their results. Their results were eventually reproduced elsewhere in
the decades since; yet the press announcement was regarded at the time, by
most nuclear physicists, as very likely wrong. Peer review may well have aided
others in replication and led to a serious examination of the experimental ev-
idence Fleischmann, Pons, et al. believed they had found. Paul Kammerer’s
experiments on acquired physical traits in amphibians (described in Arthur
Koestler’s The Midwife Toad) seem to have been deliberately faked, while
the confusion in the 60s and 70s about ’polywater’ seems to have been the
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result of microcontamination. Much embarrassment and wasted effort might
have been avoided by proper peer review in many such cases.
On the other hand, peer review of new discoveries is sometimes not very open-
minded. The proposed existence of infectious protein particles by Stanley
Prusiner in 1982 caused much scoffing and even hostility since it seemingly
contradicted the central dogma of molecular biology, yet he won the 1997
Nobel Prize in physiology or medicine for the discovery of prions. Similarly,
dark matter wasn’t believed when first theorized in 1933 by Fritz Zwicky, nor
when observationally confirmed by Vera Rubin in 1978, but after multiple
independent confirmations, dark matter is now accepted in astrophysics.

• Evidence and assumptions
Evidence comes in different forms and quality, mostly due to underlying as-
sumptions. An underlying assumption that ’objects heavier than air fall to
the ground when dropped’ is not likely to incite much disagreement. An
underlying assumption like ’aliens abduct humans’ however is an extraordi-
nary claim which requires solid proof. Most extraordinary claims also do not
survive Occam’s razor.

• Elegance of hypothesis
In evaluating a hypothesis, scientists tend to look for theories that are ‘el-
egant’ or ‘beautiful’. In contrast to the usual English use of these terms,
scientists have more specific meanings in mind.‘Elegance’ (or‘beauty’) refers
to the ability of a theory to neatly explain as many of the known facts as pos-
sible, as simply as possible, or at least in a manner consistent with Occam’s
Razor while at the same time being aesthetically pleasing.

In addition to the somewhat dry de�nition of the Wikipedia I would like to quote

Aaron Sloman (Sloman, 1978), who very clearly discussed the aims of science. Sloman's

discussion points to general distinctions between types of sciences and to what we can

expect from the research.

First crude subdivision of aims of science Science has not just one aim but several.
The aims of scientific investigation can be crudely subdivided as follows:

1 To extend man’s knowledge and understanding of the form and contents of the
universe (factual aims),

2 To extend man’s control over the universe, and to use this to improve the world
(technological or practical aims),

3 To discover how things ought to be, what sorts of things are good or bad and how
best to further the purposes of nature or (in the case of religious scientists) God
(normative aims).

Whether the third aim makes sense (and many scientists and philosophers would dispute
this) depends on whether it is possible to derive values and norms from facts. I shall
not discuss it as it is not relevant to the main purposes of this book. The second kind
of aim will not be given much attention either, except when relevant to discussions of
the first kind of aim, on which I shall concentrate.
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. . .
The aims of extending knowledge and understanding can be subdivided as follows:

1.a Extending knowledge of the form of the world: Extending knowledge of what sorts
of things are possible and impossible in the world, and how or why they are (the
aim of interpreting the world, or learning about its form). (This will be further
subdivided below.)

1.b Extending knowledge of the content of the world: Extending knowledge of what
particular objects, events, processes, or states of affairs exist or existed in particular
places at particular times (the aim of acquiring ’historical’ knowledge, or learning
about the contents of the world).

A similar distinction pervades the writings of Karl Popper, though he would disagree
with some of the things I say below about (1.a). Different branches of science tend to
stress one or other of these aims, though both aims are usually present to some extent.
For instance, physics is more concerned with aim (1.a), studying the form of the world,
whereas astronomy is perhaps more concerned with (1.b), studying the contents.

Geology, geography, biology, anthropology, human history, sociology, and some kinds
of linguistics tend to be more concerned with (1.b), i.e. with learning about the partic-
ular contents of particular parts of the universe. Chemistry, some branches of biology,
economics and psychology attempt to investigate truths not so restricted in scope. In
the jargon of philosophers, (1.a) is concerned with universals, (1.b) with particulars.

. . .
The aim (l.a) of interpreting the world, or learning about its form, can be subdivided

into several subgoals listed below. They are all closely related. To call some of them
’scientific ’ and others ’metaphysical ’ or ’philosophical ’, as empiricists and Popperians
tend to do, is to ignore their inter-dependence. Rather, they are all aspects of the
attempt to discover what is and what is not possible in the world and to understand
why.

a Development of new concepts and symbolisms making it possible to conceive of,
represent, think about and ask questions about new kinds or ranges of possibil-
ities (e.g. new kinds of physical substances, events, processes, animals, mental
states, human behaviour, languages, social systems, etc.). This aim includes the
construction of taxonomies, typologies, scales of measurement and notations for
structural descriptions of chemical compounds or sentences, or processes. This
extension of our conceptual and symbolic powers is one of the major functions of
mathematics in science. A major boost has recently come from computing studies.

b Extending knowledge of what kinds of things (including events and processes) are
possible in the world’, i.e. what kinds of things are not merely conceivable or
representable but really can exist or occur. Finding our what actually exists, and
trying to make new things exist, are often means to this end. We can distinguish
knowledge of absolute possibility concerning a phenomenon X (X can exist) from
knowledge of relative possibility (X can exist in conditions C). Extending knowledge
of relative possibilities for X is an important way of extending knowledge of what
is possible. All this should be distinguished from (e) below, the goal of finding
out what kinds of things are most likely, common or frequent, either absolutely or
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in specified conditions. The latter is a concern with probabilities not possibilities.
Subgoal (b) clearly presupposes (a), for one can only acknowledge possibilities
that one can conceive of, describe or represent.

c Constructing theories to explain known possibilities: i.e. theories about the underlying
structures, mechanisms, and processes capable of generating such possibilities.
For instance, a theory of the constituents of atoms may explain the possibility of
chemical elements with different properties. Generative grammars are offered by
linguists as explanations of how it is possible for us to understand an indefinitely
large set of sentences. ’How is this possible?’ is the typical form of a request
for this kind of explanatory theory, and should be contrasted with the question
’Why is this so?’ or ’Why is this impossible?’, discussed in (f), below. Artificial
intelligence models provide a major new species of explanations of possibilities.
E.g., they explain the possibility of various kinds of mental processes, including
learning, perceiving, solving problems, and understanding language. Clearly (c)
presupposes (b), and therefore (a).

d Finding limitations on combinations of known possibilities. These are often called
laws of nature: for instance to say that it is a law of nature that all X’s are Y’s
is to say that it is impossible for something to be both an X and not a Y. It is
these laws, limitations or impossibilities which make the world relatively stable
and predictable. This goal, like (c), presupposes (b), since one can only discover
limitations of possibilities if one already knows about those possibilities. (This
subgoal of science is the one most commonly stressed in the writings of scientists
and philosophers. It subsumes the goal of discovering causal connections, since
’X causes Y’ means, roughly ’the occurrence of X makes the non-occurrence of Y
impossible.’)

e Finding regular or statistical correlations between different possibilities, for instance
correlations of the form In conditions C, 90% of all X’s are Y’s’. This is a search
for probabilities. It presupposes (b) for the same reason as (d) does. Except
in quantum physics, the search for such statistical correlations is really only a
stopgap or means towards acquiring a deeper understanding of the sort described
in (d), above. Alternatively, it may be an aim of a historical science: facts about
relative frequencies and proportions of various kinds of objects, events or processes
are often important facts about the content of a particular part of the world. For
instance, most of the correlations unearthed by social scientists are culture-relative.
Such information may have practical value despite its theoretical poverty.

f Constructing theories to explain known impossibilities, laws and correlations. Such
theories answer ’Why?’ questions, and are generally refinements of the theories
described in (c). That is, explaining limits of possibilities (i.e. explaining laws)
presupposes or refines an explanation of the possibilities limited. The theory of
molecules composed of atoms which can recombine explains the possibility of
chemical change. Further refinements concerning weights and valencies of atoms
explain the observed limitations: the laws of constant and multiple proportions.

g Detecting and eliminating inadequate concepts, symbolisms, beliefs about what is
and is not possible, and inadequate explanations of possibilities and laws. That
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this is a subgoal of science is, as already remarked, implied by saying that an aim
of science is to extend knowledge. As many philosophers of science have pointed
out, it is not generally possible to prove explanatory theories in science; at most
they can only be refuted or shown to be inadequate in some way. Moreover, when
several candidates survive refutation, the most that can be done is to compare their
relative merits and faults, without necessarily establishing the absolute superiority
of one over the other. It is often assumed that the only kinds of proper tests are
empirical (i.e. observations of new facts, in experiments or in nature). However,
we shall see that many important tests are not empirical.

If forced to summarise all this in a single slogan, one could say: A major aim of
science is to find out what sorts of things are and are not possible in the world,
and to explain how and why.

The two quotations de�ne the goals and the method of scienti�c research. The

de�nitions and concepts presented above encompass most of the characteristics of the

scienti�c method. From descriptions it is obvious that all scienti�c research is a compli-

cated, multifaceted activity, performed in social environment5. The recurring topic of

this book is exactly the relationship of Science and society, through individual examples

and through broad social phenomena.

Let us �rst think about the goals of science. While Sloman, whose interest in Science

comes from research in Arti�cial Intelligence, concentrates on the factual (�rst) goal of

Science, we can not forget the technological or normative goals. As I shall present

random snapshots of the scienti�c research and of the social reaction to such research,

the practical uses and the desire to put things as they ought to be will clearly be visible

in the motivations and results. In fact, for the lay person the two latter aims of Science

are the most important: not to know more, but to make things better. Better, in two

senses of the word: of practical usefulness and of moral correctness.

The practical aim of science, leading from research to technology is the `hard evi-

dence' that the scientists are doing `something'. The world we live in, full of machines,

electronics, medical treatments; the cities we build, books we read | the whole envi-

ronment of humanity | has changed because of Science. Research leads to technologies

which might bring doom or wealth, power that can be used or misused. It is no wonder

then, that science is one of the focal points of the political movements. Social impact

of science and on science is deeply dependent on the second goal.

The third aim of deriving moral values from facts is the tricky one. The majority

of people would readily agree that chemistry or physics are unlikely disciplines to base

moral precepts on6. On the other hand, the very existence of these disciplines has been,

in the past, a threat to traditional sources of moral systems, such as religions. There

5With the rare exception of the lonely Mad Scientist, doing his work in an abandoned castle. How-

ever, even in such situation, the Mad Scientist usually wants to conquer the world with the help of his

inventions. And conquering the world is, de�nitely, a social activity
6Although I think I have read long time ago a Science Fiction novel in which the Second Law of

Thermodynamics was the basis for religious cult aiming at increasing the chaos of the Universe.
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are no ethical guidelines imprinted on atoms, at least not according to our current

knowledge. Yet, the recognition of natural laws (such as energy conservation, or atomic

nature of the matter) makes traditional accounts of supernatural powers and miracles

more di�cult to believe. As such, some of the believers perceive even physical sciences

as threat to full, literal belief in religious scriptures. And from this results the threat

to strict adherence to moral systems based on the very scriptures.

The situation is even worse for the `higher level' sciences of sociology or psychology.

Here the descriptive and the normative aims of sciences are easily mixed and confused.

Strong inuence works both ways: sometimes scienti�c results are used to introduce

or reinforce social or moral programmes, at other times ethical or political situation

encourages or discourages research or even distorts scienti�c results. Starting from

Darwin's times biology has moved from the `physical' to the `social' group7. Biology,

especially applied to humans, breeds mixing of description of what is and prescription

of what should be, which can lead to confusion and misuse of Science.

The social milieu of the scientist might very deeply inuence her capability of access

to `the facts'. Some experiments might be forbidden, some results censored. This may

apply to the physical sciences and social sciences alike. But the situation is worse in

the latter case, as often the limitations come from peer pressure of immediate circles

of co-workers, that share the same moral sentiments. Something akin to Heisenberg's

Uncertainty Principle occurs when the researcher attempts to `measure' a system that

she herself is a part of. The conscious or unconscious desire to be a part of something

`good' may result in adjustment of approaches and methods and frequently in editing

of results. In this way, even without organisational pressures and edicts, psychological

and social environment may deeply inuence individual behaviour of scientists and, to

certain extent, results of their work. We should not, however, fall into a trap that states

that due to these inuences the sciences devoted to humans (individually and in groups)

must be relative and viewpoint dependant. On the contrary: the phenomena they study

are very real and speci�c. There is nothing relative about the changes in the pattern

of communication between people brought by the transport and telecommunications

revolutions, for example. E�ects are measurable and describable. The relativeness is in

moral valuation of the facts, but that is entirely di�erent story. And hiding or twisting

facts, because one wants to prove some political goal is bad science.

Recapitulating: the actions and attitudes of scientists, as human beings, within a
given society, inuence the research process, and might even inuence the method. I
would like, however, to stress the opening sentence of the Wikipedia de�nition: the
aim is `acquisition of new knowledge based upon physical evidence'. This reference to
independent, physical Reality points to the fact that despite possible personal or social
di�erences between individual scientists or research groups the topic of the research

7Curiously, this has happened at the same time when the details of the knowledge of the innermost

biological mechanisms have moved towards the fundamental physics at astonishing pace during the XXth

century, and new disciplines of biophysics, biochemistry and molecular genetics were formed. As a result,

biology is today a discipline that is both deeply `physical' and violently `social'.
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itself provides them with a common base. This base acts as well as `measuring stick'
for the quality of achievements. It is important to note that the nature of Science is
dynamic. The stages of the scienti�c method described in the Wikipedia de�nition
show a process, which usually generates more and more new questions for new research.
Sloman shares this opinion (Sloman, 1978):

I have characterised these aims in a dynamic form: the aim is to extend knowledge,
to go on learning. Some might say that the aim is to arrive at some terminal state
when everything is known about the form and content of the world, or at least the form.
There are serious problems about whether this suggestion makes sense: for example
how could one tell that this goal had been reached? But I do not wish to pursue the
matter. For the present, it is sufficient to note that it makes sense to talk of extending
knowledge, that is removing errors and filling gaps, whether or not any final state of
complete knowledge is possible.

Some critics of science concentrate on particular aspects of a particular research topic

or discipline. For example, frequent criticism of the evolution theory is based on its

supposed lack of possibility to falsify. The aim is to discredit a theory or results by using

arguments taken straight from the horses mouth: �ghting science with science. Usually

such attacks are faulty. Not all processes are falsi�able, nor have to. Some observations

are un�nished, some reasoning is deductive. The key factor is that scienti�c result

or theory is almost never self-contained. It intermeshes with other facts and theories.

Predictions a�ect other �elds. Results are used and tested. The criterion of elegance is

hard to measure | but to a scientist it is usually obvious.

Is it possible to consider Science without certain elements that we have de�ned above

as constituents of the method? The question would be interesting especially as we would

move further from the mainstream research and closer to the border with non-science,

and in understanding historical roots of the method itself. Is it possible, for society

to have scienti�c research without scepticism, e�ective communication, certain lack of

respect for authorities, openness to change?

Let's consider for example the role of scepticism. The presence of doubt and ques-

tioning of authorities in the past scienti�c progress is obvious. Out of many human

endeavours modern research is probably the one with the least authority of past mas-

ters and their statements and the strongest emphasis on new discoveries.8 This lack of

reverence does not cover the masters themselves: most of the scientists share the feeling

of standing on the shoulders of giants. Apart from exposing fraudulent research, it is

the ideas of old that are questioned, not the scholars.

To achieve any progress one must allow the thought that improvement is possible,

that we are not descending from some Golden Age, with all generations degrading

further and further from a perfect state of past Paradise. From the acceptance of the

idea of improvement comes the less pleasant thought that all current theories (including

8Compare this to philosophy, which seems to be built of comments of the comments of Plato's account

of Socrates teaching.
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those held by each scientist) and observations may be contradicted or improved. I can

not imagine Science without such sceptic attitude at su�cient level. Of course, there

would be no Science either, if one would doubt everything. Such free-for-all would not

lead to any �xed and commonly accepted set of �ndings. We come thus to the two

other indispensable ingredients of research: communication and review.

Rigours imposed on scientists by the need to communicate and the e�ort and costs of

checking what has already been discovered and reported by someone else are key factors

in the success of Science. In fact, every time when communication fails (due to cryptic

language or other circumstances) or when reported results can not be reproduced we

should be on alert for possibly unreliable research.

How to tell science from pseudoscience? I'll discuss that issue later, using examples,

in chapters devoted to physics, cosmology and biology. It is not an easy task, not

always obvious. But there are certain symptoms that can help us to distinguish right

from wrong. If we believe that there is an universal measuring stick: the very nature

that the science is trying to describe. If we lose this anchor, we may drift in any

direction. Without the reference frame all movement becomes relative and thus there

is no progress. Science becomes an arbitrary construct, not di�erent from dreams,

fables or myths. In the opening chapter of his Demon-Haunted World, Carl Sagan
describes an encounter with a taxi driver, who was well versed in all the new fads

of pseudoscience: piramidology, aliens, Atlantis but knew nothing about DNA and

continental drift. Sagan rightly notes that due to omissions and errors of our educational

and mass media system, pseudoscience has become more accessible than real science

itself | especially because it can dispense with the rigorous methodology, attendance

to facts and can be presented in a simple, colourful language. And some of the roots

of these errors are related to the debasement of Science by politically motivated lit-

crit crowd, claiming that science is only just one of many equivalent narratives of the

world, with no right to claim any special relation to truth. Well, the truth itself is a very

suspicious idea, we are told. . .Whose truth? Truth for whose purposes? So often we are

reminded that `it all depends on the point of view' that the doubts about the validity

of science have become quite commonplace. After all isn't science just a product of

arbitrary conventions, such as the ones described above?
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1.2 Science as social construct

Well, this theory that I have – that is to say, which is mine – . . . is mine. . .
The two theories that are mine and belong to me. . . .

My brace of theories, which I possess the ownership of, which belongs to me. . .
Monty Python’s Flying Circus9

The scientific method, described in such a detail above is certainly a social activ-

ity. Research is made by speci�c people, who like Einstein or Miss Anne Elk work

in a given social environment. This makes Science a social construct. In fact, there is

no known science outside human cultures10, and not all our cultures and civilisations

have activities that we would call scienti�c research.
In the words of Ian Stewart11

True, science is a social construct. Scientists who claim that it is not are making the
same mistake as those who think that we all dip into the same collective subconscious.
But there is something special about science : it is a construct that has at every step
been tested against external reality. If the world’s scientists all got together and decided
that elephants are weightless and rise into the air if they are not held down by ropes, it
would still be foolish to stand under a cliff when a herd of elephants was leaping off the
edge12. In science, there has to be a reality check. Because it is done by beings who
see reality through imperfect and biased senses, the reality check cannot be perfect, but
science still has to survive some very stringent scrutiny.

The borderline between science and pseudoscience is, in principle, very clear. But

in real life, ideology, marketing and poor state of education combine to make the dis-

tinctions less visible. Anti-science and sensational gibberish pose as science. Flying

saucers, alien kidnapping and crop circles make so much better news stories than self

duality in four-dimensional Riemannian geometry. And self-published web pages claim-

ing breakthroughs in, say, power generation through tapping vacuum energy are quite

easier than peer-reviewed publications or making billions on actual production of such

devices. The question, for a non-specialist becomes: can we trust what we read? Whom

should I believe?

1.2.1 Can you spot the difference?

A four-year-old child could understand that.

9The Dinosaur Sketch
10But there is discussion about basic models and understanding of physics by apes, see page 197.
11http://www.fortunecity.com/emachines/e11/86/thinkmat.html
12Sªawomir Mro»ek, in one of his early short stories describes the following plot. An impoverished Zoo,

instead of a real elephant, has used an inatable rubber replica. Unfortunately, the maintenance workers

have �lled it with gas lighter than the air. The conclusion of the story involves reaction of the best and

most diligent pupils, who during a trip to a Zoo, have witnessed an elephant oat away to the sky. The

pupils `have turned to drinking and hooliganism, and do not believe in elephants any more'. (S. Mro»ek,

Sªo«)

http://www.fortunecity.com/emachines/e11/86/thinkmat.html
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Run out and find me a four-year-old child,
I can’t make head or tail out of it.

Groucho Marx13

Science is not only methodology, described above, but | fortunately for us |

a huge, valuable accumulated body of results and interpretations. Thousands upon

thousands of experiments (innovative or repetitive, successful or failed), theories simple

and esoteric, discussions, books and articles, gigabytes of raw and processed data |

they all result from the scienti�c method and are foundations for further research. To

pass this knowledge on scientists must use specialized language. The aim is universality

of communication, simpli�cation and common notation. The best example of such spe-

cialized, yet common language is the choice and acceptance of universal measurement

units: meter, second, kilogram. In our computerised times the conventions include also

commonly agreed formats of data, so that results would be easily accessible to computer

labs worldwide. Whether biochemistry or sociology, seismology or philosophy, each dis-

cipline has built up the tools of communication. Without this language communication

between scientists would become so cumbersome that practically impossible. If one

looks in detail at the medieval natural philosophy, one sees immediately the numerous

problems resulting from the fact that there was not enough of these commonly agreed

communication conventions.14

This language di�ers subtly from out everyday languages, be it Polish, English or

any other. First of all, it aims to be as precise as possible. In principle, the terms used

should be pre-de�ned. There should not be any ambiguity as to the meaning of terms

and logic of reasoning. Large part of the University studies is related to learning the

meaning of such commonly used terms, limits of their applicability, rules and exceptions,

equations and relationships. Thanks to this, as full axiomatization is often impractical

or even impossible, usually communication is based on some `self-evident ' notions.15

In a good scienti�c work, any new terminology, concept or quantity built upon previous

conceptions has to be identi�ed and de�ned by the author. A good scienti�c work

should allow the Reader to check the assumptions made by the author, work back their

origin (with the help of the references), follow the chain of reasoning or calculations |

in fact, prepare the reader to reproduce the results, if needed.
I took the liberty to quote below two excerpts from scienti�c work from both: a

typical `hard science' (physics of semiconductors) and a short humanities essay, or rather

abstract. Unless the Reader is a specialist in the topic, probably most of the language of

13Duck Soup
14Even today, most of the self proclaimed geniuses, that form the pseudoscience crowd shun the main-

stream language of science. Perhaps because using it would make all the de�ciencies of their theories

clear, perhaps because the authors are not capable of using the method and language.
15Even those get questioned and elaborated. In fact, the progress of science results not only from

investigating the outcomes of the basic principles and assumptions, but from questioning these principles

and looking for deeper ones. The changes brought by such questioning, if successful, i.e. fruitful,

consistent and veri�able, become the cornerstones of new directions in science.
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the two is a dialect of mumbo-jumbo. This shows an obvious need that teaching aimed

at understanding must be accompanied (or predated) by teaching of the language used

by the scientific discipline in question.

I leave the Reader now with the two texts.
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Interband mixing between two-dimensional states localized in a surface
quantum well and heavy hole states of the valence band in narrow gap

semiconductor
V.A.Larionova and A.V.Germanenko

Institute of Physics and Applied Mathematics,
Ural University, Ekaterinburg 620083, Russia

Theoretical calculations in the framework of Kane model have
been carried out in order to elucidate the role of interband mix-
ing in forming the energy spectrum of two-dimensional carriers,
localized in a surface quantum well in narrow gap semiconduc-
tor. Of interest was the mixing between the 2D states and
heavy hole states in the volume of semiconductor. It has been
shown that the interband mixing results in two effects: the
broadening of 2D energy levels and their shift, which are mostly
pronounced for semiconductors with high doping level. The in-
terband mixing has been found to influence mostly the effec-
tive mass of 2D carriers for large their concentration, whereas
it slightly changes the subband distribution in a wide concen-
tration range.

PACS number(s): 73.20.At, 73.40.Qv, 73.40.Gk
Introduction
Interband mixing effects attract much interest because they can play a decisive part

in forming the energy spectrum of low-dimensional systems. Such is in the case for
InAs-GaSb semimetallic superlattices, whose physical properties are determined by the
mixing between valence band states of GaSb and conduction band states of InAs at the
interfaces [Altarelli, Fassolino, Sakaki].

Analogous situation takes place in a metal–insulator–semiconductor structure based
on a narrow gap semiconductor [Sobkowicz, Nachev, Ziegler, Freytag, Kunze, Kunze1].
A small value of the energy gap in the semiconductor leads to the fact that at energies
below the top of the valence band the two-dimensional (2D) states localized in a surface
quantum well can mix with the valence band states and 2D carriers can tunnel from
the space charge region into the valence band states in the volume of semiconductor.
This results in a shift of the 2D subband energies and a broadening of these levels
[Sobkowicz, Nachev, Ziegler, Freytag]. Due to high value of the effective mass, the
probability of tunneling of 2D carriers into the heavy hole states is small. Therefore the
interband mixing with the heavy hole states was neglected. This approach is justified
for semiconductors with low impurity density, because the surface potential in such
materials is smooth in the shape, and the 2D states localized in the quantum well are
spatially separated from the valence band by a wide region of forbidden energies.

In semiconductors with high doping level the effects of interband tunneling of 2D
electrons into the heavy hole states can be stronger. The influence of these effects on
the energy spectrum and broadening of the 2D states localized in the surface quantum
well in the narrow gap semiconductor (HgCd)Te is discussed in the present article.

Theoretical model
A small value of the energy gap (Eg) in semiconductor investigated makes it nec-

essary to employ a multiband Hamiltonian in the kP -based calculations of the energy
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spectrum. We started from the multiband Hamiltonian derived from Kane’s model mak-
ing the usual assumption that the energy difference between the valence Γ8-band and
spin-orbit split-off Γ7-band is infinite. To consider the effects involving the heavy hole
states, the interaction with remote bands has been taken into account by a standard pro-
cedure of including additional terms with γ-parameters in the Hamiltonian [Bir-Pikus].
An isotropic approximation has been used.

The Kane Hamiltonian, which is a 6 × 6 matrix in the above assumptions, can be
block diagonalized, when the axis z is chosen to be normal to the interface and the axis
y along the direction of the carrier motion. In this case the Hamiltonian is two 3 × 3
matrices for two groups of states. One of the matrices is defined by
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where k ≡ ky, P is the momentum matrix element, γ1, γ are the parameters, which
describe the interaction with remote bands, ϕ(z) is the electrostatic potential, and
EΓ6(z), EΓ8(z) are the energies of the conduction and valence band edges, respectively.
Here, the assumption has been made that the values of P , γ1, and γ are independent
of coordinate.

The second matrix H− is obtained from H+ by replacing k by −k.
The electrostatic potential can be derived from the Poisson equation. We assumed

ϕ(z) to be parabolic in the space charge region and constant in the volume of semicon-
ductor:

ϕ(z) =
{
ϕs(1− z/L)2, 0 ≤ z ≤ L
0, z > L,

(1.2)

where

ϕs = ϕ(0), L =
(

2κκ0ϕs
e(NA−ND)

)1/2
.

Here, NA − ND, and κ stand for density of acceptors uncompensated, and dielectric
constant, respectively. Expression (1.2) is a good approximation for the case when the
concentration of 2D electrons is less than the value of (NA −ND)L.

Thus, Schrödinger equation is two independent systems of differential equations of
the second order. For solving these systems boundary conditions have to be deduced.
The introduction of the boundary conditions is based on a model proposed in [Sobkowicz]
and [Minkov1] for calculation of the energy spectrum of 2D states in MIS structures,
based on ordinary and inverted semiconductors, respectively. As in these papers, we
supposed: (i) the band structure of insulator to be identical to that of semiconductor;
(ii) the energy gap in the insulator to be much greater than that in semiconductor,
and the conduction and valence band offsets, denoted as Dc and Dv, respectively,
to exceed the value of Eg; (iii) the energy bands in the insulator to be ‘flat’, i.e.
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ϕ(z < −d) = const, and (iv) the structure to have a smooth insulator/semiconductor
interface of width d with linear dependence of the band-edge energies on z coordinate
[Minkov1].

Since a general solution of the Kane Hamiltonian for ϕ(z) = const is known, the
wave function on the insulator (z < −d) and semiconductor (z > L) sides of the
structure can be simply derived.

For z < −d it contains only the terms exponentially vanishing deep into the insula-
tor. To choose the boundary conditions on the semiconductor side let us briefly consider
three different cases, which can be realized depending on the energy and longitudinal
component of quasimomentum of 2D state. First, the 2D state is not degenerate with
the valence band. In this case the wave function exponentially diminishes deep into the
volume of semiconductor. Second, the 2D state is degenerate only with the heavy hole
valence band (region II). In this case the normal component of the light hole quasimo-
mentum is imaginary. Therefore, the wave function in this case is a superposition of the
light hole term, which diminishes exponentially deep into the semiconductor, and two
oscillating terms presenting the plane wave associated with the heavy hole. Third, the
2D state is in resonance with both heavy and light hole valence bands (region III) and
the wave function is a superposition of two plane waves corresponding to the light and
heavy holes. In the present paper we focus our attention on the second case.

Thus, starting from the exact solution of the Kane Hamiltonian on the insulator side
we numerically integrated the differential equation systems through the space charge
region and chose those solutions which satisfy the boundary conditions on the semicon-
ductor side.

It is clear that in region II the eigenvalue problem has a continuous spectrum of
solutions, i.e. at any energy value we can find the wave function satisfying the boundary
conditions. To define the energy level associated with the resonant 2D states and its
broadening caused by the interband mixing between the 2D states and heavy hole states,
the Levinson’s theorem has been applied [Sobkowicz, Freytag].

Discussion
To analyze peculiarities of the energy spectrum of 2D states arising from the in-

terband mixing, we have performed numerical calculations using realistic parameters
which are close to the parameters of the sample investigated in [Minkov2]. They are
the following: Eg = 50 meV, NA − ND = 6 × 1017 cm−3, κ = 20. The calculations
have been carried out using two sets of γ-parameters: γ1 = 2.0, γ = 0 ([Minkov1]) and
γ1 = 4.5, γ = 1.0 ([Guldner]). To make identical the dispersion law of bulk electron
states calculated with different sets of γ-parameters, we changed slightly the value of
the momentum matrix element P from 8.0×10−8 eV·cm, for the first set, to 8.1×10−8

eV·cm, for the second one. Parameters of the insulator/semiconductor interface are the
same as in [Minkov1]: Dc = 2 eV, Dv = 1 eV, and d = 10 Å.

Figure 2 shows the energy spectrum of 2D states calculated with different sets of
γ-parameters as compared with the energy spectrum of 2D states calculated in the
infinite heavy hole mass approximation with a so-called ‘mid-gap’ boundary condition
on the semiconductor side [Marques]. Two branches of the energy spectrum specified
by k+ and k− are the results of calculation for two groups of states. These branches
are two ‘spin’ branches of the ground 2D subband split by spin-orbit interaction in an
asymmetric quantum well [Minkov2, Bychkov, Ohkawa, Wollrab, Sizmann] It is clearly
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seen from the figure that the interband mixing of 2D states with the heavy hole states
results in the energy shift of 2D subbands. The smaller is the heavy hole effective mass
(mh = m0/(γ1 − 2γ)) the lower is the energy position of the 2D subbands.

One more important feature of the energy spectrum of 2D states appearing due to
interband mixing is the broadening of 2D energy levels. This broadening is shown in
Fig.2 as hatched region. As is seen the broadening of 2D levels is negligibly small for
energies close to the top of the valence band in the volume of semiconductor. At more
negative energies both 2D ‘spin’ sublevels become broad. The value of broadening is
different for k+ and k− sublevels for a fixed energy. It increases with decreasing energy
or quasimomentum value. The maximum value of the broadening is about 10 meV. It
is comparable to the broadening of 2D states appearing due to tunneling into the light
hole states which has been calculated in [Nachev] for a sample with close parameters.
On further decreasing quasimomentum the 2D states fall in resonance with the light
hole valence band (region III in Fig.1b). Note that the broadening value slightly depends
on the heavy hole effective mass.

Thus, the interband mixing between the 2D states and heavy hole states leads to two
effects: the shift of subband energies and the broadening of 2D levels. Let us consider
how these effects can manifest themselves in experiment.

Traditional experimental methods, such as galvanomagnetic investigations, volt-
capacitance spectroscopy, give information about the carriers at the Fermi energy. In
p-type (HgCd)Te the Fermi level lies near the top of the valence band in the energy
range −5...+5 meV at low temperatures. As was shown above for these energies the
broadening of 2D states is small and therefore these methods must not be sensitive
to this effect. Tunneling investigations allow to get information about the 2D states
in a wide energy range including the energies, where the broadening is large. Besides,
the maximum value of broadening is comparable with the cyclotron energy in magnetic
fields right up to 2 T. This can result in additional broadening of resonance peaks in
magneto-optical and cyclotron resonance experiments.

As to the effect connected with the influence of interband mixing on the disper-
sion law of 2D states traditional experimental methods give no way of direct deducing
a quasimomentum dependence of the energy of 2D states for a fixed value of a sur-
face quantum well. For example, in tunneling experiments [Minkov1] a voltage bias,
applied to the structure, changes not only the energy tested, but surface potential as
well. The value of the surface potential is usually used as a fitting parameter in analyz-
ing experimental data, for example, dependences of 2D subband concentration and the
effective mass of 2D carriers on their total concentration. Figure 3 shows the relation-
ship between 2D subband concentration and the total concentration of 2D electrons,
calculated using two sets of γ-parameters and infinite heavy hole effective mass. The
concentration of 2D electrons is changed by varying the surface quantum well depth
from 250 to 320 mV. It is clearly seen from the figure that the interband mixing does
not cause essential changes in the subband distribution of 2D electrons. One can see
only slight increase in ratio between concentrations of 2D electrons in k+ and k− ‘spin’
subbands with decreasing the heavy hole effective mass. Thus, in spite of the fact that
the interband mixing results in shifting the energy positions of 2D subbands, it does not
strongly influence the subband distribution of 2D electrons.

The effective mass of carriers is a differential characteristic of the energy spectrum
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and it might be more sensitive to the interband mixing effects. We have calculated
the effective mass of 2D electrons m∗ = ~2k (∂E/∂k)−1 at E = EF as a function
of their total concentration (Fig. 4). As is clearly seen for large concentration of 2D
carriers (NS > 0.55 × 1012cm−2) the effective mass of 2D electrons, calculated in the
model taking into account the interband mixing (solid and dashed curves), is larger
than that calculated with the infinite heavy hole mass (dotted curves). The difference
increases with increasing the total concentration of 2D electrons. It is evident that the
concentration dependence of the effective mass, calculated with γ1 = 4.5, γ = 1.0
deviates mostly from the results obtained in the infinite heavy hole mass approximation.
For k+-‘spin’ states this difference is larger and at NS ' 1012cm−2 it comes to more
than 10%.

A distinctive situation occurs for small concentrations of 2D electrons (NS < 0.45×
1012cm−2) for k+-group of states. The effective mass, calculated with γ-parameters,
monotonically decreases with decreasing the total concentration, whereas the effective
mass, calculated in the framework of the infinite heavy hole mass approximation, goes
through a minimum, and at some value of the total concentration it becomes larger
than the effective mass calculated with γ-parameters. To explain this peculiarity, let
us turn to Figure 2. One can see that the bottom of k+-subband lies at k 6= 0 (the
dotted curve in the figure). As a consequence, the effective mass m∗ = ~2k (∂E/∂k)−1

turns to infinity on the bottom and is sufficiently large in its vicinity. For the low
concentrations of 2D electrons, this portion of the energy spectrum is found to be near
the Fermi level for the case of infinite heavy hole mass, whereas it is lower in the energy
when the finite value of the heavy hole mass is taken into account. This reflects in the
behavior of the effective mass of 2D carriers for their low concentration.

Thus, the presented results show that the interband mixing causes the effective
mass of 2D states to be larger than that calculated in the infinite heavy hole mass
approximation. This is more evident for k+-‘spin’ states and for large concentration
of 2D carriers. The effective mass of 2D carriers calculated with the most-used set of
γ-parameters [Guldner] differs mostly from the results of calculation, in which the inter-
action with remote bands is neglected. To our knowledge there are no experimental data
concerning the effective mass of 2D states in highly doped narrow gap semiconductors
in case, when 2D states are in resonance with the heavy hole valence band.

Conclusion
The effects of interband mixing between 2D states and heavy hole valence band

states are found to influence the energy spectrum of 2D states localized in a surface
quantum well in the narrow gap semiconductor with high doping level. They manifest
themselves in the broadening of 2D energy levels, which is sufficiently large for the
energies close to the bottom of 2D subband, and the shift of 2D subbands to lower
energies. The latter does not practically affect the concentration dependence of subband
distribution of 2D carriers, but leads to a change of their effective mass for high total
concentrations of 2D carriers.
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The Rubicon of Society: Objectivism, the substructuralist paradigm of
narrative and neosemioticist textual theory

Michel L. V. von Ludwig
Department of Sociology, University of Illinois

I. David Finnis
Department of English, Miskatonic University, Arkham, Mass.

Tarantino and capitalist feminism
The characteristic theme of McElwaine’s[1] model of postdeconstructivist theory is

a self-sufficient totality. Foucault uses the term ’Lacanist obscurity’ to denote not, in
fact, narrative, but subnarrative.

In a sense, any number of theories concerning neosemioticist textual theory exist.
The main theme of the works of Pynchon is the difference between sexual identity and
society.

It could be said that Sontag uses the term ’cultural desublimation’ to denote the
paradigm, and eventually the economy, of postcapitalist class. Lacan promotes the use
of postdeconstructivist theory to modify consciousness.

Cultural subsemantic theory and semioticist Marxism
In the works of Pynchon, a predominant concept is the distinction between with-

out and within. But Geoffrey[2] states that the works of Pynchon are an example of
mythopoetical feminism. The characteristic theme of Reicher’s[3] essay on semioticist
Marxism is not deconceptualism as such, but subdeconceptualism.

The main theme of the works of Burroughs is the bridge between class and culture.
However, if neosemioticist textual theory holds, we have to choose between the dialectic
paradigm of reality and Marxist capitalism. Bataille suggests the use of neosemioticist
textual theory to attack sexist perceptions of class.

In the works of Burroughs, a predominant concept is the concept of pretextual
consciousness. Thus, in Queer, Burroughs denies precapitalist theory; in The Ticket
that Exploded he analyses semioticist Marxism. Derrida’s model of cultural materialism
holds that consensus comes from the masses.

It could be said that the primary theme of Scuglia’s[4] essay on precapitalist theory
is a neosemanticist paradox. The subject is contextualised into a semioticist Marxism
that includes truth as a reality.

However, Foucault promotes the use of conceptual construction to analyse and read
sexuality. Hubbard[5] suggests that we have to choose between semioticist Marxism and
the subsemanticist paradigm of expression.

Thus, the subject is interpolated into a neosemioticist textual theory that includes
consciousness as a paradox. Marx suggests the use of semioticist Marxism to deconstruct
sexism.

In a sense, if neosemioticist textual theory holds, we have to choose between Lacanist
obscurity and capitalist premodernist theory. The main theme of the works of Tarantino
is not discourse, but postdiscourse.

1. McElwaine, R. Z. B. ed. (1976) Neosemioticist textual theory in the works of
Pynchon. And/Or Press

2. Geoffrey, U. W. (1991) Reading Sartre: Neosemioticist textual theory and precap-
italist theory. Oxford University Press
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3. Reicher, F. B. T. ed. (1974) Precapitalist theory in the works of Burroughs.
Harvard University Press

4. Scuglia, U. (1991) Postcapitalist Theories: Precapitalist theory and neosemioticist
textual theory. University of Illinois Press

5. Hubbard, D. H. ed. (1982) Neosemioticist textual theory in the works of Tarantino.
Cambridge University Press
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The �rst text is a fragment of physics preprint, taken from the physical sciences

archive arXiv:cond-mat/9601093v1. I have chosen it, from multitude of others, as one

close to my own heart, being related to the topic of my own PhD dissertation (and

mentioning my name!). As an example of physics research it is in all aspects quite

typical. The article contains a short introduction to the subject and its implications,

short summary of previous work and status of knowledge. Description of the theoret-

ical model and experimental details points out di�erences and similarities to previous

research and the aims of the paper. In discussion part, advances, improvements and

new results are clearly spelled out, comparing the work with previous ones.

The article is thus a part of closely linked web of e�ort and results, con�rming,

correcting and improving each other. Very rarely an article stands out from this web,

self-contained and self-su�cient. The continuum of links, especially in experimental re-

search, is very important. New results, even most surprising, do not invalidate previous

measurements (at least normally16).

Last, but not least, the article contains the references. Through them, and recur-

sively through references within references, the Reader should be able to work back to

the assumptions the work is based on, and to repeat the calculations or measurements.

While current publication requirements have enforced brevity and speed of publication,

compared to XIX or early XX Century counterparts (which contained detailed drawings

of the apparatus used in experiment), the use of standardized laboratory equipment and

ready means of direct communication between interested parties allows e�cient recre-

ation of lab setup and the experiment itself17. In the case of theory, it is even simpler:

the work should be presented in a way that clearly shows all crucial steps in reasoning.

A favourite pastime of my tutors in �nal years of physics studies was to give us a week

to re-create a publication that in most cases took more than a year to complete in the

�rst place.

It should be noted that the topic of the presented article is not a very popular one:

my estimate is that between 1990 (the date of my dissertation) and 1996 (the date

of the cited work) there were worldwide perhaps 20{30 people doing research in the

speci�c topic, both theory and experiment. Yet there were many more (for example at

least thirty colleagues from my Institute of Physics, Polish Academy of Sciences) who

could | if they wished | follow the line of thought and calculations, repeat them,

check them and plan experiments aimed at veri�cation of the predictions. And yes,

there were quite intensive questions and debates during internal seminars, where we

had presented our work in progress. The community e�ort and checking ability is very

real, even in relatively obscure topics. For high visibility research projects, where the

16Two circumstances where new experimental research would invalidate the old would be: detection

of fraudulent research and elimination of systematic errors.
17Of course some types of research, for example large scale high energy particle colliders are not easy to

`reproduce'. These experiments are however checked in cross-experiments using the same accelerator but

di�erent detector setups. Moreover, they result from vast amount of coordinated work of large groups,

including a lot of internal quality check-ups.

arXiv:cond-mat/9601093 v1


1.2. Science as social construct 25 Draft, January 2, 2008

numbers of active institutions and scientists is hundreds and thousands, the ability to

check and verify is much greater.

The second quoted article looks quite similar, despite the vast di�erence in topics.

The paper is rather short, which would be typical for a conference announcement or

submission abstract (they are usually limited to one page). It is complete with com-

parisons to previous work, references and quotations. We do not expect mathematics

formulae in a humanities work, although it may be found in some cases. But. . .

Let me now turn to the footnote of the web page from which I have downloaded the

second paper:

The essay you have seen is completely meaningless and was randomly generated by
the Postmodernism Generator. To generate another essay, follow this link:
http://www.elsewhere.org/cgi-bin/postmodern. If you like this particular essay
and would like to return to it, follow this link:
http://www.elsewhere.org/cgi-bin/postmodern/1206020232 for a bookmarkable
page.

The Postmodernism Generator was written by Andrew C. Bulhak using the Dada
Engine, a system for generating random text from recursive grammars, and modified
very slightly by Josh Larios (this version, anyway. There are others out there). More
detailed technical information may be found in Monash University Department of Com-
puter Science Technical Report 96/264: ‘On the Simulation of Postmodernism and
Mental Debility Using Recursive Transition Networks’ Bulhak (1996). An on-line copy
is available from Monash University.

Dear Reader: did you spot the fact that the second paper is a sham? If so, ask

yourself: when? By what clues? Was it too short? Did it have a title that is just too

crazy? Not enough mathematical formulae? If you think the text does injustice to `real'

humanities research, you are right. But, there are quite a few that are just as bad as the

quoted parody, yet are highly revered and thought of as pinnacles of human intellect.

For very funny examples, see Sokal and Bricmont (1998). The problem is: can we spot

the di�erences? How often are we mistaken or worse { misled?

This is the reason for which I have presented these two texts. To a layman, both

seem to be equivalent: the authors proclaim the works to be scienti�c, assert academic

credentials, dress the text in impressive forms and, last but not least, both are probably

equally impossible to understand. While the topics might seem to be of very little

importance to the Reader, and possibly to the human race as well, but the same principle

applies to scienti�c description of issues such as global warming or cancer research.

Science is not meant to be understood by a child of four. Even crucial results can be

presented with reasonable accuracy only assuming the audience accepts and understands

the language used. Axiom of choice, intron, relativistic timeframe | to name a few

examples, have to a specialist a very concrete meaning. Any statements relating results

of scienti�c research are understood only within the framework of interlocking terms.

Misunderstanding or misrepresenting such terms invariably leads to errors. And to

http://www.elsewhere.org/cgi-bin/postmodern
http://www.elsewhere.org/cgi-bin/postmodern/1206020232
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avoid such errors we have to make an e�ort to learn the language used by, and the

particular methods of research typical for a given scienti�c discipline. In other words:

become, to a greater or lesser degree, a specialist.

1.2.2 Science for Everyone

The scienti�c method, the language, the institutions of learning and research form the

social framework of science. Scientists are members of their societies, sometimes promi-

nent and inuential ones. It is true that scienti�c research is therefore a social activity.

Thus, science, de�ed as result of this activity, is also { obviously { a social construct,
and what people do depends on particular conditions. A real question is: what level of

inuence do social conditions have on the science itself, not just the scientists? Or, in

other words, how deeply do scienti�c results depend on social conditions?

The question has been debated in countless papers, books and symposia. The ways

in which a society can impact scienti�c results include as varied examples as: burning

unorthodox researchers at a stake; con�nement of scientists in remote locations with

military driven tasks, such as producing atomic weapons; giving or withholding funds

for research or even pouring pitchers of water over lecturer's head and shouting angry

slogans. Other ways in which society may inuence how science is done include:

� Active censorship that prevents access to previously published results or pub-

lishing new ones. The status of science in such a community would be directly

a�ected. Think, for example, about Lysenkoism in Stalinist USSR. Or the early

history of Copernican system.

� If deep beliefs, typical for the society in question, inhibit individual scientists

from crossing the boundaries of thought, these restrictions would be reected in

the tasks and topics taken for research, and also in choice of what passes for

`acceptable results'.

� If moral system leads to belief that certain actions are unacceptable (such as

examining a human body) the resulting scienti�c landscape would be a�ected.

� If funds are poured into certain research �elds and withdrawn from others, the

progress of results would mirror this (of course, only if there is actually progress

to be made | money alone cannot create scienti�c results18).

Thus, there is no question that social conditions can a�ect science, as it is per-

ceived and done in a given society. We then rephrase the question: are these di�erences

resulting from fundamentally di�erent `discourses with the world', or even more funda-

18There are people that would disagree with this. In extreme versions of constructivist picture of

science, if enough money is put in, a `construct called science' would surely come out.
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mentally di�erent `narratives'?19 Are there possibly many equivalent `sciences' or just

one `Science', getting ever closer to describing an independent Reality?

For me, the answer is so obvious, that it is almost blinding. Yes, there is an inde-

pendent Reality, which we (as human race) are a part of. In our research we aim at

`acquisition of new knowledge based upon physical evidence '. The current state of Page 2

Science (de�ned here as set of methodology, tools and results) is never perfect, in de-

scription, understanding and answering all possible questions about the Reality. With

accumulation of evidence, new theories, discussions | by leaps and bounds of imagi-

nation, by trudgery of everyday laboratory work, by communication and review | the

state of our understanding advances and gives us a better description of the Reality. It

is important to remember that this Science should not be confused with the Reality.

Some people do tend to forget this distinction.

What, in this approach, is to be said about `local sciences'? They may be seen

as sidetracks o� the main road. Sometimes leading to nowhere (as was the case of

Lysenkoism), sometimes becoming the main road for a particular discipline (e.g. the

continental drift theory, which started as crank idea, only to be con�rmed later, more,

to become the cornerstone of modern geophysics). One should not dismiss a sidetrack

just based on the looks of the �rst few hundred yards. But they can be evaluated and

judged, via criteria of veri�cation, re-evaluation, peer review, reproducibility, evidence

and elegance. So, if a society or a group originates a `branching of science ' the results
should not be judged on the criteria of this particular society status, size, composition,

ideology or whatever other traits are visible, but on the same criteria as for the rest of

the `scienti�c narratives'.

This approach gives a ready recipe on how to cope with `feminist physics ' or `Afro-
centric science '. Brutally regardless of the group identity feelings: if the approaches See page 74

produce results that meet the general scienti�c method criteria, they are good and

should be accepted. If not | they should be quickly forgotten.

Does that mean that I am a white male supremacist? Just the contrary: scientific
research is probably the most race, gender and background independent activity
in the world. In most cases I am wholly unaware (unless the author explicitly wishes

to mention it) whether the paper I read was written by a man or a woman, Hindu

or Pole, white or black20. I evaluate and compare results, check the integrity of the

chain of reasoning, look at predicted results. I do not care if the author is an American

Republican, Russian Communist or Mongolian Feminist | as long as she does honest

work within the research framework.

I urge the reader to have a look at the authorship of some biological or physical

19Narratives, de�ned as conceptual systems that may be constructed with or without any reference
to external Reality.

20There is an issue about the uency that the author(s) has in English, the current lingua franca of

science. Some texts are di�cult to read not because of the di�culty of topics, or the e�ort to mislead.

They may be hard to comprehend because the author does speak/write English with di�culty. But is

this a sign of speci�c domination? To what extent?



Draft, January 2, 2008 28 Chapter 1. Nature as social construct?

research. It is, usually, a group activity, moreover, with participants collaborating from

communities all over the world. For the sake of illustration on how far this goes, In

Figure 1.1 I provide a copy of the title page of a quickly chosen elementary particle

research report. I ask the Reader to scan the names of the collaborators and to try to

place their origins. Then, to imagine any other intellectual activity in which such a

diverse group could successfully participate.

The Internet age has, in principle, allowed almost anyone, access to the needed

information. Despite the fact that I have left the Academia some �fteen years ago, I am

still able to follow (as much as my understanding allows) the development of research

in the �elds of interest. Among the tons of trash, there are goldmines of resources that

due to pricing and other availability restrictions were not accessible before. This allows

opening the science to even wider circle of participants, regardless of their race, physical

condition or gender. But there are conditions: accepting the rigour of the universal

scienti�c method, learning the language and tools, respecting the work already done

(even if one aims at overthrowing it). Anyone can become a scientist, or at least
understand Science, but it requires effort. Yes, this is, for many, an unsurmountable

barrier, in practice excluding large part of population from participation. This is, indeed

one of the topics of this book: if there is anything we can do to allow more people into

active understanding of scienti�c issues. But calling this barrier of e�ort unfair and

asking to lower it to allow a `democratic science' or `equality of narratives' is just plain

stupid.

The advocates of equivalence of any local `world view' with `Western scienti�c nar-

rative' (often used in pejorative context) come in two versions: mild and outrageous.

The mild ones want, in reality, an equivalence of status for local, minority societies as

such (which is understandable and applaudable). The `narratives equivalence' is for

them just an example of a �eld of social comparison. In my opinion, working for equal

rights, freedom from oppression and economic capabilities of local communities or social

groups does not require accepting mythologies as equivalent to chemistry or geology.

The strong version of the `many narratives' approach poses a real problem for my

understanding. Are they thinking that di�erent narratives come from describing a

di�erent Realities? If mythological concepts of the Moon are di�erent in Bulgaria and

in Kongo, than does that mean that the Moon itself is di�erent in Kongo than in

Bulgaria? That for feminists, the Law of Conservation of Momentum does not hold?

That the colour of skin of the inhabitants of ancient Egypt varies, depending on who

writes the history book today? I read examples of such meddling with facts and results

with great worry: they are usually addressed to groups that have not had the bene�t

of the `classical science education '. Presented as `liberating truth from reactionist
society oppression', promoted in school boards as tools to advance group equality and

positive identi�cation, they produce, in fact, people even more cut o� from Reality

than at pre-school age. This is the root of the magical and irrational thought in many

societies and social groups. Instead of sowing the seeds we need, we observe an e�ort
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to sow weeds and brambles.
Let me �nish this section quoting Steven Weinberg

I think we scientists need make no apologies. It seems to me that our science is a
good model for intellectual activity. We believe in an objective truth that can be known,
and at the same time we are always willing to reconsider, as we may be forced to, what
we have previously accepted. This would not be a bad ideal for intellectual life of all
sorts. . .
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S. Stone,12 J. C. Wang,12 K. Zhang,12 S. E. Csorna,13 G. Bonvicini,14 D. Cinabro,14

M. Dubrovin,14 A. Bornheim,15 S. P. Pappas,15 A. J. Weinstein,15 R. A. Briere,16

G. P. Chen,16 J. Chen,16 T. Ferguson,16 G. Tatishvili,16 H. Vogel,16 M. E. Watkins,16

J. L. Rosner,17 N. E. Adam,18 J. P. Alexander,18 K. Berkelman,18 D. G. Cassel,18

V. Crede,18 J. E. Duboscq,18 K. M. Ecklund,18 R. Ehrlich,18 L. Fields,18 R. S. Galik,18

L. Gibbons,18 B. Gittelman,18 R. Gray,18 S. W. Gray,18 D. L. Hartill,18 B. K. Heltsley,18

D. Hertz,18 L. Hsu,18 C. D. Jones,18 J. Kandaswamy,18 D. L. Kreinick,18

V. E. Kuznetsov,18 H. Mahlke-Krüger,18 T. O. Meyer,18 P. U. E. Onyisi,18

J. R. Patterson,18 D. Peterson,18 J. Pivarski,18 D. Riley,18 A. Ryd,18 A. J. Sadoff,18

H. Schwarthoff,18 X. Shi,18 M. R. Shepherd,18 S. Stroiney,18 W. M. Sun,18 D. Urner,18

T. Wilksen,18 M. Weinberger,18 S. B. Athar,19 P. Avery,19 L. Breva-Newell,19 R. Patel,19

V. Potlia,19 H. Stoeck,19 J. Yelton,19 P. Rubin,20 C. Cawlfield,21 B. I. Eisenstein,21

G. D. Gollin,21 I. Karliner,21 D. Kim,21 N. Lowrey,21 P. Naik,21 C. Plager,21 C. Sedlack,21

M. Selen,21 J. Williams,21 J. Wiss,21 K. W. Edwards,22 D. Besson,23 and T. K. Pedlar24

(CLEO Collaboration)
1University of Minnesota, Minneapolis, Minnesota 55455

2Northwestern University, Evanston, Illinois 60208
3State University of New York at Albany, Albany, New York 12222

4Ohio State University, Columbus, Ohio 43210
5University of Oklahoma, Norman, Oklahoma 73019

6University of Pittsburgh, Pittsburgh, Pennsylvania 15260
7University of Puerto Rico, Mayaguez, Puerto Rico 00681

8Purdue University, West Lafayette, Indiana 47907
9Rensselaer Polytechnic Institute, Troy, New York 12180

10University of Rochester, Rochester, New York 14627
11Southern Methodist University, Dallas, Texas 75275

12Syracuse University, Syracuse, New York 13244
13Vanderbilt University, Nashville, Tennessee 37235
14Wayne State University, Detroit, Michigan 48202

15California Institute of Technology, Pasadena, California 91125

1

Figure 1.1: Example of cooperation in physics. A small exercise: can you tell the colour or

gender of the authors? Another exercise: �nd names that sound familiar to your nationality.

Remark: this is a US (Cornell) based experiment, thus the a�liations (though no necessarily

nationalities) are mostly from US. A similar experiment from CERN would list much more

diverse a�liations. But even for a `single nation' lab the list tells us something, doesn't it?
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1.3 Ups and downs of research

In later Chapters I'll give numerous examples of what I deem to be misuses

of science or activities that claim to be scienti�c, using science's guise to hide their

nature21. But the mainstream Science, in it's multiple disciplines is no smooth run-

ning river. The turbulent times of Galileo are by no means over. In almost every �eld

there are controversies, disagreements, quarrels and false or erroneous solutions. Some-

times the controversies are driven by ego of the people involved, or rigidity of thinking.

Sometimes they result from political or social stances | this is particularly frequent in

disciplines that touch human capabilities and social structures (biology or psychology),

but it's not limited to them, physics and astronomy can be as controversial.

There are situations when controversy arises from genuine scienti�c research. In

many times a novel, unexpected result requires a large part of our understanding to be

reworked. Obviously, such results are questioned much more deeply than the `straight'

results which con�rm the accepted paradigm and add just one more neatly laid brick

to the Palace of Science.

I was still an active physicist when two quite revolutionary discoveries were an-

nounced. The �rst was the Quantum Hall Effect. The Integer Quantum Hall E�ect

(IQHE) was discovered by Klaus von Klitzing in the beginning of 1980 and got him

the Nobel Prize in Physics in record time | in 1985. The e�ect shows up as plateaus

in the Hall resistance traced as a function of magnetic �eld (or particle density) with

resistance values extremely close to (h/e2)/f , while the classical model would predict

just a linear dependence. Here the so called �lling factor, f , is an integer number,

while e and h are fundamental constants of nature, being the elementary charge of the

electron and the Planck's constant. The position of the plateaus are independent of

the actual semiconductor used in measurement. Von Klitzing has found something new

and fundamental.

A couple of years after the discovery of the integer e�ect, Horst L. St�ormer and Daniel

C. Tsui of AT&T Bell Laboratories at Murray Hill, New Jersey (now part of Lucent

Technologies), were studying the Hall e�ect using very high quality gallium arsenide-

based samples. The purity of the samples was so high that the electrons could move

ballistically, that is without scattering against impurity atoms, over comparatively long

distances. The experiments discovered Hall plateaus at high magnetic �eld strengths

corresponding to a fractional value of the �lling factor f. In their �rst publication they

demonstrated a plateau at f = 1/3. They also found some indications of a plateau

at f= 2/3. The discovery of this anomalous quantum Hall e�ect took the condensed

matter community completely by surprise. No-one had anticipated that a fractionally

�lled Landau level had any particularly interesting properties. St�ormer and Tsui were

fully aware of the fact that, in contrast to the integer e�ect, their fractional quantum

Hall e�ect could not be explained within a model ignoring the interactions between

21Be it greed, quest for fame, attempt to fortify or spread religion or just plain idiocy.
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electrons. They supposed that the arguments used to understand the integer e�ect were

not applicable. Still, they observed that if they for some reason were applicable anyway,

they implied the existence of quasiparticles carrying fractional charge, for instance e/3
if f = 1/3. By curious coincidence e/3 and 2e/3 are also elementary charges of quarks.

What could be the reason for this coincidence? What e�ect could lead to splitting of

electrons in parts?22

The whole issue seemed really puzzling on a very deep level. For a time it posed

a real challenge to theorists. Little progress was made until Robert B. Laughlin, then

at Bell Labs, came up with a totally unexpected theoretical explanation. It has turned

out to be the corner stone for much of the subsequent developments with important

implications also outside this �eld. Laughlin showed that the electron system condenses

into a new type of quantum liquid when its density corresponds to .simple. fractional

�lling factors of the form f = 1/m, where m is an odd integer; f = 1/3 or 1/5 for

example. He even proposed an explicit many-electron wave function for describing the

ground state of this quantum liquid of interacting electrons. This is remarkable since

in previously discovered macroscopic quantum phenomena, such as superconductivity,

a microscopic understanding on the wave function level was reached only after a long

period of steady progress gained by phenomenological approaches. Laughlin also showed

that an energy gap separates the excited states from the ground state and that they

contain quasiparticles of fractional charge ±e/m. This implies that the Hall resistance

becomes exactly quantized to m times h/e2. It should come as no surprise that Tsui,

St�ormer, and Laughlin were awarded the 1998 Nobel Prize for their work23.

At the time our Institute of Physics, Polish Academy of Sciences in Warsaw had no

access to high quality GaAs samples arti�cially grown by molecular beam epitaxy, with

high mobility heterojunctions needed to observe QHE in two-dimensional electro gas.

Worse | such technology was actually under strict export control. So, could we do

anything with respect to QHE discoveries?

Yes, we could | and did. First priority was the understanding of the phenomena

observed in other laboratories: almost immediately we had held internal seminars that

explained the experimental setup, observations and the current understanding. But we

did not stop at understanding, we wanted to see the e�ect for ourselves. My friend, who

has been studying two dimensional gas that forms at naturally found grain boundaries

in some semiconductors has set out to observe the QHE, and succeeded. The drive to

understand and to participate in what we thought was extremely interesting was very

strong and global. Literally thousands of papers were written all over the world citing

the original works of von Klitzing, Tsui and St�ormer, and Laughlin, and expanding

their �ndings.

The second discovery was the announcement by Stanley Pons and Martin Fleis-

22Nota bene: electrons are not composed of quarks, which form protons and neutrons.
23The description is adapted from Additional background material on the Nobel Prize in Physics

1998, http://nobelprize.org/physics/laureates/1998/phyback98.pdf. For more information on

QHE see, for example Laughlin (1983); MacDonald (1994).

http://nobelprize.org/physics/laureates/1998/phyback98.pdf
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chmann of the cold fusion. Here the history is more complicated, and with no such

happy end as in the QHE case. Cold Fusion is a phenomenon observed in electrolytic

cells in which a small (table-top) apparatus near room temperature and standard atmo-

spheric pressure has been suggested to be the fusion of hydrogen (speci�cally deuterium)

atoms into helium. On March 23, 1989, Pons and Fleischmann at the University of Utah

held a press conference and reported the production of excess heat that could only be

explained by a nuclear process. Press conference is a bit unusual method of commu-

nication of scienti�c results, but perhaps the circumstances warranted such publicity.

The report was particularly astounding given the simplicity of the equipment, just a

pair of electrodes connected to a battery and immersed in a jar of heavy water. The

press reported on the experiments widely, and it was one of the front-page items on

most newspapers around the world. The immense bene�cial implications of the Utah

experiments, if they were correct, and the ready availability of the required equipment,

led scientists around the world to attempt to repeat the experiments within hours of

the announcement.24 As in the case of QHE, Warsaw physical community has reacted

quickly, with e�orts to understand and to replicate. The topic was much more distant

from our current activities, there were only one or two people who had, during their

career, touched similar subjects. I still remember the lively discussions, with equally

divided pro and con voices. The opinions were divided also on the way the discovery

was announced, via the press conference and not, as the usual and respected way, by

peer reviewed publication. On the other hand there were opinions (mine among them)

that if one was sure of the results and understood the possible implications, then getting

layman attention via public announcements is acceptable, if followed by the traditional

due process.

The Cold Fusion problematic discovery is a topic worthy a book by itself. A clear,

somewhat cold account is presented in Wikipedia (http://en.wikipedia.org/wiki/

Cold_Fusion). In 1989 the Energy Research Advisory Board (ERAB) of the US De-

partment of Energy's (DOE) did not recommend the establishment of special programs

within DOE devoted to the science of low energy fusion, but supported funding of peer-

reviewed experiments for further investigations. Since 1989, research programs in cold

fusion have been supported by various universities, private industry, and government

agencies in several countries. The experiments have shown some of the results reported

by Pons and Fleischmann, but in many setups no excess heat, and no other traces of

24It is worth noting that similar observations have much longer history. In the late 1920s, two German

scientists, F. Paneth and K. Peters, reported the transformation of hydrogen into helium by spontaneous

nuclear catalysis when hydrogen is absorbed by �nely divided palladium at room temperature. These

authors later acknowledged that the helium they measured was due to background from the air or the

glassware they used. In 1927, Swedish scientist J. Tandberg said that he had fused hydrogen into helium

in an electrolytic cell with palladium electrodes. On the basis of his work he applied for a Swedish patent

for `a method to produce helium and useful reaction energy'. After deuterium was discovered in 1932,

Tandberg continued his experiments with heavy water. Due to Paneth and Peters' retraction, Tandberg's

patent application was eventually denied.

http://en.wikipedia.org/wiki/Cold_Fusion
http://en.wikipedia.org/wiki/Cold_Fusion
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nuclear reactions were found at all. As the time passed, and more and more negative ev-

idence accumulated, the vast majority of scientists concluded that cold fusion research

is an example pathological science, while proponents argue that they are conducting

valid experiments that challenge mainstream science.
The US O�ce of Science was approached in late 2003 by a group of scientists who

requested that the Department revisit the question of scienti�c evidence for low energy
nuclear reactions. The proposal was reviewed extensively and the results of its evalua-
tion were quite varied. Below is the quote from Report of the Review of Low Energy
Nuclear Reactions, published by DOE:

The excess power observed in some experiments is reported to be beyond that at-
tributable to ordinary chemical or solid state sources; this excess power is attributed by
proponents to nuclear fusion reactions. Evaluations by the reviewers ranged from:
1) evidence for excess power is compelling, to
2) there is no convincing evidence that excess power is produced when integrated over
the life of an experiment.
The reviewers were split approximately evenly on this topic. Those reviewers who ac-
cepted the production of excess power typically suggest that the effect seen often, and
under some understood conditions, is compelling. The reviewers who did not find the
production of excess power convincing cite a number of issues including: excess power
in the short term is not the same as net energy production over the entire of time of an
experiment; all possible chemical and solid state causes of excess heat have not been
investigated and eliminated as an explanation; and production of power over a period of
time is a few percent of the external power applied and hence calibration and systematic
effects could account for the purported net effect. Most reviewers, including those who
accepted the evidence and those who did not, stated that the effects are not repeatable,
the magnitude of the effect has not increased in over a decade of work, and that many
of the reported experiments were not well documented.

The nearly unanimous opinion of the reviewers was that funding agencies
should entertain individual, well-designed proposals for experiments that address
specific scientific issues relevant to the question of whether or not there is anomalous
energy production in Pd/D systems, or whether or not D-D fusion reactions occur at
energies on the order of a few eV. These proposals should meet accepted scientific
standards, and undergo the rigours of peer review. No reviewer recommended a
focused federally funded program for low energy nuclear reactions.

While significant progress has been made in the sophistication of calorimeters since
the review of this subject in 1989, the conclusions reached by the reviewers today are
similar to those found in the 1989 review25.

So, no Nobel prizes this time. Is Cold Fusion (or as the proponents prefer to call it

Low Energy Nuclear Reactions or Chemically Assisted Nuclear Reactions) real? Most

of the physicists would say no, so that for the sake of balance here is an address of a

WEB site devoted to spread the word and help bring about a rebirth of interest in cold

fusion: http://www.lenr-canr.org/index.html.

25http://www.science.doe.gov/Sub/Newsroom/News_Releases/DOE-SC/2004/low_energy/CF_
Final_120104.pdf

http://www.lenr-canr.org/index.html
http://www.science.doe.gov/Sub/Newsroom/News_Releases/DOE-SC/2004/low_energy/CF_Final_ 120104.pdf
http://www.science.doe.gov/Sub/Newsroom/News_Releases/DOE-SC/2004/low_energy/CF_Final_ 120104.pdf
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The two stories show how the fact that scientists' curiosity | a necessary ingredient

of the psychological make-up | inuences and drives their activities. An interesting

story catches attention and sparks e�orts worldwide. Many of the most active scientists

I have met personally follow up developments in disciplines other than their own, at

least to the extent of basic awareness, out of sheer curiosity. This is one of the best

guarantees that Science would remain fertile, claims would be checked and theories

perfected. Still, there are places where one can �nd statements linking the current

disinterest in Cold Fusion to conspiracy | deliberate suppression of results, research

funds and concentrated activity to ridicule the unwanted e�ort. Can such conspiracy

be true?

1.3.1 Men in Black

If Science is a social construct, even in the weak sense that its developers, funding agen-

cies and reviewer community are parts of society, then we have to accept a possibility

that scienti�c e�ort is governed by conspiracies, spy-games and secret organisations de-

voted to suppressing unwanted discoveries. After all there are people who believe that

every other aspect of our life is governed by powerful conspiracies. In the case of science

it is not only a possibility: the history is rife with examples of secrecy and of conicts as

to the primacy of discovery resulting from one scholar hiding the results from others (for

example consider the `war' between the continental supporters of Leibniz as discoverer

of the calculus and the English supporters of Newton).

Some of the results of science were and are hidden from the public knowledge by

the governments, since ancient times: the manufacture of silk or china or trade routes

to far lands. Perhaps the most widely known were the e�orts of the Manhattan Project

to create atomic weapons (and of course its Soviet counterpart). The projects were

run under state secrecy yet run by scientists that previously had been used to open

communication. Secrecy and espionage did play a signi�cant part in the development of

nuclear weapons, as well as in the more peaceful re-use of the techniques and knowledge

gained during the process.26

Kip Thorne gives a very nice example of the surprising e�ects of such `hidden science'

in his book Black Holes and Time Warps (Thorne, 1994). One of the problems

encountered in theoretical description of the neutron stars was the possibility of so

called Rayleigh-Taylor instability. Thorne recounts that when he had asked Yakov

Zeldovich (famous Russian physicist) whether the instability would play any role, the

answer was a �rm `no'. Yet the question where such proof could be found met with

no answer. Curiously the same response came from an American specialist in radiation

and uid mechanics, Stirling Colgate. The reason: detailed description of interaction of

intense radiation and matter, the process that takes place within neutron stars is also

26In Surely You're Joking Mr. Feynman!, Richard Feynman gives a good accountof the e�ects of the

imposed secrecy on the behaviour of people, whose aim in life was discovery and spreading of knowledge

(Feynman and Leighton, 1985).
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at the heart of the thermonuclear bomb, and therefore research on this was (and still

is) classi�ed! Are there other hidden results? I am sure there are. But this is not the

universal conspiracy that some people suspect or publicize.

Most of the proponents of the conspiracy theory in science do not claim that certain

specialized knowledge is not published or treated as secret or top secret. The accusations

reach fundamental aspects and conspiracy is claimed to encompass the whole scienti�c

community. Of course with the exception of the brave few, who �ght against the

Men in Black, who are closing the doors to really important avenues of research. The

oppression, if the accounts were to be believed, takes form in actual Secret Service

actions, but predominantly in more subtle ways of �xing University structures against

the true revolutionaries, in enforcing frozen paradigms that stie creative thinking.

This denial may take form of stopping funds needed for research, ridicule aimed at the

proponents of `really new ideas', refusal to publish the results and invite to conferences.

And it permeated the whole scienti�c community, regardless of country and political

system. If true this would probably be the best example of multinational cooperation,

linking Soviets and Americans, Israelis and Arabs together in one single e�ort to keep

true research on the power of pyramids and the captured ying saucers hidden.

How real are these accusations? The actions of the majority of the scienti�c com-

munity are quite real. It is true that theories lying far outside mainstream science

have trouble getting research fund. There are however subtle di�erences, as the report

on Cold Fusion shows, despite the general lack of acceptance of the idea: it recom-

mends funding for `individual, well thought experiments'. It is true that most scientist

quite openly laugh o� extraordinary claims of the self-proclaimed geniuses. It is also

true that the peer-review process results in culling publications with unsubstantiated

claims, unfounded math and leaky reasoning. When the process fails we have real

embarrassments, as in the case of Sokal's a�air or the Bogdano� case27.

Conspiracy theory proponents claim that cautiousness and peer review are abused

and are not a typical part of the normal scienti�c process. They are rather a part of

an overall strategy, aimed at hiding the most profound discoveries already made or just

to be made: sources of free energy, parapsychology, ESP research, time travel, alien

presence on Earth (in the past and today), secret military applications of the above

mentioned phenomena. The Men in Black organisation, in the eyes of the `oppressed'

dissidents has subverted or silenced almost all researchers.

Now, as much as I know individual scientists, my friends and acquaintances, in their

scienti�c, religious and political views, I know one thing for sure: the very thought

that they would be united in approach to hide some truth from the public is simply

ridiculous. One of the main driving forces for a scientist is to discover the truth and

to share it. Even Newton had shared the partial results with Leibniz. Galileo has been

sending ciphered messages to be able to claim priority in certain discoveries, without

revealing them fully. One of the main worries of the military research is the propensity of

27More on these issues in later Chapters.
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the scientists to reveal the information | as the Thorne story clearly shows: Zeldovich

has con�rmed, to an American, a key result of classi�ed research.28

So, I simply can not imagine any reason for which hundreds of thousands of scientists

would not actively pursue the search for truth in the claim, of say, extraterrestrial

beings or communication, if there were indications that it might be true. In fact the

massive participation | not just by scientists | in the SETI@Home project just shows

the willingness to do exactly this: open research on interesting subject.

And without the active help of the research community, no secret government (which

government? Polish? US? UN? The Secret All-World Government?) could put a mu�er

on all of us. So, either all scientists are incredibly devoted secret agents or the theory

is false.

1.3.2 Pseudosciences

I have already mentioned Sagan's Demon-Haunted World (Sagan, 1995), which starts

with the discussion on the popularity and roots of pseudoscience | as opposed to

the true scienti�c e�ort. To de�ne what is meant by this lets turn to Wikipedia:

Pseudoscience refers to any body of knowledge or practice which purports to be scientific
or supported by science but which is judged by the mainstream scientific community to fail
to comply with the scientific method. This de�nition contains quite a lot of dangerous

words: mainstream scienti�c community, judged, fail to comply with the method.
But notice that the s`stangeness' of results is no reason to call research pseudoscienti�c.

The question is: can there be an easy and infallible way of deciding what is and what

is not pseudoscience (as opposed to science)?
Wikipedia continues the de�nition through a list of conditions:

Pseudoscience fails to meet the criteria met by science generally (including the
scientific method), and can be identified by a combination of these characteristics:

• by asserting claims or theories without first verifying them in experiments

• by asserting claims which cannot be verified or falsified (claims that violate falsi-
fiability);

• by asserting claims without supporting experimental evidence;

• by asserting claims which contradict experimentally established results;

• by failing to provide an experimental possibility of reproducible results;

• by failing to submit results to peer review prior to publicizing them (called ‘science
by press conference’)

• by claiming a theory predicts something that it does not;

28Why has he done this is somewhat mysterious. My guess is that for many Soviet and generally,

communist block, scientists good relationships with rarely seen Western colleagues was very valuable, for

example for quick publication of key results via smuggled papers. Thorne actually gives examples of his

help in such endeavours.

SETI@Home
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• by claiming a theory predicts something that it has not been shown to predict;

• by violating Occam’s Razor, the heuristic principle of choosing the explanation
that requires the fewest additional assumptions when multiple viable explanations
are possible (and the more egregious the violation, the more likely); or

• by a lack of progress toward additional evidence of its claims.

Another term that may be used here is protoscience. This is sometimes used to

describe ‘a hypothesis that has not yet been tested adequately by the scientific method,
but which is otherwise consistent with existing science or which, where inconsistent, of-
fers reasonable account of the inconsistency’. A good example is the search for ex-

traterriestrial intelligent beings (SETI). The list of examples of pseudosciences is quite

controversial and varies depending on the experience and viewpoint of the person

compiling the list. Wikipedia has a separate article on List of alternative, specula-

tive and disputed theories, http://en.wikipedia.org/wiki/List_of_alternative%

2C_speculative_and_disputed_theories. The list starts with a warning that `The
neutrality and factual accuracy of this article are disputed'. Just the existence of such a

warning in a freely edited and generally very open communal e�ort encyclopaedia gives

a hint as to how controversial can be the division between science, protoscience and

pseudoscience.
For example Uncertain Knowledge by Ricki G. A. Dolby (Dolby, 1996) contains

an Appendix listing marginal and controversial science examples. I judge that some
of them are de�nitely crackpot, but as to why some others got on the list I can only
wonder:

• Alchemy

• Antifluorizing

• Astrology

• CETI – Communications with ExtraTerrestrial Intelligences. (Here �rst of my
doubts: while claims of actual communications, contacts with ying saucers
and little green men are certainly pseudoscience, the search and attempts
at communication to possible nonhuman civilisations may be quite scienti�c
e�ort. I do not think that the whole �eld should be put under one umbrella.)

• Piltdown Man

• Däniken’s theories about alien visitors (clear example of misuse of CETI)

• Eugenics

• Phrenology

• Uri Geller’s metal bending

• Kammerer falsified toad studies29 (Fraud is less frequent in Science than in any
other human activity, but it is present nevertheless.)

• Summerlin’s false transplantation studies

29See http://www.museumofhoaxes.com/midwife.html.

http://en.wikipedia.org/wiki/List_of_alternative%2C_speculative_and_disputed_theories
http://en.wikipedia.org/wiki/List_of_alternative%2C_speculative_and_disputed_theories
http://www.museumofhoaxes.com/midwife.html
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• Lysenkoism

• Mars canals. (Here again I think that we encounter a honest mistake in what is
mainstream science: just because astronomers had to rely on direct observa-
tions, because photography was not advanced su�ciently, and because human
eye and mind has a tendency to link observed points and dots into larger, lin-
ear structures Schiaparelli's observations do not deserve derogatory label. On
the other hand, public opinion preoccupation with assumed consequesnces of
the thin lines observed by Schiaparelli: treating the lines as proof of purposely
built canals and therefore of Martian civilisation, or at least remnants of an
ancient civilisation is de�nitely beyond the mainstream science)

• Transcendental Meditation

• Mesmerism

• Creation Science

• Parapsychology

• Blondlot N-rays (Another curious case of a respected scientist and laboratory,
and result that moved from mainstream science to oblivion in the space of
one year. I do not think N-rays are an example of pseudoscience but rather of
errors and capability to detect them in the mainstream Science.)

• Perpetuum Mobile studies

• Piramidology

• Psychiatry (I simply fail to see how psychiatry might be considered controver-
sial science)

• Cold Fusion

• Scientology

• Sociobiology (The only reason why sociobiology may be on the list is the
political controversy, which has nothing to do with scienti�c status.)

• Velikovsky Worlds in Collision and other theories

• Wegener’s continental drift theory (While it has been controversial at the be-
ginning of XX century, it is now a well established cornerstone of mainstream
geology. Which proves that movement from pseudoscience to mainstream is
also possible)

• The Bermuda Triangle.

Some of these theories will get more detailed treatment in later parts of this book.

For some, such as piramodology or scientology I do not even have the willingness to

write anything. There are quite a few Web sites devoted to debunking, such as http:

//www.csicop.org/si/ or http://www.skeptic.com/, which the Reader may wish to

consult.

In the following Chapters I'll discuss concrete examples of some branches of sci-

ence, focusing on what is most interesting to me: controversies, question marks and

the process of development. As it would turn out no discipline is immune to misuse

http://www.csicop.org/si/
http://www.csicop.org/si/
http://www.skeptic.com/
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and quarrels. The landscape of the Realm of Science is rough, the roads are many and

forked. This would be perfectly OK, especially for those with the spirit of adventurers.

Discovering new vistas and mapping out new routes, sometimes establishing working

shortcuts between the valleys that seemed totally separated might be real fun. Unfor-

tunately, here and there are false beacons, beckoning unwary travellers to dangerous

cli�s and occasional ambush by bandit bands.

I think I got carried away by the metaphor. It is time to turn quickly to the solid

ground of the most precise language that Science uses: mathematics.
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CHAPTER

TWO

WHO ORDERED MATH?

Mathematics is in its development entirely free and is only bound in the self-evident respect that its
concepts must both be consistent with each other, and also stand in exact relationships, ordered by
definitions, to those concepts which have previously been introduced and are already at hand and

established.
Georg Cantor

Who ordered that?
Isidor I. Rabi1

Concepts that have proven useful in ordering things
easily achieve such authority over us

that we forget their earthly origins and accept them as unalterable givens.
Albert Einstein

1Said on discovery of muon, a particle nobody expected and nobody had any `use' for. . .
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2.1 On languages

Mathematics is the queen of sciences and arithmetic the queen of mathematics.
She often condescends to render service to astronomy and other natural sciences,

but in all relations she is entitled to the first rank.
Carl Friedrich Gauss2

The chief aim of all investigations of the external world should be
to discover the rational order and harmony which has been imposed on it by God

and which He revealed to us in the language of mathematics.
Johannes Kepler

If God speaks to man, he undoubtedly uses the language of mathematics.
Henri Poincaré

As I have mentioned, the necessary condition for scienti�c research as a com-
munal e�ort is a common language. The most widely used common tool of com-

munication in science is mathematics. It uses a di�cult language, both practically as
well as conceptually. Despite it's di�culty the language is used because it is immensely
practical. Let it su�ce to make a comparison. Let us go back more than six centuries.
Here is a fragment fromWilliam Heytesbury's3 Rules for Solving Sophismata [Regulae
solvendi sophismata] (c. 1335) concerning the ways to calculate :

Any motion whatever is uniformly accelerated if, in each of any equal parts of the
time whatsoever, it acquires an equal increment of velocity. And such a movement
is uniformly decelerated if, in each of any equal parts of the time, it loses an equal
increment of velocity. The moving body, acquiring or losing this increment uniformly
during some assigned period of time, will traverse a distance exactly equal to what it
would traverse in an equal period of time if it were moved uniformly at its mean degree
[of velocity].

I ask the Reader to try to understand the wording and get the meaning and practical

use out of these statements. Even translated to modern language it does not become

much more clearer. But when we translate the text into algebraic expression, which

was not possible in Heytesbury's age, we arrive at two equations that are easy to grasp

and to use!

2As quoted in Gauss zum Ged�achtniss (1856) by Sartorius von Waltershausen
3William Heytesbury was a 14th-century English Scholastic thinker and pioneer of the mathematical

study of motion. His work curiously anticipates nineteenth-century mathematical analysis of the contin-

uum, and he is well know for developing the Mean Speed Theorem concerning the distance covered over

a period of time under uniform acceleration. His work had some inuence on the development of early

modern science, though he cannot be said to have been doing empirical science, his work being much

closer to mathematical analysis (http://plato.stanford.edu/entries/heytesbury/#3.5.4).

http://plato.stanford.edu/entries/heytesbury/#3.5.4
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v(t) = vstart + a · t (2.1)

s = vaverage · t =

(
vstart + vend

2

)
· t (2.2)

It is worth knowing that achieving such clarity of notation and agreement as to con-

ventions and meanings took humanity some hundreds of years! The equations above,

when one understands the meaning of v (velocity), a (acceleration), and t (time)4 are

not just descriptions of the rule, they are also e�cient algorithms for calculation in real

situations. There are whole compendia of mathematical and physical knowledge that

consist of nothing but formulae.5.

On the other hand there is often quoted golden rule concerning writing popular

science books: each equation put in decreases the readership by 5% (or is it 10%?)6. How

is it that the use of equations, formulae, advanced shorthand notation works wonderfully

for mathematicians while scares the rest of the population away? A friend of mine has

reminded me that the use of formulae is still forbidden in legal documents. Therefore,

for example, the text of the pension law, which uses equations to express the average life

expectancy, does so via rather lengthy verbal passages, while relatively short formula

would su�ce. The success of mathematics, as applied to various scienti�c disciplines is

a deep mystery. But the reception of mathematics, understanding of this language is

just as mysterious.
Richard Feynman, in his QED lectures (Feynman, 1985), has noted that any math-

ematical notation in use may be reduced to elementary operations. His example in-
volved substituting `simple' operations like adding or subtracting large numbers by
`even simpler', physical operations involving beans, added or subtracted one by one.
The equivalence is summarised as follows:

That’s why we have the rules [. . . ] The rules are tricky, but they are a much more
efficient way of getting the answer than by counting beans. The important thing is, it
makes no difference as far as the answer is concerned: we can predict the appearance of
Venus by counting beans (which is slow, but easy to understand) or by using the tricky
rules (which is much faster but you must spend years in school to learn them.7

4Of course we should also understand the meaning of = (denoting equal quantities), · (multiplication)
and the horizontal line denoting fraction.

5The Motion Mountain project of Christoph Schiller (Schiller, 2005) contains a very interesting

section on the history of the mathematical notation. See also, for example, http://www.xs4all.nl/
~johanw/index.html#formularium

6Practice Problem: how many equations does it take to reduce maximum possible audience consisting

of world population of six billion to a single person, the author? Answer: assuming 5% loss per equation,

surprisingly many: 439. Although the �rst equation incures loss of 300 000 000 readers, to lose the last

one (i.e. go down from 2 Readers to 1, requires fourteen.
7Spending the years in school seems to be just the thing that is not too popular in current societies |

more on this topic in Chapter 11. Worse, today nobody would bother with counting the beans. . . Thus

we are, quite often, left with no method at all, neither sophisticated not burdensome but simple. How

many times decisions that should be strictly based on numerical calculations are done using gut feelings?

http://www.xs4all.nl/~johanw/index.html#formularium
http://www.xs4all.nl/~johanw/index.html#formularium
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The advance in notation and methods, if the user takes the e�ort to prepare, o�ers

tremendous advantages in communication clarity and helps in understanding of various

phenomena. Geometry, algebra, calculus | all the branches of mathematics would be

found in scholarly papers on many (most) of the scienti�c disciplines.8 For this reason

mathematics is called the language of science. But is it really a language?
Our `normal' languages, despite tremendous di�erences, have so much in common

that Noam Chomsky has introduced a concept of Universal Grammar and Steven Pinker
has coined the term Language Instinct (Pinker, 1994). According to Pinker:

Language is not a cultural artifact that we learn the way we learn to tell time or how
the federal government works. Instead, it is a distinct piece of the biological makeup of
our brains. Language is a complex, specialized skill, which develops in the child spon-
taneously, without conscious effort or formal instruction, is deployed without awareness
of its underlying logic, is qualitatively the same in every individual, and is distinct from
more general abilities to process information or behave intelligently. For these reasons
some cognitive scientists have described language as a psychological faculty, a mental
organ, a neural system, and a computational module. But I prefer the admittedly quaint
term “instinct”. It conveys the idea that people know how to talk in more or less the
sense that spiders know how to spin webs.

As a side remark, Pinker also lists a series of misconceptions, about language which
I �nd particularly funny:

Most educated people already have opinions about language. They know that it is
man’s most important cultural invention, the quintessential example of his capacity to
use symbols, and a biologically unprecedented event irrevocably separating him from
other animals. They know that language pervades thought, with different languages
causing their speakers to construe reality in different ways. They know that children learn
to talk from role models and caregivers. They know that grammatical sophistication used
to be nurtured in the schools, but sagging educational standards and the debasements
of popular culture have led to a frightening decline in the ability of the average person to
construct a grammatical sentence. They also know that English is a zany, logic-defying
tongue, in which one drives on a parkway and parks in a driveway, plays at a recital and
recites at a play. They know that English spelling takes such wackiness to even greater
heights. George Bernard Shaw complained that ‘fish could just as sensibly be spelled
ghoti ( gh as in tough, o as in women, ti as in nation) and that only institutional ’ inertia
prevents the adoption of a more rational, spell-it-like-it-sounds system.

Thus as we have problems in deciding what do we mean by language, how can we
speak about mathematics being language or not? For example, is mathematics a similar
instinct? Some | very basic | part of it de�nitely is. Counting, comparing quantities
and sizes, ordering, they all are present as our human capabilities. To a certain extent
we observe them even in animals. But `higher mathematics' is by no means instinctive.
This is well encapsulated in a famous saying of Leopold Kronecker

8Sometimes applied correctly and to great e�ect, sometimes being just a cover up and posing. The

latter case is sometimes especially funny in humanities, as we have already seen.
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God made the natural numbers; all else is the work of man.

`The rest', in contrast to the natural languages, is a cumulative result of individual

e�orts, each contributor adding some improvement to the `language' of mathematics.

As with the Science in general, mathematics is not just a notation and method; the

enormously rich treasure of results, each of which may be the springboard for some

next development. Even though the development of mathematics is historical, spread

over some millennia, in its advanced form it is quite recent (as with most sciences).

In many cases historians of mathematics are able to point to the �rst uses of terms

or operations, to innovative extensions of previous applications and to creators of new

realms of research and new disciplines.

Such accuracy can not be achieved in analysis of our everyday languages, be it

English, Polish or Bantu. And while the amount of things we can say in any natural

language is practically in�nite, there are remarkably few general rules governing how

we say it. In a sense, all the millions of novels and poems are similar. The languages

do evolve, but rather slowly. Increase of vocabulary may be measured by the size of

dictionaries, but the size of actively used vocabulary remains rather stable, di�ering

between persons and societies but certainly not experiencing exponential growth and

branching.

In contrast to natural languages mathematics develops in an exponential way. The

most advanced techniques and uses can only barely be grasped by the few specialists.

And the number of topics grows, with specialists becoming separated from each other.

Yet, quite often in an unexpected way, a result from some branch of mathematics

becomes a cornerstone of a proof for, what might have seem to be a completely di�erent

topic. As a result we should remember that whenever one uses the `language of science'

expression, there is much more at stake than just communication tool.
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2.2 Triumph of hard work

Mathematics is one of the most successful enterprises of humanity as a

whole. It is a tool that continuously grew in the last thousands of years, docu-

menting the power of human intellect. Despite gulfs of di�erence between cultures and

epochs the continuity and the growth have something almost never failed. Let me give

here a personal reminiscence of some small turning point in my youth.

I guess I was 14, when together with my class we went for a school excursion to

Kórnik Museum in the west of Poland. The museum is located in one of the few

unspoiled magnate's residences of XIV Century. While my colleagues were marched

through rooms and chambers full of old furniture (which I found extremely boring) I

almost got lost because I have stopped, for what seemed like hours, at a small display

of a XIX century school book on mathematics.

The book was the �rst Polish edition of Euclid's Elements9. The original has been
written almost 2300 years ago. I knew that Euclid was an ancient Greek mathematician.

In fact, at the time we were covering some planar geometry at school, following the

axiomatic approach of Euclid. The book on display was open at a page with a proof

of some theorem | quite close what we were working on at school. The similarity was

stunning. I thought: this person, some thousands of years ago, was able to think and

write like this? And his work was written in a way that allowed it to be used as a

textbook two thousand years later?10

I stood stunned in front of this display: here was a book written more than thousand

years before any organized state formed in Poland (for the US readers: more than 2000

years before US was created) which conveyed scienti�c clarity and truth to modern

times? This outrageous discovery has been the most important e�ect of the school trip.

I have tried to pass my excitement to my friends | and failed. The failure was as

astonishing as the discovery itself: I thought I have discovered the eight wonder of the

world and they said `it's just an old geometry book'.

I still think that the Elements11 are the single most important monument of human

thought. They span the ages of Western civilisation with a clarity of method and logic,

presentation skill and the wealth of rigorously derived results. In contrast to most

ancient Greek philosophical texts which, while immensely important in the process of

development of science, were replaced by more modern understandings, observations

and theories, Euclid work is fully valid today. The system of de�nitions, axioms and

theorems, with each proof built upon the previous ones is not only the basic part of

today's geometry, but an example of the scienti�c method as applied to mathematics.

Moreover, the book has achieved a status of a holy text | but with a twist. For thou-

9Euklidesa pocz¡tki geometrii ksi¡g o±mioro translated to Polish by Józef Czech, 1807
10In fact Elements were used as textbook in XIX Century, and in Poland in a slightly modi�ed form

as late as 1936.
11See for example http://aleph0.clarku.edu/~djoyce/java/elements/elements.html or http:
//www.sunsite.ubc.ca/DigitalMathArchive/Euclid/byrne.html

http://aleph0.clarku.edu/~djoyce/java/elements/elements.html
http://www.sunsite.ubc.ca/DigitalMathArchive/Euclid/byrne.html
http://www.sunsite.ubc.ca/DigitalMathArchive/Euclid/byrne.html
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Figure 2.1: First Latin edition of Euclid, 1482 by Erhard Ratdolt, adapted from the medieval

translation by Campanus. Ratdolt remarks in his preface that the technical challenge was to

get the diagrams into the book. Exactly how he did this is not apparently known.

sands of years mathematicians were trying to improve it, or to �nd errors or loopholes.
Starting from the time of Proclus (V century) many mathematicians were intrigued by
the �fth postulate (called parallel postulate) of Euclid.

If a line segment intersects two straight lines forming two interior angles on the same
side that sum to less than two right angles, then the two lines, if extended indefinitely,
meet on that side on which are the angles less than the two right angles.

For several hundred years, geometers were troubled by the disparate complexity of
the �fth postulate when compared with the other four, and believed it could be proved
as a theorem from the others. During the centuries many equivalent forms of the �fth
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postulate were found12, one of the most famous being

Exactly one line can be drawn through any point not on a given line parallel to the given
line.13

The task of reducing the number of postulates has turned out to be impossible, in fact

in 1868 the independence of the parallel postulate from Euclid's other axioms was �nally

demonstrated by Eugenio Beltrami. But even earlier, in 1733 Italian mathematician

Giovanni Gerolamo Saccheri, while trying to prove the �fth postulate has formed basics

of non-Euclidean geometry, in a way that is most illustrative as to the strange ways

science develops. Saccheri has started from the reductio ad absurdum proof attempt,

simply checking what results from contradicting the �fth postulate. What would happen

if there were no parallel lines (what we now call elliptic geometry)? Or if there were

more than one parallel line through a given point (now called hyperbolic geometry)?

In a work titled Euclides ab Omni Naevo Vindicatus (Euclid Freed from All
Flaws) Saccheri quickly discarded elliptic geometry as a possibility (some others of

Euclid's axioms must be modi�ed for elliptic geometry to work) and set to work proving

a great number of results in hyperbolic geometry. He �nally reached a point where he

believed that his results demonstrated the impossibility of hyperbolic geometry. There

was in fact no logical contradiction in his work. But as at this time it was widely believed

that the Universe worked according to the principles of Euclidean geometry, Saccheri

has rejected hyperbolic geometry as false. Belief in what should be has overcome

mathematical logic.

A hundred years later, in 1829, the Russian Nikolai Ivanovich Lobachevsky published

a treatise of hyperbolic geometry. For this reason, hyperbolic geometry is sometimes

called Lobachevskian geometry. About the same time, the Hungarian J�anos Bolyai also

wrote a treatise on hyperbolic geometry, which was published in 1832 as an appendix to

a work of his father's. The great mathematician Carl Friedrich Gauss read the appendix

and revealed to Bolyai that he had worked out the same results some time earlier.

Lobachevsky's name is attached by right of earliest publication. The fundamental

di�erence between these and earlier works, such as Saccheri's, is that they were the

�rst to openly claim that Euclidean geometry was not the only geometry, nor the only

conceivable geometric structure for the universe. However, the possibility still remained

that the axioms for hyperbolic geometry were logically inconsistent.

Work on elliptic geometry, which required changes to other Euclid's postulates (but

remained a coherent mathematical system) has followed quickly. Bernhard Riemann,

in a famous lecture in 1854, founded the �eld of Riemannian geometry.

It should be remembered that `invention' of the non-Euclidean geometry does not

invalidate the Elements. On the contrary, it teaches us that the mathematical struc-

ture is rich beyond imagination. And that allowing `what should be' to dominate our

12See for example http://en.wikipedia.org/wiki/Parallel_postulate
13Which certainly sounds simpler, although is an exact equivalent.

http://en.wikipedia.org/wiki/Parallel_postulate
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thinking may lead to errors, even in such strict and logical discipline as mathematics.14

Even more important and surprising development occurred in early XX Century.

Einstein's General relativity Theory describes our Universe as changing, non-Euclidean

geometry. The Nature has played an elaborate joke on humanity. Geometry has started

from extrapolation of inaccurate physical observations of almost straight lines and more

or less exact measurements of distances and angles. From this imperfect world of obser-

vations the perfect world of axiomatic geometry has been constructed by Euclid. The

`unearthly' perfectness was so strong that it seemed eternal and inspired the thought

that `in reality' our clumsy measurements are just reections of the perfect Reality,

which is | must be | Euclidean. This concept ruled philosophy and then physics for

many centuries. The �rst to break it were not physicists (with new exact measurement

techniques) but mathematicians themselves (and as we have seen, very reluctantly).

The invention of non-Euclidean geometry has opened the way for non-Euclidean physics.

Today, the physical measurements con�rm Einstein's theory. We know the Reality is

non-Euclidean. Moreover, physics seems to have taken the lead again, with string theo-

ries predicting, from physical arguments, that the world is in reality not three, not four

but ten or eleven-dimensional.

One can therefore ask the question if, apart from our human history of development

of our scienti�c `tools', there is any deep relationship between abstract realm of mathe-

matics and Nature. And which of the branches of mathematics are best connected with

the Reality?

2.2.1 Useful or useless?

The realm of mathematics is so rich today that it is impossible to know it all. Wikipedia
list of mathematical theories http://en.wikipedia.org/wiki/List_of_mathematical_
theories contains:

14A curious twist to this statement is provided by G�odel theorem. The fact that every mathematical

system that `contains' arithmetics leads to formally unprovable yet true theorems is taken by many

philosophers as a sign that human mind, which is capable of `seeing ' this truth operates in a way that

is beyond mere logic. More on this in Section 2.4

http://en.wikipedia.org/wiki/List_of_mathematical_theories
http://en.wikipedia.org/wiki/List_of_mathematical_theories
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Algebraic K-theory Graph theory Operator theory
Approximation theory Grothendieck’s Galois theory Percolation theory
Automata theory Group theory Perturbation theory
Braid theory Hodge theory Probability theory
Brill-Noether theory Homology theory Proof theory
Catastrophe theory Homotopy theory Quantum theory
Category theory Information theory Recursion theory
Character theory Invariant theory Representation theory
Choquet theory K-theory Ring theory
Class field theory Knot theory Scheme theory
Coding theory L-theory Set theory
Cohomology theory Local class field theory Sheaf theory
Computation theory M-theory Singularity theory
Deformation theory Matrix theory Spectral theory
Dimension theory Measure theory String theory
Distribution theory Model theory Surgery theory
Field theory Morse theory Theory of equations
Elimination theory Module theory Topos theory
Extremal graph theory Network theory Transcendence theory
Galois theory Nevanlinna theory Twistor theory
Game theory Number theory
Graph theory Obstruction theory

And we have to remember that each such �eld may contain structure rich enough

to deserve a sub-list of equal size. How is it then possible to determine which branches

of mathematics are important and which are mere games and toys of mathematicians?

It is so easy to erroneously label particular branch as play for play's sake | I have

to admit that my own history has at least one such gross mistake.

During my physics University days we were taught mathematics: it is the tool for

physicists. Particular attention was paid to the useful branches: calculus, di�erential
equations, vector algebra, group theory, operators and abstract spaces. Much less stress

was laid on topology or graph theory. Within this `practical' curriculum references to

number theory | branch of pure mathematics concerned with the properties of integers

| were almost absent. I have read, out of curiosity a textbook on number theory (at

least some chapters), but I was in full agreement with the `physics viewpoint'. After

all, what could some esoteric properties of integers, such as the Fermat's Last Theorem,

Goldbach conjecture or Catalan's conjecture15 to do with real world as described bySee page 840

physics, or even with mundane world of technology?

15These are examples of very simple statements in number theory that have nevertheless required very

deep consideration and approaches that are far from elementary. Fermat's Last Theorem was proven

by Andrew Wiles, from Princeton University, with help from his former student Richard Taylor using

sophisticated tools from algebraic geometry (in particular elliptic curves and modular forms), Galois

theory and Hecke algebras. Goldbach conjecture is still unproven. Catalan's conjecture was proved by

Preda Mih�ailescu in April 2002, so it is now a theorem. The proof was checked by Yuri Bilu and makes

extensive use of the theory of cyclotomic �elds and Galois modules.
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Much later I have become aware of the role that number theory plays in cryp-

tography. While it was too late to learn it, I had at least enough basic training to

acknowledge my error. I no longer dismiss any branch of mathematics abstract or use-

less. The power of mathematics resides in the fact that its results may be used in really

unexpected contexts.

To see how steep the mathematics may be I suggest that the Reader would check

a wonderful and entertaining course in Concrete Mathematics (Graham et al., 1994).

Deceptively simple at �rst, it soon touches topics that require full attention and a lot

of practice and imagination. The beauty of the book lies in the way it shows how

useful16 and universal some tools have become, and in showing how they solve concrete

problems from diverse domains.

16In the �rst draft I have put beautiful here. For mathematicians, the notion of simplicity and unex-

pected usefulness is a sign of beauty of a method. But here, my wonder is at the really unsuspected links

between results from di�erent domains.
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2.3 Foundations and Limits

One of the most interesting questions in the whole domain of the philosophy

of Science is: Why does mathematics explain the physical world as we see it
so well? The question may be split into two separate issues:

1. Does mathematics have some sort of deep metaphysical connection with reality,

and

2. if not, why is it that mathematical abstractions seem so often to be so powerfully

predictive in the real world?

To quote Stephem Wolfram, author of one of the most popular software packages
for doing mathematics with the help of the computer (as opposed to merely number
crunching) and controversial scientist:

It is not surprising that there should be issues in science to which mathematics is
relevant, since until about a century ago the whole purpose of mathematics was at some
level thought of as being to provide abstract idealizations of aspects of physical reality
(with the consequence that concepts like dimensions above 3 and transfinite numbers
were not readily accepted as meaningful even in mathematics). But there is absolutely
no reason to think that the specific concepts that have arisen so far in the history
of mathematics should cover all of science, and indeed in this book I give extensive
evidence that they do not. At times the role of mathematics in science has been used in
philosophy as an indicator of the ultimate power of human thinking. In the mid-1900s,
especially among physicists, there was occasionally some surprise expressed about the
effectiveness of mathematics in the natural sciences. One explanation advanced by
Albert Einstein was that the only physical laws we can recognize are ones that are
easy to express in our system of mathematics17.

The discussion of the roots of mathematics presented below is marred by the fact

that I do not understand most of the current mathematical publications.18 My training

was more or less practical, and I guess it has reached the level of knowledge attained

in 1950's | and limited to certain branches of calculus, special functions, di�erential

equations, vector algebra and basic group theory. The new mathematics seems to me

so hermetic and esoteric, that I can not even dream of telling good from bad. Even the

practical usage can be extremely di�cult.

Bearing in mind my own limitations, if the Reader wants to read a more profound

discussion all I can do is to point to better sources. From the popular Barrow (1992)

book, to more advanced Web links. For example a Web page by Paul Cox19 includes a

very interesting, in depth review of Pi in the Sky20 or another Web essay The Utility of

17Wolfram (2002)
18Perhaps I am not alone. The proof of Fermat's Last Theorem is said to be understood by just a few

people in the world.
19http://members.cox.net/mathmistakes/
20http://members.cox.net/mathmistakes/what_is_mathematics1.htm

http://members.cox.net/mathmistakes/
http://members.cox.net/mathmistakes/what_is_mathematics1.htm
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Mathematics21. There is also a classical review by Eugene Wigner, The Unreasonable
E�ectiveness of Mathematics in the Natural Sciences (Wigner, 1960). There are, of

course, many more resources available: mathematical philosophy is well represented, in

a serious way, in the World Wide Web.

After this warning let's come back to the question of the status of mathematics.

There are quite a few `explanations' of the applicability of mathematics to the real,

especially physical world. They range from attributing mathematical intentions to the

Creator of the Universe, through existence of Platonic ideal, mathematical world of

which the physical is a shadowy reection to the statements that the whole problem is

false: we see �t between mathematics and real world because we want to see it, as in the

old saying `give a child a hammer, and it would �nd that all things require hammering'.

More seriously speaking, the di�erences between philosophical schools as to the basis

of mathematics are indeed profound.

Platonic doctrine states that abstract entities have an existence independent of the

human mind. Mathematics is, of course, full of abstract entities such as numbers,

functions, sets, etc., and according to Plato all such entities exist outside our mind.

The mind can discover them but does not create them. This doctrine has the advantage

that one can accept such a concept as set without worrying about how the mind can

construct a set. According to realism, sets are there for us to discover, not to be

constructed, and the same holds for all other abstract entities.
An interesting link to cosmology is provited by one of the authors of the cosmo-

logical inationary scenario, Andrei Linde. In his paper (Linde, 2002), which is rather
remarkable because it discusses quite a few controversial topics, he gives an example of
plausible (from the theoretical astrophysics point of view) Universe, where mathematics
would be not possible, or at least of no use:

We should give at least one example of a universe where mathematics would be
inefficient. Here it is. Suppose the universe can be in a stable or metastable vacuum
state with a Planckian density ρ ≈ M4

p ≈ 1094g/cm3. According to quantum gravity,
quantum fluctuations of space-time curvature in this regime are of the same order as
the curvature itself. In simple terms, this means that the rulers are bending, shrinking
and extending in a chaotic and unpredictable way due to quantum fluctuations, and this
happens faster than one can measure the distance. The clocks are destroyed faster than
one can measure the time. All records about the previous events become erased, so one
cannot remember anything, record it, make a prediction and compare the prediction
with experimental results.

A similar situations occurs in a typical non-inflationary closed universe. There is
only one natural parameter of dimension of length in quantum gravity, lp = M−1

P , and
only one natural parameter of dimension of energy density, ρp = M4

p . If one considers
a typical closed universe of a typical initial size lp with a typical initial density ρp, one
can show that its total lifetime until it collapses is t ≈ tp ≈ M−1

P ≈ 10−43seconds,
and throughout all of its short history the energy density remains of the order of M4

P or
greater. Such a universe can incorporate just a few elementary particles, so one cannot

21http://catb.org/~esr/writings/utility-of-math/

http://catb.org/~esr/writings/utility-of-math/
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live there, cannot build any measuring devices, record any events and use mathematics
to describe events in such a universe.22

One can ask how to place the Platonic world of ideal entities, if such Universes are

possible. And how general can the relationship between the ideals and real world be.

The basis for Platonism is the awareness we all have that the problems and concepts

of mathematics exist independently of us as individuals. The zeroes of the zeta function

are where they are, regardless of what I may think or know on the subject. It is then

easy for me to imagine that this objectivity is given outside of human consciousness as

a whole, outside of history and culture. This is the substance of Platonism. It remains

alive because it corresponds to something real in the daily experience of the mathe-

matician. If mathematicians are just discovering the independently existing world of

ideas then mathematics is much more like any other, normal science. The tools are

di�erent (in mathematics being mainly mental, not physical), but there is an `external'

measuring stick of success. Platonism stresses a deep nature of the question of appli-

cability of mathematics to natural sciences: if we are thus discovering landscapes of

two separate realms why are they so strongly correlated? Is there a deeper connection?

Many take this as a sure sign of supernatural, divine design of the totality of creation,

encompassing physical and Platonic worlds alike.

There is another approach, however. This states that mathematicians do not discover

any new territories that have existed in another, Platonic realm, but rather are playing

with rules and assumptions that we ourselves construct? Can (could) we construct it

in another way? The development of non-euclidean geometry suggests that yes, at least

in some cases. History of mathematics suggests that initial concepts were developed in

direct response to the observations and characteristics of the natural world: counting

objects and ordering them, comparing quantities, determination of shapes, sizes and

spatial relationships, geometrical constructions that were tools for real construction

work. As the mathematical structures ans systems grew, they became more and more

abstract. Large part of mathematics was developed without direct reference to material

world. It seemed that material counterparts of triangles, circles or straight lines were

deeply inferior to the ideal concepts of pure mathematics. Perhaps this imperfection

was the reason for separating the earthly world from heavens of pure thought?

Coming back to the view of the discipline as a game played with symbols, notions

and logical rules, the relationship with Nature is less awesome. My own view, perhaps

naive, is that the �t between what we perceive as the real world and our mathematics

knowledge comes from the wealth of the mathematical results and resources coupled

with our decisions to limit the level of understanding at some stage. The way the

mathematical knowledge grows is in many cases related to solve some tasks at hand.

For such `discoveries' it is not wholly surprising that the tools invented for the job they

should do.

22The Reader might be scared by the technical terms used here. But the conclusion is, I assure, quite

viable for a physicist. For the patient, some of them would be explained in some depth in Chapter 7.
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If a person wants to hammer something, there should not be a great surprise that

the tool he fashions out of whatever material would be heavy, blunt and suitable for

pounding. If nothing comes out of the hammering (with, for example di�erential equa-

tions) then we may decide to say `this phenomenon is not interesting. In reality, it may

be interesting, but too complicated, to complex, with too many unknowns, so that our

current tools are unsuitable. Easy examples of such decisions to simplify what we want

to describe in nature abound. We do not try to describe an avalanche by tracing move-

ment of every grain of sand. We do not describe the pressure inside the gas container

by quantum equations for all particles (except in the Bose-Einstein condensation case,

in which they all behave identically). We shy away from brute force description of all

the chemistry in the living cell. And what we decide to treat as tractable depends on

available tools. To keep the metaphor, to start sawing a primitive saw was invented.

And the sawing has resulted in improvements of many variants of saw. So we were able

to saw so much more e�ciently.

Perhaps the view of Einstein as quoted by Wolfram should be taken seriously, but

with a more symmetrical twist: not only physical laws we can recognize are ones that
are easy to express in our system of mathematics, but the mathematics is in large part

developed with and limited by the aim of describing the natural world?

Humans in general are using mathematics for the past three thousand years, roughly.

During this time it has become the tool for physics and other sciences roughly 600 years

ago, with an exponential growth in the number of applications, techniques and their

quality in the past two hundred years. The interest of astronomers, engineers, sailors

and artillerymen has promoted sharpening of the tools developed for them. It should

not be a great wonder that our knowledge on topics related to calculation of cannonball

or planetary trajectories is well developed. The need to describe quantitative changes is

so big, that it had to result in advances in di�erential equations. Similarly, the need to

understand and predict quantities related to probabilistic events (especially gambling)

spurred the growth of probability theory. In many parts of mathematics we have a

closed circle of interaction between the logical rule-based games of mathematicians,

inventing concepts and following the labirynths of reasoning and the need to describe

concrete phenomena.

There are, however, unexpected examples of the applicability of such tools in totally

unrelated tasks. This possibility of multiple use and logical inter meshing of many

branches of mathematics is something of a marvel for me. It turns out quite frequently

that mathematicians, working seemingly in free environment of their game, with just

basic logic rules to guide them, develop entirely new concepts and theorems. The

surprise comes, when in a ash of inspiration, someone �nds that these idealistic musings

are just the tool needed to describe some aspect of nature. Let me just mention fractals

or topology and their profound relation to many physical phenomena. On the other

hand, some of the paths taken by the mathematicians have led to results that were not

only unexpected, but perceived as demolition of expectations. The following sections
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describe these situations in more detail.
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2.4 On shaky ground

Mais quand une règle est fort composée, ce qui lui est conforme passe pour irrégulier
(But when a rule is extremely complex, that which conforms to it passes for random)

Gottfried Leibniz23

I have already mentioned the influence that G�odel's Theorem. It seems

that

mathematicians have accepted the limitations brought by the theorem in a very `busi-

ness as usual' way. By a curious coincidence two results that have shaken the grounds of

the most precise and stable sciences: mathematics and physics have appeared almost at

the same time. Heisenberg's Uncertainty Principle and G�odel's Theorem are separated

by just four years.24

Quantum Mechanics has shown that exact measurement of certain quantities, such

as momentum and position is not possible. Not because of limitations of our current

instruments, but because of deep physical constraints. Thus, physics has become a

science with built in limitations. More: the Nature, as described by physics seems

to have some sort of built-in inaccessibility, with respect to certain characteristics.

The proof of the existence of true but unprovable statements has done the same to

mathematics. In both disciplines there were dreams (even programs of action) to build

the whole structure in a completely logical and consistent way, starting from basic

principles. And the two discoveries have shown that the programs, in their most rigorous

form are simply impossible.

What is curious is that neither discovery has stopped mathematicians or physicists

from pressing on. The general attitude seems to be: `OK, I can not do this, but there

are so many things I can do. . . ' On the other hand, it seems that the discovery of the

inherent limitations of the hardest of hard sciences, maths and physics, was greeted

with whoops of joy from humanists. `Hah, after all the centuries you have discovered

your castle is built on sand!' I remember my history teacher, faced with a di�cult

task of presenting the history of Polish-Bolshevik war in 1920, in a country governed

by Communists.25 She has sidestepped the issue with agility that surprised me, as I

was probably the only one in the class to know enough physics to know the terms used

by her. She has invoked Heisenberg principle and relativity theory to state that `there

is always more than one truth, even physicists can not measure all things and know

that all things are relative'. And proceeded to shamelessly pound us with the o�cial

communist version of history. Even at the time I had to admire the pluck of using the

words she clearly did not understand deeply. Today I wonder what she might have said

23Discours de m�etaphysique, 1686
24Heisenberg Uncertainty Principle published in 1927, G�odel's Theorem in 1931
25Everyone knew Poland was defending itself from brutal invasion and that the nation was deeply

united in this defence. The o�cial stand was that this was not invasion, but internal revolution, brutally

squashed by bourgeois forces, and were it successful, we would have reaped the bene�ts of communism

twenty �ve years earlier. O, what a wonderful world it would be!
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if she knew G�odel's Theorem. The mental gymnastics would have been even easier to

perform: `Look, even in mathematics there are statements that are true, yet beyond

proof. And our [insert the name of your discipline here] is no worse, when we claim

things true, without bothering to prove them.'

Of course there are much more serious consequences of G�odel's Theorem than the

glib references in social sciences or politics.

G�odel's �rst incompleteness theorem is perhaps the most celebrated result in math-

ematical logic. Certainly for the XXth Century. It basically says that for any formal

theory in which basic arithmetical facts are provable, it is possible to construct an

arithmetical statement which, if the theory is consistent, is true but not provable or

refutable in the theory. The proof has really shaken the foundations of mathemat-

ics, e�ectively killing David Hilbert's plan for full axiomatization and formalisation of

mathematics. Hilberts idea was to create a perfect language for doing mathematics, for

deduction. This is essentialy very close to the program outlined almost two hundred

years earlier by Gott�ried Leibniz (see page 60). Hilbert has stressed the importance of

the axiomatic method, whereby one works from a set of axioms and well-de�ned rules

of deduction to derive valid theorems. G�odel has discovered that Hilbert was wrong:

there is no way to have a formal axiomatic system for all of mathematics, in which it is

clear whether something is correct or not. More precisely, his theorem states { in crisply

formal language { that the plan fails even if you just try to deal with systems build

upon elementary arithmetic. The incompleteness theorem shows that any such system

that allows you to de�ne the natural numbers is necessarily incomplete: it contains

statements that are neither provably true nor provably false.

The existence of an incomplete system is in itself not particularly surprising. For

example, if you take Euclidean geometry and you drop the parallel postulate, you get an

incomplete system (in the sense that system does not contain all the true statements).

An incomplete system can mean simply that you haven't discovered all the necessary

axioms.

What G�odel showed is that in most cases, such as in number theory or real analysis,

you can never discover the complete list of axioms. Each time you add a statement as

an axiom, there will always be another statement out of reach. For a very entertaining

discussion of the proof and results I suggest the multifaceted masterpiece by Douglas

R. Hofstadter: G�odel, Escher, Bach: an eternal golden braid (Hofstadter, 1980).

The demolition of mathematical dreams of perfect logical structure (dreams which
started with Euclid) does not end with G�odel. There is a close similarity between
G�odel's approach and Turing machines | ideas that are a cornerstone of theoretical
foundations of today's computing industry. The Turing machine is an abstract machine
introduced in 1936 by Alan Turing to give a mathematically precise de�nition of algo-
rithm or 'mechanical procedure'. The famous Church-Turing thesis, in Turing's own
words, can be stated as:

Every ‘function which would naturally be regarded as computable’ can be computed by
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a Turing machine.26

The thesis has sparked a lot of discussions, some of which would be mentioned in
the next section. One of the many versions (due to the vagueness of the term function
which would naturally be regarded as computable) is related to physical world:

Every function that can be physically computed can be computed by a Turing machine.

One of the issues with Turing machines is the ability to predict the number of steps

it takes to �nish a given task. Because they were designed to embody all possible

computations, Turing machines have an inescapable aw: some Turing machines on

certain inputs never halt. Some Turing machines do not halt for silly reasons, such

as mis-programming, or simple endless loops. However, consider the Turing machine

MF, which on input `0', systematically searches for the �rst counter-example to Fermat's

last theorem, and upon �nding it outputs the counter-example and halts. Until Andrew

Wiles relatively recently proved Fermat's Last Theorem, all the mathematicians in the

world, working for over three centuries, were unable to decide whether or not MF on

input `0' eventually halts. Now we know that it never does. The halting problem is a

decision problem which can be informally stated as follows:

Given a description of an algorithm and its initial input, determine whether the algo-

rithm, when executed on this input, ever halts (completes). The alternative is that it

runs forever without halting.

Alan Turing proved in 1936 that a general algorithm to solve the halting problem

for all possible inputs cannot exist. We say that the halting problem is undecidable

over Turing machines. The concepts raised by G�odel's incompleteness theorems are

very similar to those raised by the halting problem, and the proofs are quite similar,

both depending on subtle paradoxes.

As G�odel's and Turing's work belonged to an ancient era (at least by my personal

reckoning), I was surprised to discover recently the works of Gregory Chaitin, dated

from much more recent times, expanding the ideas of G�odel into modern language

of computer programming, complexity and randomness. Chaitin's Web page (http:

//www.cs.auckland.ac.nz/CDMTCS/chaitin/) provides extensive links to many of his

works, of which several are quite understandable (in the words of the author): Chaitin

(1975, 1982, 1988, 2002, 2004b,a, 2005).

Chaitin's interests include randomness, computability and relationship between pro-

grams (theories) and the data they aim to describe. The results. given in the language

of computer programs (in many cases `real' programs, that can be written and then

executed on our physical computers) are remarkably close to the �ndings of G�odel and

Turing.

A good example is the Ω number, which expresses the probability that a random

program will halt. Ω is a real number which can be defined but cannot be computed.
This means one can prove that there is no algorithm which produces the digits of it.

26Source: Wikipedia, http://en.wikipedia.org/wiki/Church-Turing

http://www.cs.auckland.ac.nz/CDMTCS/chaitin/
http://www.cs.auckland.ac.nz/CDMTCS/chaitin/
http://en.wikipedia.org/wiki/Church-Turing
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The proof of Ω's uncomputability relies on an algorithm, which, given the �rst n digits

of Ω, solves Turing's halting problem for programs of length up to n. Since the halting

problem is undecidable, Ω can not be computed.

As Ω depends on the program encoding used it should be called Chaitin construction

instead of Chaitin constant when not referring to any speci�c encoding.

I have started this Section with a quotation from Gottfried Leibniz. One of the

`discoveries' of Chaitin is how close Leibniz was to the discoveries of the XX Century.

For example, he proposed number encoding system for all theorems (not just arithmetic

or geometrical) that human race may produce and the rules of formal manipulation of

them. This is uncannily close to the actual procedure used by G�odel in his proof. The

aim of Leibniz's researches was, as he said, to create \characteristica universalis — a
kind of general system of notation in which all the truths of reason should be reduced to a
calculus. This could be, at the same time, a kind of universal written language, very different
from all those which have been projected hitherto; for the characters and even the words
would direct the reason, and the errors – excepting those of fact – would only be errors of
calculation". The key ideas were: a characteristica universalis that assigns a di�erent

prime number to each primitive concept (we're guaranteed never to run out of primes),

and a calculus ratiocinator that creates complex concepts by multiplication (since the

prime factorization theorem guarantees a unique decomposition into primitives) and

evaluates predication by division (are the factors of the predicate among the factors of

the subject?).
Another remarkable quote from Leibniz concerns practical utility of calculating ma-

chines

And now that we may give final praise to the machine we may say that it will be desirable
to all who are engaged in computations which, it is well known, are the managers of
financial affairs, the administrators of others’ estates, merchants, surveyors, geographers,
navigators, astronomers. . . For it is unworthy of excellent men to lose hours like slaves
in the labor of calculations which could safely be relegated to anyone else if the machine
were used.27

Indeed, the question whether calculation machines (of any sort: physical, Turing or

any other) and our minds are equivalent has captured much of the discussions resulting

from the G�odel legacy.

2.4.1 Minds and machines

One of the most profound is the discussion on di�erences between human mind and ma-

chine intelligence. Arti�cial Intelligence, perceived as working embodiment of formal

logic systems, is bound by the limitations of logic, including G�odel's Theorem. For ex-

ample John Lucas argues that a human mathematician cannot be accurately represented

by an algorithmic automaton (Lucas, 1961). He states that, for any such automaton,

27Quoted after Chaitin (2004a). Leibniz even built a mechanical calculator himself.
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there would be some mathematical formula which it could not prove, but which the

human mathematician could both see, and show, to be true.28 Another interesting and

quite recent review is Barrow (2006), where the discussion shifts from mathematics to

physics. .

Similar views were expressed by Roger Penrose (Penrose, 1989, 1994) | we will

return to his views in Chapter 9.2

28http://www.leaderu.com/truth/2truth08.html

http://www.leaderu.com/truth/2truth08.html
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2.5 But can you prove it?

I prove it all night for your love.
Bruce Springsteen

Current mathematics has become so difficult, that in words of one of my

friends (an active mathematician) sometimes it takes more than an hour for a

team of collaborating researchers to understand what others are talking about. I admit

to being lost at 99.9% of current cutting edge mathematical research. With situation

as close to the Babel-like mixing of tongues, its no wonder why mathematics attracts

so many crackpots that it is sometimes di�cult to Spot the Loony.29

Of course there are `traditional' areas of squaring the circle, trisection of an angle and

other long time proven unsolvable problems. This legacy of history works in exactly

the same way as perpetuum mobile in physics. While every specialist knows about

the impossibility, there are still people who try and submit their ingenious `proofs' to

Universities and journals.

There are other grounds that are extremely fertile for pseudomathematics. I think

that the most frequent are around the basics of set theory and its axiomatic formula-

tion; aroblems with axiomatic approach, formal logic limitations and new logic systems

(such as multivalue logic) and, of course, G�odel's Theorem. When it has turned out

that both mathematical and physical sciences have discovered inherent limitations of

knowledge and reasoning: in physics via Heisenberg principle and di�culties in inter-

preting quantum mechanical theory, in mathematics via G�odel Proof of unprovability

of certain true statements and impossibility to construct complete and coherent formal

mathematical systems. These absolutely correct and mainstream results have opened

the doors to all sorts of misuses.

From amateur mathematicians trying to prove G�odel wrong (almost as popular as

those who try to prove Einstein or Schr�odinger wrong) to semioticists, sociologists and

psychologists trying to use results of formal mathematics in bu� up analyses of totally

unrelated phenomena.

Discussing the collection of pseudomathematics e�orts, we should not forget the

theory of numbers. Since some centuries, theory of numbers with its deceptively simple

problems and sometimes extremely di�cult answers and proofs has surpassed geometry

as the favourite domain of pseudomathematicians. The great publicity given to some

problems (of which Fermat's Last Theorem (FLT) is the most widely known) has at-

tracted many wonder-makers. The history of more than 300 years of e�orts to prove

Fermat's theorem is dramatic enough to catch imagination of many. Even the latest

development and proof by Andrew Wiles, with its awed �rst version, and later cor-

rection. The 200-pages proof is indeed to long to �t on any margin. The amount of

attention FLT has received from the best mathematicians during the 300 years of its

history is enourmous, so it no surprise that it has become a target of many less known

29With all due respect to the Monty Python Flying Circus.
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ones. The following quotation from The Manila Times has a curious twist, as the

main character is indeed a working mathematician.

UP [University of Philippines] Math prof proves Princeton man wrong
By Rony V. Diaz

Edgar Escultura, a professor of mathematics at the University of the Philippines, proved
that Andrew Wiles proof of Fermats last theorem is false.

In 1993 Andrew Wiles of Princeton University announced at a lecture in London that he
had proved Fermats last theorem (FLT). This is a conjecture by the French mathemati-
cian Pierre de Fermat in 1637 that for any integer n greater than 2, Fermats equation
that claimed xn + yn = zn has no solution in integers x, y, z except 0 which satisfies
the equation.

Integers are whole numbers like 8, 73, 1,257, etc. Since that time mathematicians and
amateurs had been trying to find a proof but failed.

When Wiles made the announcement it was celebrated around the world. In Chicago,
for instance, mathematicians marched on the streets in euphoric celebration.

Escultura, who had been working on the problem since 1992, disputed Wiles claim
and inserted his refutation in the appendix to his book, Diophantus: Introduction to
Mathematical Philosophy. He went on to present his results at the Second International
Conference on Dynamic Systems and Applications in Atlanta in 1995.

In 1998 he published his formal refutation in “Exact solutions of Fermats equations (A
definitive resolution of Fermats last theorem) in the Journal of Nonlinear Studies, Vol.
5, No. 2, pp. 227254. Since then Escultura has published over two dozen papers on
the subject, and its applications to physics, in international scientific journals.

Esculturas refutation sparked much discussion on the Internet that has spilled over
to other fields such as physics, astronomy, cosmology, intelligence, learning, chaos,
turbulence, gravity and nonlinear analysis.

He took the position that the failure to resolve the problem for over 360 years reveals
the inadequacy and defects of foundations, number theory and the real number system.
He undertook a thorough critique-rectification of these fields and found, among others,
that the real number system in basic algebra, the foundation of mathematics, is
defective. Specifically, two of its axioms (the trichotomy and completeness axioms, for
those who took basic algebra in high school and college) are false.

Escultura went on to overhaul the real number system and reconstructed it without
these false axioms using only three simple axioms instead of 12. The result is a new real
number system that is free from defects and contradictions, finite and enriched with
new numbers that have important applications for physics.

Using the new real number system Escultura constructed many counterexamples to FLT
showing that it is false.

On April 26, Andrew Wiles conceded an error in his proof. His letter and Esculturas
reply are below.

Tuesday 04/26/2005 6:57:33am
Dear Sir,
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Your work is incredible, I read all of it just yesterday and let me tell you I respect you.
I am going to review all my proof which I am sure is wrong (thanks to you!).
Would you like to collaborate with me in this work? I have noticed some imperfections
in your perfect proof (that sounds like you), and Id like to create a perfect proof with
you, great professor.
Also Id like to have the address of the guy who let you get a PhD 30 years ago. Id like
to discuss few things with him. . .
Very respectfully,
A. Wiles

Dear Prof. Wiles,
I welcome and appreciate your comments and I hope we can have a continuing dialogue.

Regarding your invitation to collaborate with you, I would be glad to. But here is the
situation:
My critique of mathematics is focused not on your work but mainly on the underlying
fields of FLT which are foundations, number theory and the real number system. Here
is what I found:
1) Two of the axioms of the real number system are false, namely, the trichotomy and
completeness axioms (the latter is a variant of the axiom of choice), counterexamples
to them were constructed by Brouwer and Banach-Tarski, respectively.
2) I also noted a flaw in the use of the universal or existential quantifiers on infinite set.
3) To avoid contradictions, it is necessary to well define a mathematical space and
its concepts by a consistent set of axioms. A concept is well defined if its existence,
properties and relationship with other concepts are specified by the axioms. Most of
the concepts of mathematics today are ill-defined.
Based on these findings I constructed the new real number system on three simple
axioms. Its most updated version appears in the Journal of Nonlinear Analysis and
Phenomena. An extended abstract of it appears in my updated website in June.
Yes, indeed, there are imperfections in my work but not on principles. And if there are
major ones, I would like to know.
Regarding my academic advisor, he was the late L. C. Young, distinguished research
professor and professor emeritus at the University of Wisconsin.
Again, thank you for your interest in my work and for inviting me to collaborate with
you.
With my very best wishes.
E. E. Escultura

Escultura was a former math and science editor and columnist of The Manila Times.
He also taught math at The Manila Times School of Journalism.

He is currently working with Bernard Ziegler of the University of Texas at Houston on
the new calculus based on Esculturas real number system.

Ziegler and Escultura will also collaborate on a new nonstandard analysis, a subject on
which Escultura has published many papers in peer-reviewed international journals.30

We have here all the ingredients for good tabloid press `news': local hero (`our

man' { he has been publishing in The Manila Times !) humiliating Western White

30http://www.manilatimes.net/national/2005/may/05/yehey/top_stories/20050505top4.html

http://www.manilatimes.net/national/2005/may/05/yehey/top_stories/20050505top4.html
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Male oppressor; Simple Genius o�ering Solutions to problems in physics, astronomy,

cosmology, intelligence, learning, chaos, turbulence, gravity and nonlinear analysis, and

with a simple work reducing the number of axioms from 12 to 3 (what a relief to all

the schoolchildren!31).

To be fair it would be worthwhile to have a look at the `genuine article', not just a

press clipping. It does require some work, but it is possible to trace Escultura's work on

the Web: http://home.iprimus.com.au/pidro/. The list below contains the topics,

extending well beyond Fermat's Last Theorem:

� Countable Counterexamples to FLT

� The Solution of the Gravitational n-body Problem

� The Flux Theory of Gravitation

� The New Nonstandard Analysis

� The Theory of Intelligence

� The Theory of Learning

Very broad range of expertise. In addition, Escultura also claims to solve such very
down-to-earth problems as the disaster of the Columbia space shuttle. He states that:

. . . present space science, thermodynamics and aerodynamics are inadequate to ex-
plain the break-up of the Columbia Space Shuttle; therefore, a new theory is required.
In other words, the tragedy was no one’s fault but a matter of inadequate knowledge.
The paper relies on facts and findings provided by NASA as well as information shared
by experts on the space program. As stated in previous papers, computation alone is
inadequate to explain natural phenomena including what happened to the space shuttle
Columbia. Therefore, the analysis and explanation must be sought in its complement,
qualitative mathematics. It is the crucial component of the new methodology – dynamic
modeling – that lies at the foundations of the new physics articulated by FTG and devel-
oped in the Mathematics and Physics Series. FTG and its mathematics component,
the new mathematics, have resolved all the long-standing problems, paradoxes,
counterexamples, contradictions and unanswered questions of physics, astro-
physics, cosmology, analysis and foundations of mathematics, except the Bieber-
bach conjecture and Riemann hypothesis, and explain all natural phenomena.

The new theory explains the events and other data around the ill-fated flight and
recommends a program of theoretical and applied research, testing and design of ma-
terials and re-design of the spacecraft itself to meet the harsh requirements of re-entry.
Specifically, the new design must create suitable aerodynamic flow under the spacecraft,

31All the generations of schoolchildren have long suspected that mathematics as taught in school is too

complicated. This must have been conspiracy of teachers. See: the real number system in basic algebra,

the foundation of mathematics, is defective! And now here is a proof: they have been trying to teach us

six times too many axioms. Or is it �ve times too many?

http://home.iprimus.com.au/pidro/
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especially, the wings to reduce pressure and keep friction away from the threshold of
cosmic shock wave generation. 32

For those wandering if perhaps Escultura is right, here's a sample quote from the
critiques, nota bene, from the Philippines (http://ramil.sagum.net/item/2005/06/
escultura-flt)

Letter to the Editor

We wish to clarify certain issues arising from a recent front-page story of a national
newspaper which announced that a Filipino math professor has proved a Princeton
mathematician wrong. Our former colleague Dr. Edgardo Escultura, according to the
paper, has showed that the celebrated resolution of Fermat’s Last Theorem (FLT) by
Andrew Wiles is wrong. This a tall claim and would put into question one of the 20th
century’s greatest intellectual achievements.

We believe that the story may have given readers false and unfounded information and
may promote a false sense of pride about our people’s achievements.

In 1637, Pierre de Fermat conjectured that the equation xn + yn = zn has no non-zero
integer solutions whenever the exponent n is greater than 2. Several generations of
mathematicians searched for a proof of FLT, which became the Holy Grail of mathe-
matics. By discovering astonishing connections between different areas of mathematics,
Wiles finally proved FLT in 1995. His proof was carefully studied by many mathemati-
cians all over the world before it was published.

Edgar Escultura now says that Wiles was wrong. A refutation of this importance would
have sent out ripples in the scientific community and landed in pages of newspapers
around the world. It has not.

The writer should have done more sleuthing and checking of facts. Certainly, he should
have done more than echo the assertions of Escultura.

The Chicago event after the announcement of Wiles’ proof of FLT (Manila Times: ‘In
Chicago, for instance, mathematicians marched on the streets in euphoric celebration’.)
never took place. This must have been based on a June 1993 Chicago Tribune article
which parodied the excitement of math people whenever a difficult math problem is
solved. We have tried to verify the existence of Escultura’s collaborator ‘Bernard Ziegler
of the University of Texas in Houston’ but our internet searches have yet to yield positive
results.

Ed Escultura first raised the issue of foundational problems of mathematics at least 15
years ago, asserting as shaky the grounds which concepts/definitions – including all the
mathematics we were taught in school – stand on. In his papers, Escultura does not give

32The physics related content of Escultura's work would place him highly on the list described in the

chapter on physics. For example, there is a claim that the Columbia catastrophe results from `Principle 26
(Existence and Generation of Cosmic Waves). Constant pounding by cosmic wave of the dark component
of an atom induces its normal vibration that, through the dark component of its nucleus, resonates with
and induces vibration of the superstrings and, in turn, generates basic cosmic waves.' After I have led some

moderately complicated IT projects I know that it is not necessary to invoke super-physical phenomena to

explain technical mishaps and human errors. Murphy's law is much better established than the Principle

26.

http://ramil.sagum.net/item/2005/06/escultura-flt
http://ramil.sagum.net/item/2005/06/escultura-flt
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a critique of Wiles’ work per se; FLT is simply the straw man he takes jabs at to question
the real number system and its foundations. The foundations are wrong, he says, and
therefore statements built on them, like FLT, are ‘wrongly-formulated’. By rebuilding
the real number system on new ground, he proceeded to construct counter-examples to
Fermat’s statement.

Counter-examples to FLT are not new. If one changes the setting of the equations,
then solutions to the equation of Fermat can be found. For example, it has been known
since the early 1900s that solutions to Fermat’s equation exist in the world of ‘p-adic
numbers’. But this does not refute Fermat and Wiles’ theorem: that there are no
solutions in the world of integers.

What is meant by ‘foundations’ in mathematics are the axioms (or postulates, as many
of us have learned in high school geometry), from which mathematical statements are
proved through a chain of logical reasoning. Axioms are very much like the rules of a
game of chess. A configuration of pieces on the board is possible if it can be arrived
at after a sequence of legal moves. In the same way, a mathematical statement is valid
(or “correct”) if it can be proved from the axioms in a finite number of steps.

Escultura says that some axioms of the real number system are false. But axioms, just
like the rules of a game, are just axioms-neither false nor true. There can be different
systems of mathematics, each with its own set of axioms and semantics.

Escultura saw ‘errors’ in FLT because he 1) insists that axioms such as trichotomy
and completeness are ’wrong’ and 2) he judges FLT from the standpoint of another
axiom set. Allowed these liberties, the logician Bertrand Russell proved that he was the
Pope. If Escultura’s axiom set is consistent, then the mathematics that follows from it
is neither more valid nor less valid than the mathematics we learn in school. We can
have as many axiomatic systems as we want, each as logically valid as the rest.

It does not speak well for a national broadsheet to have given front page coverage to a
tiring issue that has made the rounds of math and science Internet forums many years
ago. The only thing new here is Escultura’s purported exchange of letters with Andrew
Wiles. Wiles’ letter itself drips with sarcasm, and it is amazing that someone could take
it seriously.

Escultura has taken for a ride those reporters as well as those of us who have fallen for
this feel-good story of a Pinoy professor outwitting intellectual giants of the West.

The Faculty of the Department of Mathematics
University of the Philippines
Diliman, Quezon City

Well, in this particular case we do not have to go into G�odelian undecidability level.

But, even in `normal' situations it is sometimes really di�cult to decide when a proof

is a proof.

On his already mentioned Web page,33 Paul Cox refers to a Discovery article from

33http://members.cox.net/mathmistakes/top5.htm

http://members.cox.net/mathmistakes/top5.htm
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2003, titled 2003: Mathematicians Face Uncertainty34 The article starts with a dra-
matic description:

This will surely be remembered as the year mathematicians finally had to agree that
their prized notion of ‘absolute proof’ is an unattainable ideal and excellent goal to
strive for, but achievable only in relatively simple cases. Moreover, they were forced to
make this adjustment under the harsh glare of the media, following three major news
stories about so-called mathematical proofs.

Early in the year, American mathematician Daniel Goldston and his Turkish colleague
Cem Yildirim announced a proof of the twin prime conjecture, which says there are
an infinite number of prime numbers differing by two, such as 3 and 5, or 11 and 13.
Although experts around the world initially agreed that the new proof was correct, a
few weeks later an insurmountable error was discovered.

The two other proofs in question were a proof of the Poincar�e Conjecture in Topol-

ogy35 and a proof of Kepler's \cannon ball" conjecture, for which a deep debate ensued.

\What all three episodes reflect," wrote Devlin, \is the complexity and abstraction of many
modern proofs. Even experts find it almost impossible to be sure some arguments are correct."

It is interesting to add here comments from presentations by Thomas C. Hales, who

has delivered the proof of the Kepler's conjecture (see http://www.math.pitt.edu/

~thales/). In a general presentation36 Hales states:

The Kepler Conjecture (1610): The cannonball packing is (one of ) the densest packings
of sphere in 3D.
The problem was solved in 1998 by computers.

• Interval arithmetic took about 3 months on a PC.

• Linear programming took about 1 week on a PC.

• Planar graph combinatorics, took a few hours.

12 referees were assigned to the paper.
After 6 months the referees were 99% certain of the proof.
After 5 more years of checking, the referees were 99% certain of the proof.

34Unfortunatly the article is not available freely online. The Discovery Web link is http://www.
discover.com/issues/jan-04/features/mathematics/

35Poincar�e's Conjecture Will Be the Highlight of the International Congress of Mathematics,

2006. A one hundred year-old problem could be declared solved during the congress.

Three years ago, a young Russian mathematician called Grisha Perelman surprised the world by stating

that he had solved one of the most famous problems of 20th century mathematics, Poincar�e's Conjecture,

which was �rst posed in 1904. The most prestigious analysts appear to corroborate that the demonstration

is convincing, or at least until now they have either not found or not reported �nding any holes in

it. The problem is so intricate that many brilliant mathematicians have attempted to solve it and

failed. There has been no lack of incentive, since it is one of the 7 problems the solution of which

carries a prize of one million dollars o�ered by the Clay Institute in the year 2000. (quoted after

http://www.icm2006.org/?nav_id=863#poincare
36http://types2004.lri.fr/SLIDES/Hales/TYPES-THALES.pdf

http://www.math.pitt.edu/~thales/
http://www.math.pitt.edu/~thales/
http://www.discover.com/issues/jan-04/features/mathematics/
http://www.discover.com/issues/jan-04/features/mathematics/
http://www.icm2006.org/?nav_id=863#poincare
http://types2004.lri.fr/SLIDES/Hales/TYPES-THALES.pdf
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Hales �nishes with a quote of o�cial Annals of Math policy on proofs done with the
help of computers (2004):

The human part of the proof . . . will be refereed for correctness in the traditional manner.

The computer part will be examined for the methods by which the authors have elimi-
nated or minimized possible sources of error: (e.g. round-off error eliminated by interval
arithmetic,. . . ).

A second and independent implementation of a computer assisted proof has its place,
and should be properly recognized just as a duplication of an experiment is recognized
in physics.

For more of the story see for example a popular account of the state of Kepler
Conjecture proof. In maths, computers don't lie. Or do they? 37

The Annals [of Math] editors wanted a careful, complete review of Dr. Hales’s proof.
“But that’s not how things turned out,” Dr. MacPherson [an Annals Editor] said.
“It was a disappointment for all of us.” The first group recruited to review the proof
spent several years on it, but gave up a year ago, exhausted. Everything checked by
the reviewers, led by Dr. Gabor Fejes Toth of the Hungarian Academy of Sciences,
turned out to be correct. But the prospect of reviewing every calculation proved too
daunting”. . .

“The Annals considered publishing the paper with a disclaimer of sorts: This
proof has been mostly, but not entirely, checked.”

We will come back to the issue of computers in mathematics in the next section.
But to close the topic of what can be a proof and what is considered not, let us come
back to the Devlin's article

So what is proof? There are two very different answers. One answer, which I will call
the right-wing definition, is that proof is a logically correct argument that establishes
the truth of a given statement. The other answer, the left-wing definition, is that a
proof is an argument that convinces a typical mathematician.

The right-wing concept of a proof is valid in the idealistic sense. The problem is that,
except for trivial cases, it is not clear anyone has ever seen such a thing. . . The right-
wing definition of a mathematical proof as an unrealistic ideal, unattainable in the real
world. Actual mathematical proofs are all left wing. An argument becomes a proof
when the mathematical community agrees it is such.

37http://www.universityscience.ie/pages/news/2004/apr04_computers_dont_lie.php

http://www.universityscience.ie/pages/news/2004/apr04_computers_dont_lie.php
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2.6 Math for geeks

During the last few decades computers have changed the way mathematics is

used, in almost all aspects. The success of computer assisted proofs, which we have

already mentioned, such as the proof of the four colour theorem are the most spectacular.

It not only shows the limitations of humans and machines but also complexity of the

combined human+computer system. In some sense, computers have turned (some part

of) mathematics into experimental science, as mentioned above by the editors of Annals
of Math.

But the inuence of computers is far deeper than the single high visibility proofs.

In my opinion the most important inuence is in the �eld if visualisation. From simple

graphs depicting tendencies in the data (in almost any �eld, from economy to biology),

to visual displays motivation entirely new �elds of study. Examples of such �elds, with

rich structure and applicability are numerous. The two probably most important are

fractals and cellular automata.

Fractals have caught popular fashion because of the beauty of visualisation. There

are quite a few books that consists entirely of pictures of fractals. And today every

computer owner with a colour display may view and admire the pure beauty of these

mathematical constructs.

The term fractal was coined in 1975 by Benô�t Mandelbrot, from the Latin fractus
or `broken'. One of the most beautiful fractals is named after Mandelbrot himself.

Quite a few books have been published showing just the computer generated images of

fractals (or strange chaotic behaviour of certain mathematical equations). At one time

such books were even aspiring to be the `conversation pieces', decorating co�ee tables.

But how many of the owners did actually understand the real issues involved in the

beauty of these images?

My own reaction was a delayed one. At �rst I tried to recreate the pictures myself.

Then, after quite a long while, came the question: how is it possible that such a complex

structure is hidden in just a few combined equations, in a few lines of Fortran code.

Did the Mandelbrot or Julia set exist `somewhere', in the Platonic realm, waiting to

be discovered? And, because obviously our mind, our mathematical imagination and

accuracy does not extend to thousands of iterations and million-digit precision, we

could not discover them without computers. Without the repetitive, boring, un-human

numerical calculations. Yet, when we have thus found the beauty of fractal world, we

seem to �nd fractalness in a lot of natural world around us. Limited by the �niteness

of the atomic structure, like in the case of the coastal line, or, as some physics theories

claim, being present even at the unimaginably small sizes of Planck scale physics. here,

the invention of computers has de�nitely enriched our mathematical world.

Another area where such enrichment is visible are computer algebra systems (CAS)38.

38There are many such tools available, some of the commercial, some in the Open Source: Maxima,

Axiom, Mathematica, Maple etc. I encourage any `reasonably mathematically inclined' reader to try
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Figure 2.2: Example of a fractal. The complexity of the pattern seems clearly to be beyond any

ability of human being to understand and produce. The near-repetitiveness of the shapes and

colours, similar yet di�erent, when we increase the magni�cation evokes comparisons with art.

No human artist could produce such intricacy, yet the pattern results from relatively simple

mathematical procedure. Question: did such patterns exist when there were no computers, no

humans? Is it a discovery or creation?

They can serve as teaching tools, simplifying and showing the typical mathematical op-

erations on symbols, not just numbers. But they are also bona �de research tools:

Wolfram's book A New Kind of Science (Wolfram, 2002) is an example how a use of

such tools can expand the capabilities of our mind. In fact, this is another example to

mathematics as experimental science. We program some algorithms, some rules or

equations and then we look where these rules would take us: into some boring, much

too simple solutions, repetitive patterns or to unexpectedly rich realms that are neither

chaotic nor oversimpli�ed, reminding our own world of human thought.

In A New Kind of Science, Wolfram reports on his systematic computer search for

simple rules with very complicated consequences, very much in the spirit of Leibniz's

remarks above. First Wolfram amends the Pythagorean insight that Number rules

the universe to assert the primacy of Algorithm, not Number. And those are discrete

algorithms, it's a digital philosophy! [That's a term invented by Edward Fredkin, who

has worked on related ideas.] Then Wolfram sets out to survey all possible worlds, at

least all the simple ones. (That's why his book is so thick!) Along the way he �nds a

one of those. And for the die-hards to take a step further: to look under the hood and see how these

programs work, to see if and how they `understand' the meaning of the symbols and entities.
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lot of interesting stu�. For example, Wolfram's cellular automata rule 110 is a universal

computer, an amazingly simple one, that can carry out any computation. A New Kind
of Science is an attempt to discover the laws of the universe by pure thought, to search

systematically for God's building blocks!

Wolfram's work is particularly relevant to our discussion of the nature of mathemat-

ics, because he believes that most simple systems are either trivial or equivalent to a

universal computer, and therefore that mathematical questions are either trivial or can

never be solved, except, so to speak, for a set of measure zero. This he calls his principle

of computational equivalence, and it leads him to take the incompleteness phenomenon

much more seriously than most mathematicians do. In line with his thesis, his book

presents a great deal of computational evidence, but not many proofs.

Another important issue studied in Wolfram's book is the question of whether,

to use Leibnizian terminology, mathematics is necessary or is contingent. I.e., would

intelligent creatures on another planet necessarily discover the same concepts that we

have, or might they develop a perfectly viable mathematics that we would have a great

deal of trouble in recognizing as such? Wolfram gives a number of examples that suggest

that the latter is in fact the case.

When we speak about the role of modern technology in development of mathematics

we can not forget the inuence of the simple numerical, brute force calculations. Many

examples from engineering and physics, especially for nonlinear equations, are possi-

ble to treat only in numerical way. Just to give a simple everyday example: we owe

our weather forecasts to the genius of the people who have invented and expanded the

Navier-Stokes equations governing our atmosphere; to diligence of input data gather-

ing weather stations; and, �nally, to the number-crunching supercomputers. The same

Navier-Stokes equations39 govern a very wide range of phenomena: uid ow: turbu-

lence, atmosphere, internal processes within stars and galaxy collisions | and except

in trivial cases there are no algebraic solutions. It is the increase of number crunching

power of computers allows us to describe the solutions. But there are other systems for

which no basic equation has been found. Modelling such systems is even more di�cult.

Last, but not least is the role of computers in teaching mathematics. Here I put the

greatest value not just on calculation, but on the visualisation properties. We are visual

animals. It is natural that we get a much better insight of function properties by looking

at a graph. A picture is worth a thousand words, which was very clear at the birth

of mathematics, where most of the reasoning was done via geometry, and which still

persists wherever a corporate board reviews sales �gures using spreadsheet charts. It

should be a part of mathematical education to teach understanding the trends, relations

between di�erent sets of data, to use statistical reasoning, and computers are ideal tools

for such task. Why? Because a lot of the numbers that describe the world around us,

a lot of data that is needed to make correct decisions is interrelated. And it is much

easier to see these relations in a graph | if we know how such graph is constructed and

39See http://www.navier-stokes.net/nsintro.htm

http://www.navier-stokes.net/nsintro.htm


2.6. Math for geeks 73 Draft, January 2, 2008

what it means. But his leads us to the issue of social use of mathematics, and this is a

topic that is at the same time funny and tragic.
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2.7 Vector algebra as tool of social terrorism

People’s Mathematics for People’s Power
South African slogan

There is no national science just as there is no national multiplication table;
what is national is no longer science.

Anton Chekhov

We have started this chapter by invoking the image of mathematics as a lan-

guage of the Sciences, especially the `hard sciences'. At the same time the basis

for the mathematical description | such as counting, grouping or ordering objects,

comparing sizes and understanding geometrical relationships | seems to be so much

natural and embedded in human mental capabilities that we are used to thinking that

mathematics is the same all over the world. In fact, as we have seen Platonists claim

that what we `create' in mathematics is but a discovery of existing special mathematical

world. The history of modern mathematics, with it's Greek heritage and continuous

development has resulted in a multi-branch tree, extremely complex and huge | but

still one tree, one language.

Yet, even this ivory tower is not immune from political inuences. There emerged

a relatively new movement called Ethnomathematics, which may be de�ned as the

cultural anthropology of mathematics and mathematical education. It is an attempt

to use cultural anthropology to analyse mathematics. Traditionally, the dominant view

saw mathematics as a 'culture-free', 'universal' phenomenon, and ethnomathematics

emerged later than other ethnosciences. Anthropologists' knowledge of mathematics

is generally very limited, thus their early works have ordinarily consisted of scattered

remarks concerning the types of arithmetic found in primitive cultures. One of the �rst

more serious approaches seems to be an article entitled 'The Locus of Mathematical
Reality: An Anthropological Footnote ' written in 1947 by the anthropologist L. A.

White, which, unfortunately I am able to refer to only indirectly.40 The �eld is very

active today, which was a great surprise for my traditional thinking. While I was ready

to allow that, for example, the successful teaching of mathematics might be tied closely

to cultural environment, I was totally unprepared to statements that di�erent cultures

might have di�erent mathematics worlds. At least in the sense of their mathematical

development being based on wholly di�erent `trees'. And this seems to be the viewpoint

of quite a few modern ethnomathematicians.

Lets start with a small but interesting example of whether it is possible to �nd a

society without even rudimentary mathematical culture. I have found in one of the

WEB news services a short mention of research by Peter Gordon of the University of

Columbia in New York City, who set out to investigate the Sapir-Whorf hypothesis.

40One of the many examples where crucial piece of information is not available through the Web. Or

at lest not for free: the most attractive price of access was 28US dollars per day.
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The hypothesis states that there are certain concepts in one language that cannot be

understood by those who use another language. This time it was possible to track

the original article (Gordon, 2004), published in one of the most prestigious journals,

Science.
The news starts with the catchy title:

Numberless Tribe Proves the Unthinkable
Unable to count, group without precise number system shows how language limits

thought
. . .
The Pirahã counting system consists of the words hói (one), hóı (two) and baagi

or aibai (many). They don’t use the words in combinations such as ”hói-hóı” to assign
larger quantities, and the words for one and two are not always used to denote those
quantities.

The word for two always stands for a larger quantity than the word for one, however,
the word for ‘one’ is sometimes used to indicate just a small quantity such as two or
three or sometimes more. One particularly interesting finding, says Gordon, is that hói
appears to designate ‘roughly one’.41

Gordon comments that the language used for mathematical purposes is by no means
universal:

Words that indicate numerical quantities are clearly among the basic vocabulary of a
language like English. But not all languages contain fully elaborated counting systems.
Although no language has been recorded that completely lacks number words, there
is a considerable range of counting systems that exists across cultures. Some cultures
use a finite number of body parts to count 20 or 30 body tags (6). Many cultures
use particular body parts like fingers as a recursive base for the count system as in our
10-based system. Finally, there are cultures that base their counting systems on a small
number between 2 and 4. Sometimes, the use of a small number base is recursive and
potentially infinite. For example, it is claimed that the Gumulgal South Sea Islanders
counted with a recursive binary system: 1, 2, 2-1, 2-2, 2-2-1, and so on.

Therefore, the extremely simple system used by the Pirah~a people might have in-

uence on their perception and capabilities. To test it he has used simple activities,

very much decoupled from the formal language task of communicating and connected

to individual estimations of quantities.

The tasks Gordon gave the the members of the tribe, presented in his Science study,

while very direct, may have seemed alien to them. In one typical test, the researcher

set out a group of one to 10 nuts and asked each participant to place an equal number

of batteries (used because of their availability and size) on the table. The participants

performed perfectly when matching sets of up to three batteries, but at four batteries

the accuracy rate dropped to about 75 percent, and by nine none of the Pirah~a got the

right answer.

41http://www.betterhumans.com/News/3856/Default.aspx

http://www.betterhumans.com/News/3856/Default.aspx
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The accuracy level dropped even more dramatically when Gordon showed the par-

ticipants the group of batteries for only a moment before covering them{which required

the Pirah~a to remember and recall the number of objects. On this task, the accuracy

rate dropped to 75 percent at three objects, and few participants correctly matched

anything more than six objects.

While Gordon did not make a formal comparison, he says that during informal tests,

American college students performed all of these tasks with 100 percent accuracy.
So the world of the Pirah~a tribe really seems di�erent from the one we perceive.

The question is: is it mathematically di�erent world that they inhabit that imposes
the limitations on their capabilities to count and compare quantities, or is it that (oh,
the racist implication!) they are really primitive and have never learned how to count
properly!42 One of the commentatiors of Gordons work, Daniel Casasanto writes

The results are consistent with the Whorfian claim that Pirahã lack number concepts
because they lack number words, but results are no less consistent with the opposite
claim, which is arguably more plausible. Gordon’s data suggest that keeping track of
large exact quantities is not critical for getting along in Pirahã society. In the absence of
any environmental or cultural demand for exact enumeration, perhaps the Pirahã never
developed this representational capacity—and consequently, they never developed the
words.43

To this Gordon replies

My own position does not entail a simple cause-and-effect mechanism whereby posses-
sion of words for numbers provides all of the necessary and sufficient conditions for the
acquisition of exact numerical concepts. It is unlikely that the acquisition of numerical
concepts can be characterized in terms of unidirectional cause-and-effect relations. Word
meanings tend to be embedded within systems of knowledge. To know the meanings
of integers is to know about the basic arithmetic relations between them, which
in turn requires some symbolic representation of the integers themselves. In
the absence of core components of a system, it is unlikely that the system will
develop to its full potential and might emerge relatively unchanged from its
original form. I suggest that Pirahã numerical competence emerges with the innate
numerical systems of small exact number competence and large number approximation.

As for extending the universality of mathematics, I have tried to �nd mathematical
ideas in ethnomathematics, and failed. There is a WEB portal devoted to Ethnomath-

ematics, Ethnomathematics Digital Library (http://www.ethnomath.org/), and I

have tried to go through its content in the hope of �nding new and unusual discov-

eries. Most of what I have found is political bickering and some historical studies of

non-Western discoveries. It includes studies and works devoted to calendar develop-

ment, numerical bases, geometry (such as carpet laying), various astronomical systems

(Mayan, Egyptian. . . ). There are papers o�ering breakthrough discoveries such as

42Properly here means: in accordance with the one and only mathematics, which happens to be racially

suspicious, having originated in Eurasia.
43Comment to Gordon (2004) Crying \Whorf", Science, 307, 2004

http://www.ethnomath.org/
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research project that `found that insurance agents use arithmetic computation, estimating,
heuristics, and the analysis of relationships and charts in their work'44. Truly amazing dis-

covery.

Unfortunately, despite my e�ort I was not able to �nd anything that might point to

the possible mathematics other than than the `traditional' one. I found only papers on

`African fractals' and Dogon numerical symbology45. So it seems that the discoveries of

these non-Western societies can not o�er anything extending beyond what we already

know, and they lack the rigour, the methodology and the formal tools and notation.

Looking for extraordinary insights, missed by the traditional mathematics has been, as

far as I can check, a failure.
This leaves the second agenda of the `People's Mathematics for People's Power'46

programme | issues concerned with education. As I devote a whole later chapter to
the problems related to the status of scienti�c education (Chapter 11), I'll mention the
issue here only briey. The starting example comes from a short note that has appeared
in Christian Science Monitor, 'Rain Forest' Algebra Course Teaches Everything but
Algebra written by Marianne M. Jennings47, where we �nd:

I am a college professor who has algebra homework every night. My teenage daughter is
studying algebra using a book that includes Maya Angelou’s poetry, pictures of President
Clinton, and lectures on what environmental sinners we are.

It has photos of students with names such as Tatuk and Esteban, who offer my daughter
thoughts on life. It includes icons for fine arts, industry and science. The book is full
of color pictures and graphics. About the only things you can’t find are explanations
about how algebra is done and actual algebra problems.

Welcome to rain-forest math. My daughter is studying algebra under a newly adopted,
district-wide curriculum that includes an integrative textbook and cooperative/group
learning. Students measure their wing spans for a class period. They toss coins for
another class period just to be certain we aren’t lying to them about probability. For all
I know, they’re joining hands and singing “Kum By Yah.”

What’s certain is they are not learning algebra. Though my daughter has an “A” in
beginning Algebra, she has yet to grasp the idea that what you do to one side of the
equation, you must do to the other.

. . .

My child, and thousands of others, are being sacrificed on the altar of theory. I am told
of studies that confirm this instructional approach works, but no copies of the studies
have been forthcoming.

44Report on ethnomathematics research (ISGEm Newsletter, Volume 13, Number 1, November 1997)

by Joanna Masingila http://www.ethnomath.org/resources/ISGEm/095.htm
45African fractals: modern computing and indigenous design by Ron Eglash, (http://www.math.
buffalo.edu/mad/special/eglash.african.fractals.html) and Ethnomathematics and Symbolic

Thought The Culture of the Dogon by Teresa Vergani, (http://www.fiz-karlsruhe.de/fiz/
publications/zdm/zdm992a4.pdf)

46Which is an actual South African political slogan
47http://www.mathematicallycorrect.com/rainbow.htm

http://www.ethnomath.org/resources/ISGEm/095.htm
http://www.math.buffalo.edu/mad/special/eglash.african.fractals.html
http://www.math.buffalo.edu/mad/special/eglash.african.fractals.html
http://www.fiz-karlsruhe.de/fiz/publications/zdm/zdm992a4.pdf
http://www.fiz-karlsruhe.de/fiz/publications/zdm/zdm992a4.pdf
http://www.mathematicallycorrect.com/rainbow.htm
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It now begs the question on whose altar the kids are sacri�ced? Perhaps it would be
revealed by the examples of problems that are posed during courses. In another com-
ment48 Jennings provides examples of such problems, quoting from Addison-Wesley
Secondary Math: An Integrated Approach: Focus on Algebra, 1996 (ISBN of the
student's edition: 0-201-86740-0):

What other kinds of pollution besides air pollution might threaten our planet? [page
163]

Each year the Oilfield Chili Appreciation Society holds a chili cook-off. . . 1. The chili
cook-off raises money for charity. Describe some ways the organizers could raise money
in the cook-off. 2. What is the hottest kind of pepper that you have eaten? People who
have tasted them agree that cayenne peppers are hotter than pimento peppers. How
would you set up a hotness scale for peppers? . . . [page 217]

What role should zoos play in today’s society? . . . [page 233]

[A] zoo sponsors a creative writing contest for high school students. The topic for the
essay this year is “Why should we save an endangered species?”. . . What would you use
as criteria for judging the essay? [page 253]

Hardly any mathematics here. Except for the page numbers, perhaps. But a

glimpse of the motives: environment preservation. There are more. The second moti-

vation is `diversity'. But as we have seen in the Pirah~a case, such true diversity might

limit the course too much. So, in attempt at what Jennings calls diversity decoys, the
book uses a lot of strange names: Esteban, Taktuk, Kirti and Keisha. The third motive

is �ght of oppression and white-man supremacy. You might ask what is the oppressive

in cold numbers and equations? It seems, that there are many who think that the whole

mathematics is an oppression tool.
To quote Mozambican mathematician Paulus Gerdes49:

At the end of the 1970’s and the beginning of the 1980’s, a growing awareness of
the societal and cultural aspects of mathematics and mathematical education began to
emerge within the ranks of mathematicians.

. . .

Ubiratan D’ Ambrosio, a Brazilian mathematician and mathematics educator, played a
dynamic role in all these initiatives. It was during that period that he launched his ‘eth-
nomathematical program’, and, at the Fourth International Congress of Mathematics
Education in 1984 (ICME4, held in Adelaide, Australia), he presented in the opening
plenary lecture his reflections on the ‘Socio-cultural Bases for Mathematics Education’.
D’Ambrosio (1990) proposed an ethnomathematical program as a ‘methodology to track
and analyse the processes of generation, transmission, diffusion and institutionalization

48Rain-Forest Algebra and MTV Geometry, http://www.textbookleague.org/75math.htm
49Gerdes is { among other posts { the President of International Association for Science and Cultural

Diversity, Treasurer of African Mathematical Union, Vice President of African Academy of Sciences. So

he is not an unknown person. His publications include: Basketry, Geometry, and Symmetry in Africa

and the Americas ; Geometry from Africa: Mathematical and Educational Explorations ; Women,

Art and Geometry in Southern Africa.

http://www.textbookleague.org/75math.htm
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of (mathematical) knowledge’ in diverse cultural systems. D’Ambrosio contrasted ‘aca-
demic mathematics’, that is to say the mathematics which is taught and learned in
the schools, with ‘ethnomathematics’, which he described as the mathematics ‘which is
practised among identifiable cultural groups, such as. National-tribal societies, labour
groups, children of a certain age bracket, professional classes, and so on’.50

Gerdes himself is very active in the �eld, for example in Gerdes (2005) he showed
how `diverse African ornaments and artefacts can be used to create a rich context for the
discovery and the demonstration of the so-called Pythagorean Theorem and of related
ideas and propositions'51. Note the scary `so-called'. So called `Pythagorean' or so-called
`theorem' I ask? The aims of ethnomathematical studies may be very strange and
unfathomable. To quote again from Gerdes:

In Mozambique ethnomathematical research started in the late 1970’s. As most ’math-
ematical’ traditions which survived colonisation and most ’mathematical’ activities in
the daily life of the Mozambican people are not explicitly mathematical, in the sense
that the mathematics is partially ’hidden’, the first aim of this research was to ’uncover’
the ’hidden’ mathematics.

In addition to the branches of mathematics we know from Western societies (and
there are many pupils or students who can easily attest how oppressive ring theory or
topology can be) there are many more types of mathematics that Gerdes `discovers'
(Gerdes, 2005) (references internal to Gerdes paper):

Indigenous mathematics (Cf. Gay and Cole 1967). Criticizing education of Kpelle
children (Liberia) in ‘western-oriented’ schools – they ‘are taught things that have
no point or meaning within their culture’ – Gay and Cole proposed a creative
mathematical education that uses the indigenous mathematics as starting point;

Sociomathematics of Africa (Zaslavsky 1973): ‘the applications of mathematics in
the lives of African people, and, conversely, the influence that African institutions
had upon the evolution of their mathematics’;

Informal mathematics (Posner 1978, 1982): mathematics that is transmitted and
that one learns outside the formal system of education (referring to Côte d’Ivoire);

Mathematics in the socio-cultural environment (S. Doumbia, S. Touré (Côte d’Ivoire)
1984): integration of the mathematics of African games and craftwork that belongs
to the social-cultural environment of the child into the mathematics curriculum;

Oral mathematics (Kane 1987): in all human societies there exists mathematical
knowledge that is transmitted orally from one generation to the next (Kane’s
doctoral dissertation studied numeration systems in West Africa);

50Ethnomathematics and Mathematics Education, http://iep.
univalle.edu.co/~gem-uv/Hilbert/Etnomatematica/Articulosetnomath/
EthnomathematicsandmathematicseducationPAULUSGERDES.pdf

51It is quoted directly from the text mentioned above (but the emphasis is mine), Ethnomath-

ematics, Geometry and Educational Experiences in Africa (http://www.codesria.org/Links/
Publications/ad3_05/gerdes.pdf).

http://iep.univalle.edu.co/~gem-uv/Hilbert/Etnomatematica/Articulos etnomath/Ethnomathematics and mathematics education PAULUS GERDES.pdf
http://iep.univalle.edu.co/~gem-uv/Hilbert/Etnomatematica/Articulos etnomath/Ethnomathematics and mathematics education PAULUS GERDES.pdf
http://iep.univalle.edu.co/~gem-uv/Hilbert/Etnomatematica/Articulos etnomath/Ethnomathematics and mathematics education PAULUS GERDES.pdf
http://www.codesria.org/Links/Publications/ad3_05/gerdes.pdf
http://www.codesria.org/Links/Publications/ad3_05/gerdes.pdf
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Oppressed mathematics (Gerdes 1982): in African countries there exist mathematical
elements in the daily life of the populations, that have not been recognized as
mathematics by the dominant (colonial and neo-colonial) ideologies;

Non-standard mathematics (Gerdes 1982, 1985a): beyond the dominant standard
forms of ‘academic’ and ‘school’ mathematics there has developed in all cultures
mathematical forms that are distinct;

Hidden or frozen mathematics (Gerdes 1982, 1985a, b): although, probably, most
of mathematical knowledge of the formerly colonized peoples has been lost for
ever, it is possible to reconstruct or ‘unfreeze’ some of the mathematical thinking,
that is ‘hidden’ or ‘frozen’ in old techniques, like, e.g., that of basket making;

People’s mathematics as a component of people’s education in the context of the
struggle against apartheid in South Africa (Julie 1989);

Implicit mathematics (Zaslavsky 1994).

One can �nd some of the works of D'Ambrosio at http://etnomatematica.univalle.
edu.co/. For example in D'Ambrosio (2000) he gives the following account of the Sokal
a�air from the point of view of Afrocentricism:

See the issue devoted to the theme “Science Wars”, Spring/Summer 1996. The issue has
very interesting papers. Regrettably, attention was given only to the hoax of Alan Sokal.
As a consequence there were renewed attacks on Afrocentrism, warnings against a “new
dark age of irrationalism” and other controversial disputes going on in the academic
world. All this that might be interpreted as a form of intellectual fundamentalism is
nothing but a defensive posture against the challenge, which the current epistemological
order is facing.

Alan J. Bishop lists the various classes of `groups [who] have suffered in some way from
conflicts with what I have called the Mathematico-Technological Culture (MTC)’52

• Girls in ‘Western’ societies

• Ethnic minority children in ‘Western’ societies

• Indigenous ‘minorities’ in Westernised societies (where I include black students in
South Africa who are numerically in the majority)

• Western ‘colonial’ subjects

• Non-JudaoChristian religious societies

• Rural learners, particularly in developing countries

• Physically and mentally impaired learners

• Children from lower class (caste?) families

• Adult workers in lower status jobs who are in training or re-training

. . .

52Cultural conicts and social change: conceptualising the possibilities and limitations of math-

ematics education, http://www.nottingham.ac.uk/csme/meas/plenaries/bishop.html

http://etnomatematica.univalle.edu.co/
http://etnomatematica.univalle.edu.co/
http://www.nottingham.ac.uk/csme/meas/plenaries/bishop.html
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The critical perspective makes us look beyond the reified nature of Mathematics and
ask: where does this ‘culture of Mathematics’ come from; who owns and sustains
it; who is empowered by it, and who has the most to lose if it is attacked? The
answer to all these questions is simply ‘Mathematicians’, but it is also necessary
to unpack that construct further.

Another proponent of ethnomathematics, Mathume Bopape, writes:

[traditional] approaches nurtured the view that mathematics was an unalterable body
of truths, that all what the learners had to do was to memorize formulae and theorems
and reproduce them whenever asked for in tests and examinations. To a large extent
the questions in tests and examinations remain a meaningless set of questions that
have not much bearing on students’ lives, or that of the people in the environments
in which they find themselves. According to C. Julie “the view of mathematics as a
human construction to address, describe and solve problems facing society at particular
moment is suppressed and obscured”, and the question that is still remaining to be
answered is “Whose interest is this suppression serving?”53

Bopape quotes L. Slammert54:

The kind of mathematically educated person that our society produces is usually
conservative in outlook, timid in thinking and uncritical about life in general. Further
they hide behind the symbolism of their discourse and they regard themselves
as neutral, studying only absolute and eternal truths. And so we are witnessing
a mystification of ideas and an antagonistic attitude, which gives rise to a completely
unacceptable situation. A situation which we are now focusing on in order to transform
and build a new maths, a new Science, a new Education and a new technology for a
new South Africa. Since we are the makers and actors of such a movement, it is up
to us to identify, explain, understand and provide better ways of approach. This calls
for a framework with a contextual basis in which people, both inside and outside of
the discipline, can work from, identify with, and develop a maths for liberation. The
ideas for using the term contextual is that our education, our culture, our whole way of
life have been pervaded with imperialist ideology.55

Apart from the political issues the Ethnomathematical movement tries to address
and redress the philosophical supremacism of Western societies. A good example is
provided by Barton (1999). He starts his analysis by with a straightforward statement:

We, as ethnomathematicians, have a problem.

One may ask what is the nature of the problem. Is it that there are no mathematical
results derived via ethnic methods? Or is is, as we have seen, that the political agenda
is put often above rigour and truth in the so called ethnomathematical research? No,
the problem is the need to oppose the philosophical oppression of classic mathematics!

53The South African New Mathematics Curriculum: People's Mathematics for People's Power?, http:
//www.nottingham.ac.uk/csme/meas/papers/bopape.html

54There is a lot of circular quoting in ethnomathematics.
55Mathematical Spontaneity: Innovative Mathematics Learning Strategies for South Africa To-

day. In Julie et al.(eds.). Political Dimensions of Mathematics Education 2, Maskew Miller, Longman,

Cape Town, 1993

http://www.nottingham.ac.uk/csme/meas/papers/bopape.html
http://www.nottingham.ac.uk/csme/meas/papers/bopape.html


Draft, January 2, 2008 82 Chapter 2. Who ordered Math?

For more than two thousand years mathematics has been regarded as the epitome of
rational truth, the study of the essential features of quantity, relationships and space.
There has been argument about how we come to know these things, and about how
we can be sure of them, but few working mathematicians have doubted that they were
dealing with essential facts of some kind. Mathematicians seem to say we know that the
mathematics we study tells us truths about numbers and points and lines and circles,
and that it can be used to build bridges which don’t fall down: it works therefore it
must be right. . .

However, perhaps this is the worlds greatest circle of self-justification. Describing
and justifying mathematics on the grounds of our feelings about it and our perception
of its usefulness might be a dangerous activity.

Wow! Mathematics is not only self-justi�ed (and therefore probably highly suspect)
in attempt to describe nature. It is dangerous:

Widespread apparent failure in mathematics was actually a social problem being played
out through the filtering mechanism of mathematics education. Furthermore this filter-
ing mechanism acted through the cultural nature of the subject: the social terrorism
of mathematics.

Barton does not stop at this point: as the title of his article (Ethnomathematics
and Philosophy) suggests, he goes into philosophical foundations of mathematics and
deconstructs the inglorious past of Western mathematics, concluding that

So, rather than arguing about whether mathematical knowledge is certain or fallible, we
should recognise that it is created in our talk. Thus mathematics is neither a description
of the world, nor a useful science-like theory.

Lest you think that Barton is an extreme example of `far side' extremism, perhaps
you should turn to Alan J. Bishop, who writes

If one had to choose a single value and attribute which has guaranteed the power and
authority of mathematics within western culture, it is rationalism. As Kline says: ‘In
its broadest aspect mathematics is a spirit, the spirit of rationality. It is this spirit that
challenges, stimulates, invigorates, and drives human minds to exercise themselves to
the fullest’. With its focus on deductive reasoning and logic, it poured scorn on mere
trial and error practices, traditional wisdom and witchcraft.56

Bishop's paper, unfortunately unavailable on-line, is highly quoted in ethnomath-

ematical circles and its hatred of rationalism and `cold science' reects very well the

general feelings.

So we �nd at last the true nature of mathematics: it is an oppression tool, aimed

at promoting imperialism. As for the question why is it so di�cult: obviously on

purpose, to deter indigenous people from attaining mastery. I believe there are millions

(certainly baagi) schoolchildren worldwide who would readily agree with this discovery.

56In `Western Mathematics: The Secret Weapon of Cultural Imperialism', Race and Class, vol. 32,

no. 2, October-December 1990, p. 51-65, quoted after Rowlands and Carson (2002)
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As to the original question who has ordered math57, the answer is simple: the white

(male) supremacists worldwide: Tales, Euclid, Pythagoras, Leibniz, Newton, Gauss,

Fermat, and thousands of others58. . . And I can only admire the ability of some other

white men to turn 2+2 = 4 or tensor calculus into racial and imperialist (not so secret)

weapons.
Seriously, the Reader might wonder why I have spent so much time quoting from

the proponents of etnomathematics and pointing to its inherent blunders. The serious
answer is that because of such approach, in large parts of Africa and South America (and
perhaps developing countries on other continents), the key to development { education
is denied to many children. Not because of the lack of funds, social instability and
wars, not even because of hunger, but due to the political interests of lofty minded
professors in well paid jobs (usually government or UN funded jobs), supported by
Western Political Correctness activists. I could not �nd in the web pages devoted to
ethnomathematics any mention of the use of `oppressed mathematics' in calculations
of, for example, the shape of the blades of the windmill that could power water pumps,
or, for that matter, optimal usage of water resources. Not to mention the uses of
mathematics in understanding and �ghting the diseases or general climate change. One
can only wonder who is the real villain here: western mathematicians or those who
deny normal education to their own societies. . . For a critical and rather sober review
of ethnomathematics and its possible role I recommend Rowlands and Carson (2002),
which concludes with the following remarks:

There is every danger that mathematics as an academic discipline will become accessible
only to the most privileged in society and the rest learn multicultural arithmetic within
problem solving as a life skill or merely venture into geometric aesthetics.

The African educationalist Ogunniyi stated that the aim of education should not be
to supplant or denigrate a traditional culture but to help the people meet modern
challenges. These modern challenges, compared to the day-to-day challenges
as presented by traditional culture, can best be met by a liberal education
that contains modern science and a universal mathematics that is central to its
curriculum.

And all I can add, is that the last principle applies to every country, not just Africa.

57Used in reference to the unexpected discovery of muon in particle physics.
58Including the ancient Babylonians, Egyptians, Chinese, Hindu





85 Draft, January 2, 2008

CHAPTER

THREE

SCIENCE OF AND FOR THE PEOPLE

The same government-corporate axis that funds applied research
that is narrowly beneficial to ruling-class interests

also supports almost all of our basic, or to use the euphemism, ‘pure’, research;
it is called pure because it is ostensibly performed not for the specific applications

but only to seek the truth.
Bill Zimmerman, Len Radinsky, Mel Rothenberg and Bart Meyers

1

1Towards A Science For The People, http://ist-socrates.berkeley.edu/~schwrtz/SftP/
Towards.html

http://ist-socrates.berkeley.edu/~schwrtz/SftP/Towards.html
http://ist-socrates.berkeley.edu/~schwrtz/SftP/Towards.html
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3.1 We regret, but your facts are not politically correct

Facts are stubborn things; and whatever may be our wishes,
our inclinations, or the dictates of our passions,

they cannot alter the state of facts and evidence.
John Adams

My mind’s made up - don’t confuse me with the facts.
Anonymous

Once upon a time, science was a domain and a pastime of Gentlemen, of assured

income and high social status. Exceptions were rare, con�ned to clergymen and

monks or relatively few universities. Men of knowledge formed their closed societies,

shared their results via letters or presented them at the meetings of the societies. Of

course, such picture is just a caricature, the reality of the time it refers to, which is the

late XVII to early XIX Century was much more complicated, but it does contain some

truth. The masses were ignorant and ignored or entertained by spectacular shows of

balloon ights of horses trying to pull apart Magdeburg spheres2. Being an Amateur

Scientist was not only acceptable in the `Society ', but quite respected. More than any

business-like activity3.

Well, these days are long gone. Science is an industry now. `Society' (in Jane

Austen terms) has been replaced by multiple interest groups vying for power. Masses are

educated, well, they can read (if they wish to) and write (this is more debatable). Books

are cheap, not just to read, but to write. The Internet brought us freedom of access to

many sources, as well as new techniques of communication: personal Web pages, blogs,

chats. Spatial distance is no longer prohibiting or slowing down communication. TV,

for all its faults, allows, in principle, the dissemination of visually compelling messages

related to research, of which the Discovery Channels are good examples of. So, where is

Science now, in this age of turmoil? To whom it belongs? Has it become the property of

the `People', or does it still belong to the Ivory Tower inhabitants? Or perhaps, it has

become the prisoner of the `military-industrial complex' governing the world against

the will of the People?4 If you think I am overusing the language, I encourage you

to read the original manifesto Towards A Science For The People written by Bill

Zimmerman, Len Radinsky, Mel Rothenberg and Bart Meyers in 19725, already quoted

at the beginning of this chapter. The number of times that the US military-industrial

complex is mentioned and accused of all the wrongdoings in the world reminds me

directly of the communist propaganda that had appeared at the same time in Poland.

Well, it is rather good for the authors of the manifesto that they have been living in the

2Shows competing in popularity with public executions.
3But, judging from Jane Austen novels, less respectable than dancing or hunting.
4Well, who can tell what is the will of the People? There always seem to be some people and

organisations that tell us that they, and only they really know what we think and what is best for us. . .
5Zimmerman et al. (1972)
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US | in communist Poland writing texts that opposed the ruling party landed many

people directly in jail. And the worst thing that happened to the authors was that their

paper (totally unscienti�c) was not published in Science magazine. Which, of course,

they have described as another example of the capitalist character of modern science.

So, the question remains: for whom is Science in reality? And, can we make it really

`for the people'?6

To answer these questions we must analyse the ways that Science can be absorbed

by di�erent societies and its various groups within a society. I fully agree with the

democratic principle that Science should be made as accessible as possible to everyone.

This is the only way to achieve, within democratic political process, decisions that are

made on facts and in depth analysis. But, as we know that societies and individuals

di�er in their circumstances and capabilities, so the task is not an easy one. As I

have mentioned in Section 1.2, there are two ways of democratizing science. The �rst
is to make it as available to anyone as it can be done. Embodying the spirit of the

Enlightenment, this road is di�cult | both for the leaders and for the societies. In

fact, there are many who oppose it, for political reasons or just from simple laziness.

What we may lack is not just the capability for a widespread comprehension of Science,

but the will to comprehend it!

The second way of `democratization' is to present Science one of the many `narratives

of the world', equalling it with folk explanations, historical and religious myths and

modern new age mysticism. Sometimes with outright lies, designed to provide false

`explanations' of events and processes. This road is much easier, promising everyone

quick success and good feeling. It also allows certain ideologies to attain popularity and

gain immunity to criticism. The often used reason for the second approach seems to be

the desire to dethrone the `white male supremacist' social oppression in all its aspects

| real or imaginary. Scienti�c method gets classi�ed as such, probably because its

historical Eurocentric heritage. Yes, it has been conducted in the past mainly by white

men of upper classes in Western societies. This was the social condition at the time.

And it is a valid research topic to understand why it was so. There are many, many

books on the history of science, taking various historical and social constraints into

6Some of the predictions and accusations of the authors seem hilariously funny after thirty plus years.

For example, exposing the machinations of capitalist `ruling class' in US, the authors provide examples of

monopolising industry and science: `It is no accident that two of the most advanced monopolistic formations,
advanced both in their utilization and support of science and in the efficiency and sophistication of their internal
organization, are Bell Telephone and IBM. They represent to capitalist planners the wave of the future, the
integration of scientific knowledge, management technique and capital which guarantees the long-term viability
of the capitalist order.' Only a few years later ATT has been split into seven independent Regional Bell

Operating Companies known as `Baby Bells' as a result of the �nal settlement of a 1974 United States

Department of Justice antitrust suit against AT&T on January 8, 1982. Curious that the `ruling class'

would act in this way? And as for IBM's monopoly, the computer industry today is much more diverse

that it was at the time of writing of the manifesto. The only `monopolies' that have endured, are, indeed,

in the fact that IBM and Bell Labs scienti�c communities have ourished, getting a large share of Nobel

Prizes, mostly in basic research. . .
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account. Some of these constraints we �nd today immoral: slavery, position of women,

treatment of non-European nations. . . But | does this make the results any less valid?

Combustion engines work as well in Europe as in Africa. Satellite communications are

(or can be) used by Tasmanians, even though they were developed in entirely di�erent

culture: radio transmission does not depend on the belief system or social organisation.

Globalisation o�ers multitude of examples that point to a simple conclusion: even

though some of the results were obtained in a restricted social circumstances of `white,

rich, masculine' social groups, their applicability is universal. And I am not writing just

about mathematics, medicine or engineering. Even more soft, social sciences, providing

more rigorous descriptions of human interactions, were developed in European cultures.

As for the supposedly more democratic nature of the `third world' Nature descrip-

tions, one can also ask who has constructed the `other narratives', local mythologies

and philosophies? Were they results of grassroots movement of everyone in such soci-

ety or were they elaborations of high castes of societies in question; shamans, priests,

royal servants and handful of `free citizens' and such? So, to use the same arguments

for `equality of narratives', let us not pretend that `white man's science' is a tool of

oppressive psychopaths and power grabbers, while the esoteric alternatives have arisen

in peaceful, progressive (whatever that means) environments. Lets compare apples
to apples: the originating social environments to social environments and the de-
scriptive and predictive powers to predictive and descriptive powers. In my limited
knowledge, non-European cultures did not differ so much from pre-XIX Century
European ones in equality, freedom and general ‘niceness’. Perhaps on the contrary,
if I look at Aztec or Mongolian empires. Yet when we compare the aspects leading
to development of science the difference is visible.

One of the results of the leftist, progressive attitude is the desire to avoid any possi-

bility of o�ending any social group or minority7. The growth of Political Correctness
jargon, which dictates how should we call obvious things is a phenomenon in itself.8

In the more advanced cases, Political Correctness can mean dictatorship of minorities,

moreover, it is an attempt at dictatorship in the worst Orwellian way: with intent to

control minds through language9.

The e�ects of Political Correctness on Science are quite profound. Examples include

not just attitudes, but a whole chain of activities.

� Declaring that certain topics are o�-limits to research, because the study might
7which of course does not apply to o�enting white, male and educated minority. . . This group can

and should be attacked, according to quite a few leftist activists, presumably because of its previous

`dominance'.
8The belief that by using `politically correct ' vocabulary one can change real peoples' attitudes is

partly rooted in the `Blank Slate' view of human nature (see Section 9.1) which postulates total exibility

of our behaviour (in this example ensuring that `people think what they speak '). On the other hand

such focus on the supposed power of words reminds of magical invocations, as if calling black by any

other name would make the colour change or even deny the existence of colours.
9For funny yet deeply illuminating examples see http://www.columbia.edu/cu/augustine/arch/

pc_lexicon.html

http://www.columbia.edu/cu/augustine/arch/pc_lexicon.html
http://www.columbia.edu/cu/augustine/arch/pc_lexicon.html
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lead to oppression or unequal treatment of some groups, or even give results

that would put some groups in `bad light'.10 It is worth noting that often mere

possibility of misuse of results and �ndings is a pretext to ban whole disciplines.

The issue is not whether the studies would provide true and checked results,

using the scienti�c methodology, but whether, possibly, these results could be

unfavourable to some `higher cause'. This is similar to an old argument asking for

limitation of bread knives production, as the tool might be used not just to cut

bread, but to kill people.

� Declaring that certain research results are offensive (sexist, racist) and should

be banned from publication, even though the discipline is an allowed topic of

research. And from this follow campaign to ignore, boycott or banish the results

and scientists who have produced them.

� Campaigns to discredit (using ad hominem arguments, halftruths or lies), in-

timidation and even physical attacks on individual scientists, proponents of `un-
correct ' studies;11

� Public relations campaigns aimed at taking control of the science out of the
hands of the scientists, who are deemed to be (of course with the exception of

the righteous left) just servants of the oppressive, militaristic cabal;

� Last, but not least, are attacks at the whole foundation of Science and rational

thought as a way to understand the Reality.

The last item is especially interesting, as it relates not to speci�c disciplines or
results but to Science as general endeavour. It questions the right of rational thinking
to the `keys of the Universe', and postulates that emotional, magical or wishful thinking
approaches are equally valid. This is by no means a new phenomenon, various religions
have for ages demanded supremacy for their worldviews and denied validity of anything
contradicting the creed. Now, this fervour has been taken up by the political left, that
claims that rationality is just one more of the chains binding the Humanity in oppressive
social domination, that have to be broken as soon as possible. Sometimes the attacks
on rationality in the name of the `new discourse ' become so blatant that even the very
icons of leftist, `progressive ' academy become worried by them. Take example of Noam
Chomsky, who in 1992 wrote (Chomsky (1992))

When Mike Albert asked me to comment on papers advocating that we abandon or
transcend rational inquiry, I refused, and probably would have been wise to keep to that
decision. After a good deal of arm-twisting, I will make a few comments, but, frankly,
I do not really grasp what the issue is supposed to be.

10The same argument for use of group rights as source of scienti�c research directions is used not only

by the political left, but by extreme religious conservatists, calling for `Creationist Science' to be included

in school curricula.
11With fervour akin to religious �ght against heretics.
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Many interesting questions have been raised about rational inquiry. There are prob-
lems about justification of belief, the status of mathematical truth and of theoretical
entities, the use to which rational inquiry is put under particular social and cultural
conditions and the way such conditions influence its course, and so on. These, however,
are not the kinds of topics we are to address; rather, something about the legitimacy of
the entire enterprise. That I find perplexing, for several reasons . . .

And it is hard for me to see how friends and colleagues in the ‘non white world’ will
learn more from the advice given by ‘a handful of scientists’ who inform then that they
should not ‘move on the tracks of western science and technology’, but should prefer
other ‘stories’ and ‘myths’–which ones, we are not told, though astrology is mentioned.
They’ll find that advice a great help with their problems, and those of the ‘non white
world’ generally. I confess that my personal sympathies lie with the volunteers of Tecnica.

In fact, the entire idea of ‘white male science’ reminds me, I’m afraid, of ‘Jewish
physics’. Perhaps it is another inadequacy of mine, but when I read a scientific paper, I
can’t tell whether the author is white or is male. The same is true of discussion of work
in class, the office, or somewhere else. I rather doubt that the non-white, non-male
students, friends, and colleagues with whom I work would be much impressed with the
doctrine that their thinking and understanding differ from ‘white male science’ because
of their ‘culture or gender and race’. I suspect that ‘surprise’ would not be quite the
proper word for their reaction.

I find it depressing, frankly, to read learned left discourse on science and technology
as a white male preserve, and then to walk through the corridors at MIT and see
the significant results of the efforts to change that traditional pattern on the part of
scientists and engineers, many of them very remote from the understanding of ‘positive
social outcomes’ that we largely share. . .

The critique of ‘science’ and ‘rationality’ has many merits, which I haven’t discussed.
But as far as I can see, where valid and useful the critique is largely devoted to the
perversion of the values of rational inquiry as they are ‘wrongly used’ in a particular
institutional setting. What is presented here as a deeper critique of their nature seems
to me based on beliefs about the enterprise and its guiding values that have little basis.
No coherent alternative is suggested, as far as I can discern; the reason, perhaps, is that
there is none. What is suggested is a path that leads directly to disaster for people who
need help–which means everyone, before too long.

An even harsher view of the critics of science comes from a distinguished astronomer,

Arthur Upgren, who sees some of the criticism as stemming from groups that would

prefer that science be suppressed, at least wherever scienti�c �ndings clash with the

cherished beliefs of those groups. Upgren (2002) writes that:

In the last few years, it has become fashionable to disparage science from the aca-
demic left. Charges have been leveled such as the one that categorized the central
figures in the rise of science and, to a lesser extent, European civilization in general as
DWEMs (Dead White European Males) and therefore no longer worthy of study or
applicable in this postmodernist society.

Whereas almost every civilization has made contributions to our sum of knowledge,
they did not do so equally. To ignore one of them in favour of another is to misunderstand
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both. Guns, Germs, and Steel: The Fates of Human Societies (Diamond, 1999), the
recent bestseller by Jared Diamond, presents a much more balanced and benign view of
the reasons for the early dominance of Europe (along with eastern Asia). No assertion
is made that those who lived there were smarter than those who did not. For the most
part their predominance was an accident of geography.

Upgren's mention of Jared Diamond leads naturally to a short discussion on why

have DWEM's dominated civilisation in general. Guns, Germs, and Steel is a par-

ticularly good example of understandable, cold, well researched analysis pointing to

origins of the current cultural landscape on Earth. The causes of the dominance of

some cultures and societies are found not in advantages of `race spirit', intelligence or

vitality of some societies, nor in de�ciencies of other societies, but in external circum-

stances these societies operated in the past. What is quite important, the theory is

quite understandable, expressed in easy terms, while well substantiated by pre-historic

and historic studies and biological records | which has resulted in a Pullitzer Prize.

The book attempts to explain why Western civilization with its European origins, has

survived and conquered others, while refuting the belief that this European dominance

is due to any form of racial intellectual superiority. Diamond argues that the gaps

in power and technology between human societies do not reect inheritable cultural or

racial di�erences, but rather originate in environmental di�erences powerfully ampli�ed

by various positive feedback loops.

Diamond also explains how geography shaped human migration, not simply by mak-

ing human travel di�cult or easy, but by how climates a�ect where domesticable animals

can easily travel and where crops can ideally grow. The latter aspects have proven to

have the major impact on the spread of basic cultural achievements, such as agriculture.

East-West major axis of Europe and Asia allows quite easy transfer of useful plants and

domesticated animals, while predominantly North-South axis of Americas and Africa,

with many widely di�ering climate zones e�ectively prohibits agricultural advances to

spread successfully. Thus Eurasian agriculture has formed the �rst necessary basis for

civilisation development | without any reference do actual human abilities.

The next factor shaping historic origins of our current world is related to epidemic

illnesses. For example Diamond points out that the combined e�ect of the increased

population densities supported by agriculture, and of close human proximity to do-

mesticated animals leading to animal diseases infecting humans, resulted in European

societies acquiring a much richer collection of dangerous pathogens to which European

peoples had acquired immunity through natural selection (such as the Black Death and

other epidemics) during a longer time than was the case for Native American hunter-

gatherers and farmers.12

I have summarized Diamond's book because he had the courage to state publicly

12For interesting reviews of Diamond's theses, see, for example by J.R. McNeill, http://www.
historycooperative.org/journals/ht/34.2/mcneill.html or by Joel Mokyr http://sts.nthu.edu.
tw/twmed/Subjects_and_Issues/Specific_Diseases/Book_Review/h-net-31456896896145.html.

http://www.historycooperative.org/journals/ht/34.2/mcneill.html
http://www.historycooperative.org/journals/ht/34.2/mcneill.html
http://sts.nthu.edu.tw/twmed/Subjects_and_Issues/Specific_Diseases/Book_Review/h-net-3 1456896896145.html
http://sts.nthu.edu.tw/twmed/Subjects_and_Issues/Specific_Diseases/Book_Review/h-net-3 1456896896145.html
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some obvious truths about the di�erences in paths that were taken by di�erent civili-

sations, and results of roads taken. The di�erent outcomes did not depend on innate

capabilities of various groups of humans but rather on external conditions. That these

conditions were used to advantage and the advantages accumulated, using intelligence

and capabilities common to all humans. This is so far away from any racism that I

could hardly image anyone attacking Diamond. Much farther than any analysis of the

fact that the majority of NBA players are black. After all, the environment of young

Americans is pretty much similar, and the draft is based on innate capabilities. Thus

dominance of one social group (not to say race) is a reection of capabilities of that

group.

In any case, while many people have praised Guns, Germs and Steel, and some

have analysed it from the professional point of view, but many more have stopped their

analysis at accusations of environmental determinism in the service of Eurocentrism.

The charge is not that the book claims any essential superiority of European civilization

or culture, nor that the book claims any inherent superiority of some European race.

These critics assert that the problem with earlier cultural and racial explanations of

European superiority13 is not just that their explanations are wrong, but that what

they are trying to explain { European superiority { is itself a Western myth. Although

Diamond explicitly argues against European racial uniqueness, the charge is that his

own argument serves many of the same functions as nineteenth century European claims

to cultural or racial superiority, by suggesting that Europeans were destined to rule the

globe.

These accusations are sometimes verging on straightforward denial of everyday ob-

servations or bear close similarity to blaming circumstances or tools for human actions.

Controversy, which the author is most careful to avoid is so strong, despite his e�ort,

that one must ask the question: what is the force behind such attacks?

13Explanations that Diamond rejects in multiple places, even to the point of making a controversial

claim that in mental ability New Guineans are probably genetically superior to Westerners.
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3.2 Touchy Subjects

You can do anything but lay off of my blue suede shoes
Carl Perkins

Politics, defined as more or less violent struggle for power14 is not lim-

ited to governments, parliaments or streets. In fact there is a lot of politics within

academia, or more generally, related to social groups involved in doing, �nancing and

describing science.
One of the widely quoted proponents of Cultural Studies, Stanley Aronowitz15

states:

The results of sciences may be comprehended within the contexts in which knowledge is
produced as well as the specificity of the specialized discourses that constitute them.16

Surprisingly for the postmodernist culture, the language here is very clear | and

thus makes it easier to point out what is wrong with the statement.
First let me quote a fragment of an article, to which Aronowitz was responding.

Norman Lewitt's essay (Lewitt, 1995) includes description of a necessary condition for
meaningful statements about any branch of science (with example taken from modern
quantum and relativity physics):

My point is a severe but simple one: one has no right to play this game unless
one can handle an array of terms — metric tensor, Lorentz manifold, Ricci curvature,
Hilbert space, self-adjoint operator, superposition, mixed state, and hundreds more —
not as gonfalons to be waved about but as precise ideas, rigorously defined and merit-
ing discussion not in loosely allusive and metaphorical terms but with exacting logical
cohesion. In other words, one must know the bones, sinews, nerves, and musculature of
the discipline, how it coheres, how the parts articulate to one another, how discussion
and debate go forward at the frontiers. Lacking this, we get vague truths, half-truths,
quarter truths, and mere hot air, all pushed forward to clear the way for a “cultural”
account that floats completely free of the way physicists work, ponder, and create. This
is a footling business, a rare-show of weak and silly metaphors. It’s a way of grabbing
unearned authority for a ‘political’ posture. It elevates just-so stories, fables, post facto
fairy tales to the status of ‘explanations’ even when what is presumably to be explained
— modern physics as a system of ideas, in this case — is not understood by the would-be
explainer with any precision.

Aronowitz viewpoint about discussing science results equals (`as well as ') the speci-
ficity of the specialized discourses (which correspond to metric tensor, Lorentz manifold,

14Wikipedia de�nes politics as \the process and method of making decisions for groups. Although it is
generally applied to governments, politics is also observed in all human group interactions including corporate,
academic, and religious. Political science is the study of political behaviour and examines the acquisition and
application of power, i.e. the ability to impose one’s will on another. One theorist, Harold Lasswell, has
defined politics as ‘who gets what, when, and how.’ "

15The same who has one of the players in Sokal A�air.
16Quoted after The Cultural Studies Times, Fall 95
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Ricci curvature etc.) with the contexts in which knowledge is produced. As far as my

English allows, I perceive from the order of the sentence that actually Aronowitz places

more importance on the social context than on actual content of the discipline. While

I readily admit validity of the use of social conditions in discussing the process and

history of achieving scienti�c results | I might say that some parts of this book pro-

vide just this kind of narrative and evaluation, yet the use of contextual conditions in
discussing results is an example of treating science within collective solipsism philoso-

phy. Results of properly conducted experiments and observations are real, not relative.

The agreement of a theory with a set of observations is also real: we can give de�nite

statements as to accuracy of predictions and descriptions. These results are not socially

or historically relative. They are not `right or left', they can only be `right or wrong'.

Is e�ectiveness of u vaccine dependent on political system of the country (of course
apart from the way the vaccine is distributed)? Does discussion of the political, religious
and research systems of seventeenth century France an England have any bearing on
discussion of the exactness of Newton's equations? In the chapter devoted to the evolu-
tion of our understanding of the Universe I provide a lot of examples of strange theories
| some considered true (though yet uncon�rmed and de�nitely strange) some contro-
versial and some considered de�nitely crank. The discussion of merits and demerits
is based on the theories agreement with observations and experiments (and therefore,
we hope with the real state of things, or Nature). We can and should discuss why
some results were discovered at a speci�c time and place (and not earlier or elsewhere)
though sometimes the results of such meta-research might not be to the liking of some
people. We should ask why some theories were banned in some societies, why are funds
funnelled into this or that branch of research and not to others. We should wonder
why some claims are treated di�erently when they originate from prominent scientists,
while totally overlooked when pronounced by unknown researchers. These, and quite
a few more are proper research subjects for Science Studies. Deciding the validity of
a theory de�nitely is not. And deciding if results predicted by one set of equations
are better than another set on the basis of the social context of their development is
clearly absurd. Then why do postmodern Cultural Science Studies proponents cling so
strongly to the right to evaluate other's results by applying arguments non-speci�c to
the discourse discussed? To evaluate, for example, results of physics without resorting
to physics. Perhaps I am unfair, but in my opinion this is because they are incapable
of discussing the topics within the discourse, and they want to influence, for political
reasons, the way some scientific research is done. I am not alone in this view. Let
me quote again Lewitt (1995)

Let’s conduct a little Gedanken-experiment. Let’s assemble a conclave of some of
the brightest and best (or at least glitziest and best-known): Bloor, Pickering, Latour,
Harding, Haraway, Pinch, the up-and-coming Steve Fuller — oh, and let’s not forget
Stanley Aronowitz (since this is Cultural Studies Times, after all). Now that they’re all
here, a little pop-quiz – thermodynamics and statistical mechanics, let’s say; entropy,
phase transitions, Markov processes, random walks, Brownian motion, etc. Just enough
to keep a bright junior physics major busy for a while.

Whoops!! Methinks I’ve just cleared the room!
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Of course, that would never stop the worthies just-named from propounding all
manner of this-and-that on the subject of physics: ‘Negotiated knowledge’, ‘hegemonic
paradigms’, ‘gendered ways of knowing ’, ‘network-building ’, ‘Eurocentric epistemic
regimes’, ‘instrumentalities of mercantile capitalist ascendency ’, ‘crises of the bour-
geois social order ’. Mix and match. All this is supposed to tell us something about how
physics (or whatever) works, how it is investigated, thought through, formulated and
reformulated.

Bah!

The situation is clear when we consider so called `hard sciences': physics, chemistry,

biology, or geology. Social and psychological sciences17 introduce more problems. As I

have already noted, quite often the topic of research is not only chosen in accordance

with social conditions, as may be the case for hard sciences, but also the topic and

interpretations directly are inuenced by the social environment. Some results are

hidden, some are twisted or plain falsi�ed to �t the political (or religious) viewpoint

of the researcher. And this is, in turn inuenced by social conditions. Thus, quite

a lot of results of social sciences are constructivist. One may ask than: perhaps the

constructivists and postmodernist science critics are right, and all sciences are relative
and socially dependent? All, including hardcore physics, and it only requires more

devoted studies to �nd the roots of such understanding and alternatives to current

knowledge? Constructing feminist algebra or afrocentric accelerator physics?18

I do not believe this is the case. Moreover, I think that in social sciences themselves,

when we consider the why? and what for? of theories, experiments and proposals

yield much more concrete and coherent description than usually acclaimed. After all

the studies of social or individual behaviour describe real world phenomena. True

descriptions do correspond to Nature, not ideology. That the Nature in case does not

refer to interchangeable, identical electrons, atoms or molecule assemblies but to unique

individuals or societies is beside the point: we describe either unique social situations

or actions, or derive some common characteristics our of real observations. Proper

social sciences and psychology describe us as we are, not as we should be, from a

perspective or this or that ideology. When politics takes the upper hand and tells what

the expected result should be, we arrive atmulticulturalist `science-as-many-discourses'

situation. Such science becomes �ction.

Perhaps we would �nd the most attacks on science exactly where research results

are contradicting some piece of wishful thinking and ideological activism. While the

causes of such ideology might vary from noble to totalitarian, I do not think there is

cause noble enough to justify deliberate twisting of truth. Moreover, linking liberty,

justice, morality to false pseudo-scienti�c �ndings risks that revealing the falsity of these

theories would result in disparaging the very ideals.

17I do not consider some other `Humanities' such as literary criticism or art studies as sciences at all

| see the de�nition in Chapter 1.
18Should we derive political importance from the fact that particle physicists have called an abstract

property of quarks colour?
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The list of examples of situations when science is attacked because it | suppos-

edly | might endanger some noble social cause is long. I will point to some of the

examples, using, as usual, the freely available resources on the Web. Much of my in-

terest has started from the famous Sokal A�air (for references see Sokal (1996c,a,b,

1997); Sokal and Bricmont (1998) and a very detailed WEB page of Gen Kuroki http:

//www.math.tohoku.ac.jp/~kuroki/Sokal/). But as Sokal hoax was aimed squarely

at the postmodernist language and `impostures intellectualles ' (to use the title of the

later Sokal and Bricmont book), there is also a deeper, political stream of anti-science

activities.

A good example is provided by Barbara Epstein. In her History of Consciousness
Board (http://www.zmag.org/zmag/articles/oct96epstein.htm) she describes and
experience at a feminist conference

Several months ago I gave a paper criticizing feminist poststructuralism as part of
a panel on that theme, at a large feminist conference. I argued that feminist post-
structuralism may represent an aesthetic stance that is radical in the sense of being
avant-garde, but that it has no relevance to social radicalism, that the vocabulary and
assumptions of poststructuralism make any kind of social analysis virtually impossible.
In this sense poststructuralism, I argued, stands in the way of the development of a
radical politics.

When I had finished a woman in the audience rose, identified herself as a postmod-
ernist, and described my talk as an instance of McCarthyism. She claimed that many
people whose work is in cultural studies are failing to get tenure. Critiques like mine,
she said, should not be made in public; such critiques will cause large numbers of people
their jobs. In the ensuing discussion I was accused of sexism (I had described postmod-
ernism as suspicious of rationality; given that many feminists espouse postmodernism,
I was told, this was dangerously close to describing women as irrational19). I was chas-
tised for questioning the views of leading feminist theorists, and told that one of those
whose views I had criticized is a very nice person, and very politically committed. No
one addressed the argument that I had made. After the discussion several members of
the audience came up to tell me that they had agreed with much of what I had said,
but that once accusations of McCarthyism and sexism began flying through the air they
had decided not to say anything.

I was too stunned by the initial accusation of McCarthyism to respond effectively:
I should have pointed out that I had described postmodernism as irrelevant to radical
politics, and that if this is McCarthyism, it is certainly a very novel version. But in
another sense there was something to the charge. It is true that there are places in
academia, and in the world of publishing, where one’s work has to be seen as radical,

19One might remark this kind of associative logic is closely related to magical thinking. The fear then

something bad might rub in, even from contact within verbal space | coming directly from folk medicine,

is applied to ideas and political movements: criticizing a tool (postmodernism) as inappropriate spills

to a criticizing the political movement and then to individual members, than turns to activity against a

much broader social group. With each turn the threat grows in scope (from simple scienti�c debate to

social unjustness) and in applicability (from postmodernist cultural scientists (of unknown sex) to half

of the humanity).

http://www.math.tohoku.ac.jp/~kuroki/Sokal/
http://www.math.tohoku.ac.jp/~kuroki/Sokal/
http://www.zmag.org/zmag/articles/oct96epstein.htm
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subversive, and transgressive if one is to advance one’s career. But what this means
is that one’s ideas must be au courant, “on the cutting edge”: the new, revolutionary
brand of laundry detergent is obviously preferable to the old. This merely indicates
the cheapening of words such as “subversive”, the commodification of ideas that once
had political value. As academics’ links to social movements disappear, “radicalism”
becomes a selling point.20

So, what are the hot buttons of unwanted or dangerous science? We will �nd some

of them described in more detailed way later on, but I think a short list would be in

place here.

� Discrimination: the perceived danger of scienti�c research results from simple rea-

soning: if a scienti�c study would �nd a measurable di�erence between one group

of people and other groups, such di�erence might be used to justify di�erence in

treatment of the groups, that is discrimination. The mixture of what is and what
should be, or in other words between the world of scienti�c result and morality is

so deeply rooted that it deserves a short analysis by itself.

– European vs. non-European ‘narratives’ { here we encounter a resentment

of the fact, that it was the European culture that has dominated the world

history, conquered signi�cant parts of the world and introduced most of the

currently used technology and cultural notions (Dawkins'memes). Although
the facts are obvious to see, their analysis is hampered by the fact that id

might point to `superiority' of Europeans. As we have seen in our short sum-

mary of Guns, Germs and Steel (Diamond, 1999), the reasons might have

nothing to do with di�erences between groups, but rather with circumstances

the groups were developing. Yet even though Diamond is clearly attributing

the current division of power to geographical and agricultural conditions he is

often accused of promoting Eurocentrism, because he is suggesting that Eu-

ropeans (whoever the inhabitants of Euro-Asian supercontinent were) were

destined to rule the globe.

– Feminism { studies of di�erences between genders. Again, to anyone of the

sane mind21 there are obvious di�erences between men and women. We would

not be alive if not for these di�erences. Yet the fear of unequal treatment of

the two genders, which was dominant in history and still very strong in many

societies, drives research into the less obvious di�erences (such as behavioural

ones) onto a mine�eld of accusations { as in Epstein example.

– Racism { studies of di�erences between social groups and races. Here the

very fact that there are di�erences between social groups is challenged. And

20The words `selling point' bring up the nature of the situation: �ght for power and the desire of

domination. Despite the feminist claims, such �ght is not limited to white male chauvinist pigs.
21For examples of educated, yet insane, see http://www.zmag.org/zmag/articles/oct96epstein.
htm

http://www.zmag.org/zmag/articles/oct96epstein.htm
http://www.zmag.org/zmag/articles/oct96epstein.htm
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of course, to some extent rightly: humans are one species, capable of repro-

duction between representatives of all `races' or other social groups. Thus

there is (in theory and in practice) the whole spectrum of `races'. Yet, due to

past and present geographical isolation and cultural limitations of the mixed

unions, there are some obvious, visible di�erences in certain characteristics of

`races', such as the colour of skin. Controversy arises from scienti�c studies

that might have any bearing on treatment of some races. While studies doc-

umenting higher melanin content in the skin of some races might, perhaps,

be considered harmless22 many other studies of di�erences between groups

are immediately censored as leading to justi�cation of discriminative policies

or stereotypes.

– Intelligence differences { studies of innate and acquired roots of intelligence

and di�erences between individuals and groups. Although intelligence is one

of the most justly distributed characteristics of humans (everyone considers

that she or he has enough)23 we all recognize, through our social encounters,

that there are di�erences in many aspects of intelligence. Be it logical analysis

capability, spatial imagery and manipulation or lexical skills, memory, emo-

tional control and empathy | we di�er from each other in our capabilities.

Yet some studies of intelligence, especially those that point to its biological

and genetic roots are considered dangerous. Again, the motive is that such

studies might form a basis for discrimination. Additionally, with regards to

individuals, it is assumed that pointing to innate sources of di�erences would

rob any e�ciency from the education system.

� History { while discussions on science's role in promoting or �ghting discrimi-

nation have historically started in the Western societies, which were the �rst to

recognize and popularize sensitivities of social groups (and are thus relatively new

phenomenon in Poland), history has always been for us a hot bed of interpreta-

tions, quarrels and accusations. Probably not a single signi�cant historical fact

has had a unique interpretation. This might be easily understood. After all, anal-

ysis is often performed through the viewpoint of the political aims of the historian

22Although in many societies it is the colour of the skin that forms the basis for social separation,

racialism. Examples can be found in India's caste system; Brazil's highly socially colour-strati�ed

society; and, in the U.S., segregation and institutional racism on the part of white-controlled institutions.

Because of the pervasive inuence of white supremacist values worldwide, prejudice against people with

more highly pigmented skin is the most pervasive form of colour bias. Conversely, black supremacy is a

far less pervasive phenomenon. Many other societies remain informally divided on the basis of skin colour

and, often, related ethnicity. We should remember that in primitive small hunter-gatherer societies the

external appearances were often the most reliable way to tell friend from foe. Colour of the skin is one

of the most easily observed ones. And when the colour does not vary, then tattoos, dress patterns and

colours, and other uniforms that help to distinguish our group from the `others', who might potentially

be dangerous.
23The most justly distributed characteristics is the sense of humour, not only everyone has enough,

we all think we have more than everyone else and we share, sometimes forcibly (see Section 11.5).
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himself, thus the same murder of a king might be considered as bene�cial or catas-

trophic. However, the inuence of the current politics goes deeper. Some facts are
denied or twisted to suit historians ideology. Denial might reach events that are

still remembered by thousands and even millions of participants and witnesses, for

example the denial of the Nazi death camps that the Germans built in Poland24.

But it is not just historians fault. Ideology imposes frequent internal censorship

of the remembered history of the witnesses themselves. Participants might recall

completely di�erent versions of an event. This makes history the least factual

science. Perhaps here we �nd the very origins of postmodernism and the attempt

to equalize `all the narratives of the world'. Nationalist perspective in history is

the most popular reason for twisting interpretations and facts, to achieve local

political power. And, as suspicion and fear of the strangers is deeply inherent

in human nature (being a reasonable trait for small hunter-gatherer groups), the

e�orts at presenting us as better than them, and our history as glorious while our

neighbours are barbarians, brutes and sometimes just not human falls on fertile

grounds. Examples abound from ancient history to modern times, from China to

Andes.

� Ideology and religion { for most of the history contradiction of observations or

theories to Holy Writings was considered an act of blasphemy and rebellion. Today

this has been expanded from strictly religious �eld to secular ideologies, from

communism to environmentalism. Simple `if you are not with us, then you are

against us' classi�cation is applied not just to people and their religious or political

views, but to publications of observations or experiments or to attempts to explain

them.

– Contradictions with holy writings: I'll give more space to this topic in the

next chapter. Censorship due to religious orthodoxy has been the most in-

uential in early European science, and despite the undeniable progress of

the applications of science and technology it is still strong. Especially when

religion is coupled with some of the other hot buttons.

– Contradictions to political and ideological manifestos. As I have mentioned,

some ideologies are as stringently enforced as the most strict religions. Com-

munism and Nazism are extreme examples of such ideologies, and indeed

we �nd dedicated e�ort to mold Science to �t the ideological framework of

these systems. Book burning, expulsion or extermination of nonconformist

thinkers, denial of the whole disciplines and introduction of state-sponsored

pseudo-research are well known. For example Lysenkoism, which has re-

sulted in atrophia of the Soviet genetics. Or `experiments' of the Nazis that

are rightly classi�ed as crimes against humanity. Even less brutal ideologies

24In many countries the denial of the Holocaust is considered a punishable crime. This is the state

e�ort to limit the twisting of history.
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are not free from meddling with Science, always, for the good of the people,

who should not be told this or that, or to strengthen the progressive message.

This is often the case with most active environmentalist movements, which

overpublicize all dangers while denounce as capitalist propaganda all positive

reports.

– Results leading to change in social order: here we touch not ideology but

control issues. States or organisations willing to protect the status quo have

often tried to close the lid on research and theories that might undermine

their power.

� Human function, nature and behavioural explanations. Scienti�c results related
to these subjects are touchy not only to organized bodies but to many individu-

als. There are many roots of the fear that Science might rob us of our personal

well being, dignity or freedom. Determinism, genetic origins of behaviour or of

di�erences between individuals might be construed as tools to make us think of

ourselves as automata, being hostage to our genes. Not in our genes! exclaims

the title of one of popular books on the subject, in which three eminent scientists

analyse the scienti�c, social, and political roots of biological determinism (Lewon-

tin et al., 1985)25. This subject is somewhat elaborated in Capters 8.3 and 9.3.2Pages 513 and 647

The fact that the same Standard Model of psychology, protesting against genetic

roots of some traits condemns us to environmental determinism is somehow less

o�ensive. Research on subjects directly connected to individual human condition

is frowned upon and, quite frequently, violently attacked.

A very interesting example of the issues related to one of `touchy subjects' |

feminism, can be found at http://www.edge.org/3rd_culture/debate05/debate05_

index.html#p5. The record of a debate between Steven Pinker and Elizabeth Spelke,

showing that it is possible to discuss politically inammable issues using research results

and arguments typical for science.

In addition to subjects that should not be researched, there are calls for intensi�ca-

tion of e�ort in certain areas. And this is obviously much more positive attitude, even

when we take into account the overall limits on available manpower and funds. But

pointing to what is important, even when one gives explicitly political reasons for such

attention, is much better than denying the right to study some topics.
Yet, with too much politics, even such positive attitude may turn to be quite funny.

The Zimmerman et al. (1972) manifesto gives, among other examples the following one:

For example, in medicine, money has been poured into research on heart disease, cancer
and stroke, major killers of the middle and upper classes, rather than into research on
sickle cell anemia, the broad range of effects of malnutrition (higher incidences of
most diseases), etc., which affect mainly the lower classes.

25The description comes from the cover blurb, as quoted by Amazon.com. The twist of reasoning that I
�nd particularly intriguing is the biological determinism resulting from politics, rather than our political

characteristics coming from biological roots.

http://www.edge.org/3rd_culture/debate05/debate05_index.html#p5
http://www.edge.org/3rd_culture/debate05/debate05_index.html#p5
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Thirty �ve years later, on the o�cial WEB site of the Science for the People, Malcolm
Povey puts another appeal: Save our Sciences. The language of brutal capitalism
plundering the world is repeated. And it is quite funny to observe, that the call for
more research on nutrition related diseases is repeated, with a twist:26

40% of the European Union budget for scientific research over the next 6 years is planned
to be spent on nuclear development. On the other hand, little research effort is going
into solving the developing epidemic in obesity and diabetes.

As most studies show, obesity is mostly found in lower income part of EU society,

not the `ruling class'. So, in any case, hunger or obesity, according to the leftist the-

oreticians `the capitalist monopolises the questions addressed by scientific endeavour'. An
easy sentence to write, and appealing to those sensitive to the well being of others. But

is it true? Has the research on malnutrition and/or obesity been really underfunded

and substandard? I have not seen a single proof of such statements. Nuclear studies

are more expensive as such, but does this mean that there is less e�ort in nutrition

and health studies? Especially when one takes into account all the ways where health

studies are not funded with direct `scienti�c' agencies, but through normal operational

funds of hospitals? I would be happy to �nd an unbiased comparison, not ideologist

proclamations.

26http://www.scienceforthepeople.com/index.php?name=News&file=article&sid=78

http://www.scienceforthepeople.com/index.php?name=News&file=article&sid=78
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3.3 Should (can) science be fairly distributed?

The year was 2081, and everybody was finally equal.
They weren’t only equal before God and the law.

They were equal every which way.
Nobody was smarter than anybody else. Nobody was better looking than anybody else.

Nobody was stronger or quicker than anybody else.
All this equality was due to the 211th, 212th, and 213th Amendments to the Constitution,

and to the unceasing vigilance of agents of the United States Handicapper General.
Kurt Vonnegut27

The fair distribution of resources and goods is a Holy Grail of the leftist,

progressive political movements. Sometimes fair means equal forced by rationing

and con�scation.28 Sometimes it is a lofty slogan `From each according to his abilities,
to each according to his needs '. I have lived for more than thirty years in a country

ruled by communists, who have o�cially put such fairness in distribution of goods

and tasks at the top of the constitutional system. This was supposed to be `workers'

paradise'. The truth? Well, my own observation is that generally everyone, from

top brass of the Communist Party to the people in the streets couldn't care less for the

all- encompassing fair distribution. Families, friends and local communities were always

preferred and privileged. `State property ' | something that was de�ned, in communist

state as belonging to all of us (and which therefore was supposed to be treated with

care and protected by all) was the �rst to pilfered and neglected.

This behaviour is in full agreement with evolutionary sociology, which shows that

with the expansion of the circle of relationship (a person, his or her immediate family,

extended family, friends, local community, casual acquaintances, nation | up to the

whole humanity and even the whole ecosphere) the strength of the innate fairness

impulses decreases. We are `unfairly ' overprotective toward our closest circle (children,

spouse, relatives), while the society needs norms and norm enforcement to prevent

the opposite unfairness of aggression toward those we consider as `strangers'. The

resulting social glue of basic justice is a product of the interplay of extended sel�shness

and mechanisms extending protection from exploiters (which can be observed even in

animal societies) and cultural norms built in societies, expressed in terms of religious,

legal or enforced systems. More on these topics can be found in Chapter 8.

So, practical achievement of a fair distribution of goods is far from achieved, and

its theoretical possibility remains an issue at the heart of conict of powerful personal

feelings, such as taking care of one's own family, and general, often political, standards.

The issue is tackled by di�erent political, �scal and religious systems, with di�ering

27Harrison Bergeron, for a web copy (presumably illegal, as this was not a scienti�c article but a work

of art), see http://instruct.westvalley.edu/lafave/hb.html
28Do you remember `All animals are equal, but some animals are more equal than others '?

http://instruct.westvalley.edu/lafave/hb.html
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mixtures of clan mentality, laissez-faire, progressive taxation, compulsory or expected

charity, to name just a few measures.

The leftist movement clearly states that Science's results are not divided uniformly.
The already quoted Science for the People manifesto (Zimmerman et al., 1972) puts it
this way:

Scientific knowledge and products, like any other products ans services in our society, are
marketed for profit – that is, they are not equally distributed to, equally available
to, or equally useable by all of the people. While they often contribute to the
material standard of living for many people, they are channeled through an organization
and distribution of scarcity in such a way as to rationalize the overall system of economic
exploitation and social control. Furthermore, they frequently become the prerogative of
the middle and upper classes and often result in increasing the disadvantages of those
sectors of the population that are already most oppressed.

What this statement misses is the fact that there must be an active role of the

recipient of the scienti�c knowledge. You can lead the horse to water, you can not make

it drink. Of course, there are obvious tasks of the state and society to enable such active

role, especially education, but without the will to absorb scienti�c ideas there will be no

chance for using the knowledge by the individuals. And the political accusations that

we live in a system of exploitation and oppression would serve, in many cases, as excuse

for not trying to use the resources already available. Thinking `why should I learn your

capitalist science, which is not only di�cult but also, as some say, a tool to oppress

me?' is quite nice explanation of not trying to learn maths. If one adds the need to

respect other narratives, other views of the world, we arrive at the �nal outcome of too

much of equality: when every idea is equal, there is no truth.

Can the concept of fairness be applied not only to results of science but to scienti�c

ideas? Can folk wisdom and legends be given the same footing as results of modern

science? We have already touched this subject in Section 1.2.2. A democracy of nar-
ratives is stupid if one believes that there is a measuring stick of objective Reality,
to which all narratives must relate. Some narratives relate better, some worse. Some

approaches make accurate predictions, others not29. Historically, the Western scienti�c

method, although developed in just a tiny fraction of the human history, coupled with

its technological companions, has proved to be the most e�ective at getting us closer

to understanding Nature. Moreover, we can not forget that our world and life is per-

meated by technology, based on this speci�c `narrative', and on no other. While some

of us complain about the dominance of technology in everyday life and its impact on

the environment, the simple fact that seven billion people are now living on Earth is

a result of technological advances, tools and methods. Understanding technology, and

29Just as some people are better at playing basketball than others. Of course, if suitable proactive

measures would be taken all people would be equal, for descriptions of e�ects see the stories of Procrustes

or Harrison Bergeron by Kurt Vonnegut. Equalizing process works only by cutting down, whether it

is people or status of scienti�c theories.
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Science, which is the base of technology, is a necessary condition for our success in the

future. That makes real Science very important indeed.

So, if we thus propose an autocracy (dictatorship?) of Science, and to boot its

Eurocentrism, how can we speak about a fair distribution?

The answer is simple: we should treat access to science and scientific understand-
ing as you would treat any valuable resource that you wish to be freely and publicly
accessed. Science is as vital to our survival as clean air or fresh water, for example.

We have to do whatever is possible to make it available to anyone, regardless of race,

gender, wealth or place of birth. Internet age is the �rst in history, in which large

parts of humanity could, if they wished to invest the e�ort, access most of the required

information. Even in the developing countries, the possibility to cross the gap is the

greatest today than it was at any time in history. Let's not get fooled by the stories

of pre-industrial paradise in Africa or South American jungles: there is a better chance

for these people to be part of the worldwide society today, even including all the real

problems, than it was in the atomized world of small, isolated societies. But, of course,

such advancement of science would not come by itself.

It requires active approach on the social front | showing how much can any society,

developing or developed, gain by embracing scienti�c mentality. On the technical front,

such as the 100$ laptop for kids initiative. The job of governments, academia and

activists is to help and to facilitate such actions in places where they are limited or

absent. And to complement the technical availability of information with coaching and

teaching, to make the task of learning the scienti�c language easier. And, of course,

to encourage the e�ort, as the establishment of the necessary conditions is not enough:

people must want to and try to use them. Are we, as the whole humanity, doing a good

job out of this? I'll come back to this issue in Chapter 11.

This is the true democracy of science, not proposing that magical or poetic explana-

tions of a rainbow are equivalent in power to mathematical calculation of the dispersion

of light in a water droplet. Downgrading and deriding what we know in the name of

ideal of false equality would get us nowhere. And the people who would lose the most

by such false `equality of narratives' are exactly those who are the ones that need most

of the help and protection.
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CHAPTER

FOUR

ON BELIEFS

The inhabitants of the earth are of two sorts:
Those with brains, but no religion,

And those with religion, but no brains.
Abu’l-‘Ala’ al-Ma‘arri 1

It seems to me that the idea of a personal God is an anthropological concept which I cannot take
seriously.

I also cannot imagine some will or goal outside the human sphere. . . .
Science has been charged with undermining morality, but the charge is unjust.

A man’s ethical behaviour should be based effectually on sympathy, education, and social ties and needs;
no religious basis is necessary. Man would indeed be in a poor way

if he had to be restrained by fear of punishment and hope of reward after death.
Albert Einstein 2

1 d. 1057, poet of Ma`arra, quoted in Amin Maalouf's book The Crusades Through Arab Eyes
2Religion and Science, New York Times Magazine (9 November 1930); also used in the obituary in

New York Times (19 April 1955)
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4.1 Definitions

Religion is an illusion and it derives its strength from the fact
that it falls in with our instinctual desires.

Sigmund Freud

Forgive him, for he believes that the customs of his tribe are the laws of nature!
George Bernard Shaw

Why would I put a chapter (and more) on religion in a book devoted to
the status of Science in today's world? Perhaps a good explanation may be

found after reading the opening article of Pope John Paul II Encyclical `Fides and
Ratio':

In both East and West, we may trace a journey which has led humanity down the
centuries to meet and engage truth more and more deeply. It is a journey which has
unfolded – as it must – within the horizon of personal self-consciousness: the more
human beings know reality and the world, the more they know themselves in their
uniqueness, with the question of the meaning of things and of their very existence
becoming ever more pressing. This is why all that is the object of our knowledge
becomes a part of our life. The admonition Know yourself was carved on the temple
portal at Delphi, as testimony to a basic truth to be adopted as a minimal norm by
those who seek to set themselves apart from the rest of creation as ‘human beings’,
that is as those who ‘know themselves’.

Moreover, a cursory glance at ancient history shows clearly how in different parts of
the world, with their different cultures, there arise at the same time the fundamental
questions which pervade human life: Who am I? Where have I come from and where
am I going? Why is there evil? What is there after this life? These are the questions
which we find in the sacred writings of Israel, as also in the Veda and the Avesta; we
find them in the writings of Confucius and Lao-Tze, and in the preaching of Tirthankara
and Buddha; they appear in the poetry of Homer and in the tragedies of Euripides and
Sophocles, as they do in the philosophical writings of Plato and Aristotle. They are
questions which have their common source in the quest for meaning which has always
compelled the human heart. In fact, the answer given to these questions decides the
direction which people seek to give to their lives3.

As Science's aim is `to meet and engage truth more and more deeply' there is all the

reason to look at other activities that claim to be doing likewise. Note, that historical

account of the Encyclical regarding the search for the Truth lists so many religious
directions. Which just shows, that from this point of view, Religion is an alternative

way to the Truth to Science. Discussing the status of Science, we must, par force,

understand the alternative. Let us then start with some de�nitions.

3http://www.vatican.va/holy_father/john_paul_ii/encyclicals/documents/hf_jp-ii_enc_
15101998_fides-et-ratio_en.html

http://www.vatican.va/holy_father/john_paul_ii/encyclicals/documents/hf_jp-ii_enc_15101998_fides-et-ratio_en.html
http://www.vatican.va/holy_father/john_paul_ii/encyclicals/documents/hf_jp-ii_enc_15101998_fides-et-ratio_en.html
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Theism is the belief in one or more gods or goddesses. More specifically, it may
also mean the belief in God, a god, or gods, who is/are actively involved in maintaining
the Universe. This secondary meaning is shown in context to other beliefs concerning
the divine below.

The term is attested in English from 1678, and was probably coined to contrast with
atheism attested from ca. 1587 (see the etymology section of atheism for details).

The primary meaning sees four major views of the role of the divine in the world in
this context:

• deism, the view that God created the world but does not interact with it; emphasis
on deities’ transcendence

• theism, (second definition), the view that God is immanent in the world, yet
transcends it;

• panentheism, the view that the world is entirely contained within God, while at
the same time God is something greater than just the world.

• pantheism, the view that the world is identical to God; emphasis on deities’ im-
manence

Within the primary meaning of theism there can be differentiated a number of quanti-
tative definitions:

• polytheism (there are several gods)

• monotheism (there is only God)

Within Polytheism there are “Hard” and “Soft” varieties. Hard polytheism views
the gods as being distinct and separate beings, Soft polytheism views the gods as being
subsumed into a greater whole.

Within Polytheism a number of attitudes to the worship of the gods can be discerned.

• monolatry (there are several gods, but only one of them is worshipped)

• henotheism (several gods are worshipped, but one is seen as supreme)

• kathenotheism (worship of one god at a time, seeing each as supreme in turn)

Within monotheism there are exclusive and inclusive forms. Exclusive monotheism can
be monistic (Judaism, Islam), dualistic (Parsis/Zoroastrian) and pluralistic (Christian-
ity). Some forms of Hinduism and Neopaganism could be considered Inclusive monothe-
ism.

Finally, the distinction can be made between belief in the existence of gods, and
assertions about their benevolence or morality, or the belief in God as the summum
bonum: see eutheism and dystheism.

Typical theistic religions are Zoroastrianism, Saivism, Vaishnavism, Judaism, Chris-
tianity, Islam, Bahá’́ı, and Sikhism.4

Atheism is the condition of being without theistic beliefs, or the disbelief in the
existence of deities. In antiquity, Epicureanism had aspects of atheism, but it disap-
peared from the philosophy of the Greek and Roman traditions as Christianity began

4Source: WIKIPEDIA, http://en.wikipedia.org/wiki/Theism

http://en.wikipedia.org/wiki/Theism
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gaining influence. During the Age of Enlightenment, atheism re-emerged as an accusa-
tion against those who questioned the religious status quo, but by the late 18th century
it had become the avowed position of a growing minority. By the 20th century, atheism
had become dominant in Communist states, and the most common position among
natural scientists, rationalists, and humanists.

There are two main forms of atheism5:

• Weak atheism, also known as implicit atheism or negative atheism, is the absence
of belief in the existence of deities. A weak atheist may claim that nonexistence
is likely because there is lack of sufficient evidence. An argument commonly
associated with the weak atheist position is that of rationalism: one should believe
only what one has reason to believe. Theists claim that a particular god and/or
deities exist. Weak atheists do not assert the contrary; instead, they refrain from
assent to the theists’ claim. Some weak atheists have no opinion on the issue,
either because they have not considered it, or because the arguments and evidence
provided by both sides are equally unpersuasive. Others, having considered the
arguments and evidence, may doubt the existence of deities but are unwilling to
assert that deities do not exist. They may feel that it is impossible to prove
a negative, or that the strong atheist has not been relieved of the burden of
proof, which is required of the theist too, or that faith is presently required to
assert or deny theism, making both theism and strong atheism untenable. The
epistemological position that the existence or nonexistence of deities is unknown,
and possibly unknowable, is known as agnosticism. It is possible to be an theistic
agnostic (holding that the existence of a deity is unprovable, but continuing to
have faith) or an agnostic atheist (holding the same, but without the faith). For
a discussion of agnosticism and its variants, see: agnosticism, weak agnosticism,
strong agnosticism, agnostic atheism.

• Strong atheism, also known as explicit atheism or positive atheism, is the belief
that no deities exist. This may be based on the view that there is insufficient
evidence or grounds to justify belief in deities, on grounds such as the problem
of evil, or on the assertion that any belief in the supernatural is not rationally
justifiable.

Atheism, morality, and religion
Many world religions teach that morality is derived from, for example, the com-

mandments of a particular deity, and, further, that fear of the gods is a major factor
in motivating people towards moral behaviour. Consequently, atheists have frequently
been accused of being amoral or immoral (see Section 4.8). For example, for many
years in the United States, atheists were not allowed to testify in court because it was
believed that an atheist would have no reason to tell the truth.

5Nota bene, in a recent article in a Polish newspaper Gazeta Wyborcza, describing Czech Republic

as probably the most atheistic country in the world, the author has also divided atheists to two groups,

but with a very clear ranking: `Two thirds of the population describe themselves as atheists, but it is widely
known that only about 1 percent are ‘conscious atheists’, renouncing the existence of God about whom they
know something. To the remaining majority the religion is something indifferent, not worthy of attention.'
Now, this is written from a clear perspective indeed. First you must know your God (which one?) to

renounce Him (or Her, or Them). Otherwise you can not be proper atheist. Only an inattentive sloth.
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Atheists reject this view, and assert that they are as motivated towards moral be-
haviour as anyone — if only by their upbringing, a human concern for others, society’s
laws, a desire for a good reputation, and self-esteem. Francis Bacon writes: “Atheism
leaves a man to sense, to philosophy, to natural piety, to laws, to reputation; all of
which may be guides to an outward moral virtue, even if religion vanished; but religious
superstition dismounts all these and erects an absolute monarchy in the minds of men.”
6

In addition, while atheism, as a negative position, does not entail any particular moral
philosophy, many atheists are drawn towards views like Secular Humanism, which pro-
vide a moral framework that is not founded on faith in deities.

Similarly, atheism is not synonymous with irreligion. There are religious belief sys-
tems, including much of Buddhism, Taoism, and Unitarian Universalism, which do not
require theistic belief. A number of atheistic churches have been established, such as
the Naturalistic Pantheists, Brianism, and the Fellowship of Reason.7

6http://www.worldwideschool.org/library/books/phil/modernwesternphilosophy/
FrancisBacon/chap17.html

7Source: WIKIPEDIA, http://en.wikipedia.org/wiki/Atheism

 http://www.worldwideschool.org/library/books/phil/modernwesternphilosophy/FrancisBacon/chap17.html
 http://www.worldwideschool.org/library/books/phil/modernwesternphilosophy/FrancisBacon/chap17.html
http://en.wikipedia.org/wiki/Atheism
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4.2 Believe in everything: it’s safer

All Faith is false, all Faith is true:
Truth is the shattered mirror strewen

In myriad bits; while each believes
his little bit the whole to own.

Richard Francis Burton

There are no atheists in foxholes.
Lt-Col. William J. Clear (1942)

Atheists in foxholes, some say they are myths,
Creations of the mind who just don’t exist.

Yet, they answered the call to defend, with great pride.
With reason their watchword, they bled and they died.

Alice Shiver 8

’There are no atheists in foxholes’ isn’t an argument against atheism, it’s an argument against foxholes.
James Morrow

The exchange used as motto for this Section starts with an assumption that

in times of crisis, of utmost need and anxiety, all people would have to turn to

some form of religion. That it is necessary to believe to retain sanity, morality and

perform our obligations towards humanity (or part of it). The defense of atheism as

an alternative source of such strength is proven by lives and deaths of many men. It is

possible to do good { or evil { being an atheist or a believer. But here the question is

di�erent: is belief a rational choice and if so, how? If it is not rational, than why is it

such a popular stance?

As is clear from the de�nition of atheism, apart from the degree of the dis-belief in

the existence of deities (Weak vs. Strong atheism), there is just one, universal un-faith.
On the opposite end, theists have enormous range of choices. And these choices, o�ered

by di�erent religions and religious organizations are, in most cases, wholly exclusive.

Usually, we are blindfolded by our cultural upbringing, and we recognize only a few

most popular faiths. What I set out here is to try to show, by direct listing, the

enormous variety of religious beliefs. Below is a list of religions from the WIKIPEDIA

(http://en.wikipedia.org/wiki/List_of_religions). Probably far from complete,

yet it shows just how many systems of belief there are.

Abrahamic religions Believers in the One God, YHWH; also called desert monotheism.

� Babism

8(http://alabamafreethought.org/atheists_in_foxholes.htm), `Atheists-in-Foxholes' monu-

ment, dedicated on July 4, 1999

http://en.wikipedia.org/wiki/List_of_religions
http://alabamafreethought.org/atheists_in_foxholes.htm
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� Bah�a'��

– Bah�a'�� Faith

– Orthodox Bah�a'�� Faith

� Christianity (see List of Christian denominations)

– Eastern Orthodoxy

– Catholicism

– Oriental Orthodoxy (Monophysitism)

– Nestorianism

– Protestantism

� Anabaptists

� Anglicans

� Baptists

� Lutherans

� Methodists

� Pentecostals

� Reformed

� Presbyterian

� Society of Friends (Quakers)

� Waldensians

– Restorationism

� Jehovah's Witnesses

� Mormonism

� Seventh-day Adventist

� Druzism

� Gnosticism

– Basilidians

– Bogomils

– Borborites

– Cainites

– Carpocratians

– Cathars

– Marcionism (not entirely Gnostic)

– Ophites

– Valentinians (see: Valentinius)

� Islam
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– Ahmadiyya

– Kharijites

� Ibadis

� Sufris

– Nation of Islam

– Shiite

� Alawites

� Ismailis

� Jafari

� Zaiddiyah

– Sunni

� Berailvi

� Deobandi

� Hana�

� Hanbali

� Maliki

� Mu'tazili

� Sha�'i

� Wahhabi

– Su�sm

– Zikri

� Judaism

– Contemporary Divisions

� Karaite Judaism

� Rabbinic Judaism

� Orthodox Judaism { Haredi Judaism

� Conservative Judaism (Masorti)

� Reform Judaism

� Reconstructionist Judaism

� Humanistic Judaism

– Historical Sects

� Hasmoneans

� Essenes

� Pharisees

� Sadducees

� Zealots { Sicarii
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– Heritical sects that believed Christ was a prophet

� Ebionites

� Elkasites

� Nazarenes

� Talmidaism

– Crypto-Judaism

� Marrano Judaism

� Conversos

– Jewish messianic movements

� Frankists

� Sabbatianism { Donmeh

� Samaritanism

� Mandaeanism

� Rastafarianism

Dharmic religions Religions with a concept of Dharma, also major religions of historical

India

� Hinduism (see also Contemporary Hindu movements)

– Agama Hindu Dharma (Javanese Hinduism)

– Shaivism

– Shaktism

– Smartism

– Vaishnavism

� Swaminarayan Religion

� The Original Shree Swaminarayan Sampraday

� Gaudiya Vaishnavism

� ISKCON (Hare Krishna)

– Six major schools and movements of Hindu philosophy

� Samkhya

� Nyaya

� Vaisheshika

� Purva mimamsa

� Vedanta (Uttar Mimamsa)

� Advaita Vedanta

� Integral Yoga

� Yoga
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� Ashtanga Yoga

� Hatha yoga

� Siddha Yoga

� Tantric Yoga

� Buddhism

– Mahayana

– Nikaya schools (which have historically been called Hinayana in the West)

� Theravada

– Vajrayana (Tantric Buddhism)

� Jainism

– Digambara

– Shvetambara

� Sikhism

Other revealed religions These are broadly similar to Abrahamic religions in scope and

nature, but follow a separate history of prophesy and belief

� Zoroastrianism

Indigenous religions The orally transmitted canon of indigenous peoples, many involv-

ing some variant of animism and most defunct

� African religions

– Akamba mythology

– Akan mythology

– Ashanti mythology

– Bushongo mythology

– Dahomey mythology

– Dinka mythology

– E�k mythology

– Egyptian mythology

– Isoko mythology

– Khoikhoi mythology

– Lotuko mythology

– Lugbara mythology

– Pygmy mythology

– Tumbuka mythology

– Yoruba mythology
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– Zulu mythology

� European religions

– Anglo-Saxon mythology

– Basque mythology

– Chukchi mythology

– Druidry (Celtic Religion)

– Finnish mythology

– Greek religion

� Greek mythology

� Mystery religions

� Eleusinian Mysteries

� Mithraism

� Pythagoreanism

– Norse mythology

– Roman religion

� Roman mythology

– Slavic mythology

� Asian religions

– Babylonian and Assyrian religion

� Assyrian mythology

� Babylonian mythology

� Chaldean mythology

� Sumerian mythology

– B�on (Indigenous Tibetan belief)

– Chinese mythology

– Shinto

� Oomoto

– Tengrism (Indigenous Mongol, Tartar & Kazakh belief)

– Yezidis (Modi�ed indigenous Kurdish belief)

� Native American religions

– Abenaki mythology

– Aztec mythology

– Blackfoot mythology

– Chippewa mythology

– Creek mythology

– Crow mythology



Draft, January 2, 2008 116 Chapter 4. On beliefs

– Guarani mythology

– Haida mythology

– Ho-Chunk mythology

– Huron mythology

– Ibo mythology

– Iroquois mythology

– Kwakiutl mythology

– Lakota mythology

– Lenape mythology

– Navaho mythology

– Nootka mythology

– Pawnee mythology

– Salish mythology

– Seneca mythology

– Tsimshian mythology

– Ute mythology

– Zuni mythology

� Northern indigenous religions

– Aleut mythology

– Evenk mythology

– Inuit mythology

– Yukaghir mythology

� Oceanic religions

– Australian Aboriginal mythology

– Balinese mythology

– Micronesian mythology

– Maori mythology

– Modekngei (Republic of Palau)

– Nauruan indigenous religion

– Polynesian mythology

– Tuvaluan mythology

Neopagan or revival religions Modern religions seeking to recreate indigenous, usually

pre-Christian, beliefs and practices

� Asatru

� Church of All Worlds
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� Dievturiba

� Ghost Dance

� Neo-druidism

� Judeo-Paganism

� Hellenismos

� Orisha religions (beliefs of the former West African slaves in the New World)

– Kumina

– Obeah

– Santer��a (Lukumi)

– Voudun

� Beninese Vodun

� La Regla Arara

� Jeje Vodun

� Se'vis Gine

� Kongo religions (beliefs of the former South and Central African (Bantu)

slaves in the New World)

– Candombl�e

– Macumba

– Palo

� Mayombe

� Kimbisa

� Briyumba

� Malongo

– Umbanda and Quimbanda

– Xango

� Rodoverie (Slavic paganism)

� Summum

� Wicca

– Alexandrian Wicca

– Dianic Wicca (Feminist Wicca)

– Gardnerian Wicca

– Seax-Wica

– Faery Wicca

– Feri Tradition

Non-revealed religions Philosophies not transmitted by a divine prophet
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� Carvaka

� Confucianism

� Deism

� Fellowship of Reason

� Spiritual Humanism

� Mohism

� Prometheism

� Taoism

Suitheistic religions Religions which value the spiritual advancement of the self over

other goals

� Demonolatry

� Dragon Rouge

� Illuminates of Thanateros

� Order of the Solar Temple

� Satanism

– Church of Satan

– Order of Nine Angles

� Setianism also spelled Sethianism

– Temple of Set

– The Storm

� Thelema

– Argenteum Astrum

– Fraternitas Saturni

– Ordo Templi Orientis

– Typhonian Ordo Templi Orientis

Syncretic religions Faiths created from blending earlier religions or that consider all or

some religions to be essentially the same

� Are's Pilgrim Movement

� Cao Dai

� Falun Dafa (Falun Gong)

� Huna

� Konkokyo
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� Law of One

� Mahikari

� Manichaeism

� Unitarian Universalism

� Universal Life Church

� Tenrikyo

� Theosophy

� Seicho-No-Ie

Entheogen religions Religions based around divinely inspiring substances

� Ayahuasca-based beliefs

� Church of the Universe (marijuana sacrament)

� Matrixism

� Peyotism

– Santo Daime

� THC Ministry

– Unia~odo Vegetal

New Religious Movements Religions founded since 1850 with small followings

� Alien-based religions

– The Aetherius Society

– Raelism

– Scientology

� Church of Scientology

� Free Zone

– Unarius society (Unarius Academy of Science)

– Urantia, Book of

� Ananda Marga

� Anthroposophy

� Aum Shinriky (Aleph)

� Baluan Native Christian United Church

� Breatharianism (Air cult)

� Brianism

� Cargo cults
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– Jon Frum Movement

– Mambu Movement

– Peli Asociation

– Vailala Madness

� Christian Fellowship Church of New Georgia

� Church Universal and Triumphant

� Eckankar

� Elan Vital

� Faithists of Kosmon

� Juche (The personality cult of North Korean leaders)

� Matrixism

� Process Church of the Final Judgement

� Purtillology

� Racist religions

– Creativity Movement (World Church of the Creator)

– Church of the American Knights of the Ku Klux Klan

� Rajneeshism

� Sathya Sai Organisation

� Spiritualism (Spiritism)

– Kardecist Spiritism

� Subud

� Tuka Movement

� The Uni�cation Church (Moonies)

� Virus, The Church of

� Yoism

Parody or mock religions Groups that poke fun at other religions or religion in general

� Church of God the Utterly Indi�erent

� Church of the SubGenius (The cult of Bob Dobbs)

� Discordianism (some Discordians maintain that their religion is not wholly

without an element of seriousness)

� Elvis religions

– Church of Jesus Christ Elvis
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– The First Preslyterian Church of Elvis the Divine

� Fictional religions turned Parody

– Bokononism

– Jedi9

� The First Church of the Last Laugh

� Invisible Pink Unicorn

� Kibology

� Landover Baptist Church

� Universal Church of Google

� Roshambo

� Shatnerology

� Text editor religions

– Church of Emacs

– Cult of Vi

Esotericism

� Alchemy

� Freemasonry

� Gnosticism

� Kabbalah

� Occultism

� Rosicrucian

– Ancient Mystical Order Rosae Crucis

– Confraternity of the Rose Cross

– Rosicrucian Fellowship

Mysticism

� Christian mysticism

– Gnosticism

� Hindu mysticism

– Tantra

– Yoga

– Bhakti

9The 2001 Census reported more Jedi in England than Sikhs.
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– Vedanta

� Kabbalah (also part of Judaism)

– Kabbalah Centre

� Martinism

� Matrixism

� Meditation

� Spirituality

� Su�sm

� Theosophy

Magic (religion)

� Astrology

� Divination

– Prophecy

� Exorcism

� Faith healing

� Feng Shui

� Hoodo

� (Rootwork)

– New Orleans Voodoo

� Kimbanda

� Magick

– Chaos magick

– Enochian Magic

– Grimoire magick

– Goetic magick

� Miracles

� Pow-wow

� Seid (shamanic magic)

� Vaastu Shastra (Hinduism)

� Witchcraft
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Well, that's a long list indeed. Some entries (most, in fact) are deadly serious

religions. A few are jokes, a few more, I guess, are in for pro�t. Now, dear Reader, I'd

ask you to make an exercise. Pick two of the religions from the list at random. Now

try to present arguments that the �rst of the two is utterly false, while the second is the

only way to salvation (or whatever passes for salvation for its followers). Then do the

opposite. If you do not know enough of the religions picked, ask yourself if, perhaps,

you miss something? Such as a true way to salvation?

What makes the list, at least for me, particularly impressive is the fact that almost

every line corresponds to thousands or millions or even billions of men and women, each

of them certain that their particular belief is the true one10. This has always astounded

me as incredible: how can there be so many di�erent fundamental Truths?
One explanation I have heard quite often is based on the ecumenical approach: all

these religions are but speci�c reections (imperfect because of imperfect human nature)
of a single, universal one, which we can perceive only dimly. In other words, all these
religions are roads that lead to the single, true God (or Goddess, or . . . ). For example,
in `Redemptor Hominis' Encyclical of Pope John Paul II we read

With regard to religion, what is dealt with is in the first place religion as a uni-
versal phenomenon linked with man’s history from the beginning, then the various
non-Christian religions, and finally Christianity itself. The Council document on non-
Christian religions, in particular, is filled with deep esteem for the great spiritual values,
indeed for the primacy of the spiritual, which in the life of mankind finds expression in
religion and then in morality, with direct effects on the whole of culture. The Fathers of
the Church rightly saw in the various religions as it were so many reflections of the one
truth, “seeds of the Word”, attesting that, though the routes taken may be different,
there is but a single goal to which is directed the deepest aspiration of the human spirit
as expressed in its quest for God and also in its quest, through its tending towards God,
for the full dimension of its humanity, or in other words for the full meaning of human
life.

Yet the same encyclical states `In Christ and through Christ God has revealed himself
fully to mankind and has definitively drawn close to it'. So, there is only one True Religion,

and it is `ours'.

While publicly held and televised joint prayers for peace by the world leaders of

various churches look really impressive11 and I have no doubt are planned with pure

heart and mind, I still wonder how anyone would contemplate that all religions are
true at the same time. They di�er by too much. Perhaps the most enticing image

I found is given, I guess quite seriously, by Terry Pratchett in his Discworld novels.

In what looks at �rst sight as pure pun, Gods get created by men, physically real,

complete with crocodile heads and thunder-hammers. Created, Gods start to play

games with the lives of Men (provided they can �nd the dice and gameboard). A deity

10People ready to die or kill do defend or spread their belief, as proven so many times in history. I will

come back to this aspect when discussing the interplay of religion and science of morality.
11Especially compared to centuries of bloodshed.
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is as powerful as the number and real belief of its followers, some remain forever `Small
Gods ', barely a whisper of possibility, while some can do really real miracles. The

straight proportionality of belief and power12 gives at least a reason for `In heaven as it

is on Earth'.

Long time ago, in one of SF novels I have read an advertising slogan `Believe in
everything! How do you know that Tumbuka Animism [or something like it] is not the true
faith? Be safe!'13 This is just expanded version of Pascal's Wager14, encompassing all

alternatives for playing safe. This kind of multiple safety net is linked to Religious
Political Correctness, which can be very funny15.

And most of us do play safe. The 2004 CIA World Factbook (http://cia.gov/cia/

publications/factbook/geos/xx.html#People) gives the following numbers:

� Christians 32.71%, of which

– Roman Catholics 17.28%,

– Protestants 5.61%,

– Orthodox 3.49%,

– Anglicans 1.31%,

� Muslims 19.67%,

� Hindus 13.28%,

� Buddhists 5.84%,

� Sikhs 0.38%,

� Jews 0.23%,

� other religions 13.05%,

� non-religious 12.43%,

12Or should we rather speak of a positive feedback cycle and exponential growth pattern?
13I'd be grateful for pointing me to the actual novel, as the reference has slipped my mind.
14Pascal's Wager (also known as Pascal's Gambit) is Blaise Pascal's application of decision theory to the

belief in God. It is one of three 'wagers' which appear in his Pens�ees, a collection of notes for an un�nished

treatise on Christian apologetics. Pascal argues that it is always a better `bet' to believe in God, because

the expected value to be gained from believing in God is always greater than the expected value resulting

from non-belief. Note that this is not an argument for the existence of God, but rather one for the belief
in God. Pascal speci�cally aimed the argument at such persons who were not convinced by traditional

arguments for the existence of God. With his wager he sought to demonstrate that believing in God is

advantageous to not believing, and hoped that this would convert those who rejected previous theological

arguments.
15A school counsellor at Everett Middle School in Wheat Ridge Colorado, while leading the school's

recitation of the Pledge of Allegiance over the public announcement system, changed the `one nation

under God ' phrase to `one nation under your belief system '. . .

http://cia.gov/cia/publications/factbook/geos/xx.html#People
http://cia.gov/cia/publications/factbook/geos/xx.html#People
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� atheists 2.41% (2002 est.)

So, what might be the reason for such small number of atheists an non religious peo-

ple in our world?16 Do we apply Pascals Wager unconsciously, like Monsieur Jourdain

speaking in prose?17 Undoubtedly there are many rational reasons. We also look for

ways to mitigate our fear of the unknown and powerful phenomena, present so close and

dangerous throughout our history: lightnings, volcanoes, earthquakes, storms on the

sea, droughts and oods, and so many more. Something | someone must be responsi-

ble for these. People look for ways to give meaning to their short and usually unful�lled

lives18 | and the hope that there is some form of afterlife. Love and attachment to

our families and friends, and the hope that even after death they might be close and

helpful. In most of cases these motives are hidden in everyday actions and analysis,

applied as naturally as walking or picking stones. The motivation and the responses

seem to be natural | which does not mean they are automatically good. Not all that

is natural is good, this is the famous Naturalistic Fallacy.

All the reasons I have given above are quite personal, reecting feelings and hopes

of individuals. But the rise of religions has also obvious social roots and functions.

Religious education and indoctrination, ongoing from early childhood is undoubtedly

a reason for conformity of belief in groups and societies. Establishing moral precepts

end enhancing the obedience by going beyond social measures of ostracism and pun-

ishment, involving supernatural, perhaps eternal, punishment gives a lot of weight to

taboos, rules and regulations. Justi�cation and stabilization of social structure by di-

vine examples and commandments is another desired e�ect. Is it surprising that in

every religion priests are respected, and in most of them they are given positions of

wealth and power19? Earthly struggles for such temporary (from the point of view of

deities) power have been so frequent that I can safely assume that this world is at least

as important to our earthly guides as the Absolute.

16Scarcity of open atheists on Pratchett's Discworld is easily explainable by the fact that they get

smitten by thunderbolts very quickly.
17Moli�ere, Le Bourgeois gentilhomme
18One of the best comments I ever found on e�cient time management and productivity was `How

many of us wish, at the hour of death that they have had spent more hours in the o�ce?'
19`Anyone arrogant enough to reject the verdict of the judge or of the priest who represents the LORD

your God must be put to death. Such evil must be purged from Israel.' [Deuteronomy 17:12 NLT]
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4.3 Comfort and explanation

Seen a man standin’ over a dead dog lyin’ by the highway in a ditch
He’s lookin’ down kinda puzzled pokin’ that dog with a stick

Got his car door flung open he’s standin’ out on highway 31
Like if he stood there long enough that dog’d get up and run

Struck me kinda funny seem kinda funny sir to me
Still at the end of every hard earned day people find some reason to believe.

. . .
And everything dies baby that’s a fact

But maybe everything that dies someday comes back
Bruce Springsteen20

One of the most deeply felt reasons of religious belief is the comfort that it

provides to individuals. The feeling that there is someone or something helping,

that there is an explanation, higher justi�cation of our individual karma, our tragedies

and actions is very needed. Throughout humanity's history we have looked for expla-

nations of misfortunes, for correcting the misdeeds and punishment of wrongdoers (if

not in this world, than at least in the other one). We have looked for all-powerful

guardians and all-encompassing understanding, needing this as individuals. Some re-

ligions invoke directly the supernatural shepherd, guiding and taking care. God, who

provides ultimate reason and answer to any of the questions that might arise. Even

if the answer is, in reality, no answer | `God's will', or `It's the Divine Plan'. For

many years such substitute-answers were all that could be said about the reason of

many natural phenomena, deeply involving people and their feelings, such as illnesses

of their close ones, natural disasters (oods or draught) or even such simple accidents

as lightning strokes. The need for explanation that there is someone who cares, even
distant and dangerous, but nevertheless interested in us is strong today, and I see no

reason to think it was weaker ages ago. This theme is usually not elaborated within the

organized religions (would it expose too much of the motivation?).

In contrast, some thinkers point out directly and forcefully to this rather sel�sh
source of the supernatural and spiritual. For example, Albert Einstein is reported to
have said:

I cannot conceive of a God who rewards and punishes his creatures, or has a will of
the kind that we experience in ourselves. Neither can I nor would I want to conceive
of an individual that survives his physical death; let feeble souls, from fear or absurd
egoism, cherish such thoughts.21

Another famous physicist, Richard Feynman has given similar view:

20Reason to Believe and Atlantic City
21Albert Einstein, quoted after Pais, A., Einstein Lived Here, Oxford Uni. Press, New York, NY,

USA, 1994.
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God was invented to explain mystery. God is always invented to explain those things
that you do not understand. Now, when you finally discover how something works, you
get some laws which you’re taking away from God; you don’t need him any more. But
you need him for the other mysteries. So therefore you leave him to create the universe
because we haven’t figured that out yet; you need him for understanding those things
which you don’t believe the laws will explain, such as consciousness, or why you only live
to a certain length of time – life and death – stuff like that. God is always associated
with those things that you do not understand. Therefore I don’t think that the laws can
be considered to be like God because they have been figured out.22

Some other opponents of religion, analysing it from the point of view of evolutionary
strategies and bene�ts look for hidden meaning beyond the comfort and consolation.
For example, Dawkins (2004b) points out that:

Religious behaviour in bipedal apes occupies large quantities of time. It devours huge
resources. A medieval cathedral consumed hundreds of man-centuries in its building.
Sacred music and devotional paintings largely monopolized medieval and Renaissance
talent. Thousands, perhaps millions, of people have died, often accepting torture first,
for loyalty to one religion against a scarcely distinguishable alternative. Devout people
have died for their gods, killed for them, fasted for them, endured whipping, undertaken
a lifetime of celibacy, and sworn themselves to asocial silence for the sake of religion.
Though the details differ across cultures, no known culture lacks some version of the
time-consuming, wealth-consuming, hostility-provoking, fecundity-forfeiting rituals of
religion. All this presents a major puzzle to anyone who thinks in a Darwinian way.
[. . . ] Isn’t religion a [. . . ] challenge, an a priori affront to Darwinism, demanding [. . . ]
explanation? Why do we pray and indulge in costly practices that, in many individual
cases, more or less totally consume lives?

Not all individuals are religious, as most readers of this journal can testify. However,
religion is a human universal: every culture, everywhere in the world, has a style of
religion that even non-practitioners recognize as the norm for that society, just as it has
a style of clothing, a style of courting, and a style of meal serving. What is religion good
for? There is a little evidence that religious belief protects people from stress-related
diseases.

Is religion a medical placebo, which prolongs life by reducing stress? Perhaps, al-
though the theory is going to have to run the gauntlet of sceptics who point out the
many circumstances in which religion increases stress rather than decreases it. In any
case, I find the placebo theory too meagre to account for the massive and all-pervasive
phenomenon of religion. I do not think we have religion because our religious ancestors
reduced their stress levels and hence survived longer. I do not think that is a big enough
theory for the job. Other theories miss the point of Darwinian explanations altogether.
I refer to suggestions like, ‘Religion satisfies our curiosity about the universe and our
place in it.’ Or ‘Religion is consoling. People fear death and are drawn to religions
which promise we’ll survive it.’ There may be some psychological truth here, but it is
not in itself a Darwinian explanation.

22Richard Feynman, quoted by P.C.W. Davies and J. Brown in Superstrings: A Theory of Everything,

p. 208.
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Dawkins disbelief in the consoling function of religion does not apply to individual
experiences, but rather to evolutionary, Darwinian advantage of such activity. From
the evolutionary viewpoint the fact that we feel something so deeply is not the reason,
but a result of the process of selection. The very fact of existence of consolation from
supernatural reasoning as generally present as it is points to some way in which it is
advantageous in general. Dawkins quotes here Pinker (1997), who points out absurdity
of delusion:

It only raises the question of why a mind would evolve to find comfort in beliefs it
can plainly see are false. A freezing person finds no comfort in believing he is warm; a
person face-to-face with a lion is not put at ease by the conviction that it is a rabbit.

Dawkins continues his analysis by pointing out that

Darwinians who seek the survival value of religion are asking the wrong question.
Instead, we should focus on something in our evolving ancestors that we would not then
have recognized as religion, but which is primed to become recognizable as religion in
the changed context of civilized society.

The �nal answer proposed by Dawkins is far from positive. It is also not really
surprising, coming from the man who has introduced the notion of meme23

Natural selection builds child brains with a tendency to believe whatever their parents
and tribal elders tell them. In addition, this very quality automatically makes them
vulnerable to infection by mind viruses. For excellent survival reasons, child brains need
to trust parents and trust elders whom their parents tell them to trust. An automatic
consequence is that the “truster” has no way of distinguishing good advice from bad.
The child cannot tell that “If you swim in the river you’ll be eaten by crocodiles” is
good advice but “If you don’t sacrifice a goat at the time of the full moon, the crops
will fail” is bad advice. They both sound the same. Both are advice from a trusted
source, and both are delivered with a solemn earnestness that commands respect and
demands obedience. The same goes for propositions about the world, the cosmos,
morality, and human nature. Moreover, of course, when the child grows up and has
children of his or her own, she will naturally pass the whole lot on to her own children,
using the same impressive gravitas of manner. On this model, we should expect that,
in different geographical regions, different arbitrary beliefs having no factual basis will
be handed down, to be believed with the same conviction as useful pieces of traditional
wisdom such as the belief that manure is good for the crops. We should also expect
that these nonfactual beliefs would evolve over generations, by either random drift or
following some sort of analogue of Darwinian selection, eventually showing a pattern of
significant divergence from common ancestry.

I believe that religion is one of a group of phenomena explained by this kind of non-
genetic epidemiology, with the possible admixture of non-genetic Darwinian selection. If
I am right, religion has no survival value for individual human beings, or for the benefit
of their genes. The benefit, if there is any, is to religion itself.

23In The Sel�sh Gene Dawkins (1977) de�ned the meme as `a unit of cultural transmission, or a unit

of imitation'.
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The answer promoted by Steven Pinker (Pinker, 1997) is di�erent:

How does religion fit into a mind that one might have thought was designed to reject
the palpably not true? The common answer - that people take comfort in the thought
of a benevolent shepherd, a universal plan, or an afterlife - is unsatisfying, because it
only raises the question of why a mind would evolve to find comfort in beliefs it can
plainly see are false.

Let’s focus on the truly distinctive part of the psychology of religion. The anthro-
pologist Ruth Benedict first pointed out the common thread of religious practice in all
cultures: religion is a technique for success.

People everywhere beseech gods and spirits for recovery from illness, for success in
love or on the battlefield, and for good weather. Religion is a desperate measure that
people resort to when the stakes are high and they have exhausted the usual techniques
for the causation of success - medicines, strategies, courtship, and, in the case of the
weather, nothing.

So, not just a feel-good technique, but some sort of almost-practical measure? If

we couple the fact that many religious rituals and precepts come from really practical

observations (calendar and its inuence on agriculture, medicines, food prescriptions. . . )

we have a self-inforcing mechanism: exactly the right condition for a successful meme.

4.3.1 Immortal souls or temporary bits of organized matter?
As an atheist, I have personal problem in describing the comfort that the faith in afterlife
might give. The problem is not just mine, as the quotation from Victor Stenger aptly
sums (Stenger, 1995, page 18)

Humans, for evolutionary reasons, or for no reason at all, possess egos that listen
largely to their own counsel, most often ignoring other, conflicting messages. . .

The ego can hardly conceive of a universe in which it is not active participant. Ask
yourself: Can you imagine a universe without you? As much as I try to be objective, to
accept the judgment of reason, I still find it very difficult to develop that image.

I can imagine the Universe without me. It is actually quite an easy exercise. First

step is to `remember' that where was Universe before I was born. Unless you are strong

solipsist this assumption is quite easy. After all at school we are taught about the

times of Alexander the Great or the French Revolution. The second step is to imagine

the universe after my death. We have all witnessed people passing away, close friends

and family members and strangers. The world continued after they were gone, albeit

sometimes the feeling of loss was tremendous. But the world did not stop, regardless

of the pain and loss. So, it is quite natural to expect that after our death it would be

similar. Loss to our friends, but no Apocalypse.

The last step of the mental exercise is the �nal one: try to imagine the world in which

I would not exist at all. Try the following: imagine the street in front of your window

without this particular car. Or imagine the world without that bird. Or imagine the

world with the car and the bird, but without you looking out of the window. Simple
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enough, for sure. Such exercise is not just verbal play. It teaches us personal humility,

key element in moral development. It also teaches that what we think we know may

amount to very little signi�cance. Thus we should watch out for the speakers who claim

keys to `absolute and unchangeable truth'. That it is our own comfort that prompts

the belief in some immortal part of ourselves, not a logical necessity.
Of course there is traditional appeal to the existence of an immortal soul. Something,

that would not vanish when we die. My belief is that no such thing exists. I agree quite
closely with the �rst part of the argument provided by Paul P. Budnik Jr. in his What
is and what will be electronic book (Budnik, 2005):

I assume there is no immaterial soul. . .

But, with some surprise I have read the following words

. . . On the contrary all matter is soul stuff. Consciousness is not connected to some
essence that can be divorced from physical structure. We are the consciousness em-
bodied in our bodies. There is no magic moment when a soul enters our body at the
beginning of life nor leaves us in death. There is a continual transformation of con-
sciousness. We are not separate from the physical world around us, but a part of the
universal flow of consciousness. We are the universe becoming conscious of itself. We
are the eyes of God with the power to create the world. Many spiritual traditions in-
tuitively see this. By reintegrating essence to science we can move beyond intuition to
understanding.

I do not subscribe to the universal flow of consciousness worldview. While I obviously
believe in my own consciousness, and I believe in consciousness of other humans, and

perhaps some other mammals,24 I do not claim that this consciousness is in any way

similar to traditional de�nition of soul in religions | or universal to all forms of matter

or energy. Religious traditions often consider the soul both immortal and innately

aware of its immortal nature, as well as the true basis for sentience in each living being.

While consciousness is a key property of each of the su�ciently developed organisms

(it is certainly for me!), I do not believe in any sort of the Universal Consciousness. I

�nd ludicrous the statements of Robert Lanza (Lanza, 1992)25 who says that according

to the current quantum mechanical view of reality: `We are all the ephemeral forms of
a consciousness greater than ourselves. That consciousness which was behind the youth you
once were, and is behind the person you are now, is also a part of every mind existing in space
and time.' The mind of each human being on earth is instantaneously connected to each

other - past, present and future - as `a part of every mind existing in space and time.' I

will come back to Lanza, when I will discuss the issues of brain/mind interaction, with

his call for quantum understanding.See page 621

Another proponent of the Universal Consciousness (I think there are many, many
more of them, as the search for usable quotes on the Internet took seconds. . . ) is R. L.
Miller who claims

24And perhaps the yet unknown Extraterrestials, and possibly (but still far in the future) some Arti�cial

Intelligences | I'm very openminded here.
25Quoted after Stenger (1992).
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We can say, therefore, that the universe has consciousness—is a ‘field of infinite pos-
sibility’ out of which all matter and energy take form—and that this consciousness is
present in and through all space and time.

This universal consciousness shows up in various forms and patterns of matter and
energy, including the particular form we call human beings. It enables the patterns
we are part of to maintain themselves and it provides the matter and energy for new
patterns to be formed. We can say, then, that in order for a system to maintain itself, it
must be conscious; that is, aware of itself in its environment and behaving in alignment
with its purpose to maintain itself.26

Quantum mechanics is a di�cult part of physics. It's computational and exper-

imental success is accompanied by very di�cult conceptual and philosophical frame-

work, which from the very beginning of research has resulted in many interpretations

and controversies. While most active scientists use the `shut up and calculate' inter-

pretation, there are many philosophers who concentrate on the conceptual framework.

There are even more abuses such as the one by Miller or Lanza. The topic of quantum

mechanics would be described in more detail in Chapter 6.

I prefer to think that I am a temporary structure of matter, organized in a way that

allowed my own consciousness to arise, develop and change through the years. I bear

my own responsibility and I prefer this burden to a participation in a Cosmic Unity

or Mind of God, in which my responsibility would vanish. Because in such a situation,

when death is Death, without any hope of afterlife or resurrection the life of each human

being is more cherished in all its unique and transient value. And because there is no

`greater plan', we must choose our path ourselves, based on the best possible use of the

informations and knowledge and feelings we have. Which does not leave much space

for organized religions, I am afraid.

But the personal beliefs leave a lot of space for all kinds of magical thinking.

26http://cornerstone.wwwhubs.com/150.9.htm
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4.4 Magical industry

Scientifically developed spell casting software generates powerful radionic energy just for you
Enchanter X v.2.027

‘That was advertising’, said the wizard.
‘It’s a kind of magic I’ve been working on.’

Terry Pratchett28

Any sufficiently advanced technology is indistinguishable from magic
Arthur C. Clarke29

As I write these words, in spring 2005, my kids await the sixth part of Harry

Potter novel series. Being an avaricious reader and conscientious father I have

read all the previous books. I will not describe here the story plot (not too impressive)

nor on the marketing machine pushing the book (impressive indeed). I would rather

comment on the two aspects: magic revival and apparent lack of religious part of life

in the book.

First { religion: in the light of the statistics presented previously it is hard to

imagine the world based on ours (with the muggles population being our world, in

fact) as free from any religious reference as Rawlings describes. Moreover, we seem to

have only functional aspects of magic, without any reference to spiritual or supernatural

sources. This stands in total contrast with the actual history and anthropology. Which

begs the question: why? For a person brought up in a society that is almost 90%

Catholic (and kept the faith despite the e�orts of communists to eradicate it or at least

minimize active participation) this is unimaginable. But perhaps it is quite natural in

England? After all, the leading examples of English fantasy, C. S. Lewis' Narnia series

and J. R. R. Tolkien's Middle Earth creations downplay the role of religion and gods,

compared to our real human history.

Second { magic: as presented in Harry Potter it is barely more impressive than

current technology. In fact, Potter's world shares this shortcoming with most of the SF

novels, that consistently fall short on predictions of technology, especially in everyday
uses. The interstellar drives, or planet-busters are described with gusto and quasi-

technical jargon. But, please, show me a novel set in the far future with a communi-

cation device as popular as mobile phones today? Show me an analysis on population

behaviour pattern changes brought by such devices?

The same with magic. All we get in Harry Potter is a user interface of the magic

wand and voice and hand movement commands to obtain pretty simple e�ects: light,

opening of doors without touching them, causing pain or killing someone. All these

27http://www.enchanterx.com/
28Mort
29Clarke's Third Law `Pro�les of The Future ', 1961

http://www.enchanterx.com/
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e�ects are available today in the `normal', muggles30 world: light torches, remote con-

trols, and tools too numerous to be counted. So, where's the magic? Certainly not

in e�ects, so it must rest in the way the users achieve them. I �nd it rather sad that

my kids can not recognize the `spells ' as bastardized Latin. Unfortunately, classical

education has vanished from schools in Poland many, many year ago. So, we point the

pilot, oops, the magic wand at the door and press the button, no, say the magic word,

and the gate opens.

So, is Harry Potter about magic at all? Yes (at least according to my kids) and

no (for the reasons above). We come back to a changed version of Clarke Third Law

| called Rosenbaum's Corollary (formed in response to Harry Potter): `Any magic,
sufficiently debased, is indistinguishable from technology'. What is certain that it agrees

with the direction of the development of the Human Interface for technology, which in

turn goes way back to our evolutionary heritage in African savannah: to do something

we use our hands and to get it done by someone we order him or her via voice or

by pointing to the task. Nota bene, how frequently we treat the machinery around

us in the same way that we treat people. We talk to our computers, make faces at

broken VCRs, kick attened tires in order to force submission or to vent our anger.

This is simply because we are evolutionarily equipped with the behavioural traits and

emotional tools to e�ciently deal with people and not with machinery, so we use what

we have31.

Clarke's comment deals not with the technology but with us and our understanding

of technology. In fact, our understanding of the whole world around us. The appearance

of magic in human societies was (and still is) due to our need for guidelines for behaviour

and at least some kind of understanding where we really know very little. And we

know very little indeed, as will become clear in Chapter 11. To paraphrase words of

Ben Zealley's corollary to Clarke's Third Law: `If you cannot distinguish technology from
magic, you are insufficiently advanced'.

Bruce Sterling's Corollary to Clarke's Third Law states even more brutally: `Any
sufficiently advanced garbage is indistinguishable from magic'.

So, what is the reason of magic?

30By the way, Google search returns 195 000 web pages on muggles and 90 900 000 on magic. Is there
any signi�cance in this statistical tidbit?

31This is the suggestion for the manufacturers: do not make robots that look like humans, but make

devices that work e�ectively when treated like humans, for example when threatened, attered or shouted

at. . .

Google
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4.5 Magical thinking

The general root of superstition is that men observe when things hit,
and not when they miss,

and commit to memory the one, and pass over the other.
Sir Francis Bacon

Magical thinking is a term used by historians of religion to describe one

kind of non-scienti�c causal reasoning. Scholars like James George Frazer and

Bronislaw K. Malinowski emphasized that magic is more like science than religion, and

that societies with magical beliefs often had separate religious beliefs and practices.

Like science, magic is concerned with causal relations.
Magical thinking exists in most people. In pre-historic societies, during Middle

Ages and today. While the technical and natural world around us has changed, while
the specialists, scientists and engineers built entirely new environments and allowed
new understanding and possibilities, so many of us have remained in their belief that
the world can be understood and controlled by magical incantations, wishful thinking
coupled with proper hand gestures and stars. In almost every colour magazine, Polish,
German, French or English I �nd Astrology sections. Fantasy books and �lms earn lots
of money { people want to see them for some reason. A short search on Google Scholar
points to an article Using astrology in market segmentation by V-W. Mitchell written
in Management Decision in 199532. Unfortunately, the whole text is restricted, but
the abstract is quite interesting:

For segmentation purposes, demographic variables are cheap and easy to measure, while
psychographic variables are harder to measure, but can provide a more accurate insight
into consumer psychology. The use of astrology, potentially, allows us to combine
the measurement of demographics, with the psychological insights of psychographics.
Suggests that a prima facie case exists for the suitability of astrology as a segmenta-
tion variable since it creates segments which are measurable, substantial, accessible,
exhaustive, relatively stable over time, likely to respond differently towards different
marketing programmes and have clear boundaries. Although it would be unrealistic to
claim that astrology can be universally applied to all markets in all industries, it may
have some use when applied to certain populations or sub-groups within certain lifestyle
and personality-related markets.

No wonder that the US president consults an astrologer. After all he is `no scholar'.
Ad as for scholars, a study of de Robertis and Delaney (1993) has shown that 45% of
�rst year Arts students in Canada and 37% Science students subscribe at least somewhat
to principles of astrology. Moreover:

55% Arts students and 44% of Science students are unable to distinguish between
astronomy as the science and astrology as the pseudoscience, and females are more
likely to subscribe to pseudosciences than the males from the same faculty and with the
same mathematical background. In general Science students are more skeptical than
the Arts students, although the differences are not marked.

32http://www.emeraldinsight.com/10.1108/00251749510075383

http://www.emeraldinsight.com/10.1108/00251749510075383
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In such environment it is no wonder that even in the modern, technological society,
magic has grown to be a real industry, with billions of dollars going back and forth.
Astrology, magical symbols and amulets, magical services, exorcisms. . . There is no
way to summarize here the discussions and e�orts of sceptically minded people (some
of the scientists, some of them not) aimed at disproving the extraordinary claims of
the proponents and dissuading the gullible. A �ne example can be found at http:
//www.skepsis.nl/astrot.html. The author has asked some 50 astrologers to match
the birth data (date, time and place) of seven anonymous test subjects with seven
questionnaires �lled out by these subjects. The questions in the questionnaires were
devised by the astrologers.

Eventually, 44 astrologers completed the test. Many of them had much experience.
Half of the participants had read at least fifty books on astrology. Three quarters
had taken a course in astrology and one quarter was training others. At least half
of the participants had analyzed over a hundred astrological charts and one-third was
frequently paid for its services. One quarter was member of the Dutch Society of
Practising Astrologers (NGPA).

The astrologers were asked to indicate how many correct matches they would have
expected. There were 36 participants who revealed their expectations. Half of them
predicted that they had matched all subjects with the correct charts. Only six astrologers
expected less than four hits.

In fact, the most successful astrologer achieved only three correct matches, whereas
half of the participants (22) did not score a single hit.

Now, what was the reaction of the astrologers to such abysmal performance?

Afterwards, I sent all participants a short questionnaire to find out more about the
impact of their negative results. Nine of the 22 respondents confessed that they were
surprised by the lack of agreement between the participants. Four admitted that the
possibilities of astrology were more limited then they had thought, and seven came
to the conclusion that astrology only works in actual practice. Nevertheless, sixteen
respondents still believed that science can prove astrology right.

For more information about the `e�ectiveness' of astrology see for example (Kelly,

1997; Dean and Kelly, 2003).
If neither the public nor the practitioners want to be convinced, what chances does

the science have? In 1975 the American Humanist Association has issued a statement
Objections to Astrology (http://www.americanhumanist.org/about/astrology.html)

Objections to Astrology
A Statement by 186 Leading Scientists

Scientists in a variety of fields have become concerned about the increased accep-
tance of astrology in many parts of the world. We, the undersigned—astronomers,
astrophysicists, and scientists in other fields—wish to caution the public against the
unquestioning acceptance of the predictions and advice given privately and publicly by
astrologers. Those who wish to believe in astrology should realize that there is no
scientific foundation for its tenets.

http://www.skepsis.nl/astrot.html
http://www.skepsis.nl/astrot.html
http://www.americanhumanist.org/about/astrology.html
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In ancient times people believed in the predictions and advice of astrologers because
astrology was part and parcel of their magical world view. They looked upon celestial
objects as abodes or omens of the gods and, thus, intimately connected with events
here on earth; they had no concept of the vast distances from the earth to the planets
and stars. Now that these distances can and have been calculated, we can see how
infinitesimally small are the gravitational and other effects produced by the distant
planets and the far more distant stars. It is simply a mistake to imagine that the forces
exerted by stars and planets at the moment of birth can in any way shape our futures.
Neither is it true that the position of distant heavenly bodies make certain days or
periods more favorable to particular kinds of action, or that the sign under which one
was born determines one’s compatibility or incompatibility with other people.

Why do people believe in astrology? In these uncertain times many long for the
comfort of having guidance in making decisions. They would like to believe in a destiny
predetermined by astral forces beyond their control. However, we must all face the
world, and we must realize that our futures lie in ourselves, and not in the stars.

One would imagine, in this day of widespread enlightenment and education, that
it would be unnecessary to debunk beliefs based on magic and superstition. Yet, ac-
ceptance of astrology pervades modern society. We are especially disturbed by the
continued uncritical dissemination of astrological charts, forecasts, and horoscopes by
the media and by otherwise reputable newspapers, magazines, and book publishers.
This can only contribute to the growth of irrationalism and obscurantism. We believe
that the time has come to challenge directly, and forcefully, the pretentious claims of
astrological charlatans.

It should be apparent that those individuals who continue to have faith in astrology
do so in spite of the fact that there is no verified scientific basis for their beliefs, and
indeed that there is strong evidence to the contrary.

Signed by 183 others, including 18 Nobel Prize winners

And what of it? Nothing, I guess. The thirty years that have passed have not

changed our stance a little bit. There might be two reasons for this. One | that

the general human and cultural setup has simply a built in (see Section 13.5) and

inescapable tendency to believe in magical explanations. Or, as it may be, the scienti�c

community is wrong, and there is something in the whole magical approach. Stars do

guide our lives, demons haunt our world, and here be dragons33.

33 `HC SVNT DRACONES' (i.e. `hic sunt dracones', `here are dragons') appears on the eastern coast

of Asia on the Lenox Globe (ca. 1503-07) (in the collection of the New York Public Library).
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4.6 Magical reality or reality of magic?

We are magical beings in a scientific age.
Notwithstanding all the remarkable achievements of our species

in terms of understanding and harnessing nature,
we are born to magical thoughts and not to reason.

James E. Alcock34

Yes, magic seems to be easier to believe in than science. Why? Noting the

great similarity of magical thinking in all types of human societies and eras of

recorded history, some cognitive scientists suggest that these ways of thinking are in-

trinsic to humanity. Many articles in neuroscience have shown that the human brain

excels at pattern matching, but that humans do not have a good �lter for distinguish-

ing between perceived patterns and actual patterns. Thus, people often are led to see

`relationships' between actions that don't actually exist, creating a magical `explana-

tions'. People tend to seek con�rmation of their own thoughts and views, rather than

harbouring doubt and looking for refutation (as in the scienti�c method). We like to

hear others express the same views and rea�rming our beliefs. This is another exam-

ple of con�rmation bias. In most cases, we �ght for our beliefs even when presented

with contradictory evidence, and often prefer to believe contradictory things rather

than change pre-existing beliefs. This phenomenon is known as cognitive dissonance.

A great example is the belief of millions of modern Americans who are able to simul-

taneously believe that the world was created a few thousand years ago and that the

dinosaurs have walked on the Earth millions of years ago.

Many of the magical beliefs come from reasoning based on `intelligent actor" hy-

pothesis: there must have been someone (something?) behind the unlikely observed

event. For example, should a lightning strike a particular house twice during a month

it is a sure sign that the house is cursed. After all, doesn't the folk wisdom say that the

lightning does not strike twice? `Such things do not happen by themselves' goes the

reasoning. And as the mechanisms of electrostatic discharges in turbulent atmosphere

and particular terrain are too di�cult even for scientists to allow a sure prediction of

the paths of lightnings, can we expect more of the everyday observers?

One might say that in the absence of exact theory, some probabilistic and statistical

approach would be best. But, in my experience, the probability theory was considered

the most ba�ing topic of high-school mathematics.35 Probability, or chance, is generally

poorly understood. It can be calculated that if you take just 23 people, the chance that

two have their birthday on the same day is 50%. Yet this `birthday paradox' seems

counter-intuitive to most people. And of course it is counter-intuitive, because there is

34Alcock (1996)
35Was, because today it has been withdrawn from the curriculum of polish Liceum.
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no intuition for calculating
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for example for n = 22 the probability is ≈ 0.507297. Subsequently, members of the

general public rarely have a deep understanding of statistics. For instance, statistically,

it is unavoidable that there will be one day in a year when the most car accidents happen

in a certain place. There will also be a day in the year when the least accidents happen.

People, however, may focus on the day the most accidents happen and conclude it

must be result from some curse or especially unlucky day. It may happen that this is,

indeed, a proof that human mind is a well tuned engine at `pattern recognition', but

much less able at `pattern explanation'. A shortcut recognize→act is much faster than

recognize→analyse→act, and in many circumstances o�ers an evolutionary advantage,

even if it is sometimes wrong.

As for the magical explanations of unlucky days, a friend has pointed out to me

that accidents usually do not have a normal distribution associated with randomness.

Especially, the accidents that have strong `active human participation' for example

car accidents as opposed to volcano eruptions. The presence of strong peaks in such

mishaps, belies the implied randomness. The more crowded are the roads, the more

nervous the drivers, and it is natural that the number of accidents would be signi�cantly,

more than in straight proportion to tra�c during high season. On a more personal level,

we are all acquainted with a phenomenon of `a bad day', when everything goes wrong.

Simple psychological explanations point out that the more tense we are due to any

mishaps, the more likely is that we would make more errors and become victims of

future accidents. But that there is a deviation from `random dispersion' of adversities

is a fact.

Now, because we are intuitively inclined to observe and note such strokes of fortune

(or misfortune) does not mean that a universal meaning should be attached to mere

presence of strong coincidences. In some cases the scienti�c or just common sense

explanation can be given, sometimes straightforward and easy, sometimes requiring in

depth analysis, di�cult and cumbersome. Most of us can not wait for such analysis. We

accept the �rst `likely' explanation on hand. The long tradition of magical reasoning is

but a part of a general tendency of treating the world as an animate being, with objects

having a will of their own. We use words related to will, reluctance, ill-intent or spite

when we talk about perfectly neutral things such as a stuck window or or hail or a tile

falling o� a roof. We treat world as other people. And there is but a small step from

this to a self-centred view driven by a question `why is it all happening to me?' Is it

then a surprise, when the answer people often look for is `because someone is doing it

to me'. . .

Despite all the arguments presented above, if we want to retain the scienti�c spirit,

we should go deeper in the analysis of the claims of the existence of magical powers

and events. The fact that some of the people proposing such magic are frauds, some



4.6. Magical reality or reality of magic? 139 Draft, January 2, 2008

are just exploiting marketing trends and some are plain stupid is no proof that magic

does not exist.

Science can not counter claims of miracles based on statements `it is extraordinary
because it is beyond the scienti�c method', where `it' might signify miraculous cure

or talking to ghosts. But science can apply its methods to the description of the

events. The more unusual the described phenomenon is the more applicable is the

rule `Extraordinary claims demand extraordinary evidence'. The defenders of magical

thinking are sometimes rightly pointing out that `extraordinary' is not a well de�ned

concept. For example `it may be noticed that demands for ‘extraordinary evidence” are rarely
substantiated with criteria for what such evidence would be, even in theory. Yet, it is crucial
to come up with some sort of definition, since the claim is otherwise simply arbitrary36". But
there is a way of measuring the `extraordinarity' of the event and of an explanation:

should we compare the possible explanations of, for example, claim of levitation based

on a conjurers trick or on some magical exemption from gravitational interactions,

the scope of the consequences of the latter is incomparably wider. If gravity is not

working for Mr X, that why should it work for Galaxy Y? And as some scientist know,

calculations based on modern theory of gravitation give excellent predictions in scales

large and small37, the weight brought by those successfully explained phenomena should

be added to the particular case explanation.
So, what kinds of magic or in general, unusual behaviour might we consider with

scienti�c approach? And what are the limits beyond which we would be ready to admit
that `something is there'? A good point on this is made by J. Gracely:

In some areas of paranormal investigation, such as extrasensory perception (ESP),
the research is already often better done than much orthodox scientific research, with
controls and double-checks most scientists would regard as overkill. Skeptics mostly
still feel that the intrinsic implausibility is so great that nothing short of airtight and
well-repeated research would be sufficient to support ESP. Little or none of the existing
research rises to that level, so we remain skeptical.38

Practically every scienti�c discipline has a magical counterpart. Sometimes the ori-
gins of both are entwined, as in the case of alchemy and chemistry or astronomy and

36http://www.skepticalchristian.com/necessityofextraordinaryevidence.htm
37Except, of course, for the Pioneer Anomaly: the observed deviation from expectations of the trajec-

tories of various unmanned spacecraft visiting the outer solar system, notably Pioneer 10 and 11. As

of 2005, there is no universally accepted explanation for this phenomenon; while it is possible that the

explanation will be prosaic|such as thrust from gas leakage|the possibility of entirely new physics is

also being considered. The e�ect is seen in radio Doppler and ranging data, yielding information on the

velocity and distance of the spacecraft. When all known forces acting on the spacecraft are taken into

consideration, a very small but unexplained force remains. It causes a constant sunward acceleration of

(8.74± 1.33)× 10−10m/s2 for both spacecraft. Data from the Galileo and Ulysses spacecraft are also in-

dicative of a similar e�ect, although for various reasons (such as their relative proximity to the Sun) �rm

conclusions cannot be drawn from these sources (Anderson et al., 1998; Anderson et al., 2002; Sche�er,

2003; Nieto and Turyshev, 2004; Turyshev et al., 2006). So, perhaps there is room for levitation after

all?
38http://www.quackwatch.org/01QuackeryRelatedTopics/extraproof.html

http://www.skepticalchristian.com/necessityofextraordinaryevidence.htm
http://www.quackwatch.org/01QuackeryRelatedTopics/extraproof.html
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astrology. In other cases the speci�c instances of magical healing powers, or existence
and behavioural patterns of magical animals (such as dragons) or other beings (fairies
or demons, for example) or magical properties of plants are quite separate from the
scienti�c views of zoology or botany. Coupled, sometimes, because of the fact that
some plants do have speci�c properties (such as being hallucinogenic, or having medi-
cal value), resulting from their `normal' chemistry. In other cases, science and scienti�c
vocabulary is simply misused. Sometimes the misuse is so obvious and funny, that
I fail to see how anyone could be hooked. Yet people are hooked. For a funny ex-
ample see http://www.geocities.com/716948/hh/hhtext-quantum.html. Examples
of `supernatural' forces, spontaneous combustion, levitation, spoon bending and other
phenomena that defy the laws of physics are peculiar because their value is established
only in contrast to the laws of physics they are supposed to break. Should everyone be
able to levitate when meditating, the magic of this would vanish (and probably physics
itself would look di�erent from our current one). So what may be the ultimate range
of magical phenomena? I turn here to the expertise of a well known XXth century
occultist, Aleister Crowley. In his book Magick in Theory and Practice, he gives the
following de�nition:39

What is a Magical Operation? It may be defined as any event in nature which is brought
to pass by Will. We must not exclude potato-growing or banking from our definition.
Let us take a very simple example of a Magical Act: that of a man blowing his nose.

Well, while many of us would not consider this example as really magical, perhaps

for Crowley it was.
Wikipedia (http://en.wikipedia.org/wiki/Magic) o�ers an extensive list of the-

ories of magic:

In an age where the existence of magical forces is no longer taken for granted,
believers in magic are likely to be asked, ‘How does magic work?’

Its power comes mainly by suggestion and the focusing of attention. It can be
characterized as assertion of the will. Working of magic is often dependent upon being
part of a social group which supports the belief. A survey of writings by believers in
magic shows that adherents believe that it may work by one or more of these basic
principles:

• Natural forces that cannot be detected by science at present, and in fact may not
be detectable at all. These magical forces are said to exist in addition to and
alongside the four known forces of nature: gravity, electromagnetism, the strong
nuclear force and the weak nuclear force.

• Intervention of spirits similar to these hypothetical natural forces, but with their
own consciousness and intelligence. Believers in spirits will often see a whole
cosmos of beings of many different kinds, sometimes organized into a hierarchy.

• A mystical power, such as mana, that exists in all things. This power is often said
to be dangerous to people.

• A mysterious interconnection in the cosmos that connects and binds all things,
above and beyond the natural forces.

39Quoted after http://en.wikipedia.org/wiki/Magic.

http://www.geocities.com/716948/hh/hhtext-quantum.html
http://en.wikipedia.org/wiki/Magic
http://en.wikipedia.org/wiki/Magic
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• Manipulation of symbols. Adherents of magical thinking believe that symbols can
be used for more than representation: they can magically take on a physical quality
of the phenomenon or object that they represent. By manipulating symbols (as
well as sigils), one is said to be able to manipulate the reality that this symbol
represents.

• The principles of sympathetic magic of Sir James George Frazer, explicated in
The Golden Bough (third edition, 1911-1915). These principles include the ‘law
of similarity’ and the ‘law of contact’ or ‘contagion.’ These are systematized
versions of the manipulation of symbols. Frazer defined them this way:

If we analyse the principles of thought on which magic is based, they will probably
be found to resolve themselves into two: first, that like produces like, or that
an effect resembles its cause; and, second, that things which have once been
in contact with each other continue to act on each other at a distance after
the physical contact has been severed. The former principle may be called the
Law of Similarity, the latter the Law of Contact or Contagion. From the first
of these principles, namely the Law of Similarity, the magician infers that he can
produce any effect he desires merely by imitating it: from the second he infers that
whatever he does to a material object will affect equally the person with whom
the object was once in contact, whether it formed part of his body or not. [1]
(http://www.bartleby.com/196/5.html)

• Concentration or meditation. A certain amount of restricting the mind to some
imagined object (or will), according to Aleister Crowley, produces mystical at-
tainment or ‘an occurrence in the brain characterized essentially by the uniting of
subject and object.’ (Book Four, Part 1: Mysticism) Magick, as defined previously,
seeks to aid concentration by constantly recalling the attention to the chosen ob-
ject (or Will), thereby producing said attainment. For example, if one wishes to
concentrate on a God, one might memorize a system of correspondences (perhaps
chosen arbitrarily, as this would not affect its usefulness for mystical purposes)
and then make every object that one sees ‘correspond’ to said God.

Aleister Crowley wrote that ‘. . . the exaltation of the mind by means of magical
practices leads (as one may say, in spite of itself) to the same results as occur in
straightforward Yoga.’ Crowley’s magick thus becomes a form of mental, mystical,
or spiritual discipline, designed to train the mind to achieve greater concentration.
Crowley also made claims for the paranormal effects of magick, suggesting a con-
nection with the first principle in this list. However, he defined any attempt to
use this power for a purpose other than aiding mental or mystical attainment as
‘black magic’.

• The magical power of the subconscious mind. To believers who think they need
to convince their subconscious mind to make the changes they want, all spirits
and energies are projections and symbols that make sense to the subconscious. A
variant of this belief is that the subconscious is capable of contacting spirits, who
in turn can work magic.
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4.6.1 Magic of the words

While I am sure that magic has absolutely no power to explain the natural phenomena,

there exists a domain where you can work miracles with magical tools. You can not lift

stones through wand-waving, or make waters part with magical incantations, but you

can make people perform even harder tasks with a few well chosen sentences. And this

is real magic.

The tendency to approach material world in the same way we approach people may

be laughable | especially in situations when it so obviously does not bring any results

| but we must remember that material world is, in many cases less important than

the people around us. Seriously speaking, it may cause less problems to pretend that

stones have will of their own and a soul, than to think that people do not have it and

should be treated as objects. Therefore, laughable as it may seem, magic may be a

lesser error that `dehumanitization'. In other words, it is better to be caught talking to

your car than not to talk to your neighbours.

I have used this magic a few times myself. Most notably (and pro�tably) in my

correspondence with the Polish tax authorities. Three times I have written letters full

of legal-sounding incantations, claiming some tax return rights, and despite the fact

that I am no lawyer, in all cases I have got positive answers. And the letters coming

back from the tax o�cers were almost repetitions of my own magical words. I really

can imagine two shamans dancing40 and chanting the same words | and getting a

wonderful result, such as a truce between two tribes.

Of course, not all word magic is so bene�cial. There examples of manipulation are

too numerous to even start mentioning. All in all, the magic does not (as far as I know)

happen within physical realm. It works in our heads. Sometimes it causes our bodies

to react to what we think | and then we may achieve `real' magical results, such as

self healing. The placebo e�ect is well documented and real example of such real magic.

But in most cases the perceived `magical' results happen only in our minds, and the

real world is not changed at all. Terry Pratchett often comments on the wonderful

ability of human beings to adjust what they see and hear to what they expect to see

and hear. Thus, if we want to see magic, our minds will see it, regardless of reality.

Which brings us to the interesting question of how our minds operate | within physical

and biological context. Which, as it turns out is a much more interesting mystery (at

least for me) than the riddles of Voldemort, and we will return to in it Chapter 9.

Just to give an example of supposedly `serious scienti�c' approach to magic let's

consider the works of Harald Walach, whose main interest is homeopathy. We will

start with magic, but the theme shall resurface when we will be discussing quantum

mechanics. In Walach (1999, 2000), Magic of Signs: A Nonlocal InterpretationPage 312

40The elaborate structure of legal correspondence, which happens only at the end of the legally permit-

ted waiting period reminds me of the classical dances with dancers make elaborate patterns with perfect

timing.
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of Homeopathy41, he discusses connections between homeopathy and semiotics, and

ultimately | magic.
It is interesting to see how Walach �rst points out that homeopathy has no empirical

proof. Below are excerpts from the list of evaluations compiled in Walach (1999):

• A recent re-analysis of only the methodologically convincing studies out of Linde’s
data pool which studied classical homeopathy (leaving out David Reilly’s studies
which studied, strictly speaking, isopathy) came to the conclusion that classical
homeopathy is in fact placebo.

• There is little evidence for the efficacy of homeopathy from independent replica-
tions.

• Promising clinical models of homeopathic efficacy generally have failed, when
probed for independent replicability.

• Fundamental research has not been able to come up with a simple, replicable model
so far. Although, taken together, there seems to be some evidence for the claim
that ultra high dilutions can be active, single models have not been able to stand up
to independent scrutiny., rests on shaky ground. The experiments conducted and
published since World War II are not very persuasive from a scientific point of view.
The ones conducted in the United Kingdom are slightly more methodologically
rigorous but not very persuasive either. The experiments which I have conducted
myself do not show a clear pattern of different or more symptoms with homeopathic
substance than placebo.

With such situation it is a wonder why one would pursue the topic in a scienti�c
manner | except for a sociological analysis of why and how homeopathy is still so
highly regarded by large part of modern societies. But Walach attacks the topic from
a di�erent angle. He would �nd a non-causal, non-local model of homeopathy. And
to do so he turns to magic. His description of the foundations of magic are based on
statements of Jean Gebser, who

. . . has provided a useful framework for understanding magic not as a fake ritual for
peoples who have not yet reached our cultural level, but as a common stage within a
general development of consciousness. In Gebser’s view, the magic consciousness is a
consciousness which still has access to the general connectedness of all beings, which is
at the base of life.

Walach proceeds to claim that

In the magic phase, action is possible via the general connectedness of beings. By
attacking an image of a prey the real hunt is more likely to be successful. Image and
reality are in some ways interchangeable . . .

41I strongly encourage the Reader to have a look at these two articles. Although separated by almost

a year, and apparently published in separate journals, they bear the same title, and there are only very,

very minor di�erences between them. It is a common practice in scienti�c journals to accept only the

papers not submitted or published elsewhere, containing original work. Of course, an exception is made

for review articles and preprints, but to have tow essentially duplicate papers published separately shows

both the intent of the author and sloppiness of the editors.
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While interconnectedness of all beings surely is the common ground for the effectiveness
of magical consciousness, it has always been acknowledged by thinkers in the West to
be the basis for understanding the world at large . . .

Then Walach (1999, 2000) make a short mention of quantum entanglement | to
point out that in modern science there is a respectable �eld where `interconnectedness' is
an accepted notion.42 But the concluding remarks point out that the real `explanation'
homeopathy is through the magic of signs: a mixture of semiotics and magic.

My suggestion is in fact quite simple. I propose to let go of a causal, local interpretation
of homeopathy and homeopathic remedies as causal agents. Homeopathic remedies are
signs, not causes. Their sign character is, however, not fixed by any “informational”
content present in the remedies. It is of a magical nature. It activates the general
connectedness by the very rituals of producing remedies, teaching and studying their
nature, studying the patient’s symptoms and prescribing the appropriate remedy, and
finally applying it. The success of these rituals probably depends more on states of
mind, as usually admitted. We do not know anything about this, because there is no
research in this area as yet. Very likely, some of the conditions posed by Jung as a
prerequisite for synchronistic events to happen are present.
Usually, homeopathy produces the most intriguing effects either in very acute or very
chronic cases. These are usually exceptional cases where patients, doctors, and relatives
are likely to be in activated states of mind. Seen as a synchronistic event, homeopathy
would be non-causal, not dependent on a locally present efficient cause, but dependent
on a specific state of mind, perhaps in the doctor, the patient, or both. The synchronicity
occurs when the semiotic process, the ‘understanding of the case’ in the homeopath,
generates a meaning.

The conclusion is that the standard scienti�c analyses are not applicable, because
homeopathy is driven by synchonicity | and magic is an instance of synchronicity.

In sum, I propose to abstain from a causal interpretation of homeopathy. Instead
I contend that homeopathic effects are non-causal events, similar to what happens
in examples of synchronicity. The homeopathic remedy is a sign which mediates the
meaning between a mental-psychological state, the illness in the patient, and the physical
realm of bodily functions, elements of nature, and the like. It acts via the original
interconnectedness of all beings, which is activated, quite like in magical rituals, by
the homeopathic ritual of case taking, remedy preparation, repertorization and remedy
prescription. My hunch would be that homeopathy is only one example of a whole
range of phenomena of the same category, which are neglected by mainstream science,
because we do not have a proper understanding of them. The understanding, I would
guess, can only come out of the analysis of mental states, and not of purported causal
content.

So, for all of those who have believed that magic is banned from the realm of science,
it is possible to publish articles about magical explanations in journals that claim to

42But these two papers do not (yet) point out to speci�c links between quantum mechanics and

homeopathy. This would come later (Walach, 2003; Milgrom, 2006), and we would return to the subject

in Section 6.3.4.
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have purely scienti�c outlook. For example the Homeopathy43 is published by Elsevier
and described as the international journal aimed at improving the understanding and clinical
practice of homeopathy. So, science-magic connection is not limited to books such as The
Science of Harry Potter: How Magic Really Works, which describes how broomsticks
or sorting hats work (might work), but which one would hardly count as scienti�c.
Nota bene, the author of the book mentioned above, Roger High�eld, on the Science
Show broadcast on Radio National on 21 December 2002 (http://www.abc.net.au/
rn/science/ss/stories/s750404.htm) describes the two parts of the book as separate
approaches:

The first is a kind of secret manual of how everything in Harry Potter’s world might
come about whether it’s flying broomsticks or Bertie Bott’s Every Flavour Beans or why
are the houses at Hogwarts divided up the way they are or why do witches fly and so on,
and how can they fly. And then the second half of the book, which is actually the bit
I got the most satisfaction from, was looking at why it is we believe in magic,
why do we believe in anything and will science erase all magic from the world.

There is at least some tongue-in-cheek here, which I �nd completely missing in the

overly serious `magical explanations' of natural phenomena (or lack of them) | such as

Walach publications | found in scienti�c journals, published by respectable publishers,

and, I presume, peer reviewed. The journal in question is not the most popular or widely

circulated (Homeopathy has a circulation of 1700), but nevertheless: you can �nd there,

in the year 2000, magic o�ered as `explanation' for phenomena for which there is little

evidence as such. Why does homeopathy work: because it is magic. And why you can't

study it: because it is magic. If we use this method to explain the world more widely

the life of students of science would certainly become much easier. . . I �nd this scary.

Some might say that invoking `magic' is by de�nition outmoded in our modern

societies. And that if some tiny minority of people do it | what's the harm. Well,

the size of the homeopathic industry does not indicate `a tiny minority'. Moreover

there is another form of the magic of the words that is used daily by millions of people:

prayer. We invoke the godly powers, directly or through the intercession of saints and

messengers to help our families or friends. Anecdotal evidence of the healing power

of prayers, of miracles and happiness is abundant. More: the Catholic Church uses

such evidence in a formal beati�cation process as `proof' that a person has attained

saintlihood. But is it real? By scienti�c standards?
Recent extensive study by Benson et al. (2006) has addressed this topic:

Intercessory prayer is widely believed to influence recovery from illness, but claims of
benefits are not supported by well-controlled clinical trials. Prior studies have not ad-
dressed whether prayer itself or knowledge/certainty that prayer is being provided may
influence outcome. We evaluated whether (1) receiving intercessory prayer or (2) being
certain of receiving intercessory prayer was associated with uncomplicated recovery after
coronary artery bypass graft (CABG) surgery.

43Formerly called British Homeopathic Journal, in which the second version of Walach paper has

been published almost a year after the �rst publication in the Journal of Scienti�c Explorations

http://www.abc.net.au/rn/science/ss/stories/s750404.htm
http://www.abc.net.au/rn/science/ss/stories/s750404.htm


Draft, January 2, 2008 146 Chapter 4. On beliefs

Patients at 6 US hospitals were randomly assigned to one of 3 groups: 604 received
intercessory prayer after being informed they may or may not receive prayer; 597 did not
receive intercessory prayer, also after being informed they may or may not receive prayer;
and 601 received intercessory prayer after being informed they would receive prayer.
Intercessory prayer was provided for 14 days, starting the night before CABG. The
primary outcome was presence of any complication within 30 days of CABG. Secondary
outcomes were any major event and mortality.

Results: In the two groups uncertain about receiving intercessory prayer, complications
occurred in 52% (315/604) of patients who received intercessory prayer versus 51%
(304/597) of those who did not (relative risk 1.02, 95% confidence interval 0.92-1.15).
Complications occurred in 59% (352/601) of patients certain of receiving intercessory
prayer compared with the 52% (315/604) of those uncertain of receiving intercessory
prayer (relative risk 1.14, 95% confidence interval 1.02-1.28). Major events and 30-day
mortality were similar across the 3 groups.

Conclusions: Intercessory prayer itself had no effect on complication-free recovery from
CABG, but certainty of receiving intercessory prayer was associated with a higher inci-
dence of complications.

So, in a study done with the same methodology that is used to check the e�ectiveness
of drugs and medical procedures the result for prayers was not only not e�ective, but
in many cases it provided negative e�ect. In a short summary of the �ndings on BBC
site44 we �nd very illuminating comments.

Many theologians say that, even if you believe in the power of intercessory prayer, such
a trial is doomed to failure because it ‘puts God to the test’ - and there are clear
instructions in the Bible not to do this.

The Bishop of Durham is critical of the experiment

The Bishop of Durham, the Rt Rev Tom Wright, said: ‘Prayer is not a penny in the slot
machine. You can’t just put in a coin and get out a chocolate bar. This is like setting
an exam for God to see if God will pass it or not.’

Other experts are highly critical of the concept that the benefits of prayer might be
‘dose-dependent’ - that is, that the benefits might increase as the number of people
praying went up.

This is particularly important, as Duke University is at the centre of the US ‘Bible belt’
- and many of the trial participants, regardless of whether they were randomised to
receive prayer during the trial, would be getting it from relatives and friends - and of
course themselves.

Dr Richard Sloan, from the New York Presbyterian Hospital, described the concept of a
prayer ‘dose’ as ‘absurd’. He said: ‘It requires us to abandon our understanding of the
physical universe.’

I can only wonder at these comments, as they show an idea of God that di�ers so

grossly from the benevolent and �lled with love. Would God wilfully withdraw her help,

44http://news.bbc.co.uk/2/hi/health/3193902.stm

http://news.bbc.co.uk/2/hi/health/3193902.stm
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asked in earnest prayer, because someone counted the results, putting her to the test?

Where is good in such action? And as for the last remarks of Dr Sloan, I simply fail

to understand them. Speci�c prescriptions as to the required daily `doses' of prayers

are found within most religions. Five times a day, every morning and evening, before

every meal, and so on | in all religions cursory prayers are described as sacrilegious.

But even bigger question I have is: what requires us to abandon our understanding of

the Universe? That the prayers work? Or that they don't?
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4.7 Science and belief: war, truce or peace?

The way to belief is short and easy, the way to knowledge is long and hard.
Ernst Stuhlinger

The Bible tells us how to go to the heavens,
not how the heavens go.

Galileo Galilei

There are three main areas of contact between religions ans science. The

�rst, least visible in public, but deeply important personally, is the coexistence

of faith and research of scientists. Their religious beliefs may guide their interests and

a�ect choice of research �elds. To a certain extent it may also a�ect the results that

they are prepared to accept as valid and interesting and publish. While this may be

of utmost importance to the particular scientist, and has undeniably been a source

of self-censorship in the past, the phenomenon is relatively less important, when one

considers the growth of scienti�c knowledge in general. Because of multi-national and

multi-cultural status of research as activity, there are always other scientists willing to

enter the topic that someone thinks a taboo.45

The second way religions interact with science is through suppression or denial.

The most widely known example is the �ght of the Catholic Church against Copernican

system. This suppression is still present today, not through burning stakes, for sure, but

for example, in democratic e�orts of legislators forbidding certain research directions

or in the pulpit pounding priests denouncing sinful actions of research and sinfulness

of results.46

The third arena is everywhere where religions misuse science. I mean here attempts

at selective picking of results and theories, twisting of statements and sometimes using

the formal language of science deprived of actual meaning to prop up beliefs and desired

results.

4.7.1 History: science and religion in medieval times

The modern scienti�c method has roots going back to ancient Greece. These roots,

therefore pre-date the rise of the most popular religions today: Christianity and Is-

lam. On the other hand, the XVII scienti�c revolution has resulted in enormous jump

from the Greek philosophy of Nature into modern science. This revolution has been

pre-dated, in turn, by centuries of almost total domination of religions (theology) in

philosophy in Medieval times. To properly understand the relationship between religion

(at least for the two major religions mentioned above) and science we have to take into

account this quite complicated turn of events.

45This may be judged as both good and bad, depending on the subject of investigation. A good

example of such controversy is stem cell research or human cloning.
46Such as evolution biology, conception in vitro and others.
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A very good and understandable account may be found in The Foundations of
Modern Science in The Middle Ages by Edward Grant (Grant, 1996).

The generally known `standard account' of the history of Science follows equally

traditional account of European history that gives Middle Ages the name of Dark Ages.

According to this chronology, Science as we know it is direct descendant of ancient Greek

philosophy, with minimal inuence of other, non-European cultures. While certain

technological advances of the Chinese culture have undoubtedly inuenced Science's

progress47, the main thrust of development is a singular stream of events and e�ort, in

which several phases can be easily recognized. In gross simpli�cation they are:

� Ancient Greek Golden Age | creation of philosophy of nature. Era of creativity

and discovery.

� Roman Empire | birth of Christianity, decline in creativeness of philosophy.

� Dark Age of medieval times after the fall of Roman Empire | Natural philosophy

largely forgotten in Europe.

� Arabic interlude | Islamic scholars nurturing the ancient texts and thus providing

the bridge of continuity from Greek times to modern Era

� Renaissance | re-discovery of ancient tradition, mainly through Arabic transla-

tions.

� Scienti�c revolution of Copernicus, Galileo and others, culminating in Newton.

� The Enlightenment and birth of modern science.

While largely correct, this simpli�cation omits several crucial facts. Some of the omis-

sions are obvious, yet di�cult to explain. For example the loss of availability of the

Greek texts (and language) has happened only in the western part of the Roman Empire

and its remnants forming early medieval western Europe. But the Byzantine Empire

had existed with continuous tradition until 1453. Unlike the western part, here Greek

remained the main o�cial language, thus there were no problems with access to philoso-

pher texts. Moreover, the Byzantine Empire was not isolated, thus it should have been

the natural bridge of ancient Greek thought into our modern times. Yet, the existence

of Byzantium is often forgotten in histories of Science and, in fact, the role of it in devel-

opment of Science is minimal. The ancient texts have re-appeared through double �lter

of Greek-to-Arabic and Arabic-to-Latin translations and interpretations48. Perhaps the

reason for lack of inuence of Byzantine Empire in the history of European science is

the strictly subservient role that natural philosophy had to religious orthodoxy in the

Eastern Orthodox Church. But there are a lot of historical issues to be considered and

47For example the gunpowder or compass.
48Sometimes the chain of translations was even longer.
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there seems to be some important communication from the Byzantium to the Arab

world, but very little direct communication between the two Christian domains.

Another aspect of history that needs to be thoroughly considered, beyond the sim-

pli�ed stereotype, is the dark period of middle ages. As Grant (1996) and Crombie

(1959) argue, darkness was not as absolute as some would like to paint it. Indeed, long

before the onset of the scienti�c revolution the Latin culture of Western Europe has

been an active �eld of disputes, teaching and evolution of the understanding of Nature.

In the context of understanding historical relationships of religions and science it is

worthwhile to follow Grant's analysis of the di�erences between situation of Islam and

Christianity.

Early Christianity was a minority religion. Moreover, it has started in a world deeply

embracing Greek tradition: Greece was still an intellectually active part of the Roman

Empire, Greek was its scholarly language. Slow growth of Christianity was due the

fact that it has attracted followers mainly via missionary activity. Thus it has had to

use arguments and reasoning to convince. In early days of Christianity there was no

way that the doctrine could be enforced, it had to be communicated. All in all, Grant

argues that the early slow growth of Christianity in Greco-Roman world resulted in

its openness to all sorts of dialogue that were not directly threatening the doctrine or

community. Christianity has adjusted to the pagan world, and �nally would dominate

it in the domain of religious belief, but would accept its views with regards to the

philosophy and sciences. The acceptance of the coexistence principle is well embodied

in Christ's command: Give to Caesar what is Caesar’s, and to God what is God’s. (Mt

22,21).

When the Church has risen to dominant position, and later, when the state struc-

tures have been slowly rebuilt after the fall of the Western Roman Empire, the doctrine

of subservience of sciences and philosophy briey triumphed. But the triumph was not

universal, due to diverse interests of the lay rulers of the separate states, who have pro-

tected `useful' philosophers, doctors and engineers. Religious prohibitions on research

and studying of the natural philosophy were rather limited. In late Middle Ages, with

the rise of Universities, inclusion of sciences into their curriculum was a visible proof

that medieval Christianity not only tolerated natural philosophy but promoted it ac-

tively. Thus the grounds for the scienti�c revolution of XVI and XVII Century were

prepared well in advance.

The situation was completely di�erent with respect to Islam. Explosive growth of

this religion took place in a place relatively empty of the previous culture and scienti�c

achievement. Military nature of Islam's expansion, carried by sword and them forced

conversion left no room for discussion and adjustment of cultures. Inhabitants of con-

quered countries were encouraged to accept Islam, which was an `easy' process | but

one-way only. We should remember that Islamic law is very strict on the change in

the opposite direction: abandonment of Islam is punished by law. There never was

any process of slow adjustment of the Islamic culture to local and historical conditions.
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Strict adherence to the Quran and perception that the will of God is all important and

encompasses all aspects of life, from spiritual to strictly material has resulted in very

tenuous position of sciences in Islam.

Surprisingly, the discovery of the Greek tradition (already thousand years old) by

Islamic scholars was quite vigorous at �rst. During the �rst four centuries of Islamic

conquest, scholars (Islamic, Jewish and Christian) have studied and commented upon

the Greek texts, but this was considered a strictly lay activity and was looked upon

with distrust by Islamic theologians.

The most prominent philosophical and theological authors of Islam have actively

expressed their opposition to the pagan Greek thought, as potentially anti-Islamic,

especially after 1000A.D. For example one of the most respected Islamic scholars Al

Ghazali (1058{1111) in his work The Incoherence of the Philosophers (Tahafut al-
Falasifa), (Al Ghazali, 1963), has set out arguments against the neoplatonic school of

thought in Islamic Philosophy. Philosophers like Ibn Sina and Al Farabi are denounced

in this book. The text was dramatically successful, and marked a milestone in the

ascendance of the Asharite school within Islamic philosophy and theological discourse.

The book brings out contradictions in the thoughts of philosophers about God and
the universe. Direct faith in expressly stated will of God has all precedence over philo-
sophical considerations. Al Ghazali thought also that mathematics is a very dangerous
science, as it uses clear and logical proofs. This may entice a follower to think that all
natural philosophy is equally clear and logical. And, in turn, such thought might lead
to the statement that were the pagan philosophers so logical and precise in their search
for truth, the true religion would surely be `discovered' by them. As it was not, the logic
of mathematics might be used as an argument against religion. Thus, mathematics is
dangerous. Al Ghazali states

I have seen many who wander away from the truth because of their high opinion about
philosophers and only for this reason.49

Al Ghazali bitterly denounced Aristotle, Socrates and other Greek writers asmushrikuwn
('heathen') and labelled those who employed their methods and ideas as corrupters of

the Islamic faith.

There were many more attacks on philosophy. For example Ibn Khaldoun (1332{

1406) in his Muqaddimah warns about the use of logic, that may be dangerous to

the unprepared | those who are not thoroughly versed in Islamic Law and lore. He

states that the problems of physics do not have any importance in religious matters and

therefore in our life.50

There were works in defence of natural philosophy as well. For example, Ibn Rushd

(Averroes) attempted a reductio ad absurdum of Al-Ghazali's work, the Incoherence

of the Incoherence (Tahafut-al-Tahafut). This defence of Greek philosophers has made

Averroes so famous in the Christian world that he was one among the philosophers in

49After Grant (1996).
50After Grant (1996)
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the famous Raphael painting, but the text was not so well received by the wider Islamic

audience (http://www.muslimphilosophy.com/ir/tt/default.htm).

In general while early and medieval Christianity has used more or less limited inde-

pendence and coexistence of science and religion (with many theologians being philoso-

phers of nature as well) in Islam there was a split between secular sciences, with clearly

subservient role, and theology, that dominates religious and social a�airs. In Islam

there is no equivalent of Jesus saying quoted above: all things must submit to the will

of Allah. Thus while on the surface the level of Islamic understanding of Nature was

quite high in XV Century, there was no ground for free-thinking revolution, breaking

the tradition of concentration on philosophy and creation of what we now know as exact

sciences. In Islamic societies, lack of support for natural philosophy by the theologians

and their open enmity towards it have resulted in the fall of philosophy and in lack of

progress in science.
One of the issues often discussed in both science studies, histories of religions and

post-modernist `Western domination' analyses is the dominance of the scienti�c tra-
dition developed in post-Renaissance Europe. Why here? Why at this period? The
historical studies of the development of science and technology in ancient and medieval
China clearly show that before XVIth Century Chinese technology and experimental
sciences were superior to European counterparts. Joseph Needham, author of monu-
mental Science and Civilization in China51 points out that one of the reasons | if not
the chief one | is the di�erence between the religious systems in the two cultures. In
his shorter work The Grand Titration: Science and Society in the East and West,
(Needham, 1969), he states:

There was no confidence that the code of Nature’s laws could be unveiled and read,
because there was no assurance that a divine being, even more rational than ourselves,
had ever formulated such a code capable of being read.

The blame is put on the Taoist philosophy, with its lack of interest in theoretical
explanation | such explanation is deemed to be beyond capability of human beings to
decipher. Needham quotes Marquis d'Argens remarks that

Chinese atheists52 do not show any greater understanding for Divine Providence than
for the Creation. When we teach them that God, who has created the world out
of nothingness, governs it through general Laws, worthy of His infinite Wisdom, to
which all creatures suborn with wonderful regularity, they do reply that these are high-
minded words, to which no concrete idea can be fixed, and which do not enlighten their
minds. They claim that what we call Laws and understand as the order declared by
the Lawgiver. . . They reply that if God has established the Laws that are to be kept by
creatures capable of their recognition, is follows that animals, plants and generally even
inanimate bodies which follow these Universal Laws must know them, that is they must
have minds capable of understanding, which is absurd.

51Needham was an ardent Marxist, alas, his works are de�nitely not available to the working class for

free access.
52To a deist d'Argens, all Chinese Taoists or Confucians were atheists, because they did not believe in

personi�ed God. . .

http://www.muslimphilosophy.com/ir/tt/default.htm
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The thought is expanded by Pratchett et al. (2002).

In polytheistic philosophies, it isn’t very sensible to search for the cause of something,
like a thunderstorm, say: you’re liable to get very contingent answer involving incidents
in the love lives of the gods, and an explanations of the provenance of thunderbolts
verges on the ridiculous.

Monotheists, however [. . . ] reckon that God had a consistent set of ideas and causalities
in mind when he set the universe up. One set of ideas. If you expect your one God to be
consistent, then it’s worth asking how those causalities relate to each other: for example,
‘black clouds and rain will be associated with thunderstorms when. . . ’ whatever. [. . . ]
So scientific causality is compatible with God-causality, but not with gods-causality.

The historical roots described above are still blossoming in the di�erent approaches

of today's religions to Science. The division lines are now shifted, mainly because of

the scienti�c revolution and the fact that the realm of topics explainable by science has

grown enormously. Moreover, science is the ultimate globalisation factor, antibiotics and

nuclear weapons being the same regardless of the continent and dominating religion.

Today, both realms, religious and scienti�c, exist in curious landscape of interlocked

conict, applicability and interests.

4.7.2 Religion on Science

The assumed absolute source of religious authority: Holy Scriptures, direct prophecy

or communication from Gods and thousand year old traditions stand in stark contrast

with the unsure, changing view of the world that Science o�ers. The explanatory
power of various religions may indeed be undermined by scienti�c research. This goes

far beyond the Christian world. For example, in India there is a goddess of smallpox |

Mariamman53. One may ask how are her existence and explanatory role changed by the

knowledge of what really causes smallpox and the successful �ght against the disease?

That change in understanding of the world that Science brings has often been treated

as threat to religious belief and religious organizations in society. The problem that the

Christian churches had with Copernican system was not in calculation of eclipses and

equinoxes, but in allowing doubt on literal statements of the Bible. As research started

to successfully explain and predict more and more of phenomena previously deemed

miraculous, religions put up more and more defences.

The �rst and foremost is by classifying scientific research and its results as sec-
ondary knowledge. The origin of this stance in early Christianity is from works of

Clemens of Alexandria and Origenes. Natural philosophy may be practical, yes, but

subservient to the Grander Truth of human condition in the light of God's Command-

ments.

53In North India known as Shitala Devi. She is not a peaceful and benign goddess. She can be

vindictive, inexorable, and deadly. Essentially she is a personi�cation of the world's natural forces, but

speci�cally she is a goddess of smallpox, chickenpox, and other diseases. Her role is ambivalent for she

both inicts the diseases and protects the village from them.
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The admonition that Science should be based on religious foundations is very often
quote open and used in our times as well. Let me quote again Pope John Paul II, from
the `Redemptor Hominis ' Encyclical

As in preceding ages, and perhaps more than in preceding ages, theologians and all
men of learning in the Church are today called to unite faith with learning and wisdom,
in order to help them to combine with each other, as we read in the prayer in the liturgy
of the memorial of Saint Albert, Doctor of the Church. This task has grown enormously
today because of the advance of human learning, its methodology, and the achievements
in knowledge of the world and of man. This concerns both the exact sciences and the
human sciences, as well as philosophy, which, as the Second Vatican Council recalled,
is closely linked with theology.

In this field of human knowledge, which is continually being broadened and yet
differentiated, faith too must be investigated deeply, manifesting the magnitude of
revealed mystery and tending towards an understanding of truth, which has in God
its one supreme source. If it is permissible and even desirable that the enormous
work to be done in this direction should take into consideration a certain pluralism of
methodology, the work cannot however depart from the fundamental unity in the
teaching of Faith and Morals which is that work’s end54.

The statement that the work (Science) can not be allowed to depart from Faith clearly

points to secondary, subservient role of earthly discoveries. God | our God | is the

supreme source of truth.

The second method of assuring `proper' relationships between religion and science

is enforcement of social structures centered on and supporting religion. Fortunately,

we have moved away from societies where secular authorities helped to burn heretics

at stake. Yet the world is full of examples of state promoted religious approach. The

appearance if Islamic states, in which all public life is submitted to religious dictate

is an extreme example. In many of those countries the lives of the followers of other

religions and the nonbelievers are submitted to the rule of the Shariat. Some o�ences

are punished by stoning, which for the rest of the world is just as inhuman as witch

burning in medieval Europe.

But it would be wrong to limit the abusive state assistance to religion to Muslim

countries. For example, one of the �rst actions of the Catholic Church in Poland after

the overthrow of Communism was re-introduction of religious teaching in schools, at

all levels, from pre-schoolers to high school. With some lip-service to democracy in the

form of alternative `Ethics' classes, every pupil and high school student has to attend

Catholic classes55, conducted by priests, nuns or Church approved teachers. One can

not opt out just like one can not opt out from physics or literature classes. There are

two results: one is social pressure, visible especially on smaller kids, that e�ectively

54http://www.vatican.va/holy_father/john_paul_ii/encyclicals/documents/hf_jp-ii_enc_
04031979_redemptor-hominis_en.html

55In principle, should child's parents wish for, say, Muslim or Zen class, this should be arranged. In

normal circumstances this is never the case: both o�cially (school districts claim they have no quali�ed

teachers) and by peer pressure and ostracism. Thus `religion classes' means `Catholic classes'.

http://www.vatican.va/holy_father/john_paul_ii/encyclicals/documents/hf_jp-ii_enc_04031979_redemptor-hominis_en.html
http://www.vatican.va/holy_father/john_paul_ii/encyclicals/documents/hf_jp-ii_enc_04031979_redemptor-hominis_en.html
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prohibits non-attendance or choosing Ethics56, exposing all children to Catholic pro-

paganda. The other, observed in older students is a negative e�ect of putting religion

on the same footing as other classes, which robs it of mystery and awe. This negative

(for deep religious feelings) e�ect was easy to predict, but the Church has decided to

allow the losses in the quality of religious experience, trading it for visible state power.

Another example of the way the supposedly neutral state is subverted to promote a

single religious view is from within the Polish Parliament. Several years ago, a group of

Parliament Members have put a cross in a prominent place of the main debate room of

the parliament. The circumstances were worthy of a thriller: it was done clandestinely,

during a night, so that the cross was a total surprise in the morning. Yet, despite the

fact that the cross is not a national symbol of the state of Poland, and that the Polish

Constitution separates religion and state a�airs, and that in fact there are circa 150

registered religions in Poland other than the Catholic Church | the cross was never

taken down.

The politically driven educational push of religion is by no means limited to Poland.

Of course some aspects of it are simply expression of freedom: I believe that religious

organisations and parents have the right to establish schools that focus on the proposed

understanding of the world. However I see two limitations that should be imposed on

such endeavours. First is that the educational standards should be the same what-

ever the type of school, for example via nationwide, standardized exams and curricula.

Second, especially visible in our times of rise of terrorism, that no private or religious

school should be allowed to teach hate and incite violence. Of course, this applies to

state run schools as well. . . The push is even stronger in Muslim countries, where re-

ligious education is often the �rst one (children learn to read from the Quran) and in

many cases the only education that children receive. I will come back to this relating a

revealing interview by one of Iranian leading physicists in Chapter 11.2. Page 740

But there is another face of the religious intrusion into education: involvement of
the churches and religions in the curricula. Telling what should and what should not
be taught in schools. The recurring �ghts in US courts to introduce creationist inter-
pretation (called `creationist science') into biology curricula give example of activity,
in which religious movements try to inuence social structures organized by a modern
and democratic state, and the standards of understanding the role of science:

Advocates of creation science have campaigned to have their Biblical version of
creation taught as science in U.S. public schools. One of their successes was in the
state of Arkansas, which passed a law requiring the teaching of creationism in public
schools. This accomplishment may seem significant but it must be remembered that
until 1968 it was illegal to teach evolution in Arkansas! In 1981, however, the law was
ruled unconstitutional by a federal judge who declared creationism to be religious in
nature (McLean v. Arkansas). A similar Louisiana law was overturned by the United
States Supreme Court in 1987 (Edwards v. Aguillard). In 1994, the Tangipahoa Parish

56Nota bene, in my son's school, Religion classes are conducted by a lay teacher, approved by the

Catholic Church. But the supposedly religion-neutral Ethics is conducted by . . . a Catholic priest!
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school district passed a law, under the guise of promoting ‘critical thinking’, requiring
teachers to read aloud a disclaimer before they taught evolution. This dishonest ruse
was thrown out by the 5th Circuit Court of Appeals in 1999. Another tactic was tried by
creationist biology teacher John Peloza in 1994. He sued his school district for forcing
him to teach the ‘religion of evolutionism’. He lost and the the 9th Circuit Court of
Appeals ruled that there is no such religion. In 1990 the Seventh Circuit Court of Appeals
ruled that school districts may forbid the teaching of creationism since it is a form of
religious advocacy (Webster v. New Lenox School District). Many religious leaders
support this ruling. They recognize that allowing school districts to teach creationism is
to favour one group’s religious views over the religious views of others and has nothing
to do with critical thinking or fairness in the science curriculum57.

The continuing attempts (in many places quite successful) to steer what the children

are taught at school, which scienti�c results are acceptable and which should be hidden

or distorted is not limited to the US. It is a part of the general problem that the world

faces: education in rapidly changing, technological environment, in which mistakes we

make today, as humanity or as nations, may have profound e�ect on the future of

humankind. Chapter 11 is devoted to analysis of the state of scienti�c education.

Even for the `grown up' science, religious movements try to dictate what should and

what should not be the topic of research and | especially | communication to the

general public. Even in the most restricted religious countries (Muslim or Christian)

there is place for state laboratories dealing with `heretic science', if it is considered

useful for the state.58 But the stance of the religious organisations against what they

consider dangerous atheist propaganda (such as evolution theory) is surprisingly united,

as can bee seen from the documents presented in Chapter 8.2.

4.7.3 Science on Religion

Religions often have very clear stance on science. Mostly negative, although there are

examples of softer approach and allowance for the `second magisterium ' of secular

knowledge. How does the situation look viewed from the other side?
First of all, Science is a method and data gathered through the use of the method, not

organisation. Therefore there is hardly any o�cial pronouncement coming from `Pope
of Science' or other doctrinal body. The way scientists approach religion are highly
personal. If there are any o�cial statements by organisations representing particular
groups of scientists there are usually very carefully worded | allowing the individual
choice. A good example is provided by American Physical Society Education Statement
on Creationism59 Adopted by Council on 22 November l98l:

The Council of the American Physical Society opposes proposals to require “equal
time” for presentation in public school science classes of the biblical story of creation

57Robert Todd Carroll, The Skeptics Dictionary, http://skepdic.com/creation.html
58For example bacteriology labs, that use the concepts and theories of evolution, or nuclear facilities.

Of course strictly for peaceful purposes. . .
59http://www.aps.org/statements/81_1.cfm

http://skepdic.com/creation.html
http://www.aps.org/statements/81_1.cfm
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and the scientific theory of evolution. The issues raised by such proposals, while mainly
focused on evolution, have important implications for the entire spectrum of scientific
inquiry, including geology, physics, and astronomy. In contrast to “Creationism”, the
systematic application of scientific principles has lead to a current picture of life, of
the nature of our planet, and of the universe which, while incomplete, is constantly
being tested and refined by observation and analysis. This ability to construct critical
experiments, whose results can require rejection of a theory, is fundamental to the
scientific method. While our society must constantly guard against oversimplified or
dogmatic descriptions of science in the education process, we must also resist attempts
to interfere with the presentation of properly developed scientific principles in established
guidelines for classroom instruction or in the development of scientific textbooks. We
therefore strongly oppose any requirement for parallel treatment of scientific and non-
scientific discussions in science classes. Scientific inquiry and religious beliefs are
two distinct elements of the human experience. Attempts to present them in
the same context can only lead to misunderstandings of both.

As we can see, the statement is really deeply defensive, simply opposing parallel
treatment of scienti�c and non-scienti�c discussions in science classes. The statement
does say nothing on what should/could be taught in churches, religious schools or
classes. There is no valuation of any belief system as being closer to or further from
the scienti�c knowledge. No reference to absolute character of today's accepted views
is made, on the contrary, the incomplete character is spelled out openly, with the
dedication to testing and re�nement. This is indeed very far from doctrinal approach
of Religions to Science. And the research-communicate-correct-re�ne method of science
leads to much more open communication than typical for religions. As Bertrand Russell
wrote in Can Religion Cure our Troubles (1954)60:

When two men of science disagree, they do not invoke the secular arm; they wait for
further evidence to decide the issue, because, as men of science, they know that neither
is infallible. But when two theologians differ, since there are no criteria to which either
can appeal, there is nothing for it but mutual hatred and an open or covert appeal to
force.

The defensive and open stance is often seen as a sign of weakness. Even though
majority of scientists | especially in some disciplines | are leaning towards atheism,
they usually refrain from expressly voicing their attitudes. Is it due to some form of
`political correctness' or for other reasons | who knows (in each case). A good example
of rare outspoken statement is Carroll (2003): Why (Almost All) Cosmologists are
Atheists. Carroll points out that:

It should be clear that, by these definitions, materialism and theism are incompatible,
essentially by definition. (The former says that everything follows the rules, the second
says that God is an exception.) . . .

Suggestions that science and religion are simply disjoint activities generally rely on a
re-definition of ‘religion’ as something closer to ‘moral philosophy’. Such a definition
ignores crucial aspects of religious belief. In judging between materialism and theism,

60http://atheism.about.com/od/weeklyquotes/a/russell01.htm

http://atheism.about.com/od/weeklyquotes/a/russell01.htm
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we are faced with two possibilities. Either one or the other system is logically impossible,
or we need to decide which of the two conceivable models better explains the world we
experience. In my view, neither materialism nor theism is logically impossible, and
I will proceed on the idea that we have to see which fits reality better.

If scientists do admit they may be mistaken and their current theories changed, and,
as Carroll does that the theist wievpoint is logically possible they should immediately
align their views and theories (and ensuing education) to the `more certain' religious
knowledge. At least this is the view of the true believers. They weigh the `imsiness' of
science and certainty of the religious revelations and conclude that the modern scienti�c
propaganda should immediately bow to the supremacy of God's words. Historically,
even the foundations of rational thinking have been subject to such obeisance. Russell
(1961) summarizes it as follows

Intellectually, the effect of mistaken moral considerations upon philosophy has been to
impede the progress to an extraordinary extent. I do not myself believe that philosophy
can either prove or disprove the truth of religious dogmas, but ever since Plato most
philosophers have considered it a part of their business to produce ‘proofs’ of immortality
and the existence of God. They have found fault with the proofs of the predecessors —
St Thomas rejected St Anselm’s proofs, and Kant rejected Descartes’ — but they have
supplied new ones of their own. In order to make their proofs seem more valid, they
have had to falsify logic, to make mathematics mystical, and to pretend that deep-seated
prejudices were heaven-sent intuitions.

Yes, there is a tradition, that the religious views would take precedence over scienti�c
observations, nay, over common sense and logic. And if it requires mental gymnastics,
well, who cares. A lot of people do not think about these matters at all, they just
accept what is passed as God-given truths. A lot of people | but not all. And this
leads to another way in which science can have an impact on religion. Not by proofs or
experiments on religion itself, but by leading people away from religion. After all the
famous trial of Socrates has been started by the charges of impiety and corrupting the
youth. Some (surprisingly many) scienti�c discoveries are deemed to be dangerous to
some faiths. The explanatory and technical success of science can catch the imagination
of young people. And it seems that the religious leaders do guard against this very
danger. The discipline most often contented is evolution (more on this subject in
Chapter 8.2). As I write these words a court debate on teaching evolution in Kansas
opens (again!):

Darwin on trial: Evolution hearings open in Kansas
By Carey Gillam, May 5, 2005

TOPEKA, Kan. (Reuters) - A six-day courtroom-style debate opened on Thursday
in Kansas over what children should be taught in schools about the origin of life – was
it natural evolution or did God create the world?

The hearings, complete with opposing attorneys and a long list of witnesses, were
arranged amid efforts by some Christian groups in Kansas and nationally to reverse the
domination of evolutionary theory in the nation’s schools.

William Harris, a medical researcher and co-founder of a Kansas group called the



4.7. Science and belief: war, truce or peace?159 Draft, January 2, 2008

Intelligent Design Network, posed the core question about life’s beginnings before map-
ping out why he and other Christians want changes in school curriculum.

School science classes are teaching children that life evolved naturally and randomly,
Harris said, arguing that this was in conflict with Biblical teachings that God created
life.

“They are offering an answer that may be in conflict with religious views,”
Harris said in opening the debate. “Part of our overall goal is to remove the bias against
religion that is currently in schools. This is a scientific controversy that has powerful
religious implications.”61

So, at least in the view of Christian groups in present day Kansas, Science can have

powerful religious implications | from the context, we may understand that they are

clearly negative.

Of course, individual scientists may have much stronger views on religion than the

APS. There are pro-religion and anti-religion examples, there are also quite many of

those who do not join their own research e�orts and their spiritual experience. For

those that try to correlate the two worlds (especially physicists) the belief systems may

go deeply into philosophical considerations. Trying to �t religious system and scienti�c

results requires going beyond the traditional `narratives ', as present in holy scriptures

or traditions. These texts, par force, do not have references to quantum uncertainty,

energy and momentum conservation or chromosomes. Many of them were written in a

conceptual framework of early societies, completely di�erent from ours, in a language

of metaphors and magic. Despite the gulf of cultural di�erences some pro-religion

advocates or popular science writers actually try to �t ancient words and verses to the

modern interpretations and knowledge62.
To achieve mental consonance between science and belief one has to go beyond the

traditional, simple theology. This is well described by Richard Dawkins:

The trouble is that God in this sophisticated, physicist’s sense bears no resemblance
to the God of the Bible or any other religion. If a physicist says God is another name for
Planck’s constant, or God is a superstring, we should take it as a picturesque metaphor-
ical way of saying that the nature of superstrings or the value of Planck’s constant is a
profound mystery. It has obviously not the smallest connection with a being capable of
forgiving sins, a being who might listen to prayers, who cares about whether or not the
Sabbath begins at 5pm or 6pm, whether you wear a veil or have a bit of arm showing;
and no connection whatever with a being capable of imposing a death penalty on His
son to expiate the sins of the world before and after he was born . . .

61http://story.news.yahoo.com/news?tmpl=story&cid=585&e=5&u=/nm/20050505/sc_nm/life_
evolution_dc

62For example Fritjof Capra attempts to equal far east mythology with the theories of elementary

particles current in early seventies in The Tao of Physics, using for example bootstrap theory, long

since rejected. Or D. Russell Humphreys statement that Old Testament Hebrew verbs stretching out

to prove that the Bible refers to cosmological expansion of the Universe (see page 419). In fact some

Creationst authorities advise against looking for `amazing modern scienti�c insight in the Bible ' (see

page 163)

http://story.news.yahoo.com/news?tmpl=story&cid=585&e=5&u=/nm/20050505/sc_nm/life_evolution_dc
http://story.news.yahoo.com/news?tmpl=story&cid=585&e=5&u=/nm/20050505/sc_nm/life_evolution_dc
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It is often said, mainly by the ’no-contests’, that although there is no positive
evidence for the existence of God, nor is there evidence against his existence. So it is
best to keep an open mind and be agnostic. At first sight that seems an unassailable
position, at least in the weak sense of Pascal’s wager (see page 124). But on second
thoughts it seems a cop-out, because the same could be said of Father Christmas and
tooth fairies. There may be fairies at the bottom of the garden. There is no evidence for
it, but you can’t prove that there aren’t any, so shouldn’t we be agnostic with respect
to fairies? 63

So, can Science prove religion? Yes. If God manifests Herself obligingly in a
laboratory in a repeated way. Or if we could examine miracles directly and not through

historical or anecdotal records. Here a positive answer is obvious but the event would be

very surprising. Such proof would be a perfect story plot for a spiritual/political thriller:

Deities manifest themselves to a scienti�c community in a well known laboratory, say,

CERN (ideally placed as being quite close to Rome, neutrality of Switzerland and its

reputation as international spy headquarters would only add avour to the plot. . . ). In

his 1920 novel Factory of the Absolute, Czech writer Karel �Capek describes a world in

which discovery of atomic motor releases pure deity, God that is willing and ready to

act in our world, making miracles big and small. Witty, but overwhelmingly pessimistic

book concentrates on humanity reaction to deity at large. The novel ends when, after

devastating world war, the last atomic motor is destroyed, and Humanity returns to,

relatively peaceful times of religions without visible and accessible Gods.

But, quite seriously, I repeat again: Science can, in principle, have decisive say on

the existence of a Deity, but as far as I am able to understand, has not con�rmed any

of the multitude of faiths listed previously.
A good quotation comes from Science and Design (1998) by William A. Dembski

(a very well known proponent of creationism):

To see this, consider what would happen if microscopic examination revealed that
every cell was inscribed with the phrase “Made by Yahweh”. Of course cells don’t have
“Made by Yahweh” inscribed on them, but that’s not the point. The point is that we
wouldn’t know this unless we actually looked at cells under the microscope. And if they
were so inscribed, one would have to entertain the thought, as a scientist, that they
actually were made by Yahweh64.

I agree with the reasoning, but unless a world wide conspiracy has hidden the pho-

tographs of the `Made by [insert your deity name here]' markings on cells, there is no

such evidence. Seriously speaking, the arguments through which sciences (astronomy,

physics or biology) are supposed to support religion are extremely weak today, to put

it politely. But, as a scientist I admit that there is a possibility of such proof. However,

to quote Victor Stenger once again: extraordinary claims require extraordinary proofs.

63Richard Dawkins, from www.world-of-dawkins.com (http://www.world-of-dawkins.com/
Dawkins/Work/Articles/1994-12religion.shtml)

64http://www.discovery.org/scripts/viewDB/index.php?program=CSC\&command=view\&id=62

www.world-of-dawkins.com
http://www.world-of-dawkins.com/Dawkins/Work/Articles/1994-12religion.shtml
http://www.world-of-dawkins.com/Dawkins/Work/Articles/1994-12religion.shtml
http://www.discovery.org/scripts/viewDB/index.php?program=CSC\&command=view\&id=62
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There have been quite a few examples of this kind of scientific (not to be mixed

with philosophical) proofs of God's existence. As, historically, most of the research was

done in predominantly Christian environments, many of the examples of these scienti�c

proofs tend to prove the Christian Biblical, creationist doctrine.
Sometimes these claims are repeated quite mindlessly, over and over again. But

quite interesting information can be found on special page of the Creationist WEB site
Answers in Genesis, which is devoted to warning Creationists as to what arguments
they should not use in discussions (http://www.answersingenesis.org/home/area/
faq/dont_use.asp). The introductory words are dogmatic yet quite intelligent:

The primary authority for Answers in Genesis (AiG) is the infallible Word of God, the
Bible. All theories of science are fallible, and new data often overturn previously held
theories. Evolutionists continually revise their theories because of new data65, so it
should not be surprising or distressing that some creationist scientific theories need to
be revised too. . .

However, we are obviously not claiming that God has revealed all possible knowledge in
His Word. We do claim, though, that where He has clearly revealed certain facts relating
to reality (science, history) these are true as opposed to untrue. This has nothing to
do, incidentally, with ‘wooden-headed literalism’, ‘bibliolatry’ or a ’failure to appreciate
the nature of the literature’.

The examples for scienti�c proofs of the truth of the Bible range from anecdotal
to highly expert (an example of the latter would be discussed in Chapter 7). Among
the pro-creationism arguments that were used by the Biblical Creationists, which they
now are advised not to use are:

‘Darwin recanted on his deathbed’. Many people use this story, originally from
Lady Hope. However, it is almost certainly not true, and there is no corroboration
from those who were closest to him, even from Darwin’s wife Emma, who never liked
evolutionary ideas. Also, even if true, so what? If Ken Ham recanted Creation, would
that disprove it? There is no value to this argument whatever.

‘Moon-Dust thickness proves a young moon’. For a long time, creationists
claimed that the dust layer on the moon was too thin if dust had truly been falling on it
for billions of years. They based this claim on early estimates—by evolutionists—of the
influx of moon dust, and worries that the moon landers would sink into this dust layer.
But these early estimates were wrong, and by the time of the Apollo landings, NASA
was not worried about sinking. So the dust layer thickness can’t be used as proof of a
young moon (or of an old one either).

‘NASA computers, in calculating the positions of planets, found a missing day
and 40 minutes, proving Joshua’s ‘long day’ and Hezekiah’s sundial movement
of Joshua 10 and 2 Kings 20.’ Not promoted by major creationist organizations, but
an hoax in wide circulation, especially on the Internet.

‘The Castenedolo and Calaveras human remains in ‘old’ strata invalidate the
geologic column.’ These are not sound examples—the Castenedolo skeletal material
shows evidence of being an intrusive burial, i.e. a recent burial into older strata, since

65Ask yourself, is it a good or a bad sign?

http://www.answersingenesis.org/home/area/faq/dont_use.asp
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all the fossils apart from the human ones had time to be impregnated with salt. The
Calaveras skull was probably a hoax planted into a mine by miners.

‘The Japanese trawler Zuiyo Maru caught a dead plesiosaur near New Zealand’.
This carcass was almost certainly a rotting basking shark, since their gills and jaws rot
rapidly and fall off, leaving the typical small ‘neck’ with the head. This has been shown
by similar specimens washed up on beaches. Also, detailed anatomical and biochemical
studies of the Zuiyo-maru carcass show that it could not have been a plesiosaur.

‘The 2nd Law of Thermodynamics began at the Fall’. This law says that
the entropy (‘disorder’) of the Universe increases over time, and some have thought
that this was the result of the Curse. However, disorder isn’t always harmful. An
obvious example is digestion, breaking down large complex food molecules into their
simple building blocks. Another is friction, which turns ordered mechanical energy into
disordered heat—otherwise Adam and Eve would have slipped as they walked with God
in Eden! A less obvious example to laymen might be the sun heating the Earth—to a
physical chemist, heat transfer from a hot object to a cold one is the classic case of the
Second Law in action. Also, breathing is based on another classic Second Law process,
gas moving from a high pressure to low pressure. Finally, all beneficial processes in the
world, including the development from embryo to adult, increase the overall disorder of
the universe, showing that the Second Law is not inherently a curse.

‘Archaeopteryx is a fraud’. Archaeopteryx was genuine, as shown by anatomical
studies and close analysis of the fossil slab.

‘There are no beneficial mutations.’ This is not true, since some changes do
confer an advantage in some situations. Rather, we should say, ‘We have yet to find a
mutation that increases genetic information, even in those rare instances where the
mutation confers an advantage.’66

‘Geocentrism (in the classical sense of taking the Earth as an absolute ref-
erence frame) is taught by Scripture and Heliocentrism is anti-Scriptural.’ AiG
rejects this dogmatic geocentrism, and believes that the Biblical passages about sunset
etc. should be understood as taking the Earth as a reference frame, but that this is one
of many physically valid reference frames; the centre of mass of the solar system is also
a valid reference frame67.

‘Ron Wyatt has found Noah’s Ark’ This claimed Ark shape is a natural geological
formation caused by a mud flow.

‘Ron Wyatt has found much archaeological proof of the Bible’ There is not
the slightest substantiation for Wyatt’s claims, just excuses to explain away why the
evidence is missing.

Many of Carl Baugh’s creation ‘evidences’. Sorry to say, AiG thinks that he’s
well meaning but that he unfortunately uses a lot of material that is not sound scien-
tifically. So we advise against relying on any ‘evidence’ he provides, unless supported
by creationist organisations with reputations for Biblical and scientific rigour. Unfortu-
nately, there are talented creationist speakers with reasonably orthodox understandings
of Genesis (e.g. Kent Hovind) who continue to promote some of the Wyatt and Baugh
‘evidences’.

66More on this topic in later sections.
67That is de�nitely a relief for Galileo.
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‘Missing solar neutrinos prove that the sun shines by gravitational collapse,
and is proof of a young sun.’ This is about a formerly vexing problem of detecting
only one third of the predicted numbers of neutrinos from the sun. Also, accepted
theories of particle physics said that the neutrino had zero rest mass, which would
prohibit oscillations from one ‘flavour’ to another. Therefore, consistent with the data
then available, some creationists proposed that the sun was powered one-third by fusion
and two-thirds by gravitational collapse. This would have limited the age to far less than
4.5 billion years. However, a new experiment was able to detect the ‘missing’ flavours,
which seems to provide conclusive evidence for oscillation. This means that neutrinos
must have a very tiny rest mass after all—experimental data must take precedence over
theory. Therefore creationists should no longer invoke the missing neutrino problem to
deny that fusion is the primary source of energy for the sun. So it cannot be used as a
young-age indicator—nor an old-age indicator for that matter.

‘Gold chains have been found in coal.’ Several artefacts, including gold objects,
have been documented as having been found within coal, but in each case the coal is
no longer associated with the artefact. The evidence is therefore strictly anecdotal (e.g.
‘This object was left behind in the fireplace after a lump of coal was burned’). This
does not have the same evidential value as having a specimen with the coal and the
artefact still associated.

‘Paluxy tracks prove that humans and dinosaurs co-existed.’ Some prominent
creationist promoters of these tracks have long since withdrawn their support. Some of
the allegedly human tracks may be artefacts of erosion of dinosaur tracks obscuring the
claw marks. There is a need for properly documented research on the tracks before we
would use them to argue the coexistence of humans and dinosaurs. However there is
much evidence that dinosaurs and humans co-existed68.

‘There is amazing modern scientific insight in the Bible.’ We should interpret
the Bible as the author originally intended, and as the intended readership would have
understood it. Therefore we should be cautious in reading modern science into passages
where the readers would not have seen it. This applies especially to poetic books like
Job and Psalms. For example, Job’s readers would not have understood Job 38:31 to be
teaching anything about gravitational potential energy of Orion and Pleiades. Rather,
the original readers would have seen it as a poetic illustration of God’s might, i.e. that
God, unlike Job, could create the Pleiades in a tightly-knit cluster which is what it
looks like; while God created Orion as a well spread out constellation, again something
well beyond Job’s ability. Similarly, Job 38:14 is not advanced scientific insight into the
Earth’s rotation, because the earth is not being compared to the turning seal but to the
clay turning from one shape into another under the seal.69

Ou�, again, a long list (by no means the whole contents of the WEB page). The

reason I have presented these examples is that strictly literal and dogmatic religious

stance (be it Christian or any other) can be found to be at odds with current scienti�c

knowledge. Moreover, this is quite probable, because the texts should be interpreted

68The link to the links to the purported evidence http://www.answersingenesis.org/home/area/
faq/dinosaurs.asp is as much anecdotal as poetic.

69Adapted from http://www.answersingenesis.org/home/area/faq/dont_use.asp

http://www.answersingenesis.org/home/area/faq/dinosaurs.asp
http://www.answersingenesis.org/home/area/faq/dinosaurs.asp
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`as the author originally intended, and as the intended readership would have understood it'.
On the other hand Science is in weak position against exible spiritual stance, where

abandoning previously held positions does not cause the whole front to collapse.
Coming back to the scienti�c study of religion: by no means are all the e�orts

directed at proving he existence of God or Gods. Quite often the topic of the study
is the phenomenon of religious belief itself. Why is it so widespread? So resistant
to obvious contradictions, for example contradictions of professed and actual morality.
Or, for that matter, contradiction with `working science'. Interesting examples are
provided by studies of genetic or neurophysiological correlations of religious beliefs, such
as d'Aquili and Newberg (2000); Lee and Newberg (2005); Newberg and Lee (2005) or
Persinger (2001). A short popular review was published in the TIME Magazine by
Kluger (2004). Persinger gives the following rationale to his studies:

The formal study of the brain mechanisms and electromagnetic patterns within the
brain that generate the god experience might be considered one of the most important
challenges to which neuroscience must respond. God experiences, which are often
employed as proofs of god beliefs, are likely to have been responsible for more human
carnage in the history of civilization than any single pestilence. Peoples have been killed
in the name of a god by others because they did not believe in the same god. If this
propensity for group aggression is coupled to the same or similar processes as the god
experience, then we as a species might wish to discover all of the stimuli, endogenous
and exogenous, that can unleash these behaviors within a group.

On the other hand Newberg and Lee (2005) comments that `many religious and spir-
itual states appear to be more real than baseline reality and are vividly described as such by
people who have experienced them after they return to baseline reality'. They contrast such
experiences with `simply' psychotic or drug induced ones. Moreover, while admitting
that the true reason of `God experiences' might be just neurophysiological, there might
be some hidden reality behind it:

A number of researchers claim that because there is a neurobiological correlate of a
religious phenomenon, there is nothing more to that phenomenon. While this inter-
pretation may ultimately be accurate, that a neurobiological correlate exists does not
specifically refer to the causal mechanism of such phenomena. That is, if the brain
activity changes during a mystical communion with God, it is not clear whether the
brain activity caused that experience or responded to that experience. Even situations
in which religious states are induced by pharmacological agents does not necessarily
detract from the spiritual nature of these states. Shamanic practices in which various
substances are ingested to aid in the spiritual journey are not viewed as less real or less
spiritual because of the use of these substances. Use of such substances alone, however,
does not typically result in profound religious experiences. It is clear that the specific
context in which various practices and experiences arise is crucial to the spiritual nature
of those phenomena.

There are approaches pointing to genetic (that is evolutionary) origins of the religious
faith. A good example might be God Gene: How Faith Is Hardwired into Our
Genes , by molecular biologist Dean Hamer, which, unfortunately I know only by its
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descriptions and commentaries on the WEB. In the book, Hamer describes his e�orts
to identify a gene that strongly correlates with self-transcendence. He claims that it
is the VMAT2 gene, which makes a protein that packages monoamines, mood alterers
such as dopamine and serotonin. The link between the mechanisms responsible for
depression and elation and emergence of mystical highs and transcendent states follows
naturally. According to Hamer the expression of the gene | broadly de�ned spirituality
| has to be an adaptive trait. it is no wonder that the book has attracted immediate
criticism from religious centres, reecting the `bad science, bad religion' attitude. But
the criticism of the book goes beyond the obvious religion defenders. Scienti�c rigour
and explanatory power are also directly questioned, for example by Carl Zimmer, in his
Scienti�c American review70. The critical review ends with the following statement,
clearly relating the attitude:

The God Gene might have been a fascinating, enlightening book if Hamer had written
it 10 years from now–after his link between VMAT2 and self-transcendence had been
confirmed by others and after he had seriously tested its importance to our species.
Instead the book we have today would be better titled: A Gene That Accounts for Less
Than One Percent of the Variance Found in Scores on Psychological Questionnaires
Designed to Measure a Factor Called Self-Transcendence, Which Can Signify Everything
from Belonging to the Green Party to Believing in ESP, According to One Unpublished,
Unreplicated Study.

Bu tregardless of the validity and accuracy of current results, one thing is certain:

there are some `hard science' studies, using various starting points and tools, of religious

phenomena, elusive as they are. And I am not at all surprised that correlations would

be eventually found between physiological, or even genetic characteristics of our bodies

and the capacity for spiritual experiences.

We can thus ask the question: can Science disprove religion? Here the task is

more di�cult. Scienti�c research can show that some events, situations or capabilities

described in various religious texts are impossible, in the sense of being against well

established rules and natural laws. Yet scienti�c method can not prove (in the way

mathematic proofs are certain within the logical framework and given assumptions and

postulates) that something does not exist and can not exist.
That we have not found that there is no Gods' signatures on atoms or galaxies (at

least those that we have studied and using the methods available to us) does not prove

that Gods do not exist. Our belief in applicability of laws such as energy or momentum

conservation in the observable Universe does not exclude `miraculous' events that do

not conserve energy, exactly because they are de�ned as miracles. But, of course,

extraordinary claims would require extraordinary proofs, to allow scienti�c con�rmation

| or a leap of faith. What we have today are only anecdotal references, of Sun that

stood motionless in the sky; of levitation of. . .

Again by de�nition, physical sciences can not comment on the existence or properties

of transcendental or spiritual world if it is completely separated from the physical reality.

70http://www.sciam.com/article.cfm?articleID=000AD4E7-6290-1150-902F83414B7F4945

http://www.sciam.com/article.cfm?articleID=000AD4E7-6290-1150-902F83414B7F4945
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Only when we examine claims about mingling of spiritual and physical the scientists

can o�er any help.

The same constraints apply to the branches of science that analyse religions as

purely social and psychological phenomena. From these analyses, pointing to social

functions of organised belief as uni�cation and motivational social tools some people may

conclude that religions are purely human inventions, aimed at strengthening some social

structures (see for example detailed analyses of Dennett (2006) and Dawkins (2006)) .

The deep success of these inventions is explained by individual psychological need for

security and comfort. Marx's famous `religion. . . is the opium of the people'71 is the most

famous example of such treatment of religion. While many agree to the rather obvious

fact that religious activities and structures have considerable functions in individual and

social life, drawing the conclusion thatGod does not exist precisely because Churches
are full of people who want God to exist is not logical. While religious belief may result

from some `instinct' (similar to language) | trait of human mind that is advantageous

or necessary for its operation in a complex and rather unfriendly world | this does

not o�er any proof of the non-existence of Deities in any form or number. Even when

biological studies would show evolutionary origin of the belief in supernatural, in the

sense of direct survival value this would not prove non-existence of such world. Of

course Occam's razor would suggest that where a simple and rational principle explains

some phenomenon further elaborations are superuous | but Occam's razor rule does

not have the status similar to energy conservation: it is more aesthetic principle or

philosophical stance than strict rule. The fact that people may believe in Gods for a

reason is not a proof that the transcendental world does not exist any more that it is a

proof of its existence!

We should also di�erentiate between the religion understood as the belief of indi-

vidual people, whose stand is usually exible and hard to be overcome by facts, and the

formalized tenets of organized religions, set rigidly into their canons. Then and there

the situation may be very hard, at least for the people who `believe' in Science72 and

believe in the `Church of XXX' at the same time and would want to avoid the mental

dissonance of holding some mutually exclusive conceptions.
An example of such strong opposition between the scienti�c understanding of the

world and religious tenet is the Catholic doctrine of substantiation. In the words of
Pope Paul VI:

We believe that as the bread and wine consecrated by the Lord at the Last Supper
were changed into His body and His blood which were to be offered for us on the
cross, likewise the bread and wine consecrated by the priest are changed into the body
and blood of Christ enthroned gloriously in heaven, and we believe that the mysterious
presence of the Lord, under what continues to appear to our senses as before, is a true,
real and substantial presence.

71Contribution to the Critique of Hegel's \Philosophy of Right"
72That is subscribe to the point of view that the scienti�c method, for all its errors and loopholes gives

us reasonably accurate information about the real world.
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Christ cannot be thus present in this sacrament except by the change into His body
of the reality itself of the bread and the change into His blood of the reality itself
of the wine, leaving unchanged only the properties of the bread and wine which our
senses perceive. This mysterious change is very appropriately called by the Church
transubstantiation. Every theological explanation which seeks some understanding of
this mystery must, in order to be in accord with Catholic faith, maintain that in the
reality itself, independently of our mind, the bread and wine have ceased to exist after
the Consecration, so that it is the adorable body and blood of the Lord Jesus that from
then on are really before us under the sacramental species of bread and wine, as the
Lord willed it, in order to give Himself to us as food and to associate us with the unity
of His Mystical Body.73

These are the recent reiterations of the canons of the Council of Trent (1545{1563),
which in Chapter XIII state:

Chapter I
In the first place, the holy Synod teaches, and openly and simply professes, that,

in the august sacrament of the holy Eucharist, after the consecration of the bread and
wine, our Lord Jesus Christ, true God and man, is truly, really, and substantially con-
tained under the species of those sensible things. For neither are these things mutually
repugnant,-that our Saviour Himself always sitteth at the right hand of the Father in
heaven, according to the natural mode of existing, and that, nevertheless, He be, in
many other places, sacramentally present to us in his own substance, by a manner of
existing, which, though we can scarcely express it in words, yet can we, by the un-
derstanding illuminated by faith, conceive, and we ought most firmly to believe, to be
possible unto God: for thus all our forefathers, as many as were in the true Church of
Christ, who have treated of this most holy Sacrament, have most openly professed, that
our Redeemer instituted this so admirable a sacrament at the last supper, when, after
the blessing of the bread and wine, He testified, in express and clear words, that He
gave them His own very Body, and His own Blood; words which,-recorded by the holy
Evangelists, and afterwards repeated by Saint Paul, whereas they carry with them that
proper and most manifest meaning in which they were understood by the Fathers,-it is
indeed a crime the most unworthy that they should be wrested, by certain contentions
and wicked men, to fictitious and imaginary tropes, whereby the verity of the flesh
and blood of Christ is denied, contrary to the universal sense of the Church, which, as
the pillar and ground of truth, has detested, as satanical, these inventions devised by
impious men; she recognising, with a mind ever grateful and unforgetting, this most
excellent benefit of Christ.

CHAPTER IV
And because that Christ, our Redeemer, declared that which He offered under the

species of bread to be truly His own body, therefore has it ever been a firm belief in the
Church of God, and this holy Synod doth now declare it anew, that, by the consecration
of the bread and of the wine, a conversion is made of the whole substance of the bread
into the substance of the body of Christ our Lord, and of the whole substance of the
wine into the substance of His blood; which conversion is, by the holy Catholic Church,

73The Credo of the People of God, (http://www.ewtn.com/library/papaldoc/p6credo.htm).

http://www.ewtn.com/library/papaldoc/p6credo.htm
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suitably and properly called Transubstantiation.74

These declarations are accompanied by strongest wording of the laws:

CANON I.-If any one denieth, that, in the sacrament of the most holy Eucharist,
are contained truly, really, and substantially, the body and blood together with the soul
and divinity of our Lord Jesus Christ, and consequently the whole Christ; but saith that
He is only therein as in a sign, or in figure, or virtue; let him be anathema.

CANON lI.-If any one saith, that, in the sacred and holy sacrament of the Eucharist,
the substance of the bread and wine remains conjointly with the body and blood of
our Lord Jesus Christ, and denieth that wonderful and singular conversion of the whole
substance of the bread into the Body, and of the whole substance of the wine into the
Blood-the species Only of the bread and wine remaining-which conversion indeed the
Catholic Church most aptly calls Transubstantiation; let him be anathema.

CANON IV.-If any one saith, that, after the consecration is completed, the body and
blood of our Lord Jesus Christ are not in the admirable sacrament of the Eucharist, but
(are there) only during the use, whilst it is being taken, and not either before or after;
and that, in the hosts, or consecrated particles, which are reserved or which remain after
communion, the true Body of the Lord remaineth not; let him be anathema.75

Canon IV speci�cally opens up the road for using for example spectroscopic methods

(much more accurate than `our senses' mentioned by the Pope in the earlier passage)

to determine if the wine and bread did indeed change their nature after consecration.

Such measurements would be, most likely, considered wholly sacrilegious, but what

we should then say about the European `explanations' of, say, shaman mystic powers

and transformations through narcotic substances in the plants used for ceremonies?

These explanations are, in the eyes of the shamanism believers equally sacrilegious.

Then there are but two roads:

� Either the result is indeed wholly concordant with the tenets of the Catholic

Church | in which Science steps much closer to proving a religion, or at least a

branch of religions, or. . .

� A catholic who `believes' in reality of atomic theory, and the speci�c chemical com-

position of bread wafer (as opposed to esh), and in the whole method leading

to spectroscopic (or any other scienti�c means) determination of material com-

position would have to fall into anathema. We should note that the statement

of Paul VI is signi�cantly weaker than the original Council of Trent declarations.

He uses words: \leaving unchanged only the properties of the bread and wine which
our senses perceive". This leaves an open escape route into \leaving unchanged

only the properties that are measured by our instruments". Only those. The rest

of the properties are `mysteriously changed'. And I �nd this escape route quite

signi�cant.

74http://history.hanover.edu/texts/trent/ct13.html
75http://history.hanover.edu/texts/trent/ct13.html

http://history.hanover.edu/texts/trent/ct13.html
http://history.hanover.edu/texts/trent/ct13.html
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But the topic brings us back to the issue of `taboo' research topics. To my knowledge,

no one has attempted such simple experimental determination of the composition of the

Eucharist. Not even the mad-eyed atheists. Technically there is no problem, one could

do it remotely or on a small sample. But | no. Is it due to Political Correctness? The

physical threat of being burned at a stake is no longer real, at least in some countries.

Then why such a simple binary issue | bread or esh | is left unresolved? What does

it tell about morality of Science?

These doubts are not limited to Catholic Church. In many cases advances in Science

may make speci�c claims of speci�c religions highly suspicious. Grand scale miracles,

such as parting seas or cosmogonies �lled with �ghting and copulating human or animal

like deities clash with our understanding of the Universe,

What then? In my opinion, the two realms should be kept as separate as possible.

Not because there is no link between them, but because there might be! The strength of

emotions evoked by religions, their frequent irrationality and almost universal presence

in all societies does not o�er much chance for rational discussion and conviction to sec-

ular viewpoint. For each person the need for spiritual understanding may be di�erent,

depending on the environment, upbringing, training and { perhaps unproven, but quite

probable { physiological characteristics, which, in turn, might have relation to genetic

endowment or to some chemicals use. I can not believe that this inbuilt advantage of

religious stance will diminish. So there will be a dissonance, a contradiction in the view

we see the world, between the imperfect yet improving, sceptical and questioning way

Science o�ers and the way based on various faiths, accepting the given postulates with-

out questioning. For some people, this discrepancy does not exist | they simply reject

the other point of view. Many (actually, probably the majority) are prepared to live in

this conceptual dissonance, usually jumping from mental states `favouring' religion to

those `in favour' of scienti�c or technical explanations. Talking about their car brakes

or the newest iPod they naturally, even unconsciously draw upon the legacy of scienti�c

research. Yet they are able to deny the same scienti�c status in other matters (such as

the transubstantiation or spiritual presences). They do this switching easily, without

thinking. Such mental juggling seems to be a natural task for the human mind. This

kind of separation is almost `built in' the human brain, which uses `double logic' quite

often, for example when attaching moral values to our own actions and to actions of

others. We can hold two contradictory statements in our minds most of the time76.

The problem lies with the minority (?) who claim total supremacy of the religious

stance and with the historical and social environment directing the individual needs

into organized structure of religion and state. The strength of these activities does not

diminish in the XXth and XXIst Centuries, just the opposite. Spiritual dictates are

getting stronger, not weaker. Thus, the key three points we should aim for in curbing

the inuence of religion on Science are, in my opinion

76Try this within an Arti�cial Intelligence system! Perhaps this capability to ignore logic should be

quite important part of the program to construct `intelligent programs'?
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� Religions should not interfere with scienti�c development for doctrinal purposes.

This is mixing of the magisteria, and dangerous to both of them. And to societies

as a whole. `Render to Caesar the things that are Caesar’s, and to God the things that
are God’s.' (Mark 12:17)

� Education paths for science and religion should be separated as well. This is

especially important if our kids are to understand the world properly and be able

to take decisions better informed that we do. Base for deciding what is good may

be spiritual, although not necessarily so, it may be rational as well. But decisions

which action is more effective or less harmful or dangerous should be based on

well de�ned criteria and thus scientific.

� We should be very careful on issues of morality. Blindly following �xed Holy

Scriptures or current scienti�c understanding of the world may lead to horrendous

atrocities. Not only `may'. Such atrocities have happened in the past many times.

They are real. Assuming that what is natural (in the sense of being found in

Nature) is necessarily good is just as bad a mistake. Morality requires thinking

| thinking about the best way to move through our life with minimal harm to

others.

To end the section I'll quote Steven Weinberg:

Science should be taught not in order to support religion and not in order to destroy
religion. Science should be taught simply ignoring religion . . . 77

77Steven Weinberg, Freethought Today (http://www.ffrf.org/), April, 2000

http://www.ffrf.org/
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4.8 Deriving morality from religion and from science

Whenever morality is based on theology, whenever the right is made dependent on divine authority,
the most immoral, unjust, infamous things can be justified and established. . .

Morality is then surrendered to the groundless arbitrariness of religion.
Ludwig Feuerbach

Religion is an insult to human dignity. With or without it you would have good people doing good
things and evil people doing evil things. But for good people to do evil things, that takes religion.

Steven Weinberg 78

4.8.1 Morality from Religion

As I have mentioned, the presence of the multitude of often mutually contradic-

tory religions and their sets of moral rulings has led to so many wars, abuses and

actions that we obviously perceive as immoral. Following God's commandments to de-

stroy whole cities with all inhabitants79, torturing captives80, tearing out slave's hearts

or burning heretics at stake are just a few ready examples of religion based immorality.
Or perhaps I am wrong? Perhaps some (many? most?) of the Readers think that

these actions (some of them? which ones?) are moral? That, for example, the �re
cleanses the soul, so that the heretic has a chance of meeting the Maker puri�ed and
salvation-ready, as was the Christian belief only a few centuries ago? Maybe the in�dels
really have no human status and therefore no rights to demand? After all, there are
people who o�ered such exhortations in the past.

Slay the idolators wherever ye find them, and take them captive, and besiege them,
and prepare for them each ambush. [Quran, IX:5]

Many people are still following such commandments, using modern technology to
spread the divine message faster and further. In my archives I still have a copy of `The
Islamic Ruling on the permissibility of executing Prisoners of War', found in 2001 at
an Islamist web page www.qoqaz.co.uk, site now defunct, but wandering over several
hosting sites under slightly varying names. The site claimed that the Islamic teaching

78Freethought Today (http://www.ffrf.org/), April, 2000
79`Suppose you hear in one of the towns the LORD your God is giving you that some worthless rabble among

you have led their fellow citizens astray by encouraging them to worship foreign gods. In such cases, you must
examine the facts carefully. If you find it is true and can prove that such a detestable act has occurred among
you, you must attack that town and completely destroy all its inhabitants, as well as all the livestock. Then
you must pile all the plunder in the middle of the street and burn it. Put the entire town to the torch as a
burnt offering to the LORD your God. That town must remain a ruin forever; it may never be rebuilt. Keep
none of the plunder that has been set apart for destruction. Then the LORD will turn from his fierce anger
and be merciful to you.' [Deuteronomy 13:13-19 NLT]

80`So if you gain the mastery over them in war, punish them severely in order to disperse those who are
behind them, so that they may learn a lesson.' [Quran VIII:57]

www.qoqaz.co.uk
http://www.ffrf.org/
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allows the killing of prisoners if it bene�ts Muslims citing Muslim sources, including
the Quran. An article titled `A Guide to the Perplexed about the Permissibility of
Killing Prisoners ' posted on the site says:

Islamic scholars present five approaches drawn from various interpretations of the
Quran:

1. A polytheist prisoner must be killed. No amnesty may be granted to him, nor can
he be ransomed.

2. All infidel polytheists and the People of the Book (i.e., Jews and Christians) are
to be killed. They may not be granted amnesty, nor can they be ransomed.

3. Amnesty and ransom are the only two ways to deal with (surviving) prisoners.

4. Amnesty and ransom are possible only after the killing of a large number of pris-
oners.

5. The Imam, or someone acting on his behalf, can choose between killing, amnesty,
ransom or enslaving the prisoner.

The author indicates the last option as his preference, explaining that Islam’s prophet,
Muhammad, had dealt with prisoners in different ways to maximize the benefits to
Muslims. He gives examples of methods with which Muhammad had chosen to kill,
grant amnesty and ransom prisoners.

One might argue that these examples of use of religion to justify and promote atroci-

ties are but misuses of the authority by a small, erring minority. The goal of maximizing

the bene�ts of ones own group is a dead give-away. The same reasoning points that the

general moral precepts are high minded and intended for the Good of the community

within the ultimate vision of community spreading to the whole Humanity. Moreover,

there are simple and universal commandments: protect life, be good to others, be char-

itable, honest, respect property and decorum. Aren't they found at the core of all

religion-based moral systems, all over the world?

Advocates of the religious origin of the morality deeply believe that without the

divine and absolute origin any moral system is bound to fail, falling into relativism and

depreciation.

Even in ancient times the link between the morality and religion has been perceived
as the most important. One has only to recall the condemnation of Socrates. In Plato's
Apology Socrates is accused of being `a doer of evil, who corrupts the youth; and who does
not believe in the gods of the state, but has other new divinities of his own.' In an important
comment, Greek historian Polybius (ca 203 BC - 120 BC) said

Since the masses of the people are inconstant, full of unruly desires, passionate, and
reckless of consequences, they must be filled with fears to keep them in order. The
ancients did well, therefore, to invent gods, and the belief in punishment after death.81

81Quoted in The Fine Art of Baloney Detection by Carl Sagan from The Demon-Haunted World

(Sagan, 1995).
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Such sentiment, claiming that religion results from attempts to channel and order

societies according to moral wishes of the rulers is ever-present in history analyses. One

has to remind here famous Marx words about the `opium for the masses'.
But let's turn back to the original line of reasoning: can religion be a viable source

of morality? Here is the current stand of the Catholic Church, con�rming that without
belief in God, humans fail to understand themselves, and human dignity loses its highest
justi�cation.

The more influential of these radical positions are well known and high in profile,
especially in the history of the West. It is not too much to claim that the development
of a good part of modern philosophy has seen it move further and further away from
Christian Revelation, to the point of setting itself quite explicitly in opposition. This
process reached its apogee in the last century. Some representatives of idealism sought
in various ways to transform faith and its contents, even the mystery of the Death
and Resurrection of Jesus, into dialectical structures which could be grasped by reason.
Opposed to this kind of thinking were various forms of atheistic humanism, expressed in
philosophical terms, which regarded faith as alienating and damaging to the development
of a full rationality. They did not hesitate to present themselves as new religions serving
as a basis for projects which, on the political and social plane, gave rise to totalitarian
systems which have been disastrous for humanity.

In the field of scientific research, a positivistic mentality took hold which not
only abandoned the Christian vision of the world, but more especially rejected
every appeal to a metaphysical or moral vision. It follows that certain scientists,
lacking any ethical point of reference, are in danger of putting at the centre of their
concerns something other than the human person and the entirety of the person’s life.
Further still, some of these, sensing the opportunities of technological progress, seem to
succumb not only to a market-based logic, but also to the temptation of a quasi-divine
power over nature and even over the human being.

As a result of the crisis of rationalism, what has appeared finally is nihilism.
As a philosophy of nothingness, it has a certain attraction for people of our time. Its
adherents claim that the search is an end in itself, without any hope or possibility of ever
attaining the goal of truth. In the nihilist interpretation, life is no more than an occasion
for sensations and experiences in which the ephemeral has pride of place. Nihilism is at
the root of the widespread mentality which claims that a definitive commitment should
no longer be made, because everything is fleeting and provisional.

(Ecyclical Letter FIDES ET RATIO, John Paul II, 199882)

In other documents John Paul II expressed conviction that agnosticism and rela-

tivism are roots of current evils. Neither Nazism nor Communism would not be possible

without earlier philosophical work aimed at sowing doubt about human dignity. And

the source of that doubt is the denial of God, as the source of the deepest truth and

Man's greatness, his transcendence of the material world.
This standpoint, accusing rationalist, non-religious philosophy and science of being

82 http://www.vatican.va/holy_father/john_paul_ii/encyclicals/documents/hf_jp-ii_enc_
15101998_fides-et-ratio_en.html

http://www.vatican.va/holy_father/john_paul_ii/encyclicals/documents/hf_jp-ii_enc_15101998_fides-et-ratio_en.html
http://www.vatican.va/holy_father/john_paul_ii/encyclicals/documents/hf_jp-ii_enc_15101998_fides-et-ratio_en.html


Draft, January 2, 2008 174 Chapter 4. On beliefs

the origin and root of evil and social violence is by no means limited to Catholic Church.
Here's an analysis found on one of the prominent Muslim web pages:

Most people think the theory of evolution was first proposed by Charles Darwin,
and rests on scientific evidence, observations and experiments. However, in the same
way that Darwin was not its originator, neither does the theory rest on scientific proof.
The theory consists of an adaptation to nature of an ancient dogma called materialist
philosophy. Although it is backed up by no scientific evidence, the theory is blindly
supported in the name of materialist philosophy.

This fanaticism has resulted in many of disasters. That is because together with
the spread of Darwinism and the materialist philosophy it supports, the answer to the
question ’What is a human being?’ has changed. People who used to answer: ’Human
beings were created by God and have to live according to the morality He teaches’
have now begun to think that ’Man came into being by chance, and is an animal who
developed with the fight for survival.’ There is a heavy price to pay for this great
deception. Violent ideologies such as racism, fascism and communism, and many other
cruel world views based on conflict have all drawn strength from this deception. 83

One can ask what was the method by which Muslims have conquered, in just 200

years, half of Africa and large parts of Europe? Was the violence of Tatars and Turks in

XIV { XVII centuries due to obsession with Darwinism? Is Darwinism really responsible

for muslim slave trade in East Africa? Atrocities in today’s Sudan? If this is the

moral and peaceful teaching, aimed at denouncement of terrorism, as the web page title

suggests, I am really afraid what might be found in texts advocating it!

As the twentieth Century atrocities are undeniable and well known (the Holocaust,

for example), there are quite strong e�orts to place the blame and responsibility into

the opposite `camp'. I have heard accusations that it was Catholic Church covert anti-

semitism and lack of any reaction that has made the Holocaust possible. At the same

time I have heard accusation that the atheism is the main root of Nazism and the

tragedy. Both statements were pronounced on the 60th anniversary of liberation of

Auschwitz-Birkenau death camps.

I can only hope that, regardless of the way we ascribe meaning to the world, by

the word and fear of God, by (non)striving for wu-wei and nirvana, or by cold scien-

ti�c reasoning, we can work out the way for practical morality, that would make such

inhuman | or all too human | atrocities impossible.

4.8.2 Morality from Science?

So, when history teaches us about religions being the causes of so much evil in the

past and various church leaders telling that without religions our world would fall into

even worse state, whom should we believe? Maybe we should check if the cold scienti�c

approach is able to tell us, with the same level of certainty as a holy scripture, how

83Harun Yahya, a prominent Muslim intellectual of our times, (http://www.
islamdenouncesterrorism.com/p_darwinism_materialism.html)

http://www.islamdenouncesterrorism.com/p_darwinism_materialism.html
http://www.islamdenouncesterrorism.com/p_darwinism_materialism.html
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should we behave? Maybe, if we advance our sociology, anthropology, biology or even

physics we would �nd clear moral guidelines in Science?

Unfortunately, this is not the case. First of all, because Science describes things

and actions (including our own) as they are, not as they should be. What this `should'
means is outside the scope of science. In his analysis of the roots of the morality,

Steven Pinker (Pinker, 2002) warns us again about Naturalistic Fallacy: statement

that whatever is natural is good. While this may be correct when we speak about

natural yoghurt, it is absolutely incorrect when we speak about natural behaviour. Our

societies are so far from `natural ' environment of hunter-gatherer proto-human bands in

African savannah, that some of the natural preferences are de�nitely wrong. Let's use as

example statements that rape is a viable breeding strategy for males in some situations,

resulting from both theoretical evolutionary analysis, observations of rape in the animal

kingdom as well as studies of multiple societies and situations. No matter how much

`natural' would rape look it would not stop be atrocious and punishable behaviour from

the moral point of view. And statement that `animals do it as well' or `it is natural' are

not and should not be recognized defence in courts. Thus when research con�rms that

some human activity happens frequently in some circumstances, or that humans may

have a tendency to act in this or that way, Science does not comment on the morality

or desirability of these actions.

Moreover, just as misuse of some religious commandments leads to evil actions that

seem in de�ance with more general principles of the very religion, so can misuse of

Science lead to immoral acts. Unwarranted conclusions and generalizations, misplacing

what is and what should be, research done with the aim of proving the `correct' theories

(often with political aims) are well known in history.

The rise in popularity of eugenics, supposedly based on scienti�c results and aimed
at improvements described in vocabulary taken from biological sciences is a very strong
example of such misuse. Curiously, many proponents of the eugenics have stated that
they desired to improve the status of the human race as a whole. Among these were peo-
ple with very high technical and academic status: Alexander Graham Bell, Charles B.
Davenport, Henry H. Goddard, and Madison Grant (all well respected in their time).
Many countries in the world, including the United States, Britain, Sweden, Canada,
Australia, Norway, Finland, Estonia, Switzerland and Iceland had laws allowing passed
a law allowing for the involuntary sterilization of people deemed un�t84. The eugenic
measures extended from rather gentle (such as limiting immigration), through pos-
itive (such as promoting marriages between college students to promote supposedly
hereditary higher intelligence) to actions that are clearly considered as crimes against
humanity.

Nazi Germany under Adolf Hitler was infamous for its eugenics programs, which at-
tempted to maintain a ‘pure’ German race through a series of programs which ran
under the banner of ‘racial hygiene.’ Among other acts, the Nazis performed extensive

84As the British regulation put it: `hereditary and incurable drunkards, sexual criminals, lunatics, and

those su�ering from an incurable disease which would be passed on to their o�spring'.
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experimentation on live human beings to test their genetic theories, ranging from simple
measurement of physical characteristics to the more ghastly experiments carried out by
Josef Mengele for Otmar von Verschuer on twins in the concentration camps. During
the 1930s and 1940s the Nazi regime forcibly sterilized hundreds of thousands of people
who they viewed as mentally and physically ’unfit’, and killed tens of thousands of the
institutionalized disabled in their compulsory euthanasia programs85.

After Nazi atrocities, the climate for eugenics has changed and it was renounced

publicly by members of the scienti�c community and politicians alike. After eugenics

fell out of scienti�c favour, most references to eugenics were removed from both the

textbooks and future editions of the journals. Even the names of some journals changed

to reect new attitudes: for example, `Eugenics Quarterly' became `Social Biology' in

1969.

The above example how supposedly solid scienti�c reasoning86 can lead to total

moral disaster should serve as a great warning to all that would derive principles of

morality from observations of nature.

4.8.3 Science of morality

Most of the people today | scientists included | would probably agree that physics
does not teach us how we should behave, probably the same applies to chemistry.
Mathematics may have some link to moral issues, for example in the simplest application
of counting the resources for fair division, but it is only a tool. The most dangerous
natural science, in terms of moral issues is biology. The atrocities I have mentioned
result from interpretation of biological �ndings. But such interpretation is often made
with the `help' of social sciences: sociology, psychology and very often, economy. The
latter provides a simple, readily understandable language of cost and bene�t. And
assumption that is applied to people, or more generally to all living organisms, even
down to the level of the sel�sh gene (Dawkins, 1977). The `self-interest' model model of
the origin of actions and responses within a society is enormously popular. And because
the results are in many cases in accordance with observations the model is assumed to
be generally valid, governing all our activities. Obviously it applies to sel�sh actions (for
which moralists would attach negative judgement), but it has been used to explain also
apparently altruistic behaviour. And the explanations were in many cases successful
in predicting the frequencies of actions, based on economy of payo� versus cost, for
example in models of reciprocal altruism or kinship based altruism. However for many
people such calculations seem to have very little to do with `real' morality, morality
of feeling, love, sympathy and repugnance of sin. Thus the apparent conict between
the `scienti�cally derived roots of morality' and the `inner feelings'. Fehr and Schmidt

85http://en.wikipedia.org/wiki/Eugenics
86In fact, the human race has practised a form of hereditary control over domesticated animals with

great success, from the earliest times, without the tools and scienti�c understanding. In principle, forcible

and general enforcement of eugenic program would produce some sort of result, by culling out some of

the genetic variety on our species. The question is not if this could be done or if it is based on research

but if the it is a good thing to do.

http://en.wikipedia.org/wiki/Eugenics
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(1999) describes the situation as

Almost all economic models assume that all people are exclusively pursuing their ma-
terial self-interest and do not care about ‘social’ goals per se. This may be true for
some (maybe many) people, but it is certainly not true for everybody. By now we
have substantial evidence suggesting that fairness motives affect the behaviour of many
people.

The conict is, however, a false one. Simple tit-for-tat, economy models models of
behaviour (Axelrod, 1984) may provide good results in some cases, but they do not
account for the more complex cases of behaviour. Discussion dates quite far back in time.
A good example is provided by David Hume, who in his Essay on the Independency
of the Parliament (1754), has stated:

It is, therefore, a just political maxim, that every man must be supposed a knave:
Though at the same time, it appears somewhat strange, that a maxim should be true
in politics, which is false in fact87.

Adam Smith, considered to be the father of modern economic sciences and certainly
history's most famous advocate of commercial society, has expressed similar dichotomy.
In the Inquiry into the Nature and Causes of the Wealth of Nations, (http://www.
econlib.org/library/Smith/smWN.html) he stresses the importance of sel�sh motives
of human actions:

But man has almost constant occasion for the help of his brethren, and it is in vain for
him to expect it from their benevolence only. He will be more likely to prevail if he
can interest their self-love in his favour, and show them that it is for their own
advantage to do for him what he requires of them. Whoever offers to another a
bargain of any kind, proposes to do this. Give me that which I want, and you shall have
this which you want, is the meaning of every such offer; and it is in this manner that
we obtain from one another the far greater part of those good offices which we stand
in need of. It is not from the benevolence of the butcher, the brewer, or the baker,
that we expect our dinner, but from their regard to their own interest. We address
ourselves, not to their humanity but to their self-love, and never talk to them of our
own necessities but of their advantages.

On the other hand, in the Theory of Moral Sentiments (http://www.econlib.
org/LIBRARY/Smith/smMS1.html) he writes

How selfish soever man may be supposed, there are evidently some principles in
his nature, which interest him in the fortune of others, and render their happiness
necessary to him, though he derives nothing from it except the pleasure of seeing
it.88 Of this kind is pity or compassion, the emotion which we feel for the misery of

87I owe this observation to Bowles and Gintis (2002). Hume's essays may be found at http://www.
econlib.org/library/LFBooks/Hume/hmMPL.html.

88How prophetic are the words! Quite a lot of modern day neurological research points to speci�c,

observable biochemical and neuroelectrical signs of pleasure when we perform deeds that are noble and

generous. Mind you, there are quite probably even more pleasures in doing bad things, at least for some

of us. . .

http://www.econlib.org/library/Smith/smWN.html
http://www.econlib.org/library/Smith/smWN.html
http://www.econlib.org/LIBRARY/Smith/smMS1.html
http://www.econlib.org/LIBRARY/Smith/smMS1.html
http://www.econlib.org/library/LFBooks/Hume/hmMPL.html
http://www.econlib.org/library/LFBooks/Hume/hmMPL.html
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others, when we either see it, or are made to conceive it in a very lively manner. That
we often derive sorrow from the sorrow of others, is a matter of fact too obvious to
require any instances to prove it; for this sentiment, like all the other original passions
of human nature, is by no means confined to the virtuous and humane, though they
perhaps may feel it with the most exquisite sensibility. The greatest ruffian, the most
hardened violator of the laws of society, is not altogether without it.

During the past forty years the use of game theory and mathematical modelling

in biology and sociology has allowed more precise approach to the `self-interest' based

understanding of human (and not only human) behaviour. Economy based models

such as reciprocal altruism or kin-selection, which will be discussed in more detail in

Chapter 8. Starting from models of Hamilton (1964) and Trivers (1971), such mix of

theory and experimentation has met with astounding success, measured by predictive

and descriptive value. This is true for example in descriptions of altruistic actions

in animals.89 The `calculations' of costs and bene�ts (which in most cases are not

real calculations, but rather an intricate weighing of feelings or, in case of animals,

ingrained preferences) extend beyond single organism: they incorporate extended range

of bene�ciaries, such as bearers of the same genes. In other cases the extension of `pro�t'

is based on including possible future bene�ts, for example in repeated encounters with

the same individuals. All in all there are several basic models that do explain seemingly

altruistic behaviour by pointing out its bene�cial e�ects in a broader view.

But such simple calculations do not cover signi�cant part of actions found in human
societies (and not found in the animal kingdom). In a recent review of the state of
research on human altruism by Fehr and Fischbacher (2003), printed in one of the most
prestigious journals, Nature, we �nd the following statements:

We propose that quantitatively, and probably even qualitatively, unique patterns of hu-
man altruism provide the answer to this question. Human altruism goes far beyond
that which has been observed in the animal world. Among animals, fitness-reducing
acts that confer fitness benefits on other individuals are largely restricted to kin groups;
despite several decades of research, evidence for reciprocal altruism in pair-wise repeated
encounters remains scarce. Likewise, there is little evidence so far that individual rep-
utation building affects cooperation in animals, which contrasts strongly with what we
find in humans. If we randomly pick two human strangers from a modern society and
give them the chance to engage in repeated anonymous exchanges in a laboratory ex-
periment, there is a high probability that reciprocally altruistic behaviour will emerge
spontaneously.

However, human altruism extends far beyond reciprocal altruism and reputation-
based cooperation, taking the form of strong reciprocity. Strong reciprocity is
a combination of altruistic rewarding, which is a predisposition to reward others
for cooperative, norm-abiding behaviours, and altruistic punishment, which is a
propensity to impose sanctions on others for norm violations. Strong reciprocators

89In the light of our lack of knowledge of `inner feelings' in animals, we use the term altruistic in a strict

economy sense: acts that confer costs on a particular animal, while increasing �tness of some other(s).
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bear the cost of rewarding or punishing even if they gain no individual economic benefit
whatsoever from their acts.

Such extended models are also describable within simpli�ed, mathematical frame-

work, and can be shown to provide evolutionary advantages. For examples of such

works we can look into Fehr and Schmidt (1999); Rabin (1993); Bowles and Gintis

(2002); Fehr and Fischbacher (2003). The consequence of mechanisms such as altruistic

rewarding or altruistic punishment is the increase of social bonds | we recognize the

principles in most of our moral systems. The new approach also explains the internal

view of morality: our motives, the importance and strength of our feelings, existence of

faculty that we call conscience. Moreover, they explain the emergence of mechanisms

for enforcing moral norms from outside, in situations where external inuences might

be necessary to ensure that norms are followed (see, for example, recent work on stern

judging (Pacheco et al., 2006)).

For many, the original sin of such explanations (which after publication of Wilson

(1975c) got labelled `sociobiological') is that even the most noble actions are described

as ultimately sel�sh. The disregard of our own individual and social conviction that

there are objective categories of good and evil and that ultimately it all comes down to

calculation of pro�t, genetic determinism and survival of the �ttest. This has prompted

direct and violent attacks on the proponents of sociobiology (for a detailed account see

Segerstr�ale (2000) and Chapter 8.3). But biological explanation does not have to be

`soul-less', and to contradict what we internally feel. Just the opposite: considering the

strength of emotions and emotionally driven motivations of our actions, there probably

is a biological explanation of the emotional mechanisms and origins. And as every owner

of a dog or almost any other domestic animal knows, our animals do show emotions,

even though they do not have culture (in the strict sociological sense).
One of the most revealing books on the subject is Frank (1988). The book provides

a comprehensive framework, partially descriptive, partially algebraic, referring to many
examples, experiments and appealing to our experiences and common sense. Frank
proposes a model of the biological and economical mechanism of moral background:

For convenience, I will use the term commitment model as shorthand for the notion
that seemingly irrational behaviour is sometimes explained by emotional predispositions
that help solve commitment problems.

This he contrasts with the self-interest model, in which people always act e�ciently

in the pursuit of self-interest. Emotions that play crucial role in the formation of moral

structures and reinforcement of certain actions are related so sevaral basic categories.

Most important are complex feelings of shame and guilt, which, in turn, often result

from combination of anxiety, empathy, responsibility, fatigue and uncertainty.

The real life examples and mathematical models presented in the book lead to the

following reasoning:

� People often behave di�erently from predictions of the self-interest model. Speci�c

examples come from many facets of social life, from anonymously returned wallets
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to transplant donors. Categories such as fairness, for which there is simply no

place in the self-interest model do play an important role in guiding our actions.

� Such discrepancies do not always result from errors in analysis of the situation and

miscalculation. Of course, in some cases we fail to `take the advantage' because of

lack of information that might have led us to act sel�shly with impudence. But

this far from the most important cause for the apparently irrational, non-sel�sh

actions. There are reasons that go beyond mere lack of understanding of the

situation.

� The key motives for such actions are emotions. They can and do override logical

analyses and calculations. As Pascal has said `The heart has reasons that reason
cannot know'. The importance of emotions is felt directly by all of us. It has been

analysed and con�rmed in its ability to override logical analysis, to cloud the

issues and to direct our sentiments. Not only we feel these emotions ourselves |

one of the strongest bonds in any society is the ability to ascribe similar feelings

to others, to recognize the signs of emotion: fear, anxiety, shame or joy. Empathy

seems to be as strong factor in `calculating' and planning our actions as is cold

pro�t/cost ratio.

� The existence of emotions does provide an advantage over simplistic tit-for-tat and

other self-interest strategies. There are many problems that a purely sel�sh person

can not solve: for example any actions that require cooperation with others based

on trust, or deterrence to some forms of aggression. Long term commitments

| which are natural part of human society | are also contrary to self-interest

model. Emotions that enable us to override the short-term bene�ts and which at

the same time allow us to recognize, to certain extent the intentions of the others

provide necessary overall bene�t to all participants. To provide best results in the

self-interest model one would have to predict the behaviour of the individuals we

interact with with perfect accuracy. Using emotions and tell-tale signals we might

discern the probable predispositions of others. Not perfectly | it is not necessary

to judge everyone's character with complete accuracy | but we all have the skills

that seem `just good enough', for everyday encounters.

Frank himself summarizes his analysis by stating

On the strength of evidence, we must say that the self-interest model provides woefully
inadequate description of the way people actually behave. Yet the model continues to
flourish.90 Its proponents have driven out traditionalists from field after field in the
behavioural sciences. One reason is that, where traditionalism is often vague, the self-
interest model is painstakingly precise. Many of its predictions may be wrong, but at
least it makes predictions. And in fairness, a great many of them turn out to be right. . .

90And it is one of the most ideologically attacked scienti�c models, from both traditional, religious

circles and from the postmodern left. As we see, this is far from the current status of research and

thinking, a typical example of attacking a strawman.
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The commitment model is less a disavowal of the self-interest model than a friendly
amendment to it. Without abandoning the basic materialist framework, it suggests how
the nobler strands of human nature might have emerged and prospered.

It does not seem naive to hope that such an understanding might have beneficial effects
on our behaviour. After all, the self-interest model, by encouraging us to expect the
worst in others, does seem to have brought out the worst in us. Someone who expects
always to be cheated has little motive to behave honestly. The commitment model
may not tell us to expect the best in others, but it does encourage a markedly more
optimistic view.

So, we are in a situation where not only the altruistic, pro-social actions derived from

the simple, cold calculations of costs and bene�ts, which are predicted by reciprocal

altruism or kin selection approaches, but also more complicated and subtle situations.
A group of researchers led by Marc Hauser has proposed an interesting hypothesis:

there is a close analogy between language and morality. And, as modern linguistics
points out, we have a sort of language instinct (Pinker, 1994), that guides and helps
us in acquiring the capability to learn and use language. Hauser claim is that there See page 667

might be a corresponding `moral instinct', that would guide us in judging which actions
are morally permissible and which are repungent. An instinct common to all of us,
regardless of race, religion and upbringing, or at least providing the common tendencies.
But how can one test such a hypothesis? We �nd the answer in Hauser (2006), (for
additional material and discussion see also Hauser and Singer (2005); Hauser et al.
(2007)):

To start the ball rolling, we developed a website called the Moral Sense Test (moral.
wjh.harvard.edu). It is a website that internet surfers visit on their own — if they have
heard it discussed or if they Google ‘MST’ (moral sense test), they will find us. Over a
period of about two years we have collected data from approximately 100,000 subjects
from 120 different countries, between the ages of 13 to 70. When an individual visits
the site, he or she provides some biographical information . age, education, religious
background, ethnicity, nationality and so forth . and then proceeds to read a series of
moral dilemmas, followed by questions that ask about the permissibility, obligatoriness,
or forbiddenness of an agent’s action. As an empirical starting point, we have made
use of several artificial dilemmas created by moral philosophers to explore the nature of
our intuitions concerning actions that involve some kind of harm. The use of artificial
examples mirrors, in some ways, the artificial sentences created by linguists to get some
purchase on the underlying principles that guide grammaticality, or in our case, ethicality
judgments.

It is quite self-illuminating to go through the questions. They are not trivial, below
is an example of a problem posed by the researchers:

You are part of a group of ecologists who live in a remote stretch of jungle. The entire
group, which includes eight children, has been taken hostage by a group of paramilitary
terrorists. One of the terrorists takes a liking to you. He informs you that his leader
intends to kill you and the rest of the hostages the following morning. He is willing to
help you and the children escape, but as an act of good faith he wants you to kill one

moral.wjh.harvard.edu
moral.wjh.harvard.edu
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of your fellow hostages whom he does not like. If you refuse his offer all the hostages
including the children and yourself will die. If you accept his offer then the others will
die in the morning but you and the eight children will escape.

Question: Killing one of your fellow hostages is: forbidden, permissible or obligatory?

The results were quite illuminative. Not only there were statistically signi�cant
commonalities present, but it has been possible to derive some basic principles.

Intention Principle. It is basically the principle that Thomas Aquinas invoked called
the ‘doctrine of double effect’: harm intended as a means to a goal is morally
worse than equivalent harm foreseen as the side effect of the goal.

Action Principle: harm caused by action is perceived as morally worse than equivalent
harm caused by omission;

Contact Principle: harm caused by physical contact is morally worse than equivalent
harm caused by non-contact.

[ldots]

Results showed that for both the Intention and Action principles, 6 out of 6 scenario
pairings revealed support for the operative force of the principle, whereas for 5 out of 6
scenarios in the Contact principle, this was also the case.

So, a lot of people judge the situations morally following a set of principles, that are

relatively free from `higher level' teachings, of say, this or that religious system. In fact,

Hauser notes that a lot of the people could not formulate the all principles, especially

the Intention Principle. This means, they would act according to it, without being able

to say why is it so. How similar to language and grammar rules of our native languages:

we can speak them uently from early childhood, yet we have to learn grammar at

school at great inconvenience just to be able to call a noun a noun and a verb a verb.

Using grammar is natural, describing it is not. Is it the same with moral principles?
The study has also looked at correlations between moral decisions and religious

background:

To begin addressing this question, we can pinpoint different variables that have classi-
cally been invoked as causally relevant to cross-cultural variation and explore the extent
to which they influence the patterns of judgement. One of our first stabs has been in
terms of religious background. As a first cut, we simply contrasted all subjects indi-
cating some kind of religious background with those marking ‘atheists’. For this initial
analysis, we didn’t concern ourselves with the specific kind of religious background but
rather, with its presence or absence. The clear result thus far is: No. There was not
a shred of evidence that people who claim to be religious showed different patterns of
moral judgment or moral justification (although we did of course see people who were
religious invoking more, ‘Well, God must have done something’), but besides that, no
differences in the pattern of moral judgments. Furthermore, we found no differences
between people who expressed different degrees of faith or religiosity: individuals who
said that they were not very religious showed the same patterns of judgment as those
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who said that they were very religious; and within the limited sample that we collected,
there were no consistent differences among the types of religions.

In fact, quite similar results were obtained from posing moral dilemmas to small-

scale, hunter-gatherer groups that had not explicit religious system. The work is, as

the authors say, still at very early stage, but it points out to very interesting direction

in understanding of our `moral backbone'. Which might turn to be just as real organ

as backbone itself.

A very interesting analysis of the morality question is brought by Frank (2006), who

considers whether judging (morally) our actions just by their consequences is a viable

stance. He argues that at least in some situations (such as those described in the Moral

Sense Test scenarios) ignoring moral intuitions would lead to undesirable consequences.

The question that remains is: how do the moralists react to a model, which does not

deny the existence of noble feelings and deep emotions, but on the other hand explains
them within materialistic, scienti�c language of selective pressures and adaptive values?

Might such an excursion onto the holy grounds of human soul and conscience not be

treated as unforgivable trespass? For me, it is not. It is simply a step in the direction

pointed by the ancient Greek proverb gnothi seauton, know thyself. But the Reader

has to decide himself.
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4.9 Morality and Reality

Imagine there’s no heaven,
It’s easy if you try,

No hell below us,
Above us only sky,

Imagine all the people
living for today...

Imagine there’s no countries,
It isn’t hard to do,

Nothing to kill or die for,
No religion too,

Imagine all the people
living life in peace...

John Lennon

Science can teach us only how heavens go, not how to go to heaven. We

should however remember that many purely moral choices become clearer when one

knows the possible outcomes and also understands better the information the choice

is based on. Thus Science can provide basis for informed decisions. Morality basis

for right decisions. One without the other would not survive. We will not survive.

Thus the choice of the moral system and the methods ensuring that we adhere to the

commandments and rules is extremely important.

For a follower of a religious cult it is easy to point to the roots of morality: they are

contained in the respective holy tradition of the religion. Sometimes such scriptures

are extended to `natural law' | rather vague concept of common set of universal moral

guidelines. Usually, the speci�c commandments of a given religion are thought to em-

body the most humane (divine?) set of rules and laws. As for the proponents of other

religions, several positions are possible and observed. They may range from benevolent

stance that treats other religions as approximations of the Truth, and therefore some-

what respected as genuine e�ort on the road to the one and only true faith. Example of

such approach is the treatment of Judaism and Christianity by Islam. In such a case the

moral concepts of the `lesser faiths' may be tolerated to some extent. At the other end

of the spectrum is the treatment of heathens, where neither the faith nor moral system

proposed by the followers is accepted. The reaction may be quite violent conict and

suppression: a good example is provided by the treatment of small animistic religions

and societies by the Christian and Muslim invaders.

It is interesting to note that while the approach to other religions may be ecumenical
and even compassionate, almost all religions have very strict and belligerent stance
against atheism. This `common enemy' is identi�ed and charged with the sins of moral
relativism and corruption of human condition. In 1689 John Locke has written in his
A Letter Concerning Toleration :
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Lastly, those are not at all to be tolerated who deny the being of a God. Promises,
covenants, and oaths, which are the bonds of human society, can have no hold upon an
atheist. The taking away of God, though but even in thought, dissolves all.91

This view is shared by many people today: they seek absolute roots of law and moral-

ity, independent of the changes in human opinions, societies and conditions. Within

the largest current religions leads to systems which use the same laws today that were

used and abused in history. The wording of these commandments is the same as it was

�ve, two or one thousand years ago. When believers accuse atheists of moral relativism,

we should remember the huge variation between the systems as proposed by the multi-

tudes of religions. The sheer range of relativism imposed by the di�erent faiths dwarfs

any variation that may come from rationalist, empirical approach to morality. And

any e�ort to �nd the common denominator between the systems proposed by various

religions leads to such simpli�cation that simply has to be expanded again in secular

law.

To an atheist, the only source of morality is man. Whether individual conceptual

work or society developing common agreement, or some group within the society im-

posing their interest on the whole | depends on historical conditions. This is indeed a

problem for religious believers, because such standpoint immediately treats traditional

faith-based moral systems on the same footing as any others, driven by group or in-

dividual biases or interests. Atheists would look to the empirically studied roots of

systems and their constituent laws, searching for natural tendencies and, what is im-

portant, looking for those who bene�t from speci�c regulations. As already noted it is

virtually impossible to �nd a religion in which the shamans, priests and lay `defenders'

of faith (for example princes and kings) would not be privileged here on Earth. Such

analyses must lead to enmity between the two camps. As I have already declared my

own atheistic preferences it would be impossible to pretend impartiality in the following

analysis. Yet, I think that it is very important to look deeper into the roots of some

common traits of the multitude of historical and current ethical approaches.

The discussion of the roots of morality | not concrete do’s and dont’s, but the
general ways these rules are accepted, imprinted, educated into us and then enforced

by a society would start with basic physics, but the most important are lessons from

biology.

One may ask: what has physics to do with ethics? In fact, I do not have in mind

any concrete physical result such as Ohm's law or Special Relativity theory. Rather I

refer to the existence of the physical world and the fact that our activities are limited to

it and governed by the speci�c physical, chemical and biological rules and limitations.

Moral valuation of our acts must take into account the consequences of these acts in this

world. As it is not possible to reverse the direction of time and undo some actions (such

as killing someone) moral concepts must take into account this irreversibility. Similarly,

as it is not possible to create things out of nothing, the moral system must be able to

91Translated by William Popple, http://www.constitution.org/jl/tolerati.htm

http://www.constitution.org/jl/tolerati.htm
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resolve the issues related to limited availability of goods. In short, the system should be

realistic, in the sense of using the best knowledge about conditions and laws governing

the material world that we are part of. This condition seems reasonable, at least at �rst

glance, at least for the actions that take place within the material world. We do take the

physical laws of the world into account when we plan most of the actions, from walking

to throwing stones, and we should take them into account when we plan or act in matters

related to other people | which are the core of morality. Yet, surprisingly, many of

religious systems o�er escape routes from the limitations imposed by physical reality.

The immortal soul, preserving the essence of a person even after death may be used to

dismiss the irreversibility of killing. It has been used in the past to justify killing of

heretics, with the motto `Slay all; God will know his own'92. Today, suicide terrorists slay
innocent people killing themselves with the religion reinforced belief that the life does

not end with the blast, and that there is suitable reward in Heaven. Belief in physical

miracles is strong, especially with respect to health and medicine. Many decisions

with moral content are based on such beliefs extending beyond reality. Some people

favour prayers over hospital care and refuse the use of well tested medical procedures

needed to cure themselves or their dependants. Others forbid the use of their organs

as transplants that might help other people, arguing that the esh is needed to ensure

bodily resurrection, or refuse to use other's blood for transfusions.

Individual belief and institutional religion declarations con�rming the supremacy of

the spiritual world over the material one leads to many similar issues. Is such situation

good or bad? In my opinion, while belief in life after death and other supernatural

phenomena might have positive inuence from the individual person perspective, it

might just as well lead to justi�cation of immoral acts. The often quoted feeling that

`God is with me' and `He is on my side' gives strength. Sometimes such strength is

needed to overcome obstacles and di�culties, but quite often it becomes the root of

false feeling of supremacy. It may well become `Gott mit uns', and all that follows. And

when we deal with activities of large groups or whole societies it becomes even worse:

belief in divine intervention releases most of us from the necessity of taking into account

results of our choices, results that should be predicted and evaluated using mundane

rules of our earthly world. We stop thinking.

Another example of entwined moral and physical viewpoints is provided by the way

we treat our environment. In Chapter 11.3 I say harsh words against the overzealous

environmentalists. It is clear that actions and slogans without real understanding of the

underlying problems are stupid, regardless of how noble is the cause. But actions based

on the best available knowledge and using constant monitoring and corrective processes

| typical for the scienti�c research | are not only morally correct, but necessary. We

do owe to our children to leave the Earth habitable. As I write these words (June 2nd,

2005), the world agencies run the following story on environment protection:

92Reported to be the reply of Abbot Arnold, being asked how the heretics were to be distinguished

from the faithful at the taking of Beziers (July 22, 1209), during the Albigensian Crusade.
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SAN FRANCISCO (AFP) - California Governor Arnold Schwarzenegger de-
clared war on global warming, using a UN global environment conference to
adopt bold new steps to slash greenhouse gas emissions.

The Terminator action hero was the star attraction at the opening of the United
Nations World Environment Day conference in San Francisco, where mayors from the
world’s most populated cities are gathering to draw up plans to protect increasingly-
fragile urban environments.

The brawny icon signed an executive order mandating cuts in greenhouse gas
emission in the most populous US state, even though Washington has refused
to ratify the Kyoto Protocol on the environment.

The decree provides that greenhouse gas emissions in California be cut to year 2000
levels in the next five years, and that they be 80 percent below 1990 levels by 2050. . .

The move to slash greenhouse gas emissions in environmentally-conscious California
comes after his fellow Republican, President George W. Bush, refused to put the Kyoto
Protocol to Congress for ratification. . .

“We know the signs. We see the threats. We know the time for action is now,” the
celebrity governor said. “We must leave a better world for our children and for their
children.”

It is quite di�cult to provide religious counterpart to the above example of science-

based action with profound moral e�ects. The command to protect the earth may

be present in some religions, in some others it would take the form of `Be fruitful and
multiply; fill the earth and subdue it; have dominion over the fish of the sea, over the birds
of the air, and over every living thing that moves on the earth'93 | not exactly the most

ecological statement one could conceive, but quite understandable in the reality of

sparsely populated deserts and oases of Middle East.

The second problem, that of enforcing of the ethical principles is just as important as

the choice of the principles. Again, should a person or society base the moral concepts on

the divine revelations, the rules are enforced with not just the transient social sanctions

but the divine reward and punishment as well. This is at least the conventional thinking.

But is it true? Or, more to the point, are we sure that the costs related to such

reinforcement (such as the assumption of infallibility of those who explain the word

of Gods) are not overweighting the bene�ts of having a higher authority? Moreover,

divine word is rarely adjustable to account for new dangers facing a society. . .

4.9.1 Natural soul, learned values

If we treat moral consequences of physical restraints and reality with such disdain, is it

a surprise that we approach our biological heritage with even worse reluctance? The bi-

ological insights into our ethical principles are met with very strong criticism, both from

political left (criticizing anything that conicts with purely social and learned aspects

of human behaviour) and religious right (criticizing everything that has anything to do

93Genesis 1:26-28
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with evolution). So, before I would turn to some evolutionary psychology reasoning let

me start with less controversial studies of the development of moral code and behaviour

in children.

Let us start with the studies by Jean Piaget. The following analysis comes from a
book by W.C. Crain 94.

He has studied many aspects of moral judgement, but most of his findings fit into a
two-stage theory. Children younger than 10 or 11 years think about moral dilemmas one
way; older children consider them differently. As we have seen, younger children regard
rules as fixed and absolute. They believe that rules are handed down by adults or by
God and that one cannot change them. The older child’s view is more relativistic. He
or she understands that it is permissible to change rules if everyone agrees. Rules are
not sacred and absolute but are devices which humans use to get along cooperatively.

At approximately the same time – 10 or 11 years – children’s moral thinking un-
dergoes other shifts. In particular, younger children base their moral judgements more
on consequences, whereas older children base their judgements on intentions. When,
for example, the young child hears about one boy who broke 15 cups trying to help
his mother and another boy who broke only one cup trying to steal cookies, the young
child thinks that the first boy did worse. The child primarily considers the amount of
damage–the consequences–whereas the older child is more likely to judge wrongness in
terms of the motives underlying the act.

There are many more details to Piaget’s work on moral judgement, but he essentially
found a series of changes that occur between the ages of 10 and 12, just when the child
begins to enter the general stage of formal operations.

The work of Piaget has been expanded greatly by Lawrence Kohlberg. Kohlberg

believed and was able to demonstrate through studies that people progressed in their

moral reasoning (i.e., in their bases for ethical behaviour) through a series of stages. He

believed that there were six identi�able stages which could be more generally classi�ed

into three levels.

Level Stage Description
Pre-conventional 1 Obedience and Punishment Orientation

2 Individualism, Instrumentalism, and Ex-

change

Conventional 3 \Good boy/girl"

4 Law and Order

Post-conventional 5 Social Contract and Individual Rights

6 Universal Principles / Principled Con-

science

Table 4.1: Kohlberg classi�cation of stages of moral development

94Theories of Development, Prentice-Hall, 1985 (http://faculty.plts.edu/gpence/html/
kohlberg.htm)

http://faculty.plts.edu/gpence/html/kohlberg.htm
http://faculty.plts.edu/gpence/html/kohlberg.htm
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The �rst level of moral thinking is that generally found at the elementary school

level. In the �rst stage of this level, people behave according to socially acceptable

norms because they are told to do so by some authority �gure (e.g., parent or teacher).

This obedience is compelled by the threat or application of punishment. The second

stage of this level is characterized by a view that right behaviour means acting in one's

own best interests.

The second level of moral thinking is that generally found in society, hence the name

\conventional." The �rst stage of this level (stage 3) is characterized by an attitude

which seeks to do what will gain the approval of others. The second stage is one

oriented to abiding by the law and responding to the obligations of duty.

The third level of moral thinking is one that Kohlberg felt is not reached by the

majority of adults. Its �rst stage (stage 5) is an understanding of social mutuality and a

genuine interest in the welfare of others. The last stage (stage 6) is based on respect for

universal principle and the demands of individual conscience. While Kohlberg always

believed in the existence of Stage 6 and had some nominees for it, he could never get

enough subjects to de�ne it, much less observe their longitudinal movement to it.

The Really Big Question today is: how to ensure a minimum of moral behaviour

for six or seven billion people, living in so widely di�erent conditions and societies?

Firstly, how to agree what is moral, in a way that would be a compromise for so many

backgrounds? Secondly, how to ensure that individual rights and freedoms do not

trespass on other people freedoms and rights.

The fact that the number of humans on this planet is explosively growing is one

of the simplest measures that our general minimal living conditions are improving, in

a sense of providing sustainable basis for the six billions today. Speaking from what

is probably an upper mid-range position in the hierarchy of social environments95 I

think that on the average, the possibilities of an individual man or woman today are

far more open than at any time in known history. This of course does not apply to

everyone, everywhere and all the time, it is what I would call `average freedom', an

abstract construction.

But his freedom is not only the freedom to improve oneself, to learn or to pray,

to raise a family, to express oneself in the arts; it is also the freedom to kill, to quar-

rel, make wars, steal, overuse the resources etc. Kalashnikov rie put in the hands

of teenagers incited to violence against some enemies is de�nitely a XXth and XXIst

Century phenomenon. Thus we come back to the question of the optimal way of intro-

ducing some minimal set of rules that would ensure the better life, or at least minimize

the hardships for which we ourselves are responsible.

There is, of course, the political way. O�cial documents, such as the UN Universal
Declaration of Human Rights96 which is exactly such a minimal set of rights and

95As witnessed by various studies placing Poland somewhat below Western Europe or the US but ahead

of Uganda or Haiti (to pick some examples).
96http://www.unhchr.ch/udhr/

http://www.unhchr.ch/udhr/
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limitations of rights. But | in all honesty | are we really implementing these rules?

Is the political way really moving us towards peaceful and just world?

My personal worry is that in the last twenty, maybe thirty years the rational thinking

and the high ying humanist ideas have given way, in most countries to more basic, local

approaches, which in many cases use traditional approaches aimed at moral cohesion

of local communities. These may include: group identity branding and inciting fear

and animosity to outsiders; promoting absolute obedience (typical for religious orders);

asymmetry of morality and exploitation. A short story is due here. Polish language

has an idiom `Kali mentality'. It is relaively new, coming to popular language from

a late XIX Century novel of Henryk Sienkiewicz. In the novel, the main character,

Sta±, a sixteen year old boy of Polish origin, lost in the heart of Africa, tries to teach

a Negro servant Kali Christian morality, and describes what sin is, and what a good

deed is. At the end of the lesson Kali strives to give practical example: `A sin: when

someone steals a cow from Kali'. `Good', exclaims Sta±. `And a good deed?' `When Kali

steals a cow from someone' replies resolutely Kali. Now, it should be remembered that

book was written, when Poland was partitioned between Russia, Prussia and Austrian

Empire. The main theme is faithfulness of Sta± to high ideals and his resourcefulness.

Sienkiewicz' works were aimed at building up the Polish national spirit, and showing

that Poles could be successful, wise, courageous. I do not think that there was any

racist intent in putting the `Kali mentality' in the context, in any case not beyond

what was typical for late XIX Century97. Why? Exactly because the idiom has caught

immediately to describe the situations typical locally, not in Africa. But the connotation

that links such asymmetrical behaviour to the primitive societies remains.

The same applies, on more formal level, when one analyses most of the social ma-

nipulation techniques that we observe today in many places of the world. They appeal

to the lower levels of the Kohlberg hierarchy. Obedience and punishment on one hand

(level 1), imposed by local tyrants or by group justice. At slightly higher level, the

individual or group calculations of pro�t and loss (level 2). These levels, as Kohlberg

rightly notes are easily attainable, and what is most important, do not require that
the government or a leader should give an example of moral behaviour! Such good

examples are needed only when one advances above the lowest levels in moral ladder. I

�nd it worth real scienti�c study (well beyond my humble capabilities) to understand

what could be done to improve the state of things.

97Remember: Poland had no colonies, in Africa or elsewhere, at any time.
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4.10 Natural awe

How is it that hardly any major religion has looked at science and concluded,
’This is better than we thought!

The Universe is much bigger than our prophets said,
grander, more subtle, more elegant’?

Carl Sagan98

SCIENCE: A way of finding things out and then making them work.
Science explains what is happening around us the whole time.

So does RELIGION, but science is better because it comes
with more understandable excuses when it’s wrong.

(From A Scientific Encyclopeadia for the Enquiring Young Nome)
Terry Pratchett99

As an amateur student of history I am often amazed at the rate of change that Hu-

manity has gone through in the past two thousand years. The variety of cultures,

technical levels, social structures, even when one abstracts only the general features, is

astounding. It is not just that the Nature, in its richness is awe-inspiring. Even more

astounding are our advances in understanding it. Yet, at the same time, if one looks

at the common factors, such as the list of human universals, collected over many, many

cultures by Donald E. Brown (see Section 13.5) one can see how inexible, in a certain

sense, we are. How �xed in applying certain concepts | even those that are obviously

not correct. Our psychology has not changed: if we accept the basic starting premises,

cultural setting, we are able to understand the motives and reasoning of the characters

of Homer or Aeschylus, we can identify with Shakespeare's heroes, understand the vil-

lains. We know them to be the same people as us. We are able to imagine the feelings

of our distant ancestors | or at least so we think.

The change is mainly due to the change of environment: social, environmental

(including our technical environment) and accessible knowledge. And this change is

enormous indeed. Just take a second to consider the changes brought in recent twelve

years by the mobile telephony. The fact that today the communication barriers are

almost non-existent has changed our lived profoundly. It is more di�cult to stay out of

touch than to be connected. I still remember my childhood days, when a month's stay

in a summer camp meant two, perhaps three letter exchanges with my parents. That

was all the contact we had. The thrill of the `letter for you' call is still a vivid memory.

Today, my kids call us twice a day from their summer camps, over trivial matters (and

they are considered very reluctant among their friends). These real life changes have

been followed by the art, especially literature. In today's novels, be it horror, action or

romance, constant connection and accessibility is accepted and used. In fact, authors

have to go at great lengths to use traditional schema of separation and loss.

98Pale Blue Dot, Random House, New York, 1994
99Wings
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It is, therefore quite astounding that the majority of religions do not take these

changes into account. Ideas and scriptures more than a thousand years old still rule

behaviour of millions of people. Some things have changed (at least where I can observe

them), for example the recipe for good harvest is no longer via procession and priestly

incantations, but rather by application of the right amount of fertilizer and preselected

grain100, but can it be said about every situation when spiritual explanations have been

replaced by the scienti�c ones? Millions of people do wait for miracles to happen.

No traditional religion has embraced the results of science.101 Is it because Science is

everchanging, and hard to follow and understand? Which would of course diminish the

appeal to the masses? Or, as the defenders would say, is it because Science does not

o�er the real moral ground on which the rightful belief could be founded and kept?

Perhaps because Science is impersonal, and can not appeal to the `inner self' of each

individual and his or hers personal experiences, to his soul?
A very interesting debate on this subject was held in 1999 in London, with Steven

Pinker and Richard Dawkins (Dawkins and Pinker, 1999). The topic of the debate was:
Is Science killing the Soul? During the debate, Dawkins quotes Carl Sagan :

A religion, old or new, that stressed the magnificence of the Universe as revealed by
modern science might be able to draw forth reserves of reverence and awe hardly tapped
by the conventional faiths.

and adds further criticism

Religions are not imaginative, not poetic, not soulful. On the contrary, they are
parochial, small-minded, niggardly with the human imagination, precisely where science
is generous.

The question is: can scientists or popularizers of science present it in a way that

would respond to the need for a deeper meaning in life, including our individual expe-

riences? Can such view be accepted by a large number of people? Can Science have

spiritual meaning? Become a religion?

There was a period in history { second half of XIX century { when, at least in

Europe, there was a universal belief in the progress brought by scienti�c and technical

advancements. When people believed that the future world would be better, not just

easier. When artists were fascinated with the progress and when there was acceptance of

science as source of this progress. These times are now gone. Science is seen as source of

danger and misery, and we are re-entering the age of superstition. A very good account

of this is given by Wheen (2004). Yet, as my thesis is, the only way out of the problems

100A friend has told me that the tradition is not as dead as I thought. Some �ve years ago, after a

period of drought, a series of processions were held in a small Polish village. One was apparently not

`enough' to `cause' rainfall. When the rains came, a thanksgiving procession followed. Just a few months

later, the same villagers have voted against a new drainage system, even though it was to be fully funded

by EU money. Well, if you can count on miracles, why build anything.
101But as we see from the list in Section 4.2, there are quite a few new movements, some of which even

use the word `science' !
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we have created ourselves, is not via returning to thousand year old practices suitable for

small, parochial societies of shepherds but by understanding and belief in what we know

at the best of our ability to be true, with the acceptance of improvements and change.

And, in the societies where a lot of e�ort goes into dis-education or mis-education (see

Chapter 11), this is an enormous task indeed.

One of the ways I see it possible is to improve the way Science is presented: to

stimulate curiosity and sense of wonder. This requires the scientists to become active

evangelizers of their disciplines, to constantly work not only at the edge of research,

but at the base of social transmission, translating the esoteric into understandable

and wonderful. Many of the most widely known scientists are doing exactly this, like

Richard Feynman, Edward Wilson, Roger Penrose and many others. But can every

scientist, be it a solid state physicist or molecular biologist or cosmologist say, with

clear conscience, that he or she is doing enough to combat the ever growing mumbo-

jumbo? I remember the di�culty I had in explaining my parents what was it that I was

working on as a scientist. And I know how di�cult it is to explain to my co-workers

today (intelligent, well educated IT specialists) the advances of modern cosmology or

evolutionary behavioural psychology. Nevertheless, I see it as a duty of all scientists

(professional and amateur) to spread the word, to open the eyes of everyone that would

listen to the real miracles of the world. Not to �ght religions, or at least not directly

so, but to provide a more solid, correctable ground for informed decisions.

How to do it e�ectively? If I knew the answer to this question, I would. . .Well,

the only suggestion I have is to couple the appeal to the sense of wonder of the eternal

miracles of Nature (as for example Carl Sagan was doing) with the quest of adventure at

Science as the �nal frontier. I �nd it sad that many kids prefer to `live in' and `discover'

schematic world of computer games or mass produced fantasy worlds, than to discover

true wonders that surround us even in everyday life. Not to mention the unanswered

questions of life, universe and everything. So, we are not doing a good job in bringing

Science to the masses. Or, perhaps, it is impossible. But I know that Science is not and

can not become a religion, because of the intrinsic quality of questioning the current

worldview, of accepting the lack of �nality. And religions, most of them, require that the

fundamentals should be frozen. The only example that is close to the scienti�c approach

is, maybe, Zen. With its paradoxical stance and questioning of common sense and folk

knowledge it parallels the scienti�c distrust of authorities. The common principle that

one can get closer to the truth only by questioning what has been considered to be truth

before. But even this analogy is rather shallow. Physics does not ask about the sound of

one hand clapping. It would ask if there is a suitable phenomenon to be measured, and

if yes, it would measure it. Scienti�c the questioning is not done for the sake of being

di�erent. And there is a crucial di�erence: scientist's disputes are eventually settled by

comparison with Nature, the ultimate and impartial judge.
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CHAPTER

FIVE

PHYSICS AND PHYSYCISM

All science is either physics or stamp collecting.
Ernest Rutherford

Physics is like sex.
Sure, it may give some practical results,

but that’s not why we do it.
Richard Feynman
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5.1 Naive physics

It is well for the heart to be naive and the mind not to be.
Anatol France

Physics is undoubtedly the most successful scientific discipline.During the

past 500 years, and especially in the XIX and XXth Century, success followed suc-

cess, explanations of physical phenomena allowed practical use and construction of tools

and machines. The world we live in today is shaped by the results of the triumphant

march of physics. Many other scienti�c disciplines, once considered great and indepen-

dent realms (for example chemistry or geology) are now mere branches of physics, its

concrete applications.

What is the reason for the success of physics? Why were we so e�cient at describing

the material world? Is there a special propensity that makes it easy for us to understand

it? Is it a property of the world that makes it understandable or is it our genius that

understands it despite the complexity? How and why are we able to develop physical

knowledge?

On a basic level, certainly there must be some built in capability of human mind

to do it, some link between our brain's structure and operation and world properties.

We all have what is called `intuitive physics' or `naive physics', which is useful for quite

a few day-to-day tasks1. Observing and predicting various phenomena has obvious

evolutionary advantages. So, we all have common `physics instinct'. First, we all

divide the world into objects with speci�c boundaries and characteristics and observe

these objects in action.2 We manipulate such objects, cause them to move, rotate,

touch and separate. Through such experiences we `know' that there are such things as

reasons for something moving (perhaps di�erent reasons for moving up than moving

down); that there is an `obstinacy' on the part of the objects. Such naive physics

allows predicting how certain objects would behave (for example of the spear thrown

with so much force, in this or that direction, it would hit the deer), what reaction

can we expect from a bent piece of wood, or whether a construction, such as a dam

or a hut would hold. The knowledge (or should we say experience?) is acquired in

early childhood by manipulation and observations. Initially it has no formal language,

however, quite early in childhood the terms used to describe live, conscious agents,

especially other humans, are used to describe the physical phenomena. Children {

and ourselves as well { talk about ball not willing to move, car that does not want

to start or glue refusing to stick. Classical and medieval physics attributed a lot of

such phenomena to desire or propensity of objects (for example to rest at the centre

1It is certainly better than the `cartoon physics', in which the characters start to fall down only after

they realize they are way over the cli�. . . The fact that our kids laugh at these situations shows that at

least to some extent, they `know better' how the real world works.
2Well, probably not all of us, perhaps some Zen masters do not make such divisions, but personally I

doubt it. A bowl of rice is a bowl of rice. And to ponder on the sound of one hand clapping one must

know what `one hand' means.
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of the world), mixing inanimate with animate realm. Some of the predictions obtained

in this way are useful, but some are very inaccurate. The recent advances in cognitive

sciences, based on the studies of human behaviour from early childhood to well advanced

students discover some mechanisms through which we acquire the informal physical

knowledge. Quite interesting are attempts to embed such ability into computer Arti�cial

Intelligence systems; it turns out that such systems may need the exibility that arises

from `understanding' the world. And, as quite expected, the need to provide capabilities

that seem easy and natural for us (such as making machines able to perform the tasks we

do automatically, e.g. recognizing three dimensional objects in our �eld of view) teaches

us more about ourselves than years of philosophical speculations. Such observations

were presented very forcefully by Aaron Sloman in his book The Computer Revolution
in Philosophy: Philosophy, Science and Models of Mind (Sloman, 1978)3. There is

quite rich literature on the subject of naive physics, with quite a lot of controversies

| rather natural, as it touches more upon human abilities than physics itself. And

human issues, such as di�erences in capability for reasoning are always controversial,

even dangerous topics.
These studies were extended to apes, as they are known to manipulate objects and

use tools in a way similar to children, with the question whether the apes also form
a basic physical model of the world. A recent book Folk Physics for Apes - The
Chimpanzee's theory of how the world works by Daniel Povinelli, (Povinelli, 2000),
touches quite a lot of interesting subjects, and clearly de�nes the �eld of naive, folk or
intuitive physics. The opening chapter presents the issues quite well:

By ‘folk physics’ we simply mean the kind of understanding of the physical world
that develops naturally and spontaneously during the development of human infants and
children , and later permeates our adult, common-sense conception of why the world
works the way it does. The notion of folk (or naive) physics can be explicitly contrasted
with more scientific descriptions of why the world works the way it does. For one thing,
our common-sense, folk physics is best suited to cope with the kinds of objects and
events that we encounter on a day-to-day basis. Indeed, there is a sense in which our
folk physics is not really designed to provide accurate descriptions or explanations of the
universe, but first and foremost is designed to produce accurate predictions about how
the universe will behave in those situations that we are likely to encounter. In saying
this, we mean that our folk physics is less concerned with unusual or exotic events,
or with anticipating differences that are so small that they rarely make a difference,
than it is with providing a useful (albeit sometimes inaccurate) causal framework for
guiding our interactions with the physical world. In contrast, scientists working in the
various sub-disciplines that comprise the field of physics are constantly struggling to
produce ever more accurate descriptions and predictions. In doing so, they regularly
move beyond asking how the world works, and wind up asking why it works the way
that it does—a process that frequently leaves them appealing to phenomena which
are not visible to the naked eye (or the other similarly unaided senses). In practice,
this directly leads physicists to the unusual case, precisely because it is the unusual

3More on the subject in Section 9.2.5
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case which frequently allows them to carve up nature at the joints (so to speak), thus
allowing them to construct more accurate theories about how things are really put
together. One consequence of this difference between folk and scientific physics is
that they sometimes yield answers that are at odds with one another. Consider, for
example, Galileo’s experiments in which he attempted to determine whether cannon
balls (weighing as much as 200 pounds) would strike the ground sooner than musket
balls (weighing only 1/2 pound) when they were simultaneously released from a height
of about 300 feet. The common-sense, intuitive belief about the fate of these two falling
objects (a belief still held by the majority of the world’s population) is that the cannon
ball will hit the lawn long before the musket ball. Galileo’s scientific considerations,
however, led him to predict that they would arrive together—a fact almost perfectly
borne out by the experimental research he conducted at the University of Padua in the
late 1500s. Indeed, in his landmark treatise, Dialogues Concerning Two New Sciences
(1638/1914), Galileo illustrated the contrast between our intuitive beliefs about such
falling objects versus the results of his experiments in an imaginary exchange between
Salviati (the educator) and Simplicio (the student-skeptic). After being presented with
the experimental evidence, Simplicio resists the obvious experimental contradiction of his
intuitions: ‘Your discussion is really admirable,’ he concedes to his opponent, Salviati,
‘yet I do not find it easy to believe that a bird-shot falls as swiftly as a cannon ball’.

Seemingly well armed with our modern knowledge of Newtonian mechanics, many
of us may smile a bit at Simplicio’s resistance to the overwhelming experimental ev-
idence. However, for better or worse, we all retain a fair amount of Simplicio within
us. An impressive body of scientific research has demonstrated that as adults we fol-
low the beliefs about the motions of objects that are scientifically inaccurate. Michael
McCloskey and his colleagues, for example, showed that even educated high school and
college students continually display systematic errors in their reasoning about moving
objects. For example, people typically believe that, if someone is running, and they
release an object, the object will fall in a straight line to the ground from its initial
point of release—oblivious to the empirical fact that the forward motion of the object
combines with a steadily accelerating downward motion, resulting in the object following
a parabolic trajectory to the earth. McCloskey in 1983 has concluded that the reason
why people make such errors in judgements about moving objects (both in hypothetical
situations and in situations in which they are actually asked to produce a given effect)
is not because they have no theory of physics, but rather because they have a different,
intuitive theory of moving objects:
‘[The errors] arise from a general, coherent theory of motion that adequately guides

action in many circumstances but is nonetheless at variance with Newtonian me-

chanics. It is therefore the misconceptions embodied in an intuitive physical theory

that occasionally give rise to errors in judgements about motion. The intuitive

theory bears a striking resemblance to the pre-Newtonian theory of impetus.”
McCloskey and his colleagues have even shown that this intuitive theory of impetus

(one shared by philosophers three centuries before Newton) is quite resistant to change.
In one study, they demonstrated that even after being educated to the contrary, many
misconceptions about the physics of moving objects remain unaffected. In particular,
people tend to believe that objects remain in motion once they are released because
they acquire an internal force (called impetus), which gradually diminishes over time.



5.1. Naive physics 199 Draft, January 2, 2008

Newtonian physics explicitly denies such a thing as impetus. However, McCloskey and
his colleagues discovered that even after passing a course in Newtonian physics, students
still tended to appeal to the (mistaken) idea of impetus in explaining common physical
events. One interpretation of such findings is that humans are born into the world
prepared to construct certain ideas about the physical world—theories that may be at
odds with the underlying reality of the world.

Clearly, the accuracy of our physics (as measured against some unachievably per-
fect knowledge of the universe) does not, strictly speaking, demarcate what is and is
not ‘physics’. As we shall see, even young infants and children are sensitive to, and
later explicitly reason about more than just the contingencies among the events that
their senses detect unfolding around them. In some cases, they seem to appeal to un-
observable processes and variables in much the way that adults or even scientists do.
Although these infants and children do not use the terminology that we do, and their
understandings differ from our own in certain ways, from infancy forward they seem
to process (and increasingly reason about) physical interactions in terms of ideas very
much like gravity, force, space, mass, intrinsic connection, shape, cause-and-effect, etc.
Our general point is that, regardless of how well or poorly our folk physics actually
maps onto the underlying, real physics of the universe, this system of beliefs shares
several key features with scientific physics. One feature in which we shall be particularly
interested is the attempt to understand the observable macroscopic world of objects in
terms of unobservable states and processes. At this point, one might wonder why
evolution has allowed any discrepancy at all to exist between our folk physics
on the one hand, and our scientific physics on the other. Why would the process
of evolution have produced organisms who possess knowledge about the physical world
that is inaccurate? A moment’s reflection, of course, leads to the obvious answer that
evolution is solely concerned with what works. If our naive, somewhat inaccurate folk
physics makes the right predictions in the range of circumstances that humans typically
face, then so much the better for organisms who possess such a belief system. Humans
are born into the world either knowing, or prepared to quickly learn to know,
about those aspects of folk physics that are relevant to our everyday encounters
with the physical world. Presumably, what mattered most during the course of human
psychological evolution was not the accuracy of our beliefs about the physical world,
but how well those beliefs allowed our ancestors to predict and manipulate the world in
ways that were important to their survival and reproduction. In this sense, the reason
why our folk physics does not include notions such as special relativity, for example, is
just a particular instance of the broader reason why discrepancies exist between folk and
scientific physics—our ancestors rarely encountered situations in which understanding
the relativity of time was important to their reproduction and survival.

The last paragraph clearly points to the roots of our `physics instinct', as well as to

the limitations of such capability.
To answer the questions whether apes are (intuitive) physicists or not, let me quote

Povinelli's own summary of the work

The results of this experimental work suggest that in contrast to young children,
chimpanzees do not appear to reason about unobservable physical causes such as
gravity, force, shape, strength, or physical connection. They do, however, reason
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about the observable effects of these phenomena. Thus, the main difference between
human and ape folk physics appears to be that humans appeal to unobservable
phenomenon to help explain the observable events in the world, whereas chim-
panzees do not. Collectively, our work suggests the even broader conclusion that
chimpanzees and other apes may simply not possess the ability to form ideas about
phenomena that are so abstract that they are, in principle, unobservable.

The Povinelli �ndings, while very interesting, were challenged by quite a few schol-

ars. For critique, see for example Machado and Silva (2003) or Hauser (2001). The

research is important, as it would throw a lot of light on the issue of the capability to

build complex models without the help of social, verbal communication and training4.
Moreover, it is quite interesting to note here that the study of proto-scienti�c ca-

pabilities of apes goes beyond physics. It turns out that there are quite interesting
things we could say about the core capacities that apes show in mathematics. Marc
Hauser claims that we share with chimpanzees some|but not all|mental functions,
some of which are shared with other species as well (Hauser, 2005; Hauser et al., 1996).
And among those are the two core mathematical systems: �rst, the ability to count
and represent mentally small numbers of objects of events (less than �ve) and second,
the ability to estimate and compare approximately much larger quantities. There are
observable and experimentally con�rmed similarities between humans and apes in this
respect. But, as Hauser observes

We share with chimpanzees and other animals two core systems of folk mathematics.
However, we depart from all other animals in our capacity to represent large num-
bers precisely. What enables this capacity, and much more, is presently unclear, but
there are interesting possibilities on the horizon. For example, not all human cultures
express the large precise system, even though their language is as expressive as any
other natural language5. In these cultures, the two core systems are operative, withPage 75

number words mapped on to the first few integers and then the use of ‘many’ for higher
values. This raises the question of how particular aspects of our language faculty have
uniquely transformed particular aspects of our thoughts. One possibility is that a set
of computational mechanisms recruited by the language faculty (for example, recursive
operations) is tapped by our mathematical faculty, allowing both systems the power of
open-ended expression.6

Coming back to human physics origins we may go back to the early childhood ex-

periences. Children form models of the world. There is an active debate whether these

4See for example Hauser and Spaulding (2006)
5The works referred by Hauser are the ones I have mentioned when we discussed the `tribe without

mathematics', Pirah~a, in Chapter 2.7.
6The Hauser (2005) paper is rather short, yet it is a real mine of ideas and observations. For example it

has directed me to studies on chimpanzee warlike behaviour. it turns out that if three or more males from

one chimp community �nd a lone individual from a neighbouring one, they kill this individual. What

I found rather special was that although the `natural' counting capabilities seem to stop at `one, two,

many ' system, in the case of estimationg the `attack ratio' counting includes three! And remember, 3:1

ratio is the classical attacker to defender ration from military textbooks throughout the ages of human

warfare. . . . Perhaps recognizing this ratio is as crucial as selective process for chimps as well?
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models can be connected to form a more or less coherent theory or rather system of sep-

arate ideas called phenomenological primitives or sense-of-mechanism concepts, loosely

connected and sometimes at odds with each other. The models are very strongly estab-

lished in children's minds, and even formal training in mathematics and physics does

not remove the preconceptions. Rather (and I have observed it on myself) the equa-

tions and formal models are often bent to conform to the naive preconceptions than the

preconceptions are dropped because of the formal physics knowledge. Even for people

who go through formal training in more advanced training in `real physics', intuitions

remain very strong. The resistance of internal imagery and models is documented, for

example, in Common sense clari�ed: The role of intuitive knowledge in physics
problem solving by Bruce Sherin Sherin (2003).

I found particularly interesting the review of Reiner et al. (2000), which stresses the
role of `Substance-Based conceptions'. The concepts based on direct experience with
material bodies and substances are generalized to form basis for reasoning about more
abstract phenomena, such as heat, light, force or electricity. The resulting `materialistic'
model quite often leads to incorrect predictions. Reiner and co-workers de�ne the
`substance schema' as corresponding to the following properties:

1. Substances are pushable (able to push and be pushed).

2. Substances are frictional (experience ‘drag’ when moving in contact with some
surface).

3. Substances are containable (able to be contained by something).

4. Substances are consumable (able to be ‘used up’).

5. Substances are locational (have a definite location).

6. Substances are transitional (able to move or be moved).

7. Substances are stable (do not spontaneously appear or disappear).

8. Substance can be of a corpuscular nature (have surface and volume).

9. Substances are additive (can be combined to increase mass and volume).

10. Substances are inertial (require a force to accelerate).

11. Substances are gravity sensitive (fall downward when dropped).

The list clearly points to the origin of the classi�cation: children generalize expe-

riences with everyday, medium sized, visible and touchable items: toys, stones, water

and sand. . .

In Reiner et al. (2000), the authors list several examples of how the substance ap-

proach is used to `understand' and predict behaviour of several more abstract categories

and ideas, often with erroneous results. The examples include

� Discussion of forces, with substance-like treatment of impetus. The qualities at-
tributed to force include: an internal supply of force (the force that keeps the

body in motion, for example, in one study 88% of �rst semester engineering stu-

dents believed that a coin tossed into the air possesses an upward force which is
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greater than that of the downward gravitational force). Many people associate

the concept of force as the property of a moving object.

� Light treated as a substance. Examples: light owing like a liquid and able to stop

and be at rest7; mixtures of colour models taken from experiences of mixing liquid

paints (which does not work when applied to the emitted light and colour �lters).

Several authors point also to the idea that brightness, shadows and darkness are

inherent properties of objects, in a way similar to colour. While this is a good

working model `in equal light conditions' it fails to take into account the fact

that these observed phenomena are result of complex interplay between object

properties and lighting conditions.

� Shadows treated as substance, instead of just absence or lesser intensity of light.

Quite a few studies point to a belief in children that shadows are separate from

light. In one study, �ve of seven elementary school children believed that a dog

would still have shadow when it walked into a full shadow of a house. In another

study, nearly 50% of p articipants believed shadows exist in the darkness.

� Heat and cold viewed as separate substances, with liguid-like properties: ows,

mixing, accumulation. Especially interesting is attributing existence to cold, not

as the absence of heat but as property on its own.

� Heat (temeperature) and cold as inherent properties of objects (such as the Sun

or ice)8.

If we add the animistic quality, attributing teleological, directed qualities observed

in people and animals to inanimate objects, we might be close to the list of the most

commonly used `explanations' of physical phenomena. I have met with examples of

such substance and/or animate, willfull behaviour explanations and language during

my brief career as a teacher9.

So, even today, most of the people rely on such simple intuitions more than it should

reasonably be expected. This is important and somewhat dangerous because since the

Enlightenment era physics has shown results that are in so many cases contradictory to

the intuitive physics yet are basis for commonly used machines or technologies. Still,

we use, quite frequently, naive models of behaviour of `stu�' (like electricity) and most

people are quite happy with such approach.

Key point here is that folk physics is not just a simpli�cation, but in many cases it

is distortion of observations and reasoning leading not to inaccurate but to completely

wrong results. But, as we shall see in the next sections, the early history of physics,

with few remarkable exceptions, has used almost exactly the models present in children's

7It is worth noting that there is a huge interest in physical experiments on light slowed to `observable'

speeds (within special materials) and even on `stopping' a light impulse and releasing it later.
8For detailed references to research studies and results see Reiner et al. (2000).
9I have taught physics for the �rst two grades of Liceum (15-16 year old children).
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understanding of surrounding environment. The fact that Science, as a general method,

has overcame the limitations is a great proof of the power of the methodology, even

though it seems to be alien to the common man and unsuited for everyday life.
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5.2 Historical roots of physics

It is quite interesting that in descriptions of the intuitive physical reasoning we

use the vocabulary typical for the the Greek, Roman and Middle Age physics, such

as impetus or substance. This is partially because our current `scienti�c' physics vocab-
ulary is so much mathematical that it hardly applies to intuitive concepts. Moreover,

we know that the folk physics is full of misconceptions or misunderstandings, and leads

to erroneous predictions. The same may be said about physical understanding of the

ancients. It would, however, be unfair to deride the system developed more than two

thousand years ago as childish. Yes, many concepts were wrong, ans some of them quite

obviously wrong. Example? Statement that heavier bodies should fall with proportion-

ally higher velocity. Galileo's experiments with falling bodies have literally demolished

the assumption that heavier bodies fall faster. All that was needed to check this was to

look carefully. Yet few, before Galileo, had felt the need to do so. But does that make

the ancients stupid and childish and unobservant?

I disagree. The main di�erence, the one thing we really should be grateful for,

which has been introduced in ancient Greece and kept, despite all the social di�culties,

during the middle ages, was the basic scienti�c method. The curiosity that drives us

to �nd what makes the Universe `tick', in things large and small, is at the core of

the whole approach. We look for real reasons that are not an explanatory dead-end,

some personi�cation or other kind of just-so-story. The scienti�c theory, ordering the

observed phenomena into an abstract whole and the observations, that provide the data

remain the foundation of scienti�c research until today. The conscious nature of these

e�orts and the focus on the communicability of results provide striking contrast to the

unconscious, internal way a child gathers experience. No civilisation before has had

such curious, theorizing and a freely communicating culture.

The relationship between the observed world (at least some of the observed mul-

titude of phenomena) and mathematical constructs (numbers, relations, geometrical

objects) was introduced by the Greek philosophers and goes far beyond folk physics.

The reliance on unchanging, perfect geometry, to which the Earthly domain phenom-

ena are but approximations stands in total opposition to the naive understandings of

children, described by Andrea DiSessa, who is an expert on conceptual and experiential

knowledge in physics, as `fragmented collection of ideas, loosely connected and reinforcing,
having none of the commitment or systematicity that one attributes to theories'10.

I should remind here that I do not attempt to present the complete history of physics.

Nor even coherent summary: my aim is to point to some developments which I deem

crucial | for the past as well as for our current era. I would like to concentrate �rst at

two views of Nature and our understanding of it: atomist-Epicurean versus Aristotelian,

full of contrast with respect to scienti�c method, results and philosophical and religious

motivations. The struggle between these two approaches remains strong even today.

10Quoted after Reiner et al. (2000)
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Perhaps less in purely scienti�c terms, but you �nd the signs of the battle clear in

philosophical and religious descriptions of the limits and validity of Science11.

5.2.1 Atomic visionaries
How important is the atomic approach, how revolutionary are the principles of im-
mutability, of obtaining properties of macroscopic bodies by combining the minuscule
elementary constituents may be expressed in the homage to the theory, opening Richard
Feynman's Lectures on Physics (Feynman et al., 1964)

If, in some cataclysm, all scientific knowledge were to be destroyed, and only one
sentence passed on to the next generation of creatures, what statement would contain
the most information in the fewest words? I believe it is the atomic hypothesis (or
atomic fact, or whatever you wish to call it) that all things are made of atoms - little
particles that move around in perpetual motion, attracting each other when they are a
little distance apart, but repelling upon being squeezed into one another. In that one
sentence you will see an enormous amount of information about the world, if just a little
imagination and thinking are applied.

The history of the atomic theory is now almost 25 centuries long. The theory is by

no means a part of the folk physics, on the contrary, early atomists have used elaborate

mental constructions that are in contradiction with the naive view. The greater is

their achievement and the more surprising the almost prophetic nature of some of their

predictions.

The story of atomism starts with Leukippus (of whom very little is known) and

Democritus (born around 460 BC, died in 370 BC). They have created a materialist

account of the natural world. The atomists held that there are smallest indivisible

bodies from which everything else is composed, and that these move about in an in�nite

void space. Of the ancient materialist accounts of the natural world which did not rely

on some kind of teleology or purpose to account for the apparent order and regularity

found in the world, atomism was the most inuential.

The atomists held that there are two fundamentally di�erent kinds of realities com-

posing the natural world, atoms and void. Atoms, from the Greek adjective atomos or

atomon, `indivisible,' are in�nite in number and various in size and shape, and perfectly
solid, with no internal gaps. They move about in an in�nite void, repelling one another

when they collide or combining into clusters by means of tiny hooks and barbs on their

surfaces, which become entangled. Other than changing place, they are unchangeable,

ungenerated and indestructible. All changes in the visible objects of the world of ap-

pearance are brought about by relocations of these atoms: in Aristotelian terms, the

atomists reduce all change to change of place. Macroscopic objects that we experience

in the world are really clusters of these atoms; changes in the objects we see are caused

by rearrangements or additions to the atoms composing them. While the atoms are

11For more information on ancient and medieval science the reader can consult Lloyd (1970, 1973),

Crombie (1959) and Grant (1996).
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eternal, the objects compounded out of them are not. Clusters of atoms moving in the

in�nite void come to form kosmoi or worlds as a result of a circular motion that gathers

atoms up into a whirl, creating clusters within it; these kosmoi are impermanent. Our

world and the species within it have arisen from the collision of atoms moving about in

such a whirl, and will likewise disintegrate in time.
Democritus is also the �rst philosopher we know who realized that what we perceive

as the Milky Way is the light of distant stars. Other philosophers, including later
Aristotle, argued against this. Democritus was among the �rst to propose that the
universe contains many worlds, some of them inhabited:

In some worlds there is no Sun and Moon, in others they are larger than in our
world, and in others more numerous. In some parts there are more worlds, in others
fewer. . . In some parts they are arising, in others failing. There are some worlds devoid
of living creatures or plants or any moisture.

The materialist, atomic approach was further extended by Epicurus (born 341 BC,

died 270 BC). His materialism led him to a general attack on superstition and divine

intervention. He has founded Epicureanism a system of philosophy extending beyond

atomism into the realm of morality. Epicurus believed that the greatest good was to

seek modest pleasures such as tranquility and freedom from fear through knowledge.

Although some equate Epicureanism with hedonism or a form of it (as `hedonism'

is commonly understood), professional philosophers of Epicureanism deny that. For

Epicurus, the highest pleasure (tranquility and freedom from fear) was obtained by

knowledge, friendship, and living a virtuous and temperate life.

Epicurean materialism is presented very simply, but anticipates a great deal of later

scienti�c discovery in important respects.

While the story of atomism starts with Democritus and Leukippus and develops

further with Epicurus the best example of the results of this school of philosophy are

provided by a long poem by Titus Lucretius Carus (c. 99 - 55 BC), Roman poet

and philosopher. In De Rerum Natura, On the Nature of Things, http://www.
gutenberg.org/dirs/etext97/natng10.txt he proclaims the reality of man's role in a
universe without a god to help him along. It is a statement of personal responsibility in

a world in which everyone is driven by hungers and passions with which they were born

and do not understand. The times through which Lucretius lived were dominated by

intense social and political unrest and punctuated with outbreaks of revolution and war.

The second decade of the �rst century B.C. was a period of civil war and bloodshed; and

if one takes 99 as the year of his birth, he would have been seventeen when thousands

of Samnites were butchered at the Colline Gate near the Quirinal Hill; twenty-six when

Spartacus led the great revolt of slaves, six thousand of whom were to be cruci�ed

along the Appian Way; and thirty-six at the time of Catiline's conspiracy. It is hardly

surprising that one who, as his poem shows, was so sensitive to human su�ering, should

have become an Epicurean, a follower of a philosopher who taught that one should take

no part in the struggle for wealth and power, who attached the greatest importance to

friendship, and who o�ered his adherents tranquility of mind.

http://www.gutenberg.org/dirs/etext97/natng10.txt
http://www.gutenberg.org/dirs/etext97/natng10.txt
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The description of atomic theory and the phenomena that can be described using
it might be a basis for a time-traveller SF novel. Consider an incredibly interesting
passage in which Lucretius declares (emphasis mine):

But, if perchance be any that believe
The heavier bodies, as more swiftly borne
Plumb down the void, are able from above
To strike the lighter, thus engendering blows
Able to cause those procreant motions, far
From highways of true reason they retire.
For whatsoever through the waters fall,
Or through thin air, must quicken their descent,
Each after its weight- on this account, because
Both bulk of water and the subtle air
By no means can retard each thing alike,
But give more quick before the heavier weight;
But contrariwise the empty void cannot,
On any side, at any time, to aught
Oppose resistance, but will ever yield,
True to its bent of nature. Wherefore all,
With equal speed, though equal not in weight,
Must rush, borne downward through the still inane.
Thus ne’er at all have heavier from above
Been swift to strike the lighter, gendering strokes
Which cause those divers motions, by whose means
Nature transacts her work.

This incredibly clear passage which correctly describes the varying e�ect of the media
o�ering resistance to motion (such as air or water) on di�erent bodies and contrasts
it with equal speeds for light of heavy bodies in vacuum must have been buried under
Aristotle's philosophy for more than 1500 years. We can only wonder whether it was
due to materialist and non-religious stance of Lucretius, actively opposed during that
time. But coming back to physics issues: compare the passage above with the Aristotle:

A given weight moves a given distance in a given time; a weight which is as great
and more moves the same distance in a less time, the times being in inverse proportion
to the weights. For instance, if one weight is twice another, it will take half as long over
a given movement12.

Whenever bodies are moving with their proper motion, the larger moves quicker13.

The opening exposition of Book 2 of De Rerum Natura descends into the details

of atoms' behaviour and qualities. They are in perpetual motion at enormous speed,

since in the void they get no resistance from the medium, and when they collide they

can only be deected, not halted. Their weight gives them an inherent tendency to

12De Caelo 273b30-274a2
13De Caelo 290a1-2
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move downwards, but collisions can divert those motions in other directions. The

result is that, when in a cosmic arrangement, atoms build up complex and relatively

stable patterns of motion, which at the macroscopic level appear to us as states of rest

or relatively gentle motion. This is again very close to the modern statistical theory.

Lucretius compares a ock of sheep on a distant hillside, which appears as a stationary

white patch, even though close up the constituent sheep prove to be in motion (2.317-

22). The most celebrated part of this account, however, is at 2.216-93, where Lucretius

maintains that it is necessary to postulate a minimal indeterminacy in the motions

of atoms, an unpredictable `swerve' (clinamen) to explain how atomic collisions can

occur in the �rst place, but also to account for the evident fact of free will in the animal

kingdom. Otherwise we would all be automata, our motions determined by in�nitely

extended and unbreakable causal chains. A striking resemblance to the indeterminacy

postulated by modern quantum physics, which has also often been invoked in debates

about determinism, has helped make this passage the subject of particularly intense

debate. There is direct analogy to various modern philosophical attempts to exploit

quantum indeterminacy as a basis for psychological indeterminism. The interpreters of

Lucretius have long debated what relation he postulates between the swerve and free

will. Some have read him as positing at least one atomic swerve in the soul to coincide

with (and probably help constitute) every new volition. Others have drawn attention

to his remark that the swerve is needed `so that cause should not follow cause from

in�nity' and argued that the theory aims merely to ensure that our present self is not

the necessary product of our entire past atomic history.

As we can see the work of Lucretius is truly astonishing. His books were lost in

the fall of the Roman Empire, recovered in fragments in the IX century. Full text has

been found in 1417 (and printed in 1473, reprinted in 1486)14. Lucretius thought was

inimical to organized religion and to Platonism of all kinds. Moreover, it represents the

general Epicurean philosophy, in which there is no divine interference in the natural

order of things. This has assured De Rerum Natura a place near the top on the hit list

of the Church Fathers, and all that followed from being placed on this conceptual index.

Even purely physical concepts such as immutable atoms were considered contrary to

the Christian faith, because they have contradicted the Transumutation of bread into

Christ's Body.

Despite the uncanny accuracy of Lucretius descriptions, much more important is the

reliance on the observation{experiment{theory presented in De Rerum Natura, basis
of the scienti�c method.

� reliance on a combination of reason and sensation for explaining natural phenom-

ena { rather than on abstract rationalizations grounded in mythology

� repudiation of the teleological view of nature and of dualism. Lucretius maintained

14For more detailed history of atomism in pre-Dalton times see http://dbhs.wvusd.k12.ca.us/
webdocs/AtomicStructure/Democritus-to-Dalton.html.

http://dbhs.wvusd.k12.ca.us/webdocs/AtomicStructure/Democritus-to-Dalton.html
http://dbhs.wvusd.k12.ca.us/webdocs/AtomicStructure/Democritus-to-Dalton.html
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truth cannot be found in messages from another world, nor in the purely deductive

`sciences' of music, geometry and astronomy of his day, `which, starting from false
premises, cannot be true'.

Lucretius was obviously attacking the ideas of Socrates and Plato { and of Aristotle as

well | and in turn, he was attacked viciously by the followers of the Aristotelian school

when the Christian Church `reclaimed' Aristotle as the chief philosopher15.

5.2.2 The Aristotelian domination

It is commonly thought that the three greatest ancient Greek philosophers were Socrates
(c. 470 { 399 BC), Plato (c. 427 BC { c. 347 BC) and Aristotle (384 BC { 322 BC).
Socrates has deeply inuenced Plato, who, in turn, has been the teacher of Aristotle.
Among them they transformed presocratic Greek philosophy into the foundations of
Western philosophy as we know it. While the role and inuence of the trio in philosophy
is undoubted and hard to overstate16, the scienti�c impact may be considered doubtful.
To use words of Bertrand Russell (Russell, 1961, page 90) :

Democritus — such, at least, is my opinion — is the last of the Greek philosophers
to be free from a certain fault which vitiated all later ancient and medieval thought.
All the philosophers we have been considering [up to Democritus] were engaged in a
disinterested effort to understand the world. . . Their attitude, in the main, was
genuinely scientific whenever it did not merely embody the prejudices of their age. But
it was not only scientific; it was imaginative and vigorous and filled with delight of
adventure. . .

From this point onwards, there are first certain seeds of decay, in spite of previously
unmatched achievement, and then a gradual decadence. What is amiss, even in the best
philosophy after Democritus is an undue emphasis on man as compared with the
universe. First comes scepticism, with the Sophists, leading to a study of how we know
rather than to the attempt to acquire fresh knowledge. Then comes, with Socrates, the
emphasis on ethics; with Plato, the pure thought; with Aristotle, the belief in purpose as
the fundamental concept in science. In spite of the genius of Plato and Aristotle, their
thought has vices which proved infinitely harmful. After their time, there was decay of
vigour, and a gradual recrudescence of popular superstition.

Strong words, indeed.

Aristotle is known for being one of the few �gures in history who studied almost every

subject possible at the time. In science, Aristotle studied anatomy, astronomy, embry-

ology, geography, geology, meteorology, physics,and zoology. In philosophy, Aristotle

wrote on aesthetics, economics, ethics, government, metaphysics, politics, psychology,

rhetoric and theology. He also dealt with education, foreign customs, literature and po-

etry. The wealth of studies coupled with the embrace of the rediscovered Aristotelian

15More information on Epicureanism can be found at http://www.epicurus.info/etexts.html
16In the words of Alfred Whitehead: The safest general characterization of the European philosophical

tradition is that it consists of a series of footnotes to Plato

http://www.epicurus.info/etexts.html
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doctrines by the Catholic Church in Medieval times resulted in almost incomparable

inuence of his thought on the understanding of the world

What was the scienti�c part of the Aristotelian doctrine? Aristotle de�nes philos-

ophy in terms of essence, saying that philosophy is `the science of the universal essence
of that which is actual'. For Aristotle, therefore, philosophic method implies the ascent

from the study of particular phenomena to the knowledge of essences. Aristotelian

discussions about science had only been qualitative, not quantitative. By the modern

de�nition of the term, Aristotelian philosophy was not science, as this worldview did

not attempt to probe how the world actually worked through experiment. For example,

in his book The history of animals he claimed that human males have more teeth

than female. Had he only made some observations, he would have found out that this

claim is false.

Rather than to rely on observations, Aristotelian philosophy depended upon the

assumption that man's mind could elucidate all the laws of the universe, based on

simple observation through reason alone. Experiments were not considered crucial, as

the reason should take precedence over fallible senses. The overcon�dence and lack of

`experimental' rigour in such observations has led to quite a few mistakes. Now, it is no

surprise that applying deductive rules to erroneous starting points leads to even more

erroneous deductions.

Russell (1961, pages 208-209) points to several weaknesses of Aristotelian logic.

Apart from formal defects (one would expect Russell, one of the fathers of the pro-

gramme of formalization of mathematics and logic, to look for such defects) two most

important are:

� Overestimation of syllogism17 as compared to other deductive arguments. Russell

remarks that syllogism is practically absent in mathematics. Bearing in mind that

Aristotle did not connect mathematics and physics, the reliance on syllogism is

not surprising.

� Even more important was the already mentioned preference of all deductive meth-

ods over other sources of knowledge. Formal deduction, even without faults in the

deductive process and starting from correct premises has known limitations. In

particular it does not generate new knowledge. Induction, as opposed to deduc-

tion, can lead only to probabilistic and uncertain predictions, but it does generate

new knowledge.

One of the reasons for this primacy of logic in Aristotelian thought was that physics

was thought to be concerned with changing objects with a reality of their own, whereas

mathematics was about unchanging objects without a reality of their own. In this

philosophy, he could not imagine that there was a relationship between them.

17Syllogism is an inference in which one proposition (the conclusion) follows of necessity from two

others (known as premises).
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The success of Aristotelian philosophy | and resulting stiing inuence on scienti�c

development is due to human nature itself. The classical and medieval scholars felt

very comfortable with an approach that placed the task of resolving any discrepancies

or di�erences on a debate between wise men. While in such debate one might expect

winners and losers, it allowed to keep the dignity, and very frequently to hold to one's

own opinions, even in the light of arguments of critics. It led to reliance of medieval

universities on debates (disputatio) and commentaries in the teaching process and as

the task of a scholar18 and the elevation of logical analysis of speci�c topic (quaestio) to
the pinnacle of the scholastic method and literary art (Grant, 1996). On the other hand,

while it is quite easy do defend one's opinions against someone else's, confrontation with

reality: experiment or observation does not leave much room for disputes. A y has

either six or eight legs, it just requires careful counting. Literary presentation is barely

required. No wonder that scholars kept the closed world of disputes as long as was

possible. . .

18For example the requirement that after achieving magisterium level, a scholar should lead once or

twice a year a debate on varied topics (disputatio de quodlibet).



Draft, January 2, 2008 212 Chapter 5. Physics and physycism

5.3 The Art of Simplification

Yesterday’s signal is today’s back ground is tomorrow’s calibration
Anonymous

What is the reason of the success of physics?Why did it triumph over log-

ical scholastic method? Why did it achieve the dominant position it enjoys to-

day? To me, it rests in the method, that focuses on the most interesting aspects of the

observed phenomena, `forgetting' about all the rest. Such simpli�cation | should one

consider it for a moment | is certainly a barbaric act. The holistic approach of Far

East religious systems, or even straightforward observation that no two situations are

ever the same should stop all the e�orts aimed at simpli�cation as futile. Why should

we not take into the description of the fall of a stone shot from a catapult all the in�nite

details of surroundings? Why should the path depend only on the catapult? Perhaps it

should depend on the positions of stars? On the nature of the target? On the presence

and activities of the watching crowd? I can imagine the world, in which all or some of

the mentioned aspects would play signi�cant role in the physical description19. Why

are we able to talk about a stone and the catapult in the �rst place: they are but

parts of the whole Universe, and who are we to decide how to correctly establish such

subdivisions? Is the stone connected, somehow, to the catapult forever?20 Has it been

connected even before the shot? Yet, while an undivisible, totally connected physical

world could be possible (for example by twiddling with natural constants and equa-

tions of modern physics), I can not imagine that intelligent life would be able to evolve

there. If to describe some part of Nature (event, phenomenon, sensory experience) it is

necessary to describe the whole Nature, or some disproportionally large part of it, then

I doubt that the such ability to understand would evolve. Perhaps such a world can

be created | for example a world in which the whole Universe is an intelligent agent.

But then, such intelligence would certainly be so far from what we understand by the

word, that such speculation is well beyond the current scope of scienti�c research, into

religious or science �ction areas.

In a certain sense we are then living in a world favouring our presence. This is yet

another form of the anthropic principle, that causes so many discussions in scienti�c

and non-scienti�c circles today. Not only does the Universe allow structures such as our

bodies and brains exist (which does require speci�c conditions) but the fact that we can

distinguish separate objects and events and apply simpli�ed understanding (naive or

sophisticated, it does not matter) puts yet another limitation on the possible Universe

laws and conditions.

There is a conceptual loop between the fact the we are able to reason about the world

19In fact, modern quantum mechanics does show that the properties of detector or the activities of

observers, including even potential activities, may inuence the path of an electron shot from the modern

equivalent of a catapult.
20This is a very Quantum question, as we shall see.
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in terms of objects and actions and that there is such thing as human brain that allows

such reasoning. It is one of the `strange loops' of Douglas Hofstadter (Hofstadter, 1980).
We think the way we do because, �rst, the world allows such thinking and second,

because we operate at the scales of space and time that favour division of reality into

manageable objects and observable actions.

Historically most people21 have been accepting the division of world into objects as

obvious, as this is what our senses show us. Actually, there were no grounds to think

it might be in any way otherwise if we limit ourselves to scales accessible by direct

observation. The situation has changed in the recent centuries, when we have started

to explore the very small or very large scales, far beyond the usual human experience.

Microscopic observations, high energy physics, astrophysics, theory of relativity and

quantum mechanics have all robbed us from the assurance that on all scales things

are similar to what we observe directly, only perhaps smaller or bigger. Atoms and

electrons do not behave as tiny billiard balls, no matter how often it is repeated in

elementary school textbooks. What is surprising is not that the world is strange, but

that despite this incredible strangeness we were able to �rst build our `normal' view,

and then discover this strangeness.

When we look back at the history of physics we can clearly see that the improvement

was multidimensional.

� Experimental techniques have progressed from simple observations through planned

experiments which still used human senses as measuring apparatus, to experi-

ments in which we access only highly processed data, obtained via complicated

setups. This change was possible thanks to gradual nature of the process: re-

sults of measurements were repeated until their accuracy and repeatability was

good enough to make them a basis for other measurements. This is how we have

got our scales, clocks, voltmeters and photomultipliers. The shift from directly

accessible properties, usually not quantitative or characterised by low accuracy,

to precise measurements of properties which are sometimes entirely alien to our

natural spectrum of senses is possible only thanks to this ladder-like approach.

� Increase of the role of mathematics in explanation and modelling of phenomena,

which was made possible thanks to the quanti�able experimental improvements

mentioned above. Interestingly, the need for some sort of theoretical tools, re-

quired for proper re-creation of the results has initiated quite a few (most?) of

the mathematical disciplines. The `partnership' of physics and mathematics is,

in all aspects, mutually pro�table. Today some of the mathematical tools have

progressed to the level that it becomes di�cult even for specialists to be sure if

the tools are really applicable.

� Theoretical understanding based on mathematical models and reasoning allows

21There are philosophies and religions that are built around the Unity of the Universe, but even in

those a bowl of rice is a bowl of rice.
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also to go beyond simple con�rmation of measurements, but also identi�cation of

important properties and laws, such as conservation laws, least action principle or

new ideas useful in understanding the world. For example entropy, which is now

almost a household name is not a directly measurable quantity. For that matter,

energy also was introduced as an abstract concept22.

� In early times physics was limited to very few speci�c �elds, such as mechanics or

kinematics. Other phenomena were thought to be beyond the scope of physical

understanding. With the success of physics in the `accepted' domains, the scope

was increased, so that Newton changed astronomy from independent �eld to one

relying on uni�ed physical model, with gravity being the same on earth and in

heavens. In time chemistry became `just a branch of physics', thanks to atomic

theory and quantum mechanics.

5.3.1 Beyond the common sense

How was it possible to go beyond common sense, and beyond reasoning based on com-

mon sense? To take the leap necessary to cross the chasm separating what is surprising

and sometimes incredible from the intuitive `physics' and traditional teaching? I �nd

this especially interesting as I remember the di�culties during my years of studies, when

many naive preconceptions and intuitive `explanations' were confronted with elaborate

theories, descriptions and equations.

Even with the bene�t of hindsight and the knowledge that it is the modern approach

that leads to correct results | correct in the sense of reproducing the measurements

and making successful predictions | it was very di�cult to accept some of the theories

as `real'. When we talked about solving problems posed by our teachers we did talk

the language of equations. But when someone asked if we could help him to under-

stand a phenomenon, for example the issues related to interaction of an electric charge

with electromagnetic �eld produced by the very charge, most of us used a mixture of

languages of mechanics and psychology (attributing the charge with active agent prop-

erties). The reluctance went so deep that even some experiments, showing e�ects that

contradict everyday observations were hard to believe. I still remember my astonish-

ment at seeing with my own eyes the behaviour of a gyroscope, `refusing' to submit

to gravity. As the years of study progressed and the range of topics grew beyond my

capacity to grok them fully, it was natural that I had treated them with less attention.

Instead of what should be done: re-working the reasoning and calculations myself, I

have accepted derivations and �nal results as they were presented in the textbooks.

Thus, my understanding of, say, geophysics is de�nitely `second hand'. Of course I have

had a mental defense that if I really needed I could work out the theory myself23. But

this means that at least for some of the `incredible' phenomena I have accepted that

22For example see http://physicsweb.org/articles/world/15/7/2
23In theory at least

http://physicsweb.org/articles/world/15/7/2
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someone else observed them, someone found them explainable and not so incredible

after all. And thus I chose not to believe my own reason, but to trust a community of
scientists checking each other’s results. But, in many cases I did work out the chain

of calculations, to observe how a counter-intuitive result must be true, and to believe

in Nature and its physical description and not my own senses and mental bonds that

result from ages of human history as hunter-gatherers and not scientists.

If the Reader looks for similar feeling of freedom and feeling of discovery I can recom-

mend no better than the QED booklet written by Richard Feynman (Feynman, 1985).

It addresses what most of us have de�nite conception of: the theory of light, and shows,

in a very accessible way, that correct results are obtained when one applies completely

strange description, such as the principle, that light does not travel in straight lines or

by the shortest path. I pick up the book almost every time I feel bored with everyday

a�airs of politics or economy, to see how high can human imagination y, and how

successful can be results of going beyond simple reasoning.
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5.4 Physics for solipsists

Nothing exists;
Even if something exists, nothing can be known about it;

Even if something could be known about it, knowledge about it can’t be communicated to others
Gorgias24

I have referred already a few times to the Reality. I admit that despite at-

tempts to follow philosophical works, I do have a rather simple (simplistic) view

typical for many physicists: I believe such Reality or Nature exists, independently of

our e�orts to describe or obscure it, and our language and cultural background. Our

knowledge of the Reality and our descriptions might di�er from culture to culture. This

knowledge changes with the passing of time, but the world and relevant phenomena ex-

ist independently of these changes. For example the fact that today we know so much

more about the Supernova explosions than the Chinese astronomers in year 105425 does

not change the nature of the event that occurred almost a thousand years ago. Or to

use other example, arrows y the same way, regardless of whether we describe their

ight using Aristotelian or modern mathematical physics.

Denying the existence of physical Reality or allowing it to be shaped by our de-
scriptions or narratives is a straightforward way to solipsism. Alan Sokal writes, in his
exposure of the famous hoax (Sokal (1996c))

In the second paragraph (of the hoax article) I declare, without the slightest evidence
or argument, that ‘physical ‘reality’ [note the scary quotes] . . . is at bottom a social and
linguistic construct.” Not our theories of physical reality, mind you, but the reality itself.
Fair enough: anyone who believes that the laws of physics are mere social conventions
is invited to try transgressing those conventions from the windows of my apartment. (I
live on the twenty-first floor.)26

But, as we state that Reality exists, what can we say about it? Is it true, as many

popular books try to suggest that it is the XXth century physics that has done away with

Reality? That quantum mechanics and theories of relativity have irrevocably shattered

the notions of physical reality, independent of measurement and reference frames?

24Greek sophist, philosopher, and rhetorician
25Visible remnants of this explosion form the Crab Nebula
26The above invitation for postmodernist solipsists is also a wonderful example of the `read be-

fore you quote ' phenomenon (see Chapter 5.5.1), discussed by Simkin and Roychowdhury (2003,

2005c). The text above has been cut and pasted from Sokal's web page http://www.physics.
nyu.edu/faculty/sokal/lingua_franca_v4/lingua_franca_v4.html. A commentary by Alex Brown

http://www.h-net.org/~nexa/sokal/alex.brown.html refers to this as `Sokal . . . later said that anyone
who believes this is welcome to jump out his apartment window, which is on the twenty-second floor.'. On

the other hand, Kenan Malik's commentary (http://www.kenanmalik.com/essays/sokal.html) states:
`Sokal himself suggested that if sociologists really believed the laws of gravity to be a social construction, he
was happy for them to jump out of his window on the 23rd floor.'

http://www.physics.nyu.edu/faculty/sokal/lingua_franca_v4/lingua_franca_v4.html
http://www.physics.nyu.edu/faculty/sokal/lingua_franca_v4/lingua_franca_v4.html
http://www.h-net.org/~nexa/sokal/alex.brown.html
http://www.kenanmalik.com/essays/sokal.html
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Before I would attempt to sketch my point of view on the matter, I'd like address
the issue what does a scienti�c revolution mean for a physicist. Let me quote Steven
Weinberg

I would also like to point out that, at least within the area of physics, which is
what I mostly know about, and within this century, whenever [the physics community
became universally convinced of something], it has never been simply wrong. To be sure,
sometimes the truth turns out to be more complicated than what had been thought.
For example, before 1956 there had been a consensus that there is an exact symmetry
between right and left, and then we learned that the symmetry is not exact. But it is a
good approximation in certain important contexts. The thirty years of theoretical physics
research that relied on that symmetry to understand nuclear and atomic problems was
not wrong; there were just small corrections that physicists didn’t know about. No
consensus in the physics community has ever been simply a mistake, in the way
that in earlier centuries you might say, for example, that the theory of caloric or
phlogiston was a mistake.

Now, all of this is of course a social phenomenon. The reaching of consensus takes
place in a worldwide society of physicists. This fact has led to a second fallacy: that,
because the process is a social one, the end product is in whole or in part a social
construct.

Not even the social milieu of physics research is well described by postmodern com-
mentators. It is far less oppressive and hegemonic than many would imagine. In many
cases the great breakthroughs are made by youngsters like ’t Hooft, of whom no one
has heard before, while the famous graybeards who have senior positions in the leading
universities often get left behind. Werner Heisenberg and (to a lesser extent) Paul Dirac
were left behind by the physics community after 1945, as were Einstein and Louis de
Broglie after 1925. Heisenberg and de Broglie rather discreditably tried to force their
views on the physics communities in Germany and France. Einstein and Dirac, gentler
souls, simply went their own ways. But even Heisenberg and de Broglie were not able to
damage German or French physics for very long. The exact sciences show a remark-
able measure of resilience and resistance to any kind of hegemonic influence,
perhaps more than any other human enterprise.

The working philosophy of most scientists is that there is an objective reality and
that, despite many social influences, the dominant influence in the history of science is
the approach to that objective reality. . . 27

The observation that physics shows such a resilience against mistakes, attempts

to censor it or other social inuences underscores continuity of its development. The

accumulated data is almost never thrown out. Sometimes it is made obsolete by vastly

superior accuracy of new observations, sometimes its importance is drastically reduced.

But the data stays. A good example is current research on global warming, where

temperature measurements of XVIII and XIX centuries are used (suitably scaled and

analysed for systematic errors).

27Steven Weinberg, Facing Up: Science and Its Cultural Adversaries, 2001, quoted after http:
//www.gslis.utexas.edu/~wyllys/ITIPMaterials/ScienceSocialConstruct.html

http://www.gslis.utexas.edu/~wyllys/ITIPMaterials/ScienceSocialConstruct.html
http://www.gslis.utexas.edu/~wyllys/ITIPMaterials/ScienceSocialConstruct.html
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The scienti�c revolutions, or paradigm shifts may drastically change the way we

describe the data, how we see the world. The Copernican revolution is the best know

example, taught in elementary schools worldwide. But even this dramatic shift has a

continuous history. If we take the human-centric Universe built from crystal heavenly

spheres and Primum Mobile and imperfect Earth at center as starting point, we still

have to point out: the Ptolemaic model worked!
Copernicus early heliocentric description was far from perfect. To make it as accu-

rate as the Ptolemaic one the initial elegance of model of planets moving around the

Sun in circular orbits had to be sacri�ced by adding many epicycles. But the power of

imagination and the possibilities opened by the new viewpoint were great. It is worth

reminding that less than 40 years after publication of Copernicus `De Revolutionibus ',
in 1576 Thomas Digges has described an infinite Universe in `Prognostication Ever-
lasting '. Digges' fate was better than Giordano Bruno's28. Bruno himself was not only

supporting the in�nite Universe full of stars, each of which is like our Sun, and each,

possibly, with life such as ours. Contrary to popular belief, Bruno was not burned for

his Copernican beliefs, but rather for his Arian heresy29.

The next century brought decisive new observations much more precise than before.

New hypotheses (e.g. elliptical orbits in place of circular) were constructed, that di�ered

conceptually from the epicycle model. It should be remembered that by application of

circles moving around circles one can obtain the same actual elliptic path of a planet |

but without simplicity and elegance. Then the �rst abstract numerical relationships |

Kepler's Laws | have been formulated, and then explained by Newton. The Universe

became not only in�nite, but precise and mechanical as well. Indeed, from the ordered

world of earthly and heavenly powers, Angels, Cherubins, Thrones and God as the

origin of movement of heavens we came to a Universe which one might describe without

the need for that particular hypothesis30.
So, we might ask ourselves: was continuity of astronomy lost during such a dramatic

change in the basic understanding? The observations have improved. Some meaning

and relevance assigned to the observed phenomena has changed. However, astronomers

still looked at the skies, with increasing precision brought by new instruments, and

recorded the movements of planets and stars. They got excited by new stars appearing

in the sky (just as ancient Chinese observers), they constructed models to explain

completely new phenomena, such as Jupiter's moons.

But did Newton really `explain' the movements of the planets? In one sense de�nitely

yes, by deriving the three Kepler's laws of planetary motion from one universal law of

gravitational attraction. This has not only simpli�ed the understanding but brought

heavenly and earthly phenomena under one cap. Yet was it an explanation? Even

28Perhaps because he did not devote his life to Science, but to Politics, becoming a Member of Parlia-

ment and adviser to the government
29See, for example, http://en.wikipedia.org/wiki/Giordano_Bruno
30`Je n'ai pas besoin de cette hypoth�ese." | Laplace's reply to Emperor Napoleon I, who had asked

why he hadn't mentioned God in his discourse on secular variations of the orbits of Saturn and Jupiter.

http://en.wikipedia.org/wiki/Giordano_Bruno
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Newton himself clearly stated that he did not answer certain questions and has left

some ideas and concepts unde�ned:

Hitherto I have laid down the definitions of such words as are less known, and
explained the sense in which I would have them to be understood in the following
discourse. I do not define time, space, place, and motion, as being well known
to all. Only I must observe, that the common people conceive those quantities under
no other notions but from the relation they bear to sensible objects. And thence arise
certain prejudices, for the removing of which it will be convenient to distinguish them
into absolute and relative, true and apparent, mathematical and common.

Absolute, true, and mathematical time, of itself, and from its own nature, flows
equably without relation to anything external, and by another name is called duration:
relative, apparent, and common time, is some sensible and external (whether accurate
or unequable) measure of duration by the means of motion, which is commonly used
instead of true time; such as an hour, a day, a month, a year.

Absolute space, in its own nature, without relation to anything external, remains
always similar and immovable. Relative space is some movable dimension or measure
of the absolute spaces; which our senses determine by its position to bodies; and which
is commonly taken for immovable space; such is the dimension of a subterraneous, an
aerial, or celestial space, determined by its position in respect of the earth. Absolute
and relative space are the same in figure and magnitude; but they do not remain always
numerically the same. For if the earth, for instance, moves, a space of our air, which
relatively and in respect of the earth remains always the same, will at one time be one
part of the absolute space into which the air passes; at another time it will be another
part of the same, and so, absolutely understood, it will be continually changed31.

So, one may ask did we achieve any progress in the understanding, or have we just

pushed the unresolved issues like rubbish from one corner of the room to another? Are

we entitled to view the history of physics as progress? The answer is obviously yes,

we are. One of the greatest achievements of Newton was that the new mathematical

approach enabled us to simplify the basis for understanding while at the same time

to enhance the range of phenomena explained. To understand what is happening we

needed fewer ad hoc hypotheses and assumptions. The same principles enabled us

to describe planets and apples, and opened entirely new vistas of the world, as fur-

ther proof of the validity of the scienti�c approach. Einstein's theory of gravitation

presents another step in the same direction: the General Relativity is even more basic

that Newton's law, unifying matter, energy and space. Today, many of the physicists

search for the Uni�ed Theory of Everything, hoping to advance the ideal of conceptual

simpli�cation.

Was it Newton and Einstein, or more generally speaking the creative theorists that

were the main force behind the scienti�c revolution? The answer is no. While the role

of new concepts and descriptions is undoubted, they would not be possible without

31Scholium to the De�nitions in Philosophiae Naturalis Principia Mathematica, Bk. 1 (1689); trans.

Andrew Motte (1729), rev. Florian Cajori, Berkeley: University of California Press, 1934. pp. 6-12.
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close interaction with constantly improved observations and experiments. Newton and

Kepler would not have the data to work on if it was not for the work of Tycho Brahe.

Artthur Koestler vividly describes the relationships between Brahe and Kepler in his

Moonwalkers (Koestler, 1959), both in human and scienti�c aspects.

The key element brought by experimental sciences is the growth of precision in

measurements that allows at �rst formulation of relationships, then numerical predic-

tions and precise laws, and �nally deviations from these laws. Of course some of these

deviations result from the fact that our process of dividing of the world into separate

objects and processed is not perfect and things do inuence each other. Some of these

interactions are too random or too weak and are considered as noise. But sometimes

the deviations from previously known laws point to the existence of other, hidden layers

of reality, other laws. And these new laws may lead to so strange results that we are

thoroughly surprised in their form and in their predictions. Such is the case of the

Quantum Mechanics, which will be discussed in a separate Chapter. Here, we willPage 275

continue with somewhat more classical topics.
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5.5 The Physics Fashion Channel

5.5.1 Genetics of publications

We now turn to less serious matters. Or at least matters that are less related to the ma-

terial world that the scientists study, but more to the comings and goings of the scienti�c

community. For example: what makes a scientist famous and inuential? Who are the

greatest scientists in the world? If we ask the `educated public' the answer might depend

on the news fads or on more than just scienti�c reasons. The recognition of Stephen

Hawking is far greater than the understanding of even basic principles of his work.

Sometimes a scientist gets famous not because his research is immediately accessible

and known in society, but because he has been selected as the target of attacks, as was

the case of Edward O. Wilson after publication of Sociobiology (see for example Alcock

(2001); Segerstr�ale (2000)), or Bj�rn Lomborg after his Skeptical Environmentailist
(see Lomborg's site, http://www.lomborg.com/critique.htm). The work itself usually

remains largely unknown, while a heated public debate is widespread and usually based

on quotes, mis-quotes and second hand reviews.32

The popularity of a scientist outside his speciality, within the general society is

therefore no guide to greatness, rather a measurement of the e�ectiveness of the mar-

keting machinery or luck. So perhaps we should ask the scientists? After all they use
the work of others and can thus judge its greatness or triviality. Preferably, ask them

about their own discipline, that they are supposed to know best? As I claim to be a

lapsed physicist, I'll start with an analysis of my own list of famous physicists. Hmm,

of course there are the famous names: Newton, Einstein, Feynman. But, lets be frank:

I saw Newton's Principia for the �rst time when Hawking published his collection of

historical papers (Hawking, 2002). I have not yet read it, although I have browsed a

couple of proofs. As for Einstein, I rely on general sources. While I think I under-

stand Special Relativity and some basics of Genaral Relativity, I have never done any

tensor calculations myself. The situation looks better with Richard Feynman, partly

because of his great talent for explanations and fresh view on topics. His Lectures on
Physics (Feynman et al., 1964) were one of the reasons I took up physics in the �rst

place (fortunately they were translated into Polish quite quickly). His other books are

equally illuminating and provocative (Feynman, 1967, 1985, 1998). So, by standards of

personal inuence, Feynman would count as my great physicist. Are there others that

I would name when woken up at 3a.m.? Yes, there would be a few, but probably the

32For example, both works mentioned above have attracted considerable bad press and quite a few

vicious attacks in Poland at the time of their original publication. There were no translations into

Polish, and the number of the people who have actually read the books was very small. Yet it has not

stopped accusations and misinterpretations, and the `fame' of the authors. Curiously enough, during the

thirty years after original publication of Sociobiology, quite a few Wilson's works were translated and

published in Polish, including the book itself (in 2001, twenty six years after the original). So, Wilson

has become less controversial. On the other hand after the initial urry of accusations against Lomborg

there is no sign of the work being published. . .

http://www.lomborg.com/critique.htm
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names I would give would be di�erent on Monday and Thursday, depending on what I

did read the night before.

So, is there an objective measure of greatness of the scientist? One that could be

applied by a computer, impartial to personal histories and dislikes?

One of the most often used approaches is to measure the impact of the work of the

scientist by the number of the citations his work receives from others. Such citations

are, in principle, con�rming that the citing author either builds on foundations provided

by the cited paper, or intends to disprove it. In either case, the original, cited work

is important to someone. Thus the number of citations accumulated by the work of a

scientist is a measure of his or her importance and greatness. Indeed, Feynman's work

is cited many, many times, so there is some correlation, at least at �rst glance.

Is this measure perfect? Of course not. There are obvious drawbacks. Have you

seen references to Copernicus or Newton in recently published papers on astronomy?

Not likely. Moreover no scientist knows all the literature of the subject he is dealing

with. He usually starts with a few papers. He then uses references to go back and �nd

relevant earlier work. Or he works his way through the abstracts of new editions of

scienti�c journals to see current developments. In today's Internet age he might also

use some search engines, such as http://arxiv.org/ or http://scholar.google.com/

and hunt for topics and works he is interested in. Traditional methods used in my time

were browsing the Physics Abstracts, a horrible, but indispensable at that time, set

of enormous volumes listing abstracts of papers, ordered via detailed scheme known as

PACS.

We assume naturally, that the references would go to papers because of their merit

and importance. This would create a distribution in which the most interesting, most

innovative, breakthrough works would be cited the most frequently, while publications

dealing with obscure tidbits of information would gather less attention33.

So how does it look in reality? The citation databases, such as SPIRES (http://

www.slac.stanford.edu/spires/hep/) or Citebase (http://citebase.eprints.org/

cgi-bin/search) categorize their entries according to the number of citations received.

The SPIRES/HEP archive, devoted to High Energy Physics (mainly elementary par-

ticles but with a lots of other topics, such as astrophysics, covered as well) provides

very good examples. Data goes quite far back in time, research �eld is alive, and it

obviously has some great scientists, as may be judged from the Nobel Prizes.
Let's have a look at the database. Results from 2003 are summarized in a review

Peskin (2004). The author writes

Here we present the list of the 50 articles from the SPIRES-HEP database that
have collected the most citations in the calendar year 2003. We know of no better
indicator of which are the ‘hot’ topics today in high-energy physics and the related
fields of astrophyiscs and nuclear physics that are covered by the database. In the

33This is not a statement that these everyday works are not important | without them science would

not exist. But they seldom attract attention beyond small communities of those directly involved in the

research in a given �eld.

http://arxiv.org/
http://scholar.google.com/
http://www.slac.stanford.edu/spires/hep/
http://www.slac.stanford.edu/spires/hep/
http://citebase.eprints.org/cgi-bin/search
http://citebase.eprints.org/cgi-bin/search
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remainder of this section, we will describe these 50 articles in groups corresponding to
their subject matter. The comments on the beauty and the technical merit of these
papers, as opposed to their quantifiable popularity, are the personal responsibility of the
reviewer. . .

The number 1 cited article, with citation counts off the normal scale, is the Review
of Particle Physics, compiled by the Particle Data Group (PDG). Together, all of the
editions have collected 1702 citations in the past year. For better or worse, it has
become a standard practice, especially in the theoretical literature, to cite this
very useful compilation of data rather than the original experimental sources.
The PDG does a service to the community which is more than just bibliographic. It
produces well-thought-out averages and analyses of the data, making use of the opinions
of leading experts. The PDG averages are intentionally conservative and are meant to
reflect community consensus. I like to quote the PDG values for basic input quantities
that I hope will not be controversial. For experimental values crucial to a given analysis,
there is more to be learned by going back to the original sources. But you must judge
whether this new information is signal or noise.

In the past few years, experimental cosmology has made a historic transition from
a field in which the largest issues were a matter of speculation to one whose global
picture is finally known. During the past year, new measurements have determined
the basic cosmological parameters quantitatively, and the era of precision measurement
of these parameters is already in sight. Pieces of this information have come from
many sources, and I will review them systematically in a moment. However, the biggest
news of 2003 is the measurement of the whole panoply of cosmological observables
through the fluctuations in the cosmic microwave background radiation. A new set of
measurements of the microwave background from the dedicated Wilkinson Microwave
Anisotropy Probe (WMAP) satellite was released in February, 2003. The papers of
the WMAP collaboration immediately rocketed to the front of the topcites. Of the
initial group of 12 papers by this collaboration, 4 appear on this year’s topcite list.
One of these (number 2 on the 2003 list) recorded an amazing 812 citations in its
first nine months. The papers that cite it range over the entire breadth of SPIRES’
coverage, including works on quantum gravity, supersymmetry and high-energy physics
model-building, neutrino physics, and astrophysical surveys.

To illustrate the point that Peskin is making, it is interesting to present the top �ve
of the list (number of citations in 2003 parentheses):

(1702) REVIEW OF PARTICLE PHYSICS. PARTICLE DATA GROUP By Particle Data
Group ( K. Hagiwara et al.).
Most recent version published in Phys.Rev.D66:010001,2002

(812) FIRST YEAR WILKINSON MICROWAVE ANISOTROPY PROBE (WMAP) OBSER-
VATIONS: DETERMINATION OF COSMOLOGICAL PARAMETERS By D.N. Spergel,
L. Verde, Hiranya V. Peiris, E. Komatsu, M.R. Nolta, C.L. Bennett, M. Halpern, G. Hin-
shaw, N. Jarosik, A. Kogut, M. Limon, S.S. Meyer, L. Page, G.S. Tucker, J.L. Weiland,
E. Wollack, E.L. Wright. Published in Astrophys.J.Suppl.148:175,2003 [arXiv: astro-
ph/0302209]
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(505) FIRST YEAR WILKINSON MICROWAVE ANISOTROPY PROBE (WMAP) OBSER-
VATIONS: PRELIMINARYMAPS AND BASIC RESULTS By C.L. Bennett, M. Halpern,
G. Hinshaw, N. Jarosik, A. Kogut, M. Limon, S.S. Meyer, L. Page, D.N. Spergel, G.S.
Tucker, E. Wollack, E.L. Wright, C. Barnes, M.R. Greason, R.S. Hill, E. Komatsu,
M.R. Nolta, N. Odegard, Hiranya V. Peiris, L. Verde, J.L. Weiland. Published in As-
trophys.J.Suppl.148:1,2003 [arXiv: astro-ph/0302207]

(419) MEASUREMENTS OF OMEGA AND LAMBDA FROM 42 HIGH REDSHIFT SU-
PERNOVAE By Supernova Cosmology Project ( S. Perlmutter et al.). Published in
Astrophys.J.517:565-586,1999 [arXiv: astro-ph/9812133]

(409) A LARGE MASS HIERARCHY FROM A SMALL EXTRA DIMENSION By Lisa Ran-
dall (Princeton U. &MIT, LNS), Raman Sundrum (Boston U.). Published in Phys.Rev.Lett.83:3370-
3373,1999 [arXiv: hep-ph/9905221]

Equally interesting is the general, accumulative list of citations received by papers
over the history of the archive.

(19775) REVIEW OF PARTICLE PHYSICS. PARTICLE DATA GROUP By Particle Data
Group ( K. Hagiwara et al.).
Most recent version published in Phys.Rev.D66:010001,2002

(5424) AMODEL OF LEPTONS By Steven Weinberg (MIT, LNS). Published in Phys.Rev.Lett.19:1264-
1266,1967

(3989) CP VIOLATION IN THE RENORMALIZABLE THEORY OFWEAK INTERACTION
By M. Kobayashi, T. Maskawa (Kyoto U.). Published in Prog.Theor.Phys.49:652-657,1973

(3077) WEAK INTERACTIONSWITH LEPTON - HADRON SYMMETRY By S.L. Glashow,
J. Iliopoulos, L. Maiani (Harvard U.). Published in Phys.Rev.D2:1285-1292,1970

(2986) ASYMPTOTIC FREEDOM IN PARTON LANGUAGE By Guido Altarelli (Ecole Nor-
male Superieure), G. Parisi (IHES, Bures). Published in Nucl.Phys.B126:298,1977

(2898) THE LARGE N LIMIT OF SUPERCONFORMAL FIELD THEORIES AND SUPER-
GRAVITY By Juan M. Maldacena (Harvard U.). Published in Adv.Theor.Math.Phys.2:231-
252,1998 (Int.J.Theor.Phys.38:1113-1133,1999) [arXiv: hep-th/9711200]

(2792) PARTIAL SYMMETRIES OF WEAK INTERACTIONS By S.L. Glashow (Copen-
hagen U.). Published in Nucl.Phys.22:579-588,1961

(2726) QCD AND RESONANCE PHYSICS. SUM RULES By Mikhail A. Shifman, A.I. Vain-
shtein, Valentin I. Zakharov (Moscow, ITEP). Published in Nucl.Phys.B147:385-447,1979

(2638) SUPERSYMMETRY, SUPERGRAVITY AND PARTICLE PHYSICS By Hans Peter
Nilles (Geneva U. & CERN). Published in Phys.Rept.110:1,1984

(2620) CONFINEMENT OF QUARKS By Kenneth G. Wilson (Cornell U., LNS). Published
in Phys.Rev.D10:2445-2459,1974
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Again, well o� the scale, is the PDG reference article | used not because of origi-

nality, but because of usefulness and convention mentioned by Peskin. But in the �rst

ten we �nd works of three Nobel Prize winners (Weinberg, Glashow, Wilson). So, it

seems that real inuence of the work, its recognition, scientist's fame and citations all

go together. I have little experience with the research in other very active �elds, such

as medicine. But I assume that there is similar correlation there.

However, a very funny thing has been uncovered a few years ago. The discovery

resulted from the fact that scientists have to research something. Sometimes (my guess

is that it is out of boredom or looking for fun) they turn to very strange topics indeed.

Some of them started to study the reference and citation process itself (Redner, 1998;
Vazquez, 2000; Simkin and Roychowdhury, 2005a, 2003, 2005c,b). And the results were

quite enlightening.

Let us follow the series of papers published by Simkin and Roychowdhury34.

Their �rst observation is that the relatively large proportion of papers with very high

citation numbers (examples of which we have just seen) e�ectively disproves any claim

that citations are done at random. Simkin and Roychowdhury (2005a) use as example

citations data from 24 thousand papers published in Physical Review D in 1975. The

papers have been cited over 350 thousand times. The average is then about �fteen

citations per paper. However, 44 papers received over 500 citations. Such result is

completely improbable if citations would be random. Probability q of a given paper out

on N (in this case N = 24000) to receive m (here m = 500) out of n (here n = 350000)

possible citations is

q =
n!

m!(n−m)!

(
1

N

)m(
1− 1

N

)n−m
(5.1)

Using Stirling formula for approximation of the factorial n! ≈
√

2πn(n/e)n, so that

ln(n!) ≈ n ln(n)− n+ 1/2 ln(n) + ln(2π) ≈ n ln(n) we obtain

ln(q) ≈ n ln(n)−m ln(m)− (n−m) ln(n−m)−m ln(N) + (n−m) ln(1− 1/N) (5.2)

The probability in the cite case is very small q = 10−556.88, far below the experimental
44/24000 = 0.00183.

This simple probabilistic argument shows that the mechanism of putting references

in scienti�c papers is not totally random. It turns out, however, that it is possible to

achieve distribution of citations similar to the one observed in reality without analysis
of the actual merit or even any reference to the content.

Simkin and Roychowdhury (2005a) introduced the model of random-citing scien-
tists (RCS), in which when a scientist is writing a manuscript, he picks up certain

number m of random articles, and then also copies some of their references with

some probability p. The model, with rather simple calculations gives a power law

behaviour of the number of papers cited K times, NK , for large K:

NK ≈ 1/Kγ, (5.3)

34I will change a bit the chronological publication order, to concentrate on the logic of the results.
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where

γ = 1 +
1

mp
. (5.4)

It was found that a very good agreement of the Random Citing Scientist model with

the Physical review D data can be achieved if one puts m = 3 (three randomly picked

papers as main sources) and p = 1/4 (25% probability of quoting the references therein).

Calculation for the papers with more than 500 citations gives roughly 40 papers. Agree-

ment is astonishing: the 40 topmost papers come out of statistics, not genius35. But the

description of general distribution of the probabilities of papers receiving given number

of citations was only roughly correct.

Later, Simkin and Roychowdhury (2005b) elaborated their model introducing a

Modified Random Citing Scientist (MRCS) model, aimed at better replication of the

process in which scientists actually choose the topics and initial references. The focus

on what may be considered `modern ' or `fashionable ' topics. Let's quote after Simkin

and Roychowdhury (2005b):

In the present paper we propose the modified model of random-citing scientists:
when a scientist writes a manuscript he picks up several random recent papers cites
them and also copies some of their references. The difference with the original model
is the word recent.

While working on a paper, a scientist reads current issues of scientific journals and
selects from them the references to be cited in it. These references are of two sorts:

• fresh papers he had just read – to embed his work in the context of current
aspirations.

• older papers that are cited in the fresh papers he had just read – to position his
work in the context of previous achievements.

It is not a necessary condition for the validity of our model that the citations to old papers
are copied, but the paper itself remains unread (although such opinion is supported by
the studies of misprint propagation). The necessary conditions are as follows:

• older papers are considered for possible citing only if they were recently cited.

• if a citation to an old paper is followed and the paper is formally read – scientific
qualities of that paper do not influence its chance of being cited.

A reasonable estimate for the length of time a scientist works on a particular paper is
one year. We will thus assume that ‘recent’ in the model of random-citing scientists
means preceding year.

The probabilistic approach is based on the branching process description. The

branching process itself was introduced long ago, when Francis Galton had originally

posed the question regarding the probability of aristocratic surnames becoming extinct

in the Educational Times of 1837, and the Reverend Henry William Watson replied

with a solution. Together, they then wrote an 1874 paper entitled On the probability of

35This closely resembles the story of military genius, see page 229.
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extinction of families Watson and Galton (1875)36. In addition to the surname proba-

bilities and extinction the Galton-Watson approach has been used with success in many

problems: survival of single mutant gene, calculation of population sizes, probability of

nuclear or chemical reaction dying out and quite a few more.

The question of popularity of a given scienti�c publication measured via citations

referring to it may be mapped to the family survival problem in the following way. Each

publication accumulates, with passing of time, citations to itself, either directly (�rst

generation) or recursively. For simplicity, it is worthwhile to assume division of time

into discrete steps, with year as the natural unit. Each year citations generate citations

in the following year, corresponding to the generations in the Galton-Watson model.

The model allows to estimate probability distributions and other parameters, such as

probability that the publication will cease to be cited (corresponding to family getting

extinct) or distribution of citation numbers (family sizes).

The branching process, in general, has three limiting cases. The distinction is dic-

tated by the average number of sons in a generation s̄. For s̄ > 1 | so called super-
critical case | probability of a given family becoming extinct pext is �nite but less

than 1. This means, that while some families will continue to live and multiply forever,

some would die out in any case37. in the subcritical case, when s̄ < 1, the possibility

of extinction is equal to 1, which means that all families would die out. The time of

extinction is �nite38.

The formulation of Simkin and Roychowdhury (2005b) for the MRCS model uses
the following assumptions:

Every year N papers are published. There is, on average, Nref references in a
published paper (the actual value is somewhere between 20 and 40). Each year fraction
α of references goes to randomly selected preceding year papers (the estimate from
actual citation data is α ≈ 0.1 (Simkin and Roychowdhury, 2003) or α ≈ 0.15 (Redner,
1998). The remaining citations are randomly copied from the lists of references used
in preceding year papers. When N is large this model leads to first year citations being
Poisson-distributed with the mean λ0 = αNref . The number of second-year citations
generated by each first year citation (as well as third year citations generated by each
second year citation and so on) again follows a Poisson distribution, this time with the
mean λ = 1 − α (λ corresponds to s̄) . Within the framework of this model citation
process is a branching process with first year citations equivalent to children, second-year
ones to grand children and so on. As λ < 1 , this branching process is subcritical.

36However, the concept was previously discussed by I. J. Bienaym�e in 1845. The name of the process

is yet �rmly set to Galton-Watson
37The main, original reason for the Galton's question was the observation that certain well known,

historical aristocratic families were dying out. Initial explanations ranged from too active participation

in military escapades to inbreeding and loss of fertility. Watson and Galton were able to show that some
of the families have to get extinct, even when the general fertility is positive and other families grow

substantially.
38The critical case of s̄ = 1 has pext = 1, so that all families die out. In contrast to subcritical case,

the time to extinction may be arbitrarily long for some families.
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The mathematics used in the MRCS model is somewhat more complicated than

in the original RCS. Moreover the authors have added some quite important facets of

the situation analysis, for example the growth in volume of publications or `Darwinian

�tness' (distributed randomly), describing unequal chances of attracting citations.But

even without the �tness, the agreement of the model with real data (taken again from

the Physical Review D 1975 issues) is quite good. Computer simulations based on a

model with �tness give a �t that is simply astonishing.

So, are scientists (and remember | Simkin has picked on the hardest of hard sciences

{ physics) just mindless statistical automata? Or perhaps, is it true that when we begin

to describe the behaviour of su�ciently many people, the results start to be describable

via statistical models? We will come back to this issue in Chapter 8.

Yet, the statistics of citations is not the end of the story. The studies of Simkin

and Roychowdhury (2003, 2005c) show another aspect of the process of preparation of

scienti�c manuscripts. The �rst of these works is cheekily titled `Read before you cite! '.
Authors have analysed occurrences of misprints39 in scienti�c citations. The chances

that the same mistake in referring to an article or book (for example wrong 4 digit

page number in a reference) occurs in two papers independently are quite low (10−4 in

the above example). The Authors conclude that repeat misprints are due to copying

someone else's reference, without reading of the publication in question. If someone

would have traced the reference to the original source, then with high probability he

would spot the misprint and correct it. The publication resulted in quite a urry of

articles, mainly in popular press. Detailed list can be found at Simkin's Web page

http://www.ee.ucla.edu/~simkin/read_before_you_cite.html.

Careful mathematical analysis and computer modeling strongly supported the as-

sumption (Simkin and Roychowdhury, 2005c). The simulations allowed to estimate that

about 70–90% of scientific citations are copied from the lists of references used in
other papers. This throws a completely di�erent light on the question of merit-based

vs. statistical nature of the top-ranked publications. If the citation process, treated as

separate from the actual research is based on something other than actual need to

use results of the cited work (for which one would have to read the cited paper, usually

very carefully!) then at least part of the popularity is due to . . . popularity itself!

In the race for funding and recognition, scientists usually adjust their work as to

follow topics they perceive as important and interesting. For an average researcher, who

cannot a�ord to work in isolation or without funding, for fear of becoming branded as

crank, the best way to see what is currently important and interesting is the work of

others, as reported in literature. He would also like to present his achievements as

belonging to the mainstream. One of the recipes for this is to refer to some fashionable

publication and hope that by such association (however distant) his own work would

become recognized. This phenomenon has become even more important in the age

39Misprints act here in a way similar to, say, isotope atoms in research of chemical reactions: they

provide a way to trace dependencies and time evolution of the system.

http://www.ee.ucla.edu/~simkin/read_before_you_cite.html
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when scientists use Internet search engines to see through the multitudes of preprints,

manuscripts and publications. Use of a known name or subject puts the work within

the scope of results and increases chances of spotting the paper by someone else.

The other reason for citing without reading may be the peer-review process. The

process is necessary to weed out errors and irrelevancy in the published results, but it

can be unfair, as shown by quite a few examples. Probably every scientist has met with

situations where the review was not entirely based on the pure merit of the manuscript.

It is then natural to bu�er up the article with references aimed at establishment of

strong links with the rest of the �eld of research. Apart from review articles, the

reference list consisting of 40 publications seems rather extensive. Yet the average

number of references in a typical physics publication is between 20 and 40. Does a

quoted manuscript actually add to the work or perhaps the current work corrects the

older statements? Quite often authors put in many references to simply show how active

the �eld of research is. Or to recognize the works of colleagues met at conferences, in

the typical `I'll scratch your back, you'll scratch mine' process.

So, is there something �shy in the process of preparation of manuscripts and selection

of references and, consequently, probability of distribution of the most cited papers? Is

the process dishonest and not useful?
I dare say no. The process has some statistical characteristics, and quite obvious

psychological drivers, such as the natural human tendency to use `the easy way '. Simkin
and Roychowdhury (2005a) open their publication with the following anecdote:

During the ‘Manhattan project’ (the making of nuclear bomb), Fermi asked Gen.
Groves, the head of the project, what is the definition of a ‘great’ general. Groves
replied that any general who had won five battles in a row might safely be called great.
Fermi then asked how many generals are great. Groves said about three out of every
hundred. Fermi conjectured that considering that opposing forces for most battles are
roughly equal in strength, the chance of winning one battle is 1/2 and the chance of
winning five battles in a row is 1/25 = 1/32. ‘So you are right General, about three out
of every hundred. Mathematical probability, not genius.’

While it might be true in the world where all generals are equal, in quite a few cases

there was reasonable probability of predicting that this particular general has stronger

chances of winning. And with increased length of the `trial' the random probability

falls rapidly. Although the raw results of Simkin and Roychowdhury (2005b) in the

`all papers are created equal' approach (i.e. without `Darwinian �tness' parameter) are

quite good, there are nevertheless some discrepancies with reality, for example there

is an exponential cuto� at about 560 citations - far less than the actual observations.

Only including the �tness allows the perfect reproduction of observed frequency distri-

bution. And the �tness parameter is a statistical language for the genius that separates

Weinbergs and Glashows from the rest of the pack.
The analysis of inuence of scienti�c papers remains active �eld today (perhaps

there are too many researchers with free time on their hands). A recent short note by
Soler (2006) attempts to assign to each article a non-negative value for its creativity, i. e. its
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creation of new knowledge. This is done by looking for correlations between the numbers
of papers cited within an article and later citations to the paper in question. At the
end, the author arrives at indexes of merit of top scientists in life sciences and physics.
Discussing the creativity, the author gives a general example

Imagine that two scientists, Alice and Bob, address independently an important and
difficult problem in their field. Bob takes an interdisciplinary approach and discovers
that a method developed in a different field just fits their need. Simultaneously, Alice
faces the problem directly and re-invents the same method by herself (thus making less
references in her publication). All other factors being equal, both papers will receive
roughly the same number of citations, since they transmit the same knowledge to their
field. But it may be argued that Alice’s work was more creative in some sense, and
that her skills might possibly (but not necessarily) be more valuable in a given selection
process.

Curiously enough, Soler does not refer to Simkin's work at all. Is it to appear more

creative?
In a related work Bagrow et al. (2004), have compared the `Internet fame' of scientists

with other well recognized groups, such as World War II �ghter pilots or TV actors.
The measure was not the number of citations but rather the number of Google hits.
For the groups where really popular recognition is present, the power-law distribution
is correlated with true fame.

For scientists, we find completely different relations, including an exponentially decaying
distribution of fame. This suggests that scientists (at least as measured by Google hits)
are primarily famous within their own science community, and do not enjoy public fame
as other groups in the study do.

Nor is the possibility of statistical interpretation limited to scienti�c citations. Bent-

ley et al. (2004) have presented a description of the application of the statistical descrip-

tion of `cultural drift ' in human activities as varied as choosing �rst names, archae-

ological pottery decorations and applications for technology patents. The probability

distribution of names, pottery motifs and patent citations follows power laws similar

to those found by Simkin. And the pottery Bentley has studied is dated between

5300 BC|4850 BC. While our tools have changed since then, it seems that our habits

did not.
A good and funny example of the fate of quoted works, and possible inuence of

typographic conventions is provided by Straumann (2002). We would revisit the work
(which is a historical account of cosmological constant) later, but now some observations
regarding history of publications. When Einstein rejected the cosmological term as
superuous and no longer justi�ed, he published his new view in the Sitzungsberichte
der Preussischen Akademie der Wissenschaften. Straumann has followed the string of
later quotations to the article:

The correct citation is:
Einstein. A. (1931). Sitzungsber. Preuss. Akad. Wiss. 235-37.
Many authors have quoted this paper but never read it. As a result, the quotations
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gradually changed in an interesting, quite systematic fashion. Some steps are shown in
the following sequence:
- A. Einstein. 1931. Sitzsber. Preuss. Akad. Wiss. ...
- A. Einstein. Sitzber. Preuss. Akad. Wiss. ... (1931)
- A. Einstein (1931). Sber. preuss. Akad. Wiss. ...
- Einstein. A .. 1931. Sb. Preuss. Akad. Wiss. ...
- A. Einstein. S.-B. Preuss. Akad. Wis. ...1931
- A. Einstein. S.B. Preuss. Akad. Wiss. (1931) ...
- Einstein, A., and Preuss, S.B. (1931). Akad. Wiss. 235

Presumably, one day some historian of science will try to find out what happened
with the young physicist S.B. Preuss, who apparently wrote just one important paper
and then disappeared from the scene40.

To end the section on a slightly lighter note, let me turn now to the subject of

chain letters. There are so many variants of the chain letters that it is no surprise that

there is quite lively research on the subject. A very comprehensive archive devoted

to the subject is CHAIN LETTER EVOLUTION archive of Daniel W. VanArsdale

(http://www.silcom.com/~barnowl/chain-letter/evolution.html#s3-3evolution)

One of the recent editions of Scienti�c American has published as popular study

of the evolution of chain letters Bennett et al. (2003a). Both the VanArsdale site

and Bennett's article stress the analogy of imperfect copies in producing chain letters

to mutations and evolutionary process. The same behaviour: chains of subsequent

errors (mutations) allowing to identify, to a certain extent, `evolutionary tree' of copied

citations has been observed by Simkin.

The closing note of this section links citations and mutations. In the Polish edition

of Scienti�c American, Bennett's article has misspelled name of Daniel VanArnsdale

(with an extra n) in reference section and in the article itself. The error is not present

in the US edition. It is quite probable that the translator did not bother to look up the

reference. . . As I was not able to trace any further references we have to wait if anyone

would copy that reference blindly.

5.5.2 Really FAT books

There are occasions when an apparently simple task or reading a book becomes a

daunting task indeed, if only due to the sheer size of the book. I thought naively that

writing a book over thousand page long is something typical of our age of computers and

CTRL-C and CTRL-V tricks, until a friend of mine, who is and old-fashioned humanist

40Hmm, just as a side remark: it might be worth noting that the electronic preprint of the Strauman's

essay, http://arxiv.org/pdf/gr-qc/0208027, despite the advice on correct quotation contains the

following reference `A.Einstein, S.B. Preuss. Akad. Wiss. (1931), 235.' Another preprint of Straumann

http://arxiv.org/pdf/astro-ph/0203330 refers to Einstein's paper as `A.Einstein, S.B. preuss. Akad.
Wiss. (1931), 235.' Read what your LATEX produces? Well, to put things in perspective let me admit

here that I did not read the original Einstein's paper.

http://www.silcom.com/~barnowl/chain-letter/evolution.html#s3-3evolution
http://arxiv.org/pdf/gr-qc/0208027
http://arxiv.org/pdf/astro-ph/0203330
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using fountain-pen pointed to examples of `traditional' writers capable of producing

even greater volumes in handwriting.

Yet it is not just the size I am referring to. I have in mind books by established

�gures in the �eld, that combine the depth and real expertise with sometimes quite

controversial ideas or conclusions. To understand such a book, to grok it completely is

a challenge, a fun ride | but there's also the danger: the authors are so much above

the common reader, that doubting becomes a challenge as well.

Let me describe here three examples. The �rst is Roger Penrose's The Road to
Reality. A Complete Guide to the Laws of the Universe (Penrose, 2004). My copy

is 1094 pages thick and contains 31 pages of tightly printed references. As the previous

Penrose `popular' books, for example The Emperors New Mind (Penrose, 1989), this is

a mixture of relatively easy, even pedagogical introductions and very heavy discussions

of fundamental di�erences between Penrose's opinions and the `rest of the world'.

I have to admit, that the book has, so far, proven to be too di�cult for me. De-

ceptively simple introduction leads so fast to quite advanced arguments that I get lost.

Obviously Penrose's publisher does not care for the rule that each equation in a popular

book diminishes the number of readers by 10%. Perhaps this is why the book was so

expensive. . . But I have found many eye-openers in The Road to Reality, as I did in

the previous Emperor's New Mind.
Penrose starts from a wonderfully simple image of the threefold almost-closed loop

of various ingredients of our understanding, similar to the closed loop I have mentioned

on page . But while I have had in my mind the conceptual basis of our understanding,

`beginning', at the same time with physical laws, biological heritage and capabilities and

limitations of our minds (where all the concepts inuence each other) Penrose draws

more general, philosophical picture, which I take liberty to redraw here.
The interplay between the three worlds is made even more interesting when we note

that not all mathematical ideas �nd use (counterpart?) in description of the physical
world. And that not all the physical world is capable of mental activities. And, of
course that not all mental activities are related to mathematics. Yet the picture, in
amazingly simple way presents the wonder of the fact that the whole physical reality in
describable by some mathematics, and that all mathematics is reachable from mental
activities, and that all mental activities are based on physical substrate. Penrose does
consider the situation where the last sentence might be untrue, that is for example there
would be some mental activities not based on physical reality, or some mathematical
ideas not accessible by thought or physical phenomena not bound by mathematical
laws, but as he states:

In my opinion the [. . . ] scientific viewpoint of Figure 5.1 has mysteries enough. For
it remains a deep puzzle why mathematical laws should apply to the world with such
phenomenal precision. [. . . ] There is also an undoubted deep mystery in how it can
come to pass that appropriately organized physical material can somehow conjure up
the mental quality of conscious awareness. . .

When we turn to the concluding Chapter of The Road to Reality, after some thou-
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Pla ton ic  m a th e m a t ica l World

Ph ys ica l WorldMe n ta l World

Mathematics applicable 
to physical reality

Physical basis of 
mental activities

Part of mental activities
related to mathematics

Figure 5.1: Roger Penrose diagram of the three `worlds' relationship: Platonic world of math-

ematical ideas, physical world and the mental world, with the circular links between them.

(Original drawing Penrose (2004), Figure 1.3).

sand of pages, we �nd rather sombre conclusions. First, Penrose is rather pessimistic
about the chances that we are close to the �nal Theory of Everything (ToE). While he
admits that there are `remarkable mathematical developments' he concludes reecting on
the state of the most fashionable candidate for the ToE, the string theory, that these
developments carry us much further in the direction of physical understanding (Penrose, 2004,
pages 1010-1011). But this gloomy view is not limited to string theory (which Penrose
obviously dislikes):

I may have presented a rather more pessimistic picture of current progress towards a
fundamental understanding of physics than it is often given in popular accounts.
. . .
As the reader will gather from all this, I do not believe that we have yet found the
true ‘road to reality’, despite the extraordinary progress that has been made over three
and one half millennia, particularly in the last few centuries. Some fundamentally new
insights are certainly needed.41

So, is there hope? Do we have any chances of getting closer to the goal? Pen-

rose disagrees with gloomy predictions, such as those of Horgan (1996). he actually

even suggests that two possible courses of developments may drive the fundamental

understanding of physics. The �rst one would be based on `teamwork, massive computer
calculations, pursuing of fashionable ideas'. This would be applicable if `the new directions
can be more experimentally driven, as was the case of the quantum mechanics in the first third

41Penrose (2004, pages 1024, 1027)
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of the 20th century'. But if the insights come from the principles of mathematical sub-

tlety and elegance, and looking for relevance of such sophistication to physical world,

we might expect more likely a `solitary ‘new Einstein’, working upon some revolutionary
ideas'.

Which brings us to very interesting part of Penrose's conclusions, that is the mystery
of the interplay between mathematics and physical world, not just in the fact that the
world can be described in a mathematical way, but that so often the beauty or elegance
of mathematical approach leads to signi�cant physical discoveries.

Throughout the history of physical science, progress has been made through finding the
correct balance between, on one hand, the strictures, temptations, and revelations of
mathematical theory and, on the other, precise observation of the actions of the physical
world, usually through controlled experiment. With experimental guidance is absent as
is the case with the most current fundamental research, this balance is thrown out of
kilter. Mathematical coherence is far from sufficient criterion for telling us whether we
are ‘on the right track’.
. . .
Mathematics — good mathematics particularly — has the habit of finding its applica-
tions in very disparate fields, which is one reason for its strength and robustness. The
workings of Nature have often provided a wonderful source of such mathematical ideas.
That there should be precision and reliability in such ideas stimulated by Nature is per-
haps not so surprising, if we accept that Nature operates accurately in accordance with
mathematical laws. More remarkable is the subtlety of the mathematics that seems to
be involved in Nature’s laws, and the habit that such mathematics seems to have in
finding applications far removed from its original purpose.

As we will see, the remarks about the sources of the new breakthrough ideas and

the `new Einstein' may just beg the question how can we distinguish the cranks from

the geniuses. We will turn to this topic shortly. My own conclusion is that I would

really like to �nd the time to read the Penrose's book in detail.
The second example is a great the on-line physics textbook by Christoph Schiller

Motion Mountain www.motionmountain.net (Schiller, 2005). The book is probably
less controversial than Penrose's, though it does contain a lot of eye openers, disturbing
questions and new approaches. Motion Mountain is a live project changing and grow-
ing all the time. The 2005 `edition' is 1253 pages long (still far from being complete,
as the author claims. . . ). Electronic nature allows for active links and other modern
gadgets, but the topics remain more or less as described by the subtitle of the book: A
hike through and beyond space and time following the concepts of modern physics.

The project aims to produce a simple, vivid and up-to-date introduction into modern
physics, with emphasis on the fundaments of motion. ‘Simple’ means that concepts are
stressed more than formalism; ‘vivid’ means that the reader is continuously challenged;
‘up-to-date’ means that unification and modern research is included.

The project takes the search for a precise description of motion as guiding principle
for an exploration of modern physics. This leads to an approach which is somewhat
different from the standard one. Nature’s limits to speed, entropy, force, action and
charge are central to the presentation.

www.motionmountain.net
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The project will be completed when the presently ongoing search for a full theory of
motion will be completed and its results will have been included into the text. Therefore
it still has some time to go.

Motion Mountain is probably the closest to classical textbook, but the sheer size
and the range of topics and sidetracks is astonishing. In the Preface, Schiller states:

All surprises are organized to lead in a natural way to the most extreme conclusion of
all, namely that continuous space and time do not exist. These concepts, useful as they
may be in everyday life, are only approximations that are not valid in the general case.
Time and space turn out to be mental crutches that hinder the complete exploration of
the world.

This naturally leads us to the last of the `big books': Stephen Wolfram's A New
Kind of Science (Wolfram, 2002). Not to be beaten on size the book boasts 1280
pages, 583 313 words and 14967 index entries (these statistics are indeed given in the
book itself). This time the topics go well beyond physics. Wolfram uses his original
ideas about cellular automata and powerhouse ofMathematica system do develop a new
approach to disciplines ranging from physics to biology and sociology. The approach is
formal, extremely well documented | even if for some applications a bit tenuous. In
his own words (http://www.wolframscience.com/reference/quick_takes.html):

Mathematical equations do not capture many of nature’s most essential mecha-
nisms. For more than three centuries, mathematical equations and methods such as
calculus have been taken as the foundation for the exact sciences. There have been
many profound successes, but a great many important and obvious phenomena in nature
remain unexplained–especially ones where more complex forms or behavior are observed.
A New Kind of Science builds a framework that shows why equations have had limita-
tions, and how by going beyond them many new and essential mechanisms in nature
can be captured.

Thinking in terms of programs rather than equations opens up a new kind of science
Mathematical equations correspond to particular kinds of rules. Computer programs
can embody far more general rules. A New Kind of Science describes a vast array
of remarkable new discoveries made by thinking in terms of programs–and how these
discoveries force a rethinking of the foundations of many existing areas of science.

Even extremely simple programs can produce behavior of immense complexity Ev-
eryday experience tends to make one think that it is difficult to get complex behavior,
and that to do so requires complicated underlying rules. A crucial discovery in A New
Kind of Science is that among programs this is not true–and that even some of the
very simplest possible programs can produce behavior that in a fundamental sense is as
complex as anything in our universe. There have been hints of related phenomena for a
very long time, but without the conceptual framework of A New Kind of Science they
have been largely ignored or misunderstood. The discovery now that simple programs
can produce immense complexity forces a major shift in scientific intuition.

Simple programs can yield behavior startlingly like what we see in nature How nature
seems so effortlessly to produce forms so much more complex than in typical human
artifacts has long been a fundamental mystery–often discussed for example in theological
contexts. A New Kind of Science gives extensive evidence that the secret is just that

http://www.wolframscience.com/reference/quick_takes.html
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nature uses the mechanisms of simple programs, which have never been captured in
traditional science.

What does Wolfram claim about physics?

Underlying space there may be a simple discrete structure.
Throughout almost the entire history of science, space has been viewed as something
fundamental –and typically continuous. A New Kind of Science suggests that space as
we perceive it is in fact not fundamental, but is instead merely the large-scale limit of
an underlying discrete network of connections. Models constructed on this basis then
lead to new ideas about such issues as the origins of gravity and general relativity, the
true nature of elementary particles and the validity of quantum mechanics.

Time may have a fundamentally different nature from space The standard
mathematical formulation of relativity theory suggests that–despite our everyday im-
pression–time should be viewed as a fourth dimension much like space. A New Kind
of Science suggests however that time as we perceive it may instead emerge from an
underlying process that makes it quite different from space. And through the concept
of causal invariance the properties of time seem to lead almost inexorably to a whole
collection of surprising results that agree with existing observations in physics–including
the special and general theories of relativity, and perhaps also quantum mechanics. . . 42

Fundamental physics is the area in which traditional mathematical approaches to
science have had their greatest success. But despite this success, there are still many
central issues that remain quite unresolved. And in this chapter my purpose is to
consider some of these issues in the light of what we have learned from studying simple
programs.

It might at first not seem sensible to try to use simple programs as a basis for
understanding fundamental physics. For some of the best established features of physical
systems–such as conservation of energy or equivalence of directions in space–seem to
have no obvious analogs in most of the programs we have discussed so far in this book.

As we will see, it is in fact possible for simple programs to show these kinds of
features. But it turns out that some of the most important unresolved issues in physics
concern phenomena that are in a sense more general–and do not depend much on such
features.

And indeed what we will see in this chapter is that remarkably simple programs are
often able to capture the essence of what is going on–even though traditional efforts
have been quite unsuccessful. . .

For example is it conceivable that at some level physical systems actually operate
directly according to the rules of a simple program?

Looking at the laws of physics as we know them today, this might seem absurd.
For at first the laws might seem much too complicated to correspond to any simple
program. But one of the crucial discoveries of this book is that even programs with
very simple underlying rules can yield great complexity.

And so it could be with fundamental physics. Underneath the laws of physics as we
know them today it could be that there lies a very simple program from which all the
known laws–and ultimately all the complexity we see in the universe–emerges.

42http://www.wolframscience.com/terms.html
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To suppose that our universe is in essence just a simple program is certainly a
bold hypothesis. But in the second part of this chapter I will describe some significant
progress that I have made in investigating this hypothesis, and in working out the details
of what kinds of simple programs might be involved.

There is still some distance to go. But from what I have found so far I am extremely
optimistic that by using the ideas of this book the most fundamental problem of physics–
and one of the ultimate problems of all of science–may finally be within sight of being
solved.43

Some of the ideas (at least in the �eld of physics) proposed by Wolfram are very far
fetched, without the predictive power of standard theories and solutions. Some are just
vague hints at the possibility. Yet the author does not hide the fact, on the contrary,
there are numerous passages when he points to current limitations of his approach. This
kind of humility is encouraging44. Although I �nd most of the arguments presented in
the Fundamental Physics chapter of Wolfram (2002) unconvincing, there are some
very intriguing ideas there. And I would be surprised if some of them would not turn
to be the right ones. In words of Ray Kurtzweil

Some phenomena fit more neatly into this cellular-automata network conception than
others. Some of the suggestions appear elegant, but as Wolfram’s ‘Note for Physicists’
makes clear, the task of translating all of physics into a consistent cellular automata-
based system is daunting indeed.

In the age of personal computers, typesetting systems and the Internet there are

many more ambitious publications available on the Net. While most of them can not

match the size of the books described above, some have caught my interest with their

novelty or presentation. For example, the Order of Magnitude Physics, (Mahajan,

1998), an extremely innovative PhD thesis concentrated on physical analysis based on

common sense. I think it should be an obligatory reading for all engineers and physics

students.

Perhaps less general, but equally challenging is the ChaosBook (Cvitanovi¢ et al.,

2005). Devoted to the of chaos within classical and quantum systems it is yet monumen-

tal in size (over 800 pages) and quite signi�cant in general conclusions and philosophical

remarks (as well as detailed mathematics. . . )
Another example of the bene�ts of the Internet age is Paul Budnik's What is and

what will be: Integrating spirituality and science (Budnik, 2005). Here we �nd
curious mixture of very solid and well presented physics and mathematics, coupled
with strongly spiritual message `all encompassing consciousness':

What is the relationship between conscious experience and the physical structure of the
brain? The answer developed here is an old idea invigorated by contemporary science
and mathematics. Conscious experience in some from is not unique to human or animal

43Wolfram (2002)
44There are also very di�erent opinions, claiming that Wolfram's ego is bigger than Alaska. In fact,

the book has even a WEB page dedicated to it: Humor related to A New Kind of Science, http:
//www.math.usf.edu/~eclark/ANKOS_humor.html

http://www.math.usf.edu/~eclark/ANKOS_humor.html
http://www.math.usf.edu/~eclark/ANKOS_humor.html
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existence. It is universal in all that exists. It is only its form that changes between
individuals, between species and between animate and inanimate matter.

At �rst, �nding these words I felt that this is another mystic mumbo-jumbo. But
as I leafed through the book (metaphorically, scrolling the pdf �le. . . ), I have found
very coherent and sober explanations of the halting probllem, G�odel theorem, Bell's
inequalities. I begun to wonder what is going on. Does the book use or abuse Science?
Finally I came upon the Chapter called `Digital Physics Fantasy ':

Discrete systems can generate dynamically stable structures. These structures can trans-
form into each other when perturbed something like a chaotic system moving between
attractors. These structures are the particles of quantum mechanics. Reversibility with-
out divergence produces a sort of structural conservation law. Reversibility can exist
without absolute conservation at each time step. Thus individual observations can be
pseudo random. But reversibility imposes global conservation laws. These laws are
enforced in a combinatorially complex way that can only be understood with detailed
knowledge of how the discrete states behave. From a macroscopic view the conserva-
tion laws are enforced with no visible mechanism to enforce them. In classical physics
higher dimensional models are required for deterministic systems in which we have only
limited knowledge and can only model statistically. I think the same thing is true of
quantum mechanics. The big difference with quantum mechanics are things like viola-
tions of Bell’s inequality and quantum computing which are inconsistent with a simple
local model in physical space. Superposition seems to exist physically. Perhaps this can
be explained by the chaotic like structural transformation of particles that can start any
place. Keep in mind that these must be huge structures relative to the discretization of
physical space if they approximate continuous structures to high accuracy.
. . .
It is clearly possible to start with some simple discrete model that supports a Universal
Turing Machine and program it so that eventually it will fill all of space with simulations
that will grow in arbitrary complexity because for example they simulate every possible
program. There is a simplest set of rules and initial conditions that will grow into ar-
bitrary complexity. Perhaps it is precisely this simplest possible model that is the basis
for all of physics.

Its so much similar to the statements of Wolfram! Perhaps this is the new insight,

expected by Penrose? I hope that in time we will get the necessary data to be able to

see the light. As it is, the net and the bookshops are rather full45 of the WEB pages

and books devoted to the breakthrough in physics. Whether we are able to tell the

good apples from the rotten is the topic of the next Sections.

45Comparatively of course, there are more Janet Jackson references after all.



5.6. Physicism 239 Draft, January 2, 2008

5.6 Physicism

They laughed at Copernicus.
They laughed at the Wright Brothers.

Yes, well, they also laughed at the Marx Brothers.
Being laughed at does not mean you are right.

Michael Shermer

Physics is considered to be the most rigorous empirical science. The tri-

umphant march from discovery to discovery, into deeper and deeper understanding

is best recorded in school or university textbooks. The world according to most text-

books is simple, well understood, moreover the history of progress is usually simple and

straightforward. Scientists seem to have moved from one success to another, cooper-

ating gladly, sharing information and understanding. Very rarely one �nds textbooks

or popular books that point out to the e�ort, conict, uncertainty and creativeness

of research. Feynman's physics textbooks are a good example (Feynman et al., 1964;

Feynman, 1985). Another good example is the account of Pais (1986).

In reality, as an ex-practising physicists I know how much of the research is simply

dull. How infrequently the genuine ashes of inspiration come. And how di�cult it is

to �nd the really important news at the very beginning. Of course, as the story of the

Quantum Hall E�ect or high temperature superconductivity shows, really important

discoveries do get attention. The question that I pose sometimes is: is the system really

perfect? Are we not losing some of the important new theories just because they are

published in less respected papers? Or because editorial board or a referee has rejected

the publication? Or because the claims were just too extraordinary?

The following examples are aimed to show that, while perhaps far from perfect,

the scienti�c community is rather e�cient at publicizing and criticizing the results of

research. Sometimes the results stand the scrutiny, sometimes they fail. Are there any

way we may tell what is valuable and what may safely be consigned to rubbish bin,

without the e�ort of studying? De�nitely no. Neither the author's name and a�liation,

nor his claims and previous reputation can guarantee correctness of results. Yet, as we

shall see some rules of thumb may help us in the labirynth of modern physics.

5.6.1 At the frontline

As we have seen in the presentation of the works of Wolfram or Penrose, there is place for

controversial and new approaches in science. Much more space than usually admitted

in physics textbooks. The borderline between the `dull', everyday calculations (such as

were my own domain in my physics days) and the search for the new, new thing is the

place where the most interesting things happen. There are many theories born that are

later discarded. There are some that have just one element that points in an interesting

direction. And there are the Nobel Prize ones.
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It is somewhat disturbing that many science reporters in everyday press catch the

snippets of `man bites dog' news (which is quite understandable), but, as they often lack

the ability to put things in perspective, the public gets the distorted news of `physics

in turmoil' (or even collapse). It is possible to doubt Einstein Relativity and still be

considered mainstream physicist, and refrain from claiming the need for destruction of

the whole false edi�ce of `wrong physics'.

Consider the following news item found on the Web46:

LIGHT MAY ARISE FROM TINY RELATIVITY VIOLATIONS,
according to a new theory. Speaking most recently at last month’s American Physical
Society meeting of the Division of Atomic, Molecular, and Optical Physics in Nebraska,
Alan Kostelecky of Indiana University (812 855-1485, KOSTELEC@INDIANA.EDU)
described how light might exist as a result of breaking an assumption of relativity theory
known as Lorentz symmetry. In Lorentz symmetry, the laws of physics stay the same
even when you change the orientation of a physical system (such as a barbell-shaped
molecule) or alter its velocity. According to special relativity, the speed of light is the
same in every direction, a notion that current experiments verify to a few parts in 1016.
However, if physicists find variations in the speed of light with direction, this would
provide evidence for broken Lorentz symmetry, which would radically revise notions of
the universe.

Broken Lorentz symmetry would give spacetime a preferred direction. In its simplest
form, broken Lorentz symmetry could be visualized as a field of vectors (arrows) existing
everywhere in the universe. In such a picture, objects might behave slightly differently
depending upon their orientation with respect to the vectors. In a recent paper, pub-
lished in Physical Review D (Bluhm and Kostelecky, Physical Review D, 71, 065008,
published 22 March 2005), the authors propose that the very existence of light is made
possible through a vector field arising from broken Lorentz symmetry. In this picture,
light is a shimmering of the vector field analogous to a wave blowing through a field of
grain (see animation at http://www.physics.indiana.edu/~kostelec/faq.html).
The researchers have shown that this picture would hold in empty space as well as in the
presence of gravity (curved spacetime) which is often ignored in conventional theories
of light. This theory is in contrast to the conventional view of light, which arises in a
space without a preferred direction and as a result of underlying symmetries in parti-
cles and force fields. Kostelecky says that the new theory can be tested by looking for
minute changes in the way light interacts with matter as the earth rotates (and changes
its orientation with respect to the putative vector field). In addition, Kostelecky says
that neutrino oscillations might arise from interactions between neutrinos and the back-
ground vector field, as opposed to the conventional explanation, which invokes neutrino
mass as the explanation for the oscillations. Experimentalist Ron Walsworth of Harvard-
Smithsonian comments that the nice thing about Kostelecky’s work is that he proposes
detailed experiments to test his theories; and that the results of such experiments, no
matter how they turn out, promise to deepen our understanding of physics. (For more
information, see article by Kostelecky in the Scientific American, September 2004; as

46Physics News Update, Number 733, June 16, 2005 by Phil Schewe and Ben Steinhttp://www.aip.
org/pnu/2005/split/733-1.html

http://www.physics.indiana.edu/~kostelec/faq.html
http://www.aip.org/pnu/2005/split/733-1.html
http://www.aip.org/pnu/2005/split/733-1.html
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well as Indiana University Press Release, March 21).

We see an example of borderline: strange, unusual physics, treated in a serious
manner. It is therefore possible to criticize Einstein and not be considered as crank!
Especially, if the approach is well concentrated on the experimental results of the theory.
Looking at KosteleckyWeb page http://www.physics.indiana.edu/%7Ekostelec/faq.
html#20 we �nd the following list of possible experimentally accessible consequences of
the broken Lorentz symmetry

In the context of the Standard-Model Extension, one cannot identify a single best test
for Lorentz or CPT symmetry because the theory contains different kinds of coefficients
to which only certain experiments may be sensitive. For example, the bounds on CPT
violation from the measurement of the fractional mass difference between a kaon and
an antikaon and those from comparisons of hydrogen and antihydrogen are sensitive to
completely different coefficients in the Standard-Model Extension.

We have performed theoretical studies of several kinds of experiments to date, including:

• observations of neutrino oscillations

• observations of neutral-meson oscillations

• clock-comparison tests on Earth and in space

• studies of the motion of a spin-polarized torsion pendulum

• spectroscopy of hydrogen and antihydrogen

• comparative tests of QED in Penning traps

• determination of muon properties

• measurements of cosmological birefringence

• tests with microwave cavities and lasers

• observation of the baryon asymmetry

The theory suggests that apparent breaking of CPT and Lorentz symmetry might be

observable in existing or feasible experiments, and it leads to a general phenomenology

for CPT and Lorentz violation at the level of the Standard Model of particle physics

and Einstein's theory of gravity, General Relativity.

For the readers interested in other accounts of the search for breaking Lorentz sym-

metry, let me point to Pospelov and Romalis (2004).

Let us stay for a moment with Einstein. His position as the symbol of the 20th

Century physics has given his theories a very special status. Some of his works | both

relativity theories and ideas about quantum mechanics | attract a lot of attention from

the lay public47. We will later encounter examples of the e�orts of those who aim to

prove Einstein wrong, well beyond the borderline. One of the reasons of the popularity

is the fact that Einstein himself has been a quite clear writer. One has to check, for

example, his seminal works Einstein (1905b, 1916a,b); Einstein et al. (1935). Of course,

47I see no comparable interest in his statistical physics works.

http://www.physics.indiana.edu/%7Ekostelec/faq.html#20
http://www.physics.indiana.edu/%7Ekostelec/faq.html#20
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many followers and revolutionaries are attracted as well by the Einstein's image of a

`lone worker', who has shunned the physics community to work in seclusion, against

the oppressive cabal of physics establishment. That this image is false, one can gather

from more accurate biographies of Einstein, for example Pais (1982). But he remains

an icon, a distorted image, in popular view.

To come back to physics | let me point to absolutely mainstream, although yet

unproven (but strongly motivated experimentally) concept of modifying the Special

Relativity Theory. The theory itself, with its set of paradoxes48 is an active topic

of uncountable discussions on WEB sites, usually quite repetitive and not even funny.

But it is possible to �nd experimental data that points to possible breakdown of Special

Relativity, for example the existence of very high energy protons in the cosmic radiation,

and to extend the theory to avoid such problems. Such extension, called Doubly Special

Relativity Theory, attracts quite a few physicists. In fact, there are many (in�nite

number?) of possible variants of the theory and there is a hope to �nd links between

the mysterious and yet far from developed Quantum Gravity theory and Doubly Special

Relativity. The topic is rather technical, but for the interested reader good starting

points may be provided by Amelino-Camelia (2002a,b, 2003a, 2004, 2003b); Kowalski-

Glikman (2005, 2006); Magueijo and Smolin (2003). There are even works on Triply

Special Relativity (Kowalski-Glikman and Smolin, 2004).

5.6.2 Is this enemy territory?

Sometimes it is much more di�cult to tell physics from non-physics. Consider, for
example, the work of Arkadiusz Jadczyk. He is one of the authors of an inter-Page 347

esting Quantum Mechanics interpretation, called Event Enhanced Quantum Theory
(EEQT)(see Chapter 6.4.1. While most of Jadczyk's work seems to me49 a straightfor-
ward albeit perhaps unusual physics, there are items that look disturbing. Jadczyk and
his wife, Laura Knight-Jadczyk, maintain a Web page (http://www.cassiopaea.org/),
which contains much more that just physics. . . Laura Knight-Jadczyk is the author of
eight books, among them Amazing Grace, which is described as an autobiography of
the soul, The Secret History of the World and How To Get Out Alive, a radical
reassessment of history, science, religion and myth, which contains the results of her
search for the underlying principles of our reality, The Occult Signi�cance of 9-11,
and The High Strangeness of Dimensions, Densities, and The Process of Alien
Abduction. Just to pick up an example of what this is all about let me quote from the
blurb on The Secret History of the World :50 (I have started with history, because it
is one of my hobbies)

48Paradoxes not in the logical sense of self-contradiction, but contradictions with our everyday, naive

physics expectations.
49I enter dangerous territory of writing about things that are beyond my understanding and of judging

by appearances, so let me remind here that this is the very nature of the borderline. . .
50http://www.qfgpublishing.com/product_info.php?products_id=42\&osCsid=
67b87d966327c18ce2d3a67145bb5049

http://www.cassiopaea.org/
http://www.qfgpublishing.com/product_info.php?products_id=42\&osCsid=67b87d966327c18ce2d3a67145bb5049
http://www.qfgpublishing.com/product_info.php?products_id=42\&osCsid=67b87d966327c18ce2d3a67145bb5049
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The Secret History of The World and How To Get Out Alive is the definitive book
of the real answers where Truth is more fantastic than fiction. Laura Knight-Jadczyk,
wife of internationally known theoretical physicist, Arkadiusz Jadczyk, an expert
in hyperdimensional physics, draws on science and mysticism to pierce the veil of
reality. Due to the many threats on her life from agents and agencies known and
unknown, Laura left the United States to live in France, where she is working closely
with Patrick Rivière, student of Eugene Canseliet, the only disciple of the legendary
alchemist Fulcanelli.

Conspiracies have existed since the time of Cain and Abel. Facts of history have been
altered to support the illusion. The question today is whether a sufficient number of
people will see through the deceptions, thus creating a counter-force for positive change
- the gold of humanity - during the upcoming times of Macro-Cosmic Quantum
Shift. Laura argues convincingly, based on the revelations of the deepest of esoteric
secrets, that the present is a time of potential transition, an extraordinary opportunity
for individual and collective renewal: a quantum shift of awareness and perception
which could see the birth of true creativity in the fields of science, art and
spirituality. The Secret History of the World allows us to redefine our interpretation of
the universe, history, and culture and to thereby navigate a path through this darkness.
In this way, Laura Knight-Jadczyk shows us how we may extend the possibilities for all
our different futures in literal terms.

With over 850 pages of fascinating reading, The Secret History of The World and
How to Get Out Alive is rapidly being acknowledged as a classic with profound implica-
tions for the destiny of the human race. With painstakingly researched facts and figures,
the author overturns long-held conventional ideas on religion, philosophy, Grail legends,
science, and alchemy, presenting a cohesive narrative pointing to the existence of an
ancient techno-spirituality of the Golden Age which included a mastery of space and
time: the Holy Grail, the Philosopher’s Stone, the True Process of Ascension. Laura
provides the evidence for the advanced level of scientific and metaphysical wisdom pos-
sessed by the greatest of lost ancient civilizations - a culture so advanced that none
of the trappings of civilization as we know it were needed, explaining why there is no
’evidence’ of civilization as we know it left to testify to its existence. The author’s
consummate synthesis reveals the Message in a Bottle reserved for humanity, including
the Cosmology and Mysticism of mankind Before the Fall when, as the ancient texts
tell us, man walked and talked with the gods. Laura shows us that the upcoming shift
is that point in the vast cosmological cycle when mankind - or at least a portion of
mankind - has the opportunity to regain his standing as The Child of the King in the
Golden Age.

I have taken the liberty to emphasize the way that the profession of the husband
is used to promote the work of wife, and `physics' is used to enhance the status of
the book. As for the other books they are really of similar genre. For example The
High Strangeness of Dimensions, Densities and the Process of Alien Abduction is
described as:

Anyone who wants to understand the hyperdimensional reality which is the ‘home’ of
alleged aliens, should pick up Laura Knight-Jadczyk’s latest book, The High Strangeness
of Dimensions, Densities and the Process of Alien Abduction. With diligent research
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and a relentless drive for the facts, Laura strips away the facade of alien abductions
masquerading as mind control and mind control masquerading as alien abductions. She
then goes on to show how the Evil Elite rulers of the planet have merged, at the highest
levels, with the Overlords of the Matrix Control System that underlies the structure of
our reality.

Now, after 9-11, the fusion of the two worlds is almost complete. We have little time
left, and the Controllers know it and they have made plans. . .

Those who prefer the nourishment of truth over the poison of New Age myths, those
who want a real peek at what is behind the Stargate Conspiracy, should get this book.
Today. Read it – and weep.

While this has, of course no impact on the validity of the Arkadiusz Jadczyk physics
(the topic we are concerned with in this chapter) there are further links that just prompt
me to put some proposals of Jadczyk into the `borderline' realm. One could look, for
example at his own work Physics of the Mysterious (http://quantumfuture.net/
quantum_future/pm1.htm), where he postulates:

So, I think that Reality is multi-faceted and multi-leveled and we are consciously ex-
periencing only one (or a few) of the existing levels and/or facets. The multi-leveled
and multi-faceted Realit includes: many worlds, many realms, parallel and perpendicular
universes, higher dimensions, higher levels of intelligence and of perception, and very
likely a consciousness of which we cannot even conceive.

Some of these concepts have already been integrated into theoretical physics (many
worlds, parallel universes, higher dimensions), and can be studied - at least theoretically
- with mathematical rigor; while those dealing with mind, consciousness, intelligence,
are yet to be integrated.
. . .

I believe that the Universe has Purpose, that it is much like a computer program of
great complexity, and that ‘we’ have a role in its evolution. For a while our role can be
described simply as ‘debugging units’. In short, my present answer to the question ‘why
are we here?’ reads: DEBUGGING THE UNIVERSE.
. . .

‘We are you in the future’

This is what ‘they’ declare : that ‘they’ - The Cassiopaeans - 6th density Unified Thought
Form Beings of Light - are us in the future. What a bizarre concept. Or is it?

Is that possible? Can such a statement find a place in accepted theories? Or it is in an
evident contradiction with everything that we - that is, physicists - know about Nature
and its laws?

The tone is much more sombre and reserved: possibilities are hinted at not pro-
claimed as absolute revelations. Perhaps this aversion to aggressive marketing a com-
mon trait of physics, as clearly seen in the reaction to the way Pons and Fleischmann
announced the Cold Fusion (see page 33). I have spent considerable amount of time
going through the labirynth of Jadczyk's interwoven Web pages, and while I �nd a lot
of the things that are interesting the general direction of esoteric thought is alien to
me. On the other hand I admire the spirit that prompts him to write:

http://quantumfuture.net/quantum_future/pm1.htm
http://quantumfuture.net/quantum_future/pm1.htm
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I am a theoretical physicist fascinated by the problems of the Foundations of Quantum
Theory, and its relation to Philosophy of Science, Theory of Knowledge, Consciousness,
and Mind. In the past I have worked on

• differential geometric methods of field theory,

• theories of gravitation

• Kaluza-Klein theories of hidden dimensions

• supersymmetry, non-commutative geometry

Around 1990 I decided enough is enough - I want to follow what always fascinated
me most: more esoteric and more difficult ideas; those that demand going beyond the
established boundaries of Physics. I am aware that trespassing into alien territories
brings danger. Therefore going there I want to keep with me:

• my only food - repeatable facts

• my only arms - mathematical equations

• my only bullets - numbers

• my only shield - common sense.

I do not know how far I will go and how much of the uncharted land will be revealed to
me. Other travelers have crossed these territories many times - but often with different
goals in their minds. I believe that Mathematics and Physics are our best tools for
conquering the Unknown. I am not saying they are ‘the only tools’. I am saying they
are ‘the best’ ones that we know.

One of the topics presented in depth on Jadczyk's Web pages is the so called
`Bogdanov A�air' (the name is sometimes spelled Bogdano�). This is probably the
most analysed example of the borderline physics now in existence. How serious is the
�ght may be exempli�ed by the caveats posted on the Bogdanov A�air article in the
Wikipedia . In principle, Wikipedia is the `free encyclopedia that anyone can edit'. But
in this case, the article starts with large notices:51

This page has been temporarily protected from editing to deal with vandalism. Please
discuss changes on the talk page or request unprotection.
Ban on editors involved in Bogdanov Affair
All user accounts used by participants in the external controversy (involving the Bog-
danov Affair) are banned from Wikipedia pending resolution of this matter. Please see
the notice at the top of this article’s talk page for further details.

So, what is the topic of the a�air? Let us start with the Wikipedia article:

The Bogdanov Affair is a controversy regarding the merit of a series of theoretical
physics papers written by French twin brothers Igor and Grichka Bogdanov. These
papers were published in reputable scientific journals, and culminate in a proposed theory
for describing what occurred before the Big Bang. The controversy started in 2002

51http://en.wikipedia.org/wiki/Bogdanov_Affair

http://en.wikipedia.org/wiki/Bogdanov_Affair
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when accusations were made on Usenet newsgroups that the work was a deliberate
hoax targeting the physics community. The Bogdanovs defend the veracity of their
work; however, it has been alleged by some physicists that the papers are nonsense, and
questions have been raised about the strength of the peer-review system that selected
the research for publication.

John Baez starts his account of the matter with the following:

We all laughed when the physicist Alan Sokal wrote a deliberately silly paper entitled
Transgressing the boundaries: towards a transformative hermeneutics of quantum grav-
ity, and managed to get it accepted by a journal of social and cultural studies, Social
Text.

But in 2002, on the 22nd of October many of us began hearing rumors that two brothers
managed to publish at least five meaningless papers in physics journals as a hoax - and
even got Ph.D. degrees in physics from Bourgogne University on the basis of this work!

The rumour appears to have begun with an email from the physicist Max Niedermaier
to the physicist Ted Newman, and it spread like wildfire. I received copies from many
people, and soon there was a heated discussion of what this meant for the state of
theoretical physics. Had the subject become so divorced from reality that not even the
experts could recognize the difference between real work and a hoax?

On October 23rd I decided to post an article about this to sci.physics.research, a physics
discussion group I help moderate. Entitled Physics bitten by reverse Alan Sokal hoax?,
it brought widespread attention to the Bogdanov affair. It also started a a fascinat-
ing discussion on sci.physics.research, to which Sokal and the Bogdanovs themselves
eventually contributed.

By October 24th, Dennis Overbye, a science journalist from the New York Times,
began looking into this story. He asked the Bogdanovs if their work was a hoax, and
they indignantly denied it. Igor Bogdanov soon began circulating emails to this effect.
Again, these spread like wildfire, and most people interested in this case have already
read one or another version.

Max Niedermaier then emailed the Bogdanovs an apology, which he urged them to
distribute.

Indeed, many aspects of the original rumor are known to be in error. According to
Niedermaier, both Bogdanovs conducted their thesis defense on the same day, in a
rented hall with TV crews present. In fact, it seems clear that the Bogdanovs got their
Ph.D.’s at different times. Grichka got a Ph.D. in Mathematics from the Universite
de Bourgogne on June 26 1999, passing at the lowest level. On the same day, Igor’s
thesis committee failed him. He later got a Ph.D. in Physics from the Universite de
Bourgogne on July 8, 2002.52

Yet, far from being a neutral observer, Baez states clearly:

However, I assure you that the Bogdanov’s theses are gibberish to me - even though
I work on topological quantum field theory, and know the meaning of almost all the

52http://math.ucr.edu/home/baez/bogdanoff/

http://math.ucr.edu/home/baez/bogdanoff/
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buzzwords they use. Their journal articles make the problem even clearer. You can
easily get ahold of these, because they are appended to the PDF files containing their
theses. Some parts almost seem to make sense, but the more carefully I read them, the
less sense they make... and eventually I either start laughing or get a headache.

There are numerous criticisms of the validity of the work of Bogdanov brothers. The
already mentioned Wikipedia article quotes:

Georges Charpak, Nobel Laureate: ‘The Bogdanovs are inexistent [sic] in Science.’
(France 2 TV talk show, Tout le monde en parle, June 12, 2004)

Jacques Distler: ‘The Bogdanov’s papers consist of buzzwords from various fields of
mathematical physics, string theory and quantum gravity, strung together into syntac-
tically correct, but semantically meaningless prose.’

Peter Woit: ‘The Bogdanovs’ work is significantly more incoherent than just about
anything else being published. But the increasingly low standard of coherence in the
whole field is what allowed them to think they were doing something sensible and to
get it published.’

The work of Bogdanovs has caused a huge problem for the peer review process: how
is it in our age of specialisation and drive for novelty to �nd impartial and competent
referees of papers?53

In May 2001, the journal Classical and Quantum Gravity (CQG) reviewed an article au-
thored by Igor & Grichkha Bogdanov, entitled Topological theory of the initial singularity
of spacetime. One of the referee reports stated that the article was ‘Sound, original,
and of interest. With revisions I expect the paper to be suitable for publication.’ The
paper was accepted seven months later.

However, after the publication of the article and the publicity surrounding the contro-
versy, the editorial board of the journal issued a statement, saying, in part, ‘Regrettably,
despite the best efforts, the refereeing process cannot be 100% effective. Thus the paper
[...] made it through the review process even though, in retrospect, it does not meet
the standards expected of articles in this journal. The paper was discussed extensively
at the annual Editorial Board meeting [...] and there was general agreement that it
should not have been published. Since then several steps have been taken to further
improve the peer review process in order to improve the quality assessment on articles
submitted to the journal and reduce the likelihood that this could happen again.’ The
paper in question has, however, not been withdrawn from the publication.

Prior to the controversy, the reports on the Bogdanov theses and most of the journal
referees’ reports spoke favourably of their work, describing it as original and containing

53I have learned that the topic is indeed important by my own experience. Even though my own

works devoted to simulations of social and biological mechanisms of cooperation were done on a strictly

amateur basis and never published in the refereed journals (being only posted to the arXiv database), I
have been asked by Physical Review, a very prestigious journal, to evaluate work of others! Work, that

was obviously related to my own amateur research (but signi�cantly not quoting any of my preprints).

The question is: are we at the age when, apart from the few fashionable topics, scientists really work in

Babel-like separation?
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interesting ideas. This has been the basis of concerns raised about the efficacy of
the peer-review system that the scientific community and academia use to determine
the merit of submitted manuscripts for publication; one concern is that over-worked and
unpaid refeeres may not be able to thoroughly judge the value of a paper in the little time
they can afford to spend on it. Questions were also raised in the sci.physics.research
newsgroup about the fact that some aspects of theoretical physics have become so
abstract, extensively relying on unproven conjectures, that verifying many statements
written in published papers has become somewhat impossible.

Regarding the Bogdanov publications, physicist Steve Carlip remarked:
The referees made a mistake. Well, accidents happen. Referees are volunteers, and get
very little reward for their service to the community. Sometimes they get overwhelmed
(...) and get careless. Sometimes they don’t want to admit that they don’t understand
a paper. Sometimes they read their own ideas into a paper. Two referees are better
than one, but once in a while they’ll both make mistakes.

Coming back to Arkadiusz Jadczyk: he is an expert on the �eld of Quantum Field
Theory, and perhaps one of the few that can understand and see beyond the jargon
of the �eld. And Jadczyk publishes very illuminating history of mail exchange with
the Bogdanov brothers, aimed at getting to the crux of the proposals, at understand-
ing whether they are really genuinely developing something new and valid or perhaps
just plain mistaken (and defending their mistake), which is obviously the third pos-
sibility (in addition to the hoax theory). These discussions are documented at http:
//quantumfuture.net/quantum_future/bogdanovs.htm and http://quantumfuture.
net/quantum_future/bogdanov2.htm. The sequence of e-mails in which Jadczyk tries
to get the answers from Bogdanov brothers is very illuminating. It is much too long
to be quoted in full | I have to ask the reader to check the original Web page54. But
although Jadczyk warns, at the opening paragraphs that

This page contains a discussion of technical details of the papers by Igor and Grichka
Bogdanov. It contains technical terms and it involves certain jargon that physicists (in
this case: mathematical physicists) use in their discussions - usually with chalk and
blackboards.

Neither the subject, nor the issues involved, nor the conclusion will be clear to a non-
specialist

It is possible to establish a human view of the situation. . . For example, after a few
exchanges Jadczyk (ark) asks Gricha and Igor to elucidate some matters (italics denote
Bogdanov's answers):

You write: ‘Topological field theory is usually defined as the quantization of zero,
the lagrangian of the theory being either i) zero mode or ii) a characteristic class of a
vectorial bundle V ’

Questions:
Question 1. what precisely vector bundle you have in mind?
In this case it is a general standard definition. For example one can find this definition

in ref. 19 (Fre, Soriani). So in this preliminary context the vector bundle is general.

54http://quantumfuture.net/quantum_future/Bogdanov2.htm

http://quantumfuture.net/quantum_future/bogdanovs.htm
http://quantumfuture.net/quantum_future/bogdanovs.htm
http://quantumfuture.net/quantum_future/bogdanov2.htm
http://quantumfuture.net/quantum_future/bogdanov2.htm
http://quantumfuture.net/quantum_future/Bogdanov2.htm
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You did not answer my question. I know what vector bundle is. But: Which
particular vector bundle you have in mind in your model?

Question 2. How precisely you define ‘zero mode’ of the bundle
Same remark as above.
The remark above does not define ‘zero mode’. Can you please define it to me.
But let’s now go back to what cohomological topological field theory is. In the TFT

context, the background metric maybe present; but the lagrangian (or hamiltonian) of
the system is given by L = 0 or a topological invariant such as L = F exterior F dual
(F being the field strengh (in our context it is the curvature R).

I am not asking this question. I would like you to define for me the ‘zero mode’ of
your vector bundle. But do please answer question 1 first.

M. Kaku recalls that Witten originally created topological field theory in order
to use the sigma model as a tool to construct topological invariants for manifolds.
Independently, working in 4 dimensions, Donaldson startled the world of mathematics
by creating new topological invariants using the input of physics. For example, the first
Donaldson invariant (see the introduction of CQG paper).

I am not asking about this. I would like you to define for me the ‘zero mode’ of your
vector bundle. But do please answer question 1. first.

Now : what is the interest of topological field theory in our case ? It means that
when the lagrangian of the theory is 0 (or invariant) something relevant can still be said
about the system. This is precisely the case in the context of the initial singularity. At
this stage, we reach the 0 scale of spacetime (β goes to 0 and g (coupling constant)
goes to 0). Then - as we demonstrated in chap. 5 of Grichka’as thesis- the lagrangian
becomes : R exterior R dual (but to simplify let’s say: R R dual). In other words, the
lagrangian becomes an invariant (is reduced to the topological term R R dual).

Again: I am not asking about this. I would like you to define for me the ‘zero mode’
of your vector bundle. But do please answer question 1. first.

To answer your question, genrally speaking, the 0 mode of the theory means L = 0.
But in our case, it means that the SCALE of the system β = 0.

Sorry, but L is not defined. You would have to define L first.
Question 3. Precisely how you ‘quantize’

Generally speaking, at the Planck scale, what is in question is the quantization of
gravitation. Of course this leads to tons of problems. So what we have done is to pick
up just one element of the spacetime curvature (here : the metric tensor). Now : what
happens if we want to quantize the metric tensor? (reasonable hypothesis at the Planck
scale).

This is not answer to my question. I want to know precisely how you quantize.
We hope that we have clearly answered your questions. We wait for the next ones.
In fact you did not. I hope you will :-)
ark

Some ten email exchanges later, `question one' remains still unanswered. And, even
for a Reader totally unprepared to go into depths of �eld theory and quantum gravity,
the sequence is psychologically very clear: Igor and Grichka Bogdanov do not want to
answer Jadczyk's questions, either because they can not or because a de�nite answer
would prove their whole argument empty of meaning and mathematical sense. And,
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by the way, the points that Jadczyk has picked up for questioning are not hidden
somewhere in the depths of the works but rather the opening paragraphs. The e-mails
started with request to explain the following statement: `Topological field theory is usually
defined as the quantization of zero, the lagrangian of the theory being either i) zero mode or ii)
a characteristic class of a vectorial bundle V', which is found in the main paper (Bogdanov
and Bogdanov, 2001) in the Introduction section, following the reference to Witten:

The exploration of this unbroken (and non-physical) phase of the system is accessible
only in the framework of a new kind of field theory proposed by E. Witten under
the name ‘topological field theory’. Topological field theory is usually defined as the
quantization of zero. . .

Thus Jadczyk is not picking some esoteric aspects and misprints, but questions the

core premises of the work. And if the authors can not explain what they start from

clearly, then what can we think about the conclusions?

Lastly, it is worth noting that despite the fact that Quantum Gravity is a very active

�eld, until November 2005 there were only two papers referring to the original Bogdanov

and Bogdanov (2001) publication, according to the Physics Abstract Service (http:

//adsabs.harvard.edu). Out of those two, one was | you guessed it probably |

another paper by Bogdanov brothers (Bogdano� and Bogdano�, 2002).

For those interested, the whole a�air is incredibly documented, for sources of infor-

mation see http://en.wikipedia.org/wiki/Bogdanov_Affair and http://en.wikipedia.

org/wiki/Talk:Bogdanov_Affair (Wikipedia discussion list). The Google search en-

gine lists 13800 hits for `Bogdanov affair'. The main papers published by Bogdanov's

are, unfortunately, available on line only on a paid subscription or purchase basis55.

Should the reader want to access them one of the ways is through Igor Bogdanov's PhD

thesis (Bogdano�, 2002), which contains the main papers. The a�air is still very much

alive for the general public, especially in France, perhaps because it is seen in part as

one more incident in the franco-americal cultural war (of which the Sokal a�air is seen

as prime example). I had not trouble in buying Bogdanov's account of the story Avant
le Big Bang (Bogdanov, 2004) on the news-stand at the Paris airport. Despite my poor

French it was an interesting reading | if only for the psychological and sociological rea-

sons. Especially funny was one of the last Annexes: four pages of formulae, appearing

out of nothing, some of them several lines long. That part I missed entirely. . .

Let me �nish, however, using Jadczyk's words once again, a quote that just con�rms
the `borderline' character of the whole issue:

In no place I am defending mathematics of Igor and Grichka. But I consider certain of
their ideas ‘interesting’ and worth further pursuing. And an idea can be interesting even
when it is wrong. Discussions with them are often inspiring.

55With the price set at 30 US dollars (http://www.iop.org/EJ/article/0264-9381/18/21/301/
q12101.pdf)

http://adsabs.harvard.edu
http://adsabs.harvard.edu
http://en.wikipedia.org/wiki/Bogdanov_Affair
http://en.wikipedia.org/wiki/Talk:Bogdanov_Affair
http://en.wikipedia.org/wiki/Talk:Bogdanov_Affair
http://www.iop.org/EJ/article/0264-9381/18/21/301/q12101.pdf
http://www.iop.org/EJ/article/0264-9381/18/21/301/q12101.pdf
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5.6.3 Crazy old Uncles
We shall now cross the sanity border. The title of this section comes directly from the
web page of Frank D. (Tony) Smith, Jr. (http://www.valdostamuseum.org/hamsmith).
Smith's page is full of extremely interesting material for the study of unorthodox and
controversial approach to science. He writes on almost all subjects (as does the present
author), from politics to history, but the main thrust of the ideas presented is based on
what he calls D4-D5-E6-E7-E8 VoDou Physics Model.

The VoDou equals IFA model of Fundamental Particle Physics, solves the mystery of the
amplitudes for particles to emit or absorb other particles, which give Force Strengths,
and also solves the problem of Particle Masses.

That is not all, the theories based on the VoDou solve also problems of consciousness,

cosmology, communications with extraterrestrials. . .
Smith had problems with publishing his work in established, refereed physics papers.

As he describes it:

My bad experience with physics journal refereeing was when I tried to get my F4
model published in Nuclear Physics B, and then in Mod. Phys. Lett. and Int. Jour.
Mod. Phys. (Singapore). This was around 1991, in the same general time frame that
my attempts to contribute papers to the APS DPF 1990 meeting at Houston (Rice)
and to the APS DPF 1992 meeting at Fermilab were rejected.

The reason that I submitted the papers to European and Asian journals was that
the USA journals Phys. Rev. and Phys. Rev. Lett. required substantial page charges
for publication, and I had no institutional backing to pay such page charges.

After 3 referees in Nuc. Phys. B, none of whom gave specific criticism (other than
to say the Coleman-Mandula theorem was violated by the F4 model - In fact, the F4
model is specifically designed so that the Coleman-Mandula theorem does not apply, so
that referee obviously did not even understand whatever part of the F4 paper he read),
the paper was rejected by Nuc. Phys. B. An editor of Nuclear Physics B told me that it
was not possible for him to find a referee who would put in the time to read/understand
such a large paper with many non-standard facets. I don’t have any hard feelings toward
Nuclear Physics B, because the editor was honestly telling me that he couldn’t find a
willing competent referee, and it is a fact that the paper is big and not easy to read.

Then, trying to make it easier for referees, I broke up the large many-faceted paper
into 6 or 7 smaller papers and submitted them to the Singapore journal Mod. Phys.
Lett. The Singapore referees said that the papers were interesting and related, and that
I should combine them into one big paper.

I followed their advice, and combined them into one big paper, which I submitted
to their sister journal Int. Jour. Mod. Phys. [The journal] rejected the combined big
paper, saying that it was only a combination of previously rejected smaller papers.

When I then complained to the editors in Singapore that the combination had been
done at their request, they just flatly rejected the paper, without ever giving me any
specific reason.

Resigning from publishing in the refereed journals, Smith has posted several papers

on the electronic archive arXiv:

http://www.valdostamuseum.org/hamsmith
arXiv
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http://xxx.lanl.gov/abs/hep-ph/9301210

http://xxx.lanl.gov/abs/astro-ph/9302008

http://xxx.lanl.gov/abs/hep-th/9302030

http://xxx.lanl.gov/abs/hep-th/9306011

http://xxx.lanl.gov/abs/hep-th/9402003

http://xxx.lanl.gov/abs/hep-th/9403007

http://xxx.lanl.gov/abs/hep-ph/9501252

http://xxx.lanl.gov/abs/quant-ph/9503009

http://xxx.lanl.gov/abs/quant-ph/9503015

http://xxx.lanl.gov/abs/hep-ph/9512438

http://xxx.lanl.gov/abs/hep-ph/9708379

http://xxx.lanl.gov/abs/quant-ph/9806023

http://xxx.lanl.gov/abs/hep-th/9908205

http://arxiv.org/abs/physics/0207095.

The works published through electronic archives did not attract a lot of popular-

ity. For example the SLAC SPIRES archive (http://www.slac.stanford.edu/spires/

find/hep/www?rawcmd=ea+"Smith,+Frank+D+(Tony),+Jr") lists all the papers along

with the known number of references to them. For example: the 9301210 preprint on

CALCULATION OF 130-GEV MASS FOR T QUARK was quoted 4 times. . . by

Tony Smith! (papers 9302030, 9306011, 9403007, 9708379). Full check (done on

May 11th, 2005) through the listed references shows that in 26 citations to the 15 pa-

pers, only 7 are by authors other than Smith56. It almost seems that only Smith reads

Smith.

The electronic publishing activity stops at 2002 `In 2002 Cornell (University main-

taining the archives) blacklisted me from being registered as an author in the arxiv.org
e-print archives'. Smith then �led a suit in the U. S. District Court for the Northern

District of Georgia on 6 December 2002, for denial of access to a federally funded organ

of free speech expression (the archives) without due process. The suit was dismissed

on 24 March 2003. One may wonder why is the physics community so disinterested in

Smith's work?

Well, a partial answer can be guessed from his WEB page. Smith himself asks the

56Yet, who am I to comment? Similar search for my own work on http://scholar.google.com has
returned 16 papers authored or co-authored by myself in physics and 6 in social simulations. The physics

list is not complete (some of conference proceedings are missing) and consists of papers published in

standard, refereed journals. As my role was usually that of the `house theoretician' for experimental

groups, there are only 2 works in which I am the only author, but in most of the works the theory

and calculation part may be mostly attributed to me. The physics papers have attracted, according to

scholar.google.com altogether 60 citations, out of which 59 were by teams that did not include myself.

This seems a bit strange, as I know some of the papers were sequential work and we were citing ourselves.

Perhaps that is a result from the search engine internals. On the other hand, the amateur studies related

to social simulations published only electronically have not attracted much attention, three or four e-mail

correspondence streams, but no citations or reactions. Except for the already mentioned fact of becoming

an occasional referee for the American Physical Society publications dealing with sociophysics.

http://xxx.lanl.gov/abs/hep-ph/9301210
http://xxx.lanl.gov/abs/astro-ph/9302008
http://xxx.lanl.gov/abs/hep-th/9302030
http://xxx.lanl.gov/abs/hep-th/9306011
http://xxx.lanl.gov/abs/hep-th/9402003
http://xxx.lanl.gov/abs/hep-th/9403007
http://xxx.lanl.gov/abs/hep-ph/9501252
http://xxx.lanl.gov/abs/quant-ph/9503009
http://xxx.lanl.gov/abs/quant-ph/9503015
http://xxx.lanl.gov/abs/hep-ph/9512438
http://xxx.lanl.gov/abs/hep-ph/9708379
http://xxx.lanl.gov/abs/quant-ph/9806023
http://xxx.lanl.gov/abs/hep-th/9908205
http://arxiv.org/abs/physics/0207095
http://www.slac.stanford.edu/spires/find/hep/www?rawcmd=ea+"Smith,+Frank+D+(Tony),+Jr"
http://www.slac.stanford.edu/spires/find/hep/www?rawcmd=ea+"Smith,+Frank+D+(Tony),+Jr"
http://scholar.google.com
scholar.google.com
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question and suggest the answer:

Even though I have put up over a dozen related papers on the Los Alamos e-print
archive from 1993 to 2001, and I have a web site at http://valdostamuseum.org/
hamsmith that the describes the model in detail, it seems to me that nobody else, not
even my friend David Finkelstein at Georgia Tech, understands the model as a whole.

My experience with some physics journal refereeing has been less than pleasant, and
I feel that the physics community regards me as ‘. . . the crazy old uncle nobody lets
out of the attic . . . ’ even though my work in fact ‘. . . stands at the crossroads of
many interesting fields . . . ’. Why don’t they understand my work ?

It may be, as David Finkelstein said recently (26 April 2001), that I have not done
a good job of explaining it in terms that present-day physicists can understand.

It may be, as I tend to think, that it is a new way of looking at things that cannot
be deduced directly from other known physics models, a new way that is so different
from the present-day fashionable superstring models that no present-day fashionable
physicist is willing to undertake the effort necessary to understand it.

First a short remark on the crazy old uncle invective. On the original WEB page the
words are linked to quotation from John Baez. Baez, whom we have already met when
discussing the Bogdanov A�air, is a well respected physicist, sceptic and debunker. The
Smith's reference is to a statement that Baez makes on possible versions of high level
mathematical constructs:

There are exactly four normed division algebras . . .

• The real numbers are the dependable breadwinner of the family, the complete
ordered field we all rely on.

• The complex numbers are a slightly flashier but still respectable younger brother:
not ordered, but algebraically complete.

• The quaternions, being noncommutative, are the eccentric cousin who is shunned
at important family gatherings.

• But the octonions are the crazy old uncle nobody lets out of the attic: they
are nonassociative.57

As we see, Baez referred to octonions58, not to Smith (who writes papers based on

octonions and Cli�ord algebras59 ), and the tone is jocular not derogative.

Aside from the personal remarks, the statement that lack of response to Smith's work

is due to unwillingness or inability of the physics community as a whole to `undertake the
effort necessary to understand it' is quite serious. Despite the lack of previous expertise,

I tried. And failed. And the ability to communicate is crucial to make one's own ideas

accessible to humanity or at least to some part of scienti�c community. This is why

working alone is almost never a good recipe for success. Frequently quoted example of

57http://xxx.lanl.gov/PS_cache/math/pdf/0105/0105155.pdf,
58Nota bene, Baez has published quite long article on octonions himself (Baez, 2001a), so he considers

the topic worthy of study.
59For introductions to Cli�ord algebra see page 316.

http://valdostamuseum.org/hamsmith
http://valdostamuseum.org/hamsmith
http://xxx.lanl.gov/PS_cache/math/pdf/0105/0105155.pdf, 
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Einstein as a lone worker is misleading | he did communicate actively with a lot of

other physicists in all stages of his life (Pais, 1982). Group work fosters exchange of

ideas, formulation of problems and solutions in language understood by more than one

person, sensitivity to criticism that is often missing when one works alone or in closed

community. It takes real genius of Einstein's class to work e�ectively alone. And we

should remember that Einstein sought cooperation with others. While Penrose (2004)

stresses the creative aspects of the lone work, contrasting it with the fashion driven

communities, even he states that with respect to relations with Nature, as given by

experiments it is better to work in freely communicating environment.

Do not think that the behaviour I have given examples of is a recent phenomenon.

Let me quote classic example of the `discovery' of N-rays by Blondlot. The following

description is a fragment of `Pathological Science ' speech by Irving Langmuir60. The

speech covers more examples of pathologies, proving that human nature does not vary

that much with the passage of time and advance of technology. The talk was concerned

with what Langmuir called `the science of things that aren’t so', and in it he gave a

colourful account of several examples of a particular kind of pitfall into which scientists

may sometimes stumble.

Langmuir never published his investigations into the subject of pathological science.

A tape recording was made of his speech, but this has been lost or erased. Recently,

however, a microgroove disk transcription that was made from this tape was found

among the Langmuir papers in the Library of Congress.

In 1903, René-Prosper Blondlot, who was a well-thought-of French scientist, member
of the Academy of Sciences, was experimenting with x-rays as almost everybody was
in those days, The effect that he observed was something of this sort. I won’t give the
whole of it, I’ll just give a few outstanding points. He found that if you have a hot wire,
a platinum wire, or a Nerns’t filament or anything that’s heated very hot inside an iron
tube and you have a window cut in it and you have a piece of aluminum about 1/8
of an inch thick on it, that some rays come out through that aluminum window. Oh,
it can be as much as two or three inches thick and go through aluminum, these rays
can, but not through iron. The rays that come out of this little window fall on a faintly
illuminated object, so that you can just barely see it. You must sit in a dark room for a
long time and he used a calcium sulfide screen which can be illuminated with light and
gave out a very faint glow which could be seen in a dark room. Or he used a source of
light from a lamp shining through a pinhole and maybe through another pinhole so as
to get a faint light on a white surface that was just barely visible.

Now he found that if you turn this lamp on so that these rays that come out of
this little aluminum slit would fall on this piece of paper that you are looking at, you
could see it much better. Oh, much better, and therefore you could tell whether the
rays would go through or not. He said later that a great deal of skill is needed. He said
you mustn’t ever look at the source. You don’t look directly at it. He said that would
tire your eyes. Look away from it, and he said pretty soon you’ll see it, or you don’t

60Colloquium at The Knolls Research Laboratory, December 18, 1953, http://www.cs.princeton.
edu/~ken/Langmuir/langmuir.htm

http://www.cs.princeton.edu/~ken/Langmuir/langmuir.htm
http://www.cs.princeton.edu/~ken/Langmuir/langmuir.htm
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see it, depending on whether the N-rays are shining on this piece of paper. In that way,
you can detect whether or not the N-rays are acting.

Well, he found that N-rays could be stored up in things. For example, you could
take a brick. He found that N-rays would go through black paper and would go through
aluminum. So he took some black paper and wrapped a brick up in it and put it out in
the street and let the sun shine through the black paper into the brick and then he found
that the brick would store N-rays and give off the N-rays even with the black paper on
it. He would bring it into the laboratory and you then hold that near the piece of paper
that you’re looking at, faintly illuminated, and you can see it much more accurately.
Much better, if the N-rays are there, but not if it’s too far away. Then, he would have
very faint strips of phosphorescent paint and would let a beam of N-rays from two slits
come over and he would find exactly where this thing intensified its beam.

Well, you’d think he’d make such experiments as this. To see if with ten bricks you
got a stronger effect than you did with one. No, not at all. He didn’t get any stronger
effect. It did not do any good to increase the intensity of the light. You had to depend
upon whether you could see it or whether you couldn’t see it. And there, the N-rays
were very important.

Now, a little later, he found that many kinds of things gave off N- rays. A human
being gave off N-rays, for example. If someone else came into the room, then you
probably could see it. He also found that if someone made a loud noise that would
spoil the effect. You had to be silent. Heat, however, increased the effect, radiant heat.
Yet that wasn’t N-rays itself. N-rays were not heat because heat wouldn’t go through
aluminum. Now he found a very interesting thing about it was that if you take the brick
that’s giving off N-rays and hold it close to your head it goes (p.5) through your skull
and it allows you to see the paper better. Or you can hold the brick near the paper,
that’s all right too.

Now he found that there were some other things that were like negative N-rays. He
called them N’-rays. The effect of the N’-rays is to decrease the visibility of a faintly
illuminated slit. That works too, but only if the angle of incidence is right. If you look
at it tangentially you find that the thing in-creases the intensity when you look at it
from this point of view. It decreases if you look at it normally and it increases if you
look at it tangentially. All of which is very interesting. And he published many papers
on it. One right after the other and other people did too, confirming Blondlot’s results.
And there were lots of papers published and at one time about half of them that were
confirming’ the results of Blondlot. You see, N-rays ought to be important because
x-rays were known to be important and alpha rays were, and N-rays were somewhere in
between so N-rays must be very important. (Laughter)

Well, R. W. Wood heard about these experiments–everybody did more or less. So
R. W. Wood went over there and at that time Blondlot had a prism, quite a large prism
of aluminum, with a 60o angle and he had a Nernst filament with a little slit about 2
mm wide. There were two slits, 2 mm wide each. This beam fell on the prism and was
refracted and he measured the refractive index to three significant figures. He found
that it wasn’t monochromatic, that there were several different components to the N-
rays and he found different refractive indices for each of these components. He could
measure three or four different refractive indices each to two or three significant figures,
and he was repeating some of these and showing how accurately they were repeatable,
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showing it to R. W. Wood in this dark room.
Well, after this had gone on for quite a while, and Wood found that he was checking

these results very accurately, measuring the position of the little piece of paper within
a tenth of a millimeter although the slits were 2 mm wide, and Wood asked him about
that. He said, ‘How? How could you, from just the optics of the thing, with slits two
millimeters wide, how do you get a beam so fine that you can detect its position within
a tenth of a millimeter?’

Blondlot said, ‘That’s one of the fascinating things about the N-rays. They don’t
follow the ordinary laws of science that you ordinarily think of.’ He said, ‘You have
to consider these things all by themselves. They are very interesting, but you have to
discover the laws that govern them.’

Well, in the meantime, the room being very dark, Wood asked him to repeat some
of these measurements which he was only too glad to do. But in the meantime, R. W.
Wood put the prism in his pocket and the results checked perfectly with what he had
before. (Laughter) Well, Wood rather cruelly published that. And that was the end of
Blondlot.

Nobody accounts for by what methods he could reproduce those results to a tenth
of a millimeter. Wood said that he seemed to be able to do it but no-body understands
that. Nobody understands lots of things. But some of the Germans came out later
– Pringsheim was one of them – came out with an extremely interesting story. They
had tried to repeat some of Blondlot’s experiments and had found this. One of the
experiments was to have a very faint source of light on a screen of paper and to make
sure that you are seeing the screen of paper you hold your hand up like this and move it
back and forth. And if you can see your hand move back and forth then you know it ie
illuminated. One of the experiments that Blondlot made was that the experiment was
made much better if you had some N-rays falling on the piece of paper. Pringeheim was
repeating these in Germany and he found that if you didn’t know where the paper was,
whether it was here or here (in front or behind your hand), it worked just as well. That
is, you could see your hand just as well if you held it back of the paper as if you held it
in front of it. Which is the natural thing, because this is a threshold phenomenon. And
a threshold phenomenon means that you don’t know, you really don’t know, whether
you are seeing it or not. But if you have your hand there, well, of course, you see your
hand because you know your hand’s there, and that’s just enough to win you over to
where you know that you see it. But you know it just as well if the paper happens to
be in front of your hand instead of in back of your hand, because you don’t know where
the paper is but you do know where your hand is. (Laughter)

In fact it was not the end of Blondlot. The French national pride (and all too human

reluctance to admit that one has been fooled) have resulted in `protective actions'. After

Wood's publication, his letter was translated and published in La Revue Scienti�que
on 22 October 1904. On 29 October, a thorough critique of Blondlot work was published

there by Langevin. Subsequent poll among well known French physicists resulted in

57 responses. Out of these, eleven scientists had no opinion on N rays, seventeen

respondents still believed in existence of N rays, out of which ten did previously publish

their own discoveries on the matter, and seven relied on the previous accomplishments
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of Blondlot. At the end of 1904, Blondlot, who was a few months earlier proposed as

candidate for Leconte Prize for N rays discovery, had received the prize for `the whole

research'.

5.6.4 Beyond the border

The cases presented in the previous Sections are, for me, borderline cases: there might

be something in the proposed material. Or at least the previous work of the person

involved was genuine, thus the initial reception of the more controversial claims was

positive. But there are much more eccentric, if not crazy, mystic physics `achievements'.

There are countless revolutionaries, trying to square the circle, make better relativity

and explain Life-Universe-and-Everything-Else. The authors are drawn, like moths, by

the lamplight of combined image of physics as the most exact natural science and iconic

images of its greatest people: Einstein, Newton, Bohr. . .
The Langmuir's talk mentioned in previous section did not only give examples of

pathological science, but also gave clues on how to recognize it, or possible symptoms:

The maximum effect that is observed is produced by a causative agent of barely
detectable intensity, and the magnitude of the effect is substantially independent of the
intensity of the cause.

The effect is of a magnitude that remains close to the limit of detectability; or,
many measurements are necessary because of the very low statistical significance of the
results.

Claims of great accuracy.

Fantastic theories contrary to experience.

Criticisms are met by ad hoc excuses thought up on the spur of the moment.

Ratio of supporters to critics rises up to somewhere near 50% and then falls gradually
to oblivion.

Remember, these symptoms were described in 1953, where a lot of experimental

science was still done with very high involvement of direct human observation and

when the equipment was usually specially built to measure this or that e�ect. Today,

the reliance on electronics, computers and ability to build the lab setup from o�-the-

shelf components that are basically the same for any university results in a shift of

focus.

Based on the current examples I would hazard the following set of symptoms indi-

cating that the work is pseudoscience:

� Claims of ability to solve, in one fell swoop, many problems from di�erent branches

of science (e.g. cosmology, energy generation, communication, quantum mechan-

ics). Especially suspicious are claims covering more than one discipline. Most

suspicious are theories that cover everything from basics of physics to the `mys-

tery of life'.
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� Works where a single author portrays himself or herself as the sole saviour against

the oppression and inexibility of `standard science'.

� Self referenced work, with no real exchange of ideas (i.e. the work may quote from

someone's publications, but the reverse use is not present). Also, work conducted

in research institutions that is mainly cross-quoted only within these institutions

(case of AIAS described below). Generally, the more open is the nature of the

research, the more communal the e�ort, the lesser chances of it being a misuse of

science.

� Self proclaimed `breakthrough' nature of the discoveries and comparisons to rec-

ognized authorities and geniuses (for example Einstein). Also one should watch

out for claims that the work in question immediately invalidates basic results of

the above mentioned geniuses. Or claims that the large body of theories and

experiments is falsi�ed by one experiment or idea61.

� Extensive use of cryptic mathematics. This symptom may be the most unreliable,

�rst, because levels of understanding of mathematics are di�erent, so `cryptic'

might mean di�erent things to all of us. On the other hand, it is the job of the

author to relate his discoveries in a language that facilitates understanding. if there

are issues with clarity, it falls on the author to explain, not on the referees or critics

to develop the vocabulary on their own.Thus, advanced, cryptic mathematics

coupled with lack of willingness to explain the results to the scienti�c community

is a strong symptom of pathological science.

� Claims that all phenomena can be explained using easy, common sense approach

and that the advanced apparatus of science is unnecessary or false62.

Let's turn then to some more attractive, current examples of the physical mysticism.
We will start with Tom Bearden, inventor and self proclaimed genius:

Brief Summary of Research Claims Made by Tom Bearden63

• He revealed the ‘fundamental’ secret of over-unity

• He revealed the ‘final secret’ of free energy

61To give an example let me quote http://www.anpheon.org/: This theory uses no premises or con-
structions which contradict basic causal experience: no backward time propagation, no spooky ‘action at a
distance’, no unexplainable dualities or paradoxes and no empty mathematical probabilities miraculously ren-
dered ‘physically real’. The result is a completely causal explanation of ALL of physics with no internal
contradictions. If you are sufficiently dissatisfied with the abstract, semantically void accounting system of
modern physics, and if you are looking to be able to understand nature not just quantitatively but QUALITA-
TIVELY as well, and if you believe that at the very heart of nature resides humanly-understandable causality,
integrity and unity, NOT contradiction, non-causality and disjointed ad-hoc multiplicity, then you will certainly
find these concepts intriguing and perhaps extremely enlightening.

62Some of the symptoms are contradictory. There is more than one illness, there is only one health.
63http://www.phact.org/e/z/BeardenReview.htm, http://quantumfuture.net/quantum_future/
bearden.htm

http://www.anpheon.org/
http://www.phact.org/e/z/BeardenReview.htm
http://quantumfuture.net/quantum_future/bearden.htm
http://quantumfuture.net/quantum_future/bearden.htm
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• He unified physics

• He cured cancer

• He proved electromagnetism is a longitudinal sound wave phenomena

• He proved all the fundamentals of modern EM theory are wrong

• He proved only ‘corroded’ or ‘contaminated’ materials are suitable for over-unity
research

• He demonstrated good quality modern lab equipment destroys over-unity effects

• He invented a device that outputs 7-100 times input power, that on closer inspec-
tion, did no such thing

• He deserves ‘more than a Nobel prize’ for his work listed above

Not just to rely on what others say about Bearden's results, let me use his own WEB
page http://www.cheniere.org/

Tom Bearden and Floyd Sweet demonstrate Sweet’s 1987 Overunity device puts out
over a Million times more electrical power than is input by the operator, taking almost
all its input energy from the active vacuum. The 6 lb. unit also produced anti-gravity.

December 2002: Tom Bearden places 20 years of research into the Public Domain
to stimulate redevelopment of scalar EM healing (the ‘Porthole Process’). Application
of the “Porthole Process” can potentially cure cancer, AIDS, SARS, anthrax, or ANY
cellular affliction in 30-second treatment. Genetic diseases similarly treatable.

Based on Prioré’s successful results, Process simply amplifies the body’s natural
regenerative ability to heal itself.

A different embodiment of the Patent can also be used to neutralize any form of
radioactive waste in minutes.

For a critique of Bearden's Motionless Electromagnetic Generator see, for example,

Reider (2003).
One of the funniest passages I have found in Bearden's pages is the following:

Let me give you one example of how fouled we are. We still use Aristotelian logic
primarily. Yet it is an incomplete logic. Let me show you instantly. Take the simple
Venn diagram of a rectangle lying on its side, divided in half by a vertical line in the
middle. Label the right rectangular area A. Label the left rectangular area ‘not-A’.
What is the line in the middle and the border? Both A and not-A, so that A is
identical to not-A. Yet the third law (law of the excluded middle) forbids A identical to
not-A. Apply the third law to the Venn diagram. The border disappears, and the middle
dividing line disappears. The logic self-destructs, because now there is no separate
A and no separate not-A. Yet so far as I can determine, no one seems to have seen
that very simple thing and questioned it. Aristotelian logic cannot be applied to the
very Venn diagrams used to establish and ‘prove by demonstration’ its propositions. We
corrected that nearly 20 years ago, and got called every kind of lunatic imaginable – the
usual reaction when something fundamentally wrong is pointed out in a comfortable part
of the prevailing paradigm. These days I simply point to Morris Kline’s ‘Mathematics:
The Loss of Certainty ’ to the Aristotelians, and tell skeptics to go and read it and then

http://www.cheniere.org/
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we will discuss the foundations of logic. With a 5-law logic (or 4-law with an additional
applications rule), one solves the ‘dividing line’ problem nicely. Then suddenly things
like spacetime and being and mind and nothing etc. can be solved – in the 5-law
logic, but never in the 3-law logic. The problem of life itself – whether terrestrial or
extraterrestrial – has no solution in 3-law logic.

Well, deriving Life's Mystery Solution from the fact that we draw using lines, and

without taking into e�ect that the dividing line might simply be assigned to A (or to

non-A), that is a long shot indeed. Well, one might as well wonder what more should

we say about the border of the diagram? It is not-(non-A) AND it is not-(A). Perhaps

it represents some higher level entity (I am being cautious here). As with Ptolemaic

diagrams which had the Prime Mover outside the crystal spheres? Just imagine how

many solutions would one arrive at if one would not stop at questioning just the dividing

line but think about the signi�cance of the rest of the paper the Venn diagram is printed

on?
The domain of superscience is not limited to lone individuals (although they do

dominate, at least in physics). An interesting example of the group activity is ALPHA
INSTITUTE FOR ADVANCED STUDY.

The three major aims of ALPHA INSTITUTE FOR ADVANCED STUDY (AIAS) at
present are:

1. development of Grand Unified Field Theory (GUFT) and higher symmetry (gen-
erally covariant) electrodynamics;

2. development of Electron Spin Resonance (ESR), Nuclear Magnetic Resonance
(NMR) and Magnetic Resonance Imaging (MRI) without magnets;

3. development of energy ex vacuo, theory and patented devices, and the theory of
GUFT of sub atomic particles, with applications to nuclear waste stabilization.

In the past eighteen months there has been a sharp increase in interest in AIAS, as
measured by the web statistics program at the end of the first page of the website. By
some measures the interest has increased sixty fold, and there are now over a hundred
individual visits every day, about five hundred files downloaded every day on average
form many different countries. There have been visits from major US Universities,
including: Cornell, Harvard, Yale, Princeton, Columbia, Stanford and Oxford, and major
US corporations such as IBM and Motorola now extensively download material every
day.

This year (2003) we at AIAS have suggested and developed a new unified field theory,
based on general relativity. All four known fields and all matter fields can be described
with the Evans wave equation and Evans field equation. The well known equations of
physics have been deduced from them. The papers announcing the new unified field
theory are being published in Foundations of Physics Letters, a leading journal in the
fundamentals of physics. Preprints of these papers are available on the website. A book
introducing the new unified field theory for the general public and freshman is in the
planning stage, edited by Lar Felker, and provisionally entitled ‘The Evans Equations’
(World Scientific). Also planned is ‘The Collected Scientific Papers of Myron Evans’,
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over six hundred and fifty papers in all. A list is available on the website.64 The
latter is also cross linked to World Scientific, Kluwer and Wiley-Interscience websites of
relevance.

This astonishing level of interest worldwide is probably due to the fact that the
AIAS work is becoming established, thoroughly tested, and recognized as significant. It
is therefore making a permanent mark on the scientific world. The new unified field
theory is powerful and relatively simple, and offers an improvement on the complexities
and shortcomings of string theory. The unified field theory completes Einstein’s general
relativity, and extends it to all known fields, including the electromagnetic field. The
latter is developed into a generally covariant theory field theory, i.e. a theory of general
relativity based on the elegant and powerful methods of differential geometry. The
major AIAS discoveries include:

• The Evans Vigier field B(3), the second or fundamental electromagnetic spin
Casimir invariant of the Einstein group of general relativity (original paper by
M. W. Evans, 1992 from Cornell University).

• Radiatively induced fermion resonance (RFR), which is fermion resonance without
permanent magnets and at a much higher resolution than ordinary ESR, NMR
and MRI.

• The first correct description of the electromagnetic phase factor, a gauge invariant
and generally covariant description that for the first time correctly explains all
physical optics, interferometry, the Aharonov-Bohm effect, and topological phase
effects. This phase is constructed from the generally covariant Stokes Theorem.

• O(3) or non Abelian electrodynamics, now known to be Einstein’s theory of general
relativity extended by AIAS this year (2003) to electrodynamics.

• The Evans wave and field equations of unified and generally covariant classical
and quantum field theory, developed this year (2003).

• The Principle of Least Curvature, which unifies the famous Hamilton Principle of
Least Action in dynamics and the Fermat Principle of Least Time in optics.

• Derivation of the equally famous Dirac equation from the Evans equation, thus
explaining fermions in terms of general relativity and unified field theory.

• Derivation of the weak and strong fields from the Evans wave equation, giving a
new understanding of these fields in terms of general relativity.

For a more full exposition of Evans theories see the WEB site http://www.aias.

us/ufs.html and a very thick book by a proponent of the theories, Felker (2005). But

the works cited on the AIAS site seem to be understood and propagated within a rather

closed circle. The question arises why such an important topic seems to be ignored by

the scienti�c community at large. Well, apparently in has not been wholly ignored, as

Evans straightforwardly addresses the readers of the AIAS WEB page:

WARNING ABOUT RODRIGUES AND BRUHN

64http://www.aias.us/ufs.html

http://www.aias.us/ufs.html
http://www.aias.us/ufs.html
http://www.aias.us/ufs.html
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The aggravated harassing activity of W. Rodrigues and G. Bruhn has irritated several
colleagues. Irrespective of any argument of science this conduct cannot be tolerated
by the profession, and I urge professional censure, removal of funding, and disciplinary
action against these men. Written evidence is available in the journal ROSE of a vicious
polemic tirade by Rodrigues, and again, irrespective of any argument of science this is a
misuse of his privileged position at UNICAMP and an Associate Editor of ROSE. These
men have recently resorted to politically motivated attacks on differential geometry
itself, and this makes Don Quixote look like a model of sanity. Genuine scholars like
Sean Carroll (who has also been attacked) ignore their activities completely, but it is
my custom to rebut them in reasonable detail. The various straightforward rebuttals to
date can be found on www.aias.us or will shortly appear there. Rodrigues and Bruhn use
nonsense mathematics which at first glance looks formidable, but which is not genuine.
I also have confidential reports of very disturbing bullying conduct by Rodrigues
directed against an eminent physicist who wishes to remain anonymous in order
to protect his family. If this physicist gives me permission, I will bring this incident
out into the open so that Rodrigues can be charged with misconduct and hopefully
dismissed. In the meantime I am preparing a formal rebutal of the latest thirty three
page tirade against my acclaimed and accepted unified field theory. Bruhn is so trivial
that he is not worth the attention of any serious scholar, but his repeated ‘approaches’
amount also to harassment, irrespective of any argument of science. This is an odious
trend in contemporary physics, something which must be dealt with severely by the
profession.

Myron W. Evans,
AIAS Director65

Nota bene, the Rodrigues that Evans warns about, is actually the same person who
is praised by Bearden (who is a member of AIAS)66:

Simply read some of the summary material on Undistorted Progressive Waves (UPWs)
on the Los Alamos National Laboratory website, e.g. by Rodrigues et al. A UPW is an
‘imperfect’ longitudinal EM wave with some remaining transverse wave residue (that is
the way it is modeled).

To see how the conict looks like I encourage the Reader to look at the o�ending
papers by Rodrigues and de Souza (2004), de Carvalho and Rodrigues (2003) or Bruhn
(2006b,a). I have found the papers deeply technical and rather dull, far from the report
of harassment and `attacks on differential geometry itself'. Here is rather extensive quote
from Rodrigues and de Souza (2004):

[Evans] did not address himself to the other strong criticisms we done to his work
(and which already appeared in the preliminary version of this paper) as, e.g.,

• our statement and demonstration that his proof of the ‘Evans lemma’ is a nonse-
quitur, that his Eq.(41) is completely meaningless,

• our statement that the tetrad differential equations of his paper are wrong,

65http://www.aias.us/
66The world is complicated, and at the same time very small, in the sense of networks.

http://www.aias.us/
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• our statement that the sequence of calculations done by him in paper written
sometime ago with collaborator and that we reproduced in the conclusions our
paper, shows that (unfortunately) he effectively does not know what a Clifford
algebra is and worse, does not know how to multiply 2× 2 matrices.

These statements are sad facts that cannot be hidden anymore, and so cannot be
considered as ad Hominem attack, contrary to many of the arguments [Evans] used in his
reply against one of us. Also, it must be registered here that instead of directing himself
to the mathematical questions, [Evans] preferred to suggest to his readers that we must
succumb under the weight of authorities. Indeed, he said that we are contradicting
authors like, e.g., Carroll, Greene, Wheeler and Witten. What [Evans] forgot is that
a name does not mean authority in science. In the formal sciences a valid argument
must fulfil the rules of logic. What we did was simply to find serious ambiguities in a
statement that some authors called ´tetrad postulate’, and the bad use made of that
statement in some papers. So, whereas it is true that we criticize some writings of
the above authors (and some others, quoted in the references), we express here our
admiration and respect for all of them, and also to any honest researcher that has at
least enough humility to recognize errors. We are sure that our comments have been
fair, educated and constructive.

Hmm, quite an exchange. . .

In comparison, the arguments used by Bruhn are just direct, line by line examples of

errors within Evans and Felker publications (see for example Bruhn (2006b,a)).

But the critique of Evans theory as mumbo-jumbo is not limited to Rodrigues or

Bruhn. At http://www.phys.uu.nl/~thooft/theoristbad.html we may �nd a short

note by Gerard 't Hooft (Nobel Prize laureate in 1999 for Gauge theories in elementary

particle physics), titled How to become a bad theoretical physicist67. A one-screen

page lists some tongue in cheek advice for the miscreants, as well as a few suggestions

on how to distinguish good work from the seriously misleading prose that is also on the web.
And the concrete example given by 't Hooft | an exercise he gives to check if a Reader

can identify real `crackpots' | is . . . the Evans theory!

I'd like to �nish this chapter with a reference to The Final Theory by Mark Mc-

Cutcheon, which at least according to the WEB page http://www.thefinaltheory.

com/pages/1/index.htm claims to be:

� a Top Science Bestseller at Amazon.com!68

� also a ScienceDaily Bestseller in Science,

67't Hooft has also a very instructive page on How to become a GOOD theoretical physicist http:
//www.phys.uu.nl/~thooft/theorist.html

68On December 2007 the book had Amazon.com Sales Rank of 38,606 in Books. To compare with more

orthodox, popular-science books on �nal theories, readable and important, let me use the examples of

Brian Greene Elegant Universe which was ranked 22,881 while Feynman's delightful QED was 61,418th.

So perhaps McCutcheon is right in his claim that the book is a bestseller? Moreover there were 88 reviews

out of which 77 gave it a 5 star status and highest recommendations. I can only hope that these readers

do not design cars or oil pipes or bridges. . .

http://www.phys.uu.nl/~thooft/theoristbad.html
http://www.thefinaltheory.com/pages/1/index.htm
http://www.thefinaltheory.com/pages/1/index.htm
http://www.phys.uu.nl/~thooft/theorist.html
http://www.phys.uu.nl/~thooft/theorist.html
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� and Amazon Canada Science Bestseller.

As I have no wish to spend money uselessly, I can only quote from the free chapter of
the book. For example:

Newton’s Gravitational Force Violates the Law of Conservation Of Energy
There is nothing in Newton’s gravitational theory stating that the force of gravity weak-
ens as it expends energy. The mass of the moon exceeds one percent of the Earth’s
mass and would fly past the Earth and off into space if not forcefully constrained by
gravity to circle the Earth, according to Newton’s theory. Yet this tremendous continual
effort expended by Earth’s gravitational field is not considered to diminish the strength
of this field at all – millennium after millennium. . .

In actuality, Newton’s whole theory of gravity is a pure invention with no scientific
support, based on the pre-existing Geometric Orbit Equation combined with a flawed
rock-and-string equality to orbits. . .

The alternate explanations presented throughout this book do not constitute a string
of proposed new theories within Standard Theory, but belong to a new and entirely
alternate theory – an alternate ‘theory of everything.’ This parallel explanation of our
universe provides answers to the many questions and mysteries in our science today with
a clarity that allows even non-scientists to truly comprehend our universe – and does
so via one simple unifying principle that is consistent with all known experiments and
observations. It is worth noting that this last point is a claim that cannot be made even of
Standard Theory today. That is, as shown in each of the following chapters, within many
of our everyday experiences lie unanswered questions, unexplained mysteries, and even
clear violations of our most elementary laws of physics when explained with Standard
Theory. Therefore, as it stands today, our current body of scientific knowledge is not
merely lacking some answers, but is actually a fatally flawed ‘theory of everything’.
While it is possible that our ongoing search for answers will be able to resolve these
flaws and turn Standard Theory into the much-sought-after Theory of Everything, it
is equally possible that the answers can only be found in an entirely new ‘theory of
everything’. It is suggested that the new theory presented in the following chapters
does not merely provide an entirely alternate way of viewing our universe, but that it
is the only one to meet the criteria of the Theory of Everything for which science has
been searching for centuries. However, this will be up to the scientific community, as
well as each individual reader, to decide for themselves.

This is not some esoteric stu�, a new version of interpretation of the Quantum
Mechanics, or formulation of General Relativity equations. The author questions very
simple and basic principles, laws, equations. He also questions the communal way and
the scienti�c method through which the laws were arrived at. Lest you think that the
quotes were selected randomly, here is the author's own description of what the book
aims to achieve:

Today’s Science Has Lost Its Way
This universe is our home, and it is our birthright to understand it and our place within
it, but our science has completely failed us in this quest, leading us into an abyss of
unending mysteries and unsolvable puzzles.
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How Did Things Go So Wrong?
The new understanding in The Final Theory shows that the simple reality of our universe
has been unrecognizably distorted by a long succession of misunderstandings. It began
with Newton mistaking gravity as an ‘attracting force’, which neither he, nor anyone
since, has ever been able to explain. Einstein further mistook gravity as a mysterious
warping of ‘4-dimensional space-time’, which also remains completely unexplained. Now
our scientists are tossing ‘quantum gravity’ and ‘10-dimensional superstrings’ into the
fray. Similarly, Benjamin Franklin’s misunderstanding of observations gave us the equally
unexplained ‘electric charge’ concept, while still others followed, such as the ‘nuclear
forces’ holding the atom together, Quantum Theory, Special Relativity Theory, the ‘Big
Bang’ concept, etc. All of these ideas are useful working models of observations, but
they are also all now widely recognized as fundamentally unexplained hypotheses.

Reclaim Your Lost Birthright Of Understanding
It is up to you to take control of your birthright of understanding. Explore this website,
see the truths that it holds, see our flawed science for what it actually is and prepare
for the new physics that has arrived. The Final Theory dramatically simplifies and truly
explains our world for the first time. From this new perspective it is now possible to see
that we have been fed an increasingly distorted view of our universe over the past few
centuries. Our universe is not the complex, bizarre place of today’s science, but
a fairly simple place where common sense can be trusted and which the human
mind can easily comprehend. Read on and discover your home for the first time.

Well, I must have a speleologist soul, because I �nd the notion of Science `leading us
into an abyss of unending mysteries and unsolvable puzzles' quite attractive. This means

we do have some things left to discover! And as much as I wish that the Universe would

be easy to comprehend using common sense, it remains only a wish. Or even perhaps

not a wish | I really am grateful that it is a deeply mysterious place in which there is

a lot to discover and learn.

And the claims that today's `normal' science can not explain things like fridge mag-

nets clinging to the metal surfaces, light going into and out of water or glass, or `expla-

nation' of black holes that are simply black because the stars are burned out, just like

smashed light bulb would make me very amused, if not for the fact that I know that

most of my acquaintances and friends could not see that the claims are absurd.
Yet even more curious fact is connected with The Final Theory is how I found it. It

was through a sponsored ad on the WEB page of ScienceWeek (http://scienceweek.
com) | an online newsletter devoted to the mainstream discoveries and science news69.
To quote the self-description:

ScienceWeek is designed to provide researchers, policy makers, teachers, students, and
science writers with access to scientific fields outside their own speciality. But anyone
with some background in science will usually find material of interest in each issue.
The reports in ScienceWeek are selected to cross barriers between the sciences, to
illuminate breakthroughs, ideas, concepts, policy, and historical aspects. Each report is
authoritative and as close as possible to the language and intent of the original work.

69http://scienceweek.com/2005/sw050527-6.htm on May 24, 2005

http://scienceweek.com
http://scienceweek.com
http://scienceweek.com/2005/sw050527-6.htm
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Many reports include useful definitions of specialized terminology. All sources are fully
specified, and most reports include abridged references.

In general, a page to recommend. But the commercial world intrudes remorselessly.
It is confusing when a bona �de Science WEB page carries an ad for a web page accusing
Science of being `unwilling to admit that all they really know is what they’ve been told' and
that it is all wrong, that

This is the result of today’s science legacy. . . endless, frustrated back-and-forth banter
that merely repeats the same clearly flawed concepts that we have all been taught in
school, while closed-mindedly attacking any challenging new ideas sight-unseen.

And to make things more confusing, it is not just one link to clearly non-scienti�c

or even anti-scienti�c item. The same page has links to:

Relativity in Islam Quran de�ned: Speed of Light, Time Dilation, Wormholes,
Black Holes. http://speed-light.info/relativity.html and
Evolution or Creation? Did the Vast Universe Evolve, or was it Designed and
Created? http://www.thercg.org/google/provegod.html, WEB site of the Restored

Church of God70. This example shows how much need there is for the guidelines pre-

sented by 't Hooft and others, to help distinguish good physics from bad physics (and

whole Science in general). The WEB is no library, with carefully chosen and catalogued

books, it mixes and scrambles the useless, the worthy and the misleading. But, on the

other hand, the same phenomenon that sometimes leads to confusion and errors may

result in �nding little treasure troves that would never be found otherwise.
For example, the Islamic Physics WEB page mentioned above is quite interesting

in itself: it combines the authority of Science to `prove' Islam (or is it the other way
round?)71 The author(s) use present day theories and measurement results to prove
the value of the supposedly eternal truth contained in a holy writing. The rhetorical
question is repeated over and over: `Moslems ask how could an illiterate man who lived
1400 years ago have figured out that?' Yet, by the same arguments that provide the so
called proof by modern Science72 should our scienti�c understanding change, and we
know that scienti�c knowledge is changing and evolving, would this prove Quran is no
longer holy?:

Surprisingly, the Quran states that:

• The speed of light in vacuum is always the same at 299792.5 km/s.

• Faster moving objects experience slower time (Time Dilation).

• Time passes slower near bigger mass (General Relativity).

• Length Contraction (Wormholes).

• Pulsars and Black Holes.

70More on the controversies related to evolution can be found in Section 8.2
71I admit to being lost in the logic of the presentation.
72Which in the case of the speed of light is just a play with numbers, and in other cases an over

interpretation of poetic words

http://speed-light.info/relativity.html
http://www.thercg.org/google/provegod.html
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The reader can check the arguments for himself on http://islam.speed-light.

info/relativity_quran.htm.

Let us come back to the issue: how can we prepare ourselves to distinguish dis-
covery from rubbish? We have already mentioned remarks by John Baez. His WEB

page The Crackpot Index (http://math.ucr.edu/home/baez/crackpot.html) pro-

vides a good `measurement method' for rating potentially revolutionary contributions

to physics. I encourage it strongly. For shorter advice I recommend these principles by

Victor Stenger:

• Any claim that implies the overthrow of well-established scientific principles has
an extraordinary burden of proof.

• Since so much rubbish is out there, the only rational and practical policy is to
ignore such claims until extraordinary evidence is presented.

• Anecdotal evidence is ordinary. People can be tricked or self-deluded. The placebo
effect is powerful and difficult to eliminate even in the best controlled experiments.

• A single experiment, even peer-reviewed, is never enough. Multiple independent
replications are essential.

In some sense Science, especially physics, is an oppressive, undemocratic domain.

It is ruled by the method described in the opening paragraphs of Chapter 1, by the Page 3

process of peer-review and by the ability to resolve problems and follow the experiments.

A simple rule of thumb in picking up physticism is to see how much these rules are

observed. On the other hand, it is possible that some crucial breakthrough (especially

in theory) would be a product of an unorthodox thinking in a strange environment.

Reliance on peer review, repeatability of results and veri�ability of claims, if coupled,

as it often is, with bias towards well established research institutions and `grand names'

may lead to error of missing some important, but out-of-the-ordinary result.

It remains an open question whether such loss is a worthy exchange for preserving

the continuity and communicability of research, keeping it communal character. For

me, personally, given the murky nature of humanity, sticking to rules in this particular

case provides much more than can possibly be lost.
Does this mean that there is no place for discontent in physics? That there is no

place for novelty and surprises? Far from it. Physics is an extremely lively discipline
with a lot of legitimate discontent and astonishing discoveries. There is no place nor
do I have the capability to list all the topics worth diving into. But we are far from the
end of physics. In fact, there are more interesting topics than one can grok. My recent
issue of the Scienti�c American (July 2006) has opened my eyes to the whole `new'
world of superlenses and materials with negative refraction index. I write `new' because
the idea was invented forty years ago Russian scientist Victor Veselago. To quote the
article

[He] had an idea for a material that could turn the world of optics on its head. It
could make light waves appear to flow backward and behave in many other counter-
intuitive ways. A totally new kind of lens made of the material would have almost

http://islam.speed-light.info/relativity_quran.htm
http://islam.speed-light.info/relativity_quran.htm
http://math.ucr.edu/home/baez/crackpot.html
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magical attributes that would let it outperform any previously known. The catch: the
material had to have a negative index of refraction (‘refraction’ describes how much a
wave will change direction as it enters or leaves the material). All known materials had
a positive value. After years of searching, Veselago failed to find anything having the
electromagnetic properties he sought, and his conjecture faded into obscurity73.

Until recently there were no ways to make materials with such properties. Today

his work is cited well over 1000 times and there is an active �eld of new optics | of

which I was regretfully totally unaware. How many gems like that are out there? How

can (scienti�c) life be dull?

73Source: The Quest for the Superlens by John B. Pendry and David R. Smith, http://www.sciam.
com/article.cfm?chanID=sa006&colID=1&articleID=000A65C9-0A9E-1493-835483414B7F0000

http://www.sciam.com/article.cfm?chanID=sa006&colID=1&articleID=000A65C9-0A9E-1493-835483414B7F0000
http://www.sciam.com/article.cfm?chanID=sa006&colID=1&articleID=000A65C9-0A9E-1493-835483414B7F0000
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5.7 Summer topics: sandcastles, ice-cream, kites and rainbows

Summertime,
And the livin’ is easy

Fish are jumpin’
And the cotton is high

DuBose Heyward and Ira Gershwin

I write these words in the middle of Polish summer season. For the past forty

days the temperature in Poland has been unusually high | our Met O�ce has stated

that this year's summer is the hottest since 240 years. Day by day the temperature rises

to above 34 Celsius, even the nights bring no rest. This unusually hot weather deters

from any deep and philosophical thoughts. It is thus a very good time to step down

from the lofty topics of Quantum Mechanics or relativity and away from the crackpots

and unusual theories and point out that physics fun in a very advanced form may be
found in almost every phenomenon around us.

We can �nd a topic that may lead to deep physical analysis almost everywhere. I

have already mentioned rainbows, beautiful, symbolic | and quite interesting to analyse

physically. Section 13.4 gives a short presentation of purely geometrical analysis of the

arc of colours forming in the sky. For the interested reader, there is still a lot to cover:

physics of refraction, details of water droplets formation and shape.
For anyone interested in pretty views, the sunsets may be very interesting. The red

light of the setting sun provides a very good prompt for the dialogue in The Abacus
and The Rose by Jacob Bronowski. A confrontation of a scientist (Potts) and literary
critic (Harping), mediated by a government o�cial (Sir Edward) about the relations of
science and art, or more generally, the place of science in the world of human activities
leads to the following exchange (Bronowski, 1965, page 95)

Sir Edward: But Potts, the sense of being at one with nature is not the prerogative
of scientists. We all have it at times, and when we have it we find nature beautiful and
inspiring.

Potts: We all have it at times, Sir Edward, as a strangled, unformed and unfounded
experience. But science is a base for it which constantly renews the experience and gives
it a coherent meaning. I find the sunset beautiful even though I am colorblind — which
is the shortcoming that I was trying to hide from you earlier this evening. But harping,
you see, does not find the sunset beautiful, and he does not want to talk about it,
because he has no base for his incoherent sense of awe. Harping can only talk about
human works of art.

Harping: For the first time Potts has said something that impresses me. he has
said that science gives him and his colleagues a sense of the unity of nature which is
better founded than the shy moments of euphoria which you and I are swept by, Sir
Edward. That makes sense to me; I give him that. [. . . ] It makes sense because it
underlines that Potts and I are doing different things. He is analysing the workings of
nature, and that would be a pitiful chore if nature did not move him and fill him with
wonder. I, on the other hand, am fascinated by the expressions of human spirit. That is
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a different fascination. Potts is quite right; nature alone, nature without human spirit,
means nothing to me, and I avoid discussing her if I can.

I must admit (rather obviously) that I am wholeheartedly on the side of Potts. Na-

ture is mysterious, enchanting, enticing even without human spirit. To know more, to

understand better is a motivation in itself. So, one may ask, where to start looking for

physics of sunsets? The explanation of reddish colour by caused by the Rayleigh scat-

tering of blue light by statistical uctuations in the density of Earth's atmosphere which

also causes the blue di�use sky radiation may be found in almost any physics textbook.

But there are other phenomena: why does the Sun appear larger and attened? It turns

out that these are not very easy questions to answer. I point the interested reader to

Neda and Volkan (2002) and to http://web.ift.uib.no/~neda/sunset/index.html.
To continue summer topics let me mention the physics of kite-ying. In addition to

being popular toys for many generations of children, kites have been used as military
equipment, scienti�c tools, symbolic and artistic devices. . . They have been used for
thousands of years. Their origins are probably in China. According to a WEB site
devoted to kites http://www.best-breezes.squarespace.com/origin-of-kites/

Current records based on written history point to the famous Chinese philosopher Mo-
tse (Mo Ti in some texts) (approx. 468-376 BC) as the first to build a kite. Living near
Mt. Lu, in the area of Qingzhou, Shandong province (near present day Weifang China),
Mo-tse carefully carved a bird (a ‘sparrow hawk’ or eagle) over a period of three years.
Once satisfied that it was as much like a bird as he could make it, he flew it for only
a single day. The exact details of its flight are not recorded, but there is conclusive,
written reference to this event in Chinese history.

Those interested in the physics of kites may �nd, for example, a short introduction

on the already mentioned site http://www.best-breezes.squarespace.com/

science-of-kite-flight. For a far more in-depth analysis (in fact a PhD thesis de-

voted to kites), see Hobbs (1986).
Another, more serious summer topic would be the physics of sandcastles. Any child

playing on the beach knows that the physical properties of wet and dry sand are very
di�erent. Wet sand can be used to build sharp-featured sandcastles that would be
unstable in dry sand. The topic has been studied by Bouchaud et al. (1994); Hornbaker
et al. (1997); Barab�asi et al. (1999b). As it happens the topic is far from just a summer
toy. The behaviour of sandpiles (dry and wet) has provided the �rst examples of the
Self Organized Criticality (SOC) | a range of phenomena where complexity emerges in
a robust manner without the need to depend on �nely-tuned details of the system. The
idea has been introduced by Bak, Tang and Wiesenfeld (Bak et al., 1987)74. While this
article is inaccessible in public WEB, a more detailed expositions (Bak and Paczuski,
1995; Turcotte, 1999) are available. The latter author states

Although the concept of self-organized criticality was conceived as an explanation
for simple ‘toy’ models75, it has been associated with several natural hazards. Examples
include the following:

74In 2006 the paper has been cited 1534 times.
75Such as our beach sandpiles.

http://web.ift.uib.no/~neda/sunset/index.html
http://www.best-breezes.squarespace.com/origin-of-kites/
http://www.best-breezes.squarespace.com/science-of-kite-flight
http://www.best-breezes.squarespace.com/science-of-kite-flight
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Earthquakes. Stress accumulates on time scales of hundreds to thousands of years due
to the slow movement of the tectonic plates. Stress is relieved in seconds during
earthquakes. Earthquakes in a region occur on a mosaic of faults.

Forest and wild fires. Combustible material grows on long time scales and is destroyed
in fires on short time scales.

Landslides. Slope instabilities develop slowly and are relieved on short time scales in
landslides.

Applications of self-organized criticality have also been proposed in the biological
and social sciences. Some examples are the following:

Biodiversity. The diversity of species develops on long time scales and is wiped out in
extinctions on short time scales. There is some indication that the frequency–size
distribution of extinction events is power-law.

Epidemics. A population develops that has little immunity to diseases over long time
scales. The disease spreads as an epidemic on a short time scale. Again there is
some evidence that the frequency–size distribution of epidemics is power-law.

Wars. Instabilities between countries develop on relatively long time scales terminating
in wars that generally last relatively short periods of time. Richardson (1941)
measured the intensity of wars in terms of the numbers of battle deaths and
showed that the frequency– intensity distribution of wars is well approximated by
a power-law distribution.

Stock-market crashes. Stock markets expand and grow on relatively long time scales
but contract in stock-market crashes on relatively short time scales.

We can see that simple observations may lead very far indeed.
The last of the physical toys for the mind to be presented here is the Mpemba E�ect.

This is the observation that, in some speci�c circumstances, hotter water freezes faster
than colder water. Interesting point is that this observation is more surprising to a
physicist than to a lay person. This is because the physicists `knows' that this can not
be true. Cooling and freezing are well understood phenomena (so it seems) and a simple
proof of impossibility of the e�ect is based on the reasoning: �rst we need to cool hot
water to the temperature of the cold one, and only then can the freezing start. Even
the history of the (re)discovery of the e�ect con�rms these di�culties. As Monwhea
Jeng describes the story on the WEB page http://math.ucr.edu/home/baez/physics/
General/hot_water.html

The story of its rediscovery by a Tanzanian high school student named Erasto B.
Mpemba is written up in the New Scientist. The story provides a dramatic parable
cautioning scientists and teachers against dismissing the observations of non-scientists
and against making quick judgements about what is impossible.

In 1963, Mpemba was making ice cream at school, which he did by mixing boiling
milk with sugar. He was supposed to wait for the milk to cool before placing it the
refrigerator, but in a rush to get scarce refrigerator space, put his milk in without cooling
it. To his surprise, he found that his hot milk froze into ice cream before that of other
students. He asked his physics teacher for an explanation, but was told that he must
have been confused, since his observation was impossible.

http://math.ucr.edu/home/baez/physics/General/hot_water.html
http://math.ucr.edu/home/baez/physics/General/hot_water.html
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Mpemba believed his teacher at the time. But later that year he met a friend of
his who made and sold ice cream in Tanga town. His friend told Mpemba that when
making ice cream, he put the hot liquids in the refrigerator to make them freeze faster.
Mpemba found that other ice cream sellers in Tanga had the same practice.

Later, when in high school, Mpemba learned Newton’s law of cooling, that describes
how hot bodies are supposed to cool (under certain simplifying assumptions). Mpemba
asked his teacher why hot milk froze before cold milk when he put them in the freezer.
The teacher answered that Mpemba must have been confused. When Mpemba kept
arguing, the teacher said ‘All I can say is that is Mpemba’s physics and not the universal
physics’ and from then on, the teacher and the class would criticize Mpemba’s mistakes
in mathematics and physics by saying ‘That is Mpemba’s mathematics’ or ‘That is
Mpemba’s physics.’ But when Mpemba later tried the experiment with hot and cold
water in the biology laboratory of his school, he again found that the hot water froze
sooner.

Earlier, Dr Osborne, a professor of physics, had visited Mpemba’s high school.
Mpemba had asked him to explain why hot water would freeze before cold water. Dr
Osborne said that he could not think of any explanation, but would try the experiment
later. When back in his laboratory, he asked a young technician to test Mpemba’s claim.
The technician later reported that the hot water froze first, and said ‘But we’ll keep on
repeating the experiment until we get the right result.’ However, repeated tests gave
the same result, and in 1969 Mpemba and Osborne wrote up their results.

In the same year, in one of the coincidences so common in science, Dr Kell inde-
pendently wrote a paper on hot water freezing sooner than cold water. Kell showed
that if one assumed that the water cooled primarily by evaporation, and maintained a
uniform temperature, the hot water would lose enough mass to freeze first. Kell thus
argued that the phenomenon (then a common urban legend in Canada) was real and
could be explained by evaporation. However, he was unaware of Osborne’s experiments,
which had measured the mass lost to evaporation and found it insufficient to explain the
effect. Subsequent experiments were done with water in a closed container, eliminating
the effects of evaporation, and still found that the hot water froze first.

In fact, the e�ect has been known since ancient times:

The earliest known reference to this phenomenon is by Aristotle, who wrote:
‘The fact that water has previously been warmed contributes to its freezing quickly;

for so it cools sooner. Hence many people, when they want to cool hot water quickly,
begin by putting it in the sun. . . ’

He wrote these words in support of a mistaken idea which he called antiperistasis.
Antiperistasis is defined as ‘the supposed increase in the intensity of a quality as a result
of being surrounded by its contrary quality, for instance, the sudden heating of a warm
body when surrounded by cold’.

Medieval scientists believed in Aristotle’s theory of antiperistasis, and also sought to
explain it. Not surprisingly, scientists in the 1400’s had trouble explaining how it worked,
and could not even decide whether (as Aristotle claimed in support of antiperistasis),
human bodies and bodies of water were hotter in the winter than in the summer. Around
1461, the physicist Giovanni Marliani, in a debate over how objects cooled, said that
he had confirmed that hot water froze faster than cold. He said that he had taken four
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ounces of boiling water, and four ounces of non-heated water, placed them outside in
similar containers on a cold winter day, and observed that the boiled water froze first.
Marliani was, however, unable to explain this occurrence.

Later, in the 1600’s, it was apparently common knowledge that hot water would
freeze faster than cold. In 1620 Bacon wrote ‘Water slightly warm is more easily frozen
than quite cold ’, while a little later Descartes claimed ‘Experience shows that water that
has been kept for a long time on the fire freezes sooner than other water ’.

In time, a modern theory of heat was developed, and the earlier observations of Aris-
totle, Marliani, and others were forgotten, perhaps because they seemed so contradictory
to modern concepts of heat.

It is worth mentioning, that despite the fact that the e�ect has been experimentally

veri�ed (under certain conditions) there is no generally accepted explanation. Proposed

theories include

� Evaporation, reducing the volume to be frozen

� Convection, accelerating heat transfers

� The insulating e�ects of frost

� The e�ect of boiling on dissolved gases

� Supercooling. It is hypothesized that cold water, when placed in a freezing envi-

ronment, supercools more than hot water in the same environment, thus solidify-

ing the hot water faster

� The e�ect of solutes such as calcium and magnesium carbonate.

Perhaps the Reader would �nd other explanations?
Mpemba e�ect is not only actively researched now (a recent paper by Esposito

et al. (2007) is a good example), but in itself it has provided a nice case study for the
meta-science research, for example the ways that scientists react to anomalous data.
For example Brewer and Chinn (1994) propose the following ways of reaction to new,
anomalous yet repeatable data:

There are seven ways in which an individual who currently holds a theory can respond
to anomalous data: (1) ignore the data; (2) reject the data; (3) exclude the data from
the domain of the current theory; (4) hold the data in abeyance; (5) reinterpret the
data; (6) make peripheral changes to the current theory; or (7) change the theory.

And thus a light topic originating in ice-cream making leads back to really seri-

ous issue of how do real scientists react to unusual �ndings. This is very important

indeed, as di�erent reactions may limit (or enhance) our ability to increase scienti�c

understanding.

To close this list of summer topics, I hope that these examples of the physical

phenomena and their explanations, derived from everyday observations and leading to
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surprises and complexity and unexpected discoveries would feed the curiosity of the

Readers. Physics does not require mighty accelerators or supercomputers or labs with

equipment worth tens of millions of dollars (at least not all physics). There is still a lot

to be observed and understood. Have fun.
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CHAPTER

SIX

MYSTERIOUS QUANTUM

You Like Quantum Physics?
Have The Extreme Wealth and Success You Desire In Six Easy Steps!

ICreateReality.com
Ads by Goooooogle

I think it is safe to say that no one understands quantum mechanics
Richard Feynman

Let's return to the question of Quantum Mechanics. The topic is not an

easy one, and we shall shortly see why. But it is enormously popular. The number

of books on the subject, especially popular ones, is huge. A quick search for books in

Amazon (www.amazon.com) resulted in `5,102 most relevant results for Quantum '.

They range from honest attempts to explain quantum phenomena to New Age mysticism

and quackery. A dedicated reader would see that most of them miss some crucial points

and are at odds with each other. Even the purely scienti�c ones. Maybe especially

those. Because for the quacks it is easy to `agree' and `support' each other, even though

the actual statements may be at odds. Scientists, on the other hand, tend to believe in

Truth, quite often their own understanding of it. There is neither space not do I have

enough knowledge to go deeply into intricacies | I'll try to limit myself to the main

issues, but even so this chapter would be one of the longest in the book.

First of all, the name `Quantum Mechanics' has two meaningful parts. Yes, most

people concentrate on what is strange, unexpected, weird: the QUANTUM1. The second

1I capitalize to reect almost magical awe that the term evokes in the non-scientist readers. In purely

technical terms, the term quantum (Latin for quantity) refers to the discrete units that the theory assigns

to certain physical quantities, such as the energy of an electromagnetic wave. The speci�c consequences

of such quantisation are, indeed, strange. But the theory, as we shall see, allows us (the physicists)

to predict and understand many phenomena with great accuracy and indeed the strangest question is

not how quantum physics works but how our everyday world of our observations and notions, de�nitely

www.amazon.com
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term is not usually commented upon, as trivial2. But what makes Quantum Mechanics

(for short QM) so important is that despite the conceptual di�culty, despite philosophi-

cal questions, the calculationalmechanisms of QM work perfectly. The crown example

is the calculation of the magnetic moment of the electron. The best experimental value

in 2004 is 1.001159652187 ± 0.000000000004µB
3. The best theoretical calculation gives

1.0011596524±0.00000000004µB. Such accuracy and agreement of calculation and mea-

surements that are far from simple, is absolutely astounding (to understand how much

e�ort has been required to obtain these two numbers see, for example, Odom (2004)).

Yet, as is typical in physics, there is always room for improvement.See page 839

The example has been used in almost every book on QM. But what makes Quantum

Mechanics more than just esoteric scienti�c theory allowing to calculate a few numbers

understood by and known to just a few crazy eyed scientists?4 The answer is that

QM is found deeply woven into our everyday modern life. Every modern electronic

device relies on predictions and calculations from QM, every CD player, TV set, every

computer. Most of the technical world around us relies on Quantum Mechanics. Just as
since XIX Century our machines rely on the `ordinary' mechanics and thermodynamics.

It would not be possible to understand and to build them without understanding the

strange world of QM. Its application covers all chemistry, inorganic and organic, and is

therefore found everywhere where we try to understand the molecular basis of life. Ant

it works: almost all newly produced medical compounds are analysed with the help of

computers using advanced quantum mechanical equations. . .

This is why any attempt to present Quantum Mechanics without the mechanics,
relying on mystery instead of the mathematical apparatus is misleading. Despite the
numerous ads for books and web sites, there is no such thing as `soft QM ', or `QM
for dummies '. Of course, not everyone has to make all the calculations leading to the
electron magnetic moment or band structure of strained silicon two dimensional devices
| but we have to remember that introductions are introductions. And what follows
after the elementary introduction is more important than the introduction itself. To
build rockets (good ones!) we need rocket science. The mathematical machinery of QM
is not only applied to complex systems | it is also complex enough in itself to cause a
lot of problems. Advanced QM has been considered one of the toughest courses when
I was a student. Gieres (2000) gives a good account of purely mathematical problems
in QM, with a revealing title `Mathematical surprises and Dirac's formalism in
quantum mechanics '. In the opening paragraph, Gieres cites the great mathematician

non-quantum, arises. But the marketing has succeeded in attaching so many connotations to quantum

and to relativity, that the terms have a life of their own, have become memes within popular culture.

meme
2 Mechanics (Latinmechanicus, from the Greekmechanikos,`one skilled in machines') is a variety of

specialised sciences pertaining to the functions and routine operations of machines, machine-like devices or

objects. When preceded by a quali�er, mechanics refers to the study of empirically mechanical functions

of a stated quantity or property. (http://en.wikipedia.org/wiki/Mechanics)
3S. Eidelman et al. (Particle Data Group), Phys. Lett. B 592, 1 (2004) (http://pdg.lbl.gov)
4Can you, dear Reader, explain what a spin magnetic moment is, and why is it strange that it is

slightly greater than 1 for such a simple particle as electron (to be precise 1.0011596521811)?

http://en.wikipedia.org/wiki/Mechanics
http://pdg.lbl.gov
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J.Dieudonn�e:

When one gets to the mathematical theories which are at the basis of quantum mechan-
ics, one realizes that the attitude of certain physicists in the handling of these theories
truly borders on the delirium. [. . . ] One has to wonder what remains in the mind of a
student who has absorbed this unbelievable accumulation of nonsense, a real gibberish!
It should be to believe that today’s physicists are only at ease in the vagueness, the
obscure and the contradictory.

Yet it works, and how! The machinery, although perhaps less pure than the mathe-

maticians would like, has not only provided us with the level of description of the world

unprecedented in history but has added quite a few interesting advances to mathematics

itself.

Having said this, I'll return now to the basic conceptual questions, to the mysteries

of quantum description of Reality. To understand current problems we have to turn to

history, as is usually the case not just in physics. The description presented below is

based, in large part, on the monumental work of Abraham Pais `Inward Bound ' (Pais
(1986)), as well as other sources, e.g. Gribbin (2002).
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6.1 History

Niels Bohr brainwashed a whole generation of physicists
into believing that the problem

(of the interpretation of quantum mechanics)
had been solved fifty years ago.

Murray Gell-Mann5

Shut up and calculate
David N. Mermin6

In the second half of XIX century, physics seemed to have culminated the rapid

advance since Newton's times. Starting from his description of gravitation in `Philo-
sophiae Naturalis Principia Mathematicae ', published in 1687, more and more phe-

nomena were understood and described by physics. Mechanics and machines, celestial

movements, heat and energy, electricity. When in 1864, James Clerk Maxwell published

a set of equations describing electrical and magnetic �elds the picture was basically com-

plete. All forces available to human experience: electricity, magnetism and gravitation

had simple and quanti�able description. The equations allowed to calculate movements

of particles and bodies, and calculation of forces governing the movements. Moreover,

the same equations allowed to predict existence of electromagnetic waves and under-

standing of light as an example of such wave.

Roughly at the same time chemistry has attained theoretical status, when in 1869

Mendeleyev presented the �rst version of his periodic elements table, allowing predic-
tion of hitherto unexpected elements. Thus, at the end of XIX century physics and

chemistry appeared, at least to some observers, almost complete, with only minor

problems remaining to be solved7. In fact one of the most famous quotations supposedPage 772

to con�rm this `End of Physics' is the one from Maxwell himself in his Cambridge
Lecture in 1871. We will come back to this topic in Chapter 12.2. The state of phys-

ical sciences at the end of XIX Century has been given the name of Classical Physics,

perhaps with a cheeky comparison to Classical History of empires long dead and gone.

But the comparison is false. We are no longer ruled by pharoahs and Roman Emperors,

nor does our economy rely on grain and olive oil. History, for the large part, is just

history. On the other hand classical physics remains alive. Most of the physics we are

taught in schools stays �rmly within this realm. To understand our machines, cars,

power generators and hydraulic systems, planes and rockets | we use mechanics, uid

dynamics and electromagnetism theories developed in the era of Classical Physics. It

remains an active research �eld today, and there is still a lot to be done, especially in

the �eld of the `not so simple' systems consisting of many interacting components. LetSee Chapter 10

5Quoted after Larry Sorensen, https://faculty.washington.edu/seattle/physics324/preface.
pdf

6For the origin (or not) of the phrase, see http://www.aip.org/pt/vol-57/iss-5/p10.html.
7How similar this seems to the gloom and doom predictions of the `End of Science ' by Horgan (1996)

https://faculty.washington.edu/seattle/physics324/preface.pdf
https://faculty.washington.edu/seattle/physics324/preface.pdf
http://www.aip.org/pt/vol-57/iss-5/p10.html
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me give an example: we still do not know much about such commonplace thing as sand.

It is clearly classical, human-scaled, far from any quantum weirdness, yet so di�cult

to describe, so full of surprises, that even if quantum mechanics were not discovered,

physicists would still have a lot of exciting riddles to solve. . .

Yet, at the end of XIX and in early XX century the eggshell of the Classical Physics

began to crack. Some experimental problems appeared, that were di�cult or impos-

sible to answer. Problems that were not a small discrepancy, but an evidence of some

behaviour in which Nature seemed play games with the physicists. Phenomena that

contradicted basic principles of conservation of energy, or led to apparently absurd con-

clusions. It should be remembered that the origin of the dissatisfaction with classical

physics was not philosophical. It was due to experiments, which detected phenomena

contradicting the very basic notions of physics. Examples of these problems included:

� Why is light emitted by atoms at distinct wavelengths forming characteristic spec-

tra? What is the reason for simple and elegant relationships of such spectral wave-

lengths, what are reasons for small distortions of these relationships? Why is light

absorbed in similar manner, showing well de�ned absorption lines? First observa-

tions of the spectrum of hydrogen has been done in 1853, in 1892 �ne structure of

this spectrum was observed. The practicality of this strange phenomenon was un-

doubted. It has allowed to invent spectral analysis | i.e. identi�cation of chemical

composition of materials by the spectral properties of emitted or absorbed light.

Coposition of materials could be detected with unrivalled sensitivity. Spectral

analysis has led to the �rst discovery of a new element based on extraterrestial

research. Helium was found by astronomers (Pierre Jansen and Norman Lockyer)

as an emission line in the spectrum of the sun, hence its name from the Greek

helios meaning sun. It was at �rst thought to be an unknown metallic element.

Later it had been found on Earth and discovered to be the lightest of the noble

gases. But there was no explanation why atoms and molecules should emit light

in speci�c frequencies, as if with their own signatures.

� Once physicists and chemists accepted the existence of atoms (and this acceptance

has been growing during XIX century) the question how are the atoms build

becomes natural next step? Are they indivisible? If so, what is the nature of

strange cathode rays? What is the nature of electric charges? If atoms are build

from moving, electrically charges parts (which we now call electrons and protons,

as gradually emerged from experiments | Rutherford's atomic model of 1911),

the question rose: why are atoms stable? Classical electromagnetism predicts that

they should emit energy in form of electromagnetic waves, and thus all atoms

should collapse eventually. In fact, collapse so fast, that there should be no atoms

left at all! Yet atoms seem unchanging, at least most of them.

� While the stability of most atoms was a crucial problem to be solved, another

question was just as profound: why some of atoms were discovered to be un-
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stable, and capable of change into di�erent elements? What is the nature of

connected phenomena of radioactivity and transmutation?

� What is the reason for discrepancies between observations and theoretical predic-

tions for black body radiation? When Planck introduced his ad hoc quantum

of radiation explanation, to get rid of this very disturbing discrepancy in 1900,

the deep signi�cance of this hypothesis was not fully understood. Pais quotes a

remark by Sommerfeld, made shortly after Planck's publication `We did not know
whether the quanta are fundamental or not'. But the strange hypothesis succeeded
where classical physics was unable to provide an explanation.

� Another question was: why illumination of metals by light produces strange pho-

toelectric e�ect, contrary to expectations of electromagnetic theory? This seems

to be a minor problem, isolated in an obscure branch of physics. Just like the

Mpemba e�ect discussed in the previous chapter, it might have been just a quirk

of some strange properties, without general importance. But the successful expla-
nation of the photoelectric e�ect by Einstein this has turned it into a really huge

problem: is light a wave or a particle? In Einstein (1905a) he has used concept

of energy packets, in other words of light behaving like particles, not waves. This
concept, championed long ago by Newton, has been abandoned in XVII and XVIII

centuries | because detailed experiments have shown that light does behave like

a wave. With the success of Maxwell's theory and all experimental observations

the wavelike behaviour of light was thought to be absolutely true | thanks to

full agreement of theory and observations. But then, with the simple and suc-

cessful explanation of the photoelectric e�ect via particle-like behaviour of light,

it appeared to be sometimes waves and sometimes particles. How to decide when

one of those types of behaviour should dominate? As late as in 1924, Einstein

commented on this `There are therefore now two theories of light, both indispensable
and — as one must admit today despite twenty years of effort on the part of theoretical
physicists — without any logical connection' (quoted after Pais (1986)). In 1923 de

Broglie went further in the apparent madness and confusion: he has postulated

that not only light waves might sometimes behave like particles but all the entities
considered as particles have dual particle-like and wave-like character.8

There were more deep problems in classical physics, for example results of Michelson-

Morley experiments, failing to detect e�ects of earth movement on the measured speed of

light. These results, contradicting the Newtonian absolute space notion, led to the other
physical revolution of early XX century: the birth of relativity theories. The success
of �rst Special Relativity theory (Einstein, 1905b) and then the General Relativity

(Einstein, 1916a) | their agreement with observations while completely changing the

8Max von Laue, Nobel Laureate 1914, is reported to have said, upon hearing of de Broglie's thesis on

electrons having wave properties: If that turns out to be true, I’ll quit physics. He did not, which does not

surprise me at all.
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conceptual framework of such basic notions as time, space, forces and �elds | must

have emboldened physicists to try really new ideas.

Clearly, classical theory apparatus was insu�cient to understand and describe the

observed phenomena. At �rst slowly (between 1900 and 1924), gathering snippets of

ideas (such as Planck's and Einstein's somewhat arti�cial concepts of energy quanta)

the developments for `new physics' appeared. The atomic theory of matter, prompted

by successes in chemistry, grew in acceptance. This, in turn, raised the questions about

the structure of the atoms. Between 1900 and 1911 several models of such structure

were proposed. Most of these are forgotten today, for example the model of Jean Perrin

(atoms as miniature planetary systems, 1901); Hantaro Nagaoka (one central nucleus

with a ring of many identical particles located at vertices of a perfect polygon and

moving together in synchrony, 1903); Joseph John Thomson (electrical charges forming

closed rings inside a large, positively charges sphere, probably the only of the early

models that is still mentioned in textbooks, 1904); John William Nicholson (atoms

build from many negatively charged particles forming a ring around a ball of positive

charge forming a nucleus of the atom. It is worth noting that Nicholson postulated

many unknown elements, for example Coronium, with half of Hydrogen's atomic mass

and Nebulium and Protouor, located between Hydrogen and Helium, 1912); �nally

Ernest Rutherford, who formulated his model on the basis of series of experiments,

during which he was able to prove the existence of very small nucleus within atoms

(very small nucleus surrounded by uniform sphere with opposite charge, 1911). In

1913 Niels Bohr has introduced a primitive model of the hydrogen atom (Bohr, 1913),

shortly thereafter augmented in cooperation with Arnold Sommerfeld. The model was

primitive but successful: for the �rst time it explained the Rydberg formula for the

spectral emission lines of atomic hydrogen. Successful | yet conceptually primitive, as

there was no `reason' why should atoms be built like this, nor what to think of atoms

more complex than hydrogen. And while it predicted the positions (wavelengths or

energies) of the emission and absorption lines it could not explain the relative strengths

of these lines.

All these atomic models struggled with the problems of stability (discussed above)

and of atomic spectra. Various concepts were introduced only to be abandoned just a

few years later. Sometimes good concepts (such as the introduction of intrinsic angular

momentum (spin) were ostracised, only to be proven correct sometime later. Judging

them we should remember that the ease with which modern educators show the path

from Rutherford's model and experiments to Bohr's circular orbits model then to Bohr-

Sommerfeld enhanced model with circular and elliptic models and then to quantum

models is quite misleading. The path to understanding was not apparent at the time

of the birth of physics of atoms. There were unresolved issues of experimental values

(such as electron charge and nucleus charge), of relationship between atomic mass and

number. Even the question what is elementary and what is composed of many parts were

not easy to answer. New `rays' (X, α, cathode, canal rays) were discovered, sometimes
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bearing more witness to the willingness to discover than to the reality, as the case of

Blondlot shows. The situation was far from clear. Even in amateur views of the historySee page 254

of science we should remember that we can not judge the past pathway of progress by

our today's knowledge, our perspective where many questions are already `trivial'.

The discussions were very active and the indication that Nature is strange was very

strong, yet the initial progress, between 1900 and 1925 has been slow. Then around

mid-twenties of XXth Century the quantum theory has literally exploded. In just a few

years, the new ideas and tools allowed to really solve a lot of mysteries and to predict

many new phenomena. The key steps in this quantum revolution were:

� 1925, when Heisenberg introduced matrix mechanics, a rather complex way of

making quantum calculations;

� Uhlenbeck and Goudsmit introduced half-integer quantum numbers and spin for

the hydrogen atom (1925);

� Born, Heisenberg and Jordan developed the concepts of matrix mechanics (1925);

� Schr�odinger introduced wave mechanics (1926), equivalent to matrix mechanics,

but simpler conceptually and more `acceptable' to greater physical community

because of similarity to other wave equations from classical physics;

� Pauli derives the spectrum of Hydrogen using matrix mechanics (1926);

� Dirac derives the same spectrum independently (1926);

� Born gives probabilistic interpretation of quantum mechanics (1926);

� Dirac related symmetric wave functions with what was later called Bose-Einstein

statistics and asymmetric with Fermi-Dirac statistics. He derived Planck's Law

from �rst principles (1926);

� Heisenberg provides calculation of the spectrum of a simplest multi-electron atom,

Helium (1926);

� Heisenberg introduced uncertainty principle (1927);

� di�raction of electrons discovered, proving their wavelike nature by Davisson,

Germer and Thomson (1927);

� Dirac introduced relativistic wave equation, combining Quantum Mechanics and

relativity theory (1928).
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Years of wonder, indeed. During these early years, quantum formalism in various forms
(matrix mechanics, wave equations) has been applied to a multitude of topics9. Some
(surprisingly many10) quite advanced problems were solved, giving us the understanding
of atomic spectra, solid state speci�c heat, statistics of identical particles, radioactive
decays and many others. From the theory came bold predictions of unknown particles
(positron, neutrino) only to be con�rmed by experiments11. The physicists felt that
they understood atoms. Before the age of computers they could not calculate all the
details, but they knew the way to do it. The feeling of understanding Nature has
been further enhanced by successful models of microscopic properties of solid state, of
stars, of simple chemical reactions. The successes turned QM into respectable physics
branch in record breaking time. Abraham Pais, who has been active participant of these
developments (as well as devoted historian) writes (Pais, 1986, pages 248{249):

The way I was first exposed to quantum mechanics, not long after 1935 when I began
my university studies, was no different from the way I learned, say, thermodynamics.
There were courses on the subject and there were books, some more helpful for an
understanding of the principles, some better for learning how to solve problems. . .

I was awed by the success of Schrödinger equation for the hydrogen atom and found
introduction of quantum mechanical probabilities via the continuity equation a most
plausible step. Nor did I experience any difficulty in accepting Heisenberg’s uncertainty
relations, served up with the help of a classical picture of the dispersion of the wave
packets combined with E = hν and p = hk. Soon I was happily making quantum
mechanical exercises. I had no sense whatever at that time of the stir and struggle
which, only ten years earlier, had accompanied the introduction of the new mechanics.
I knew a few dates, but these seemed to belong to antiquity.

Antiquity indeed! Just nine years after Schr�odinger equation has been formulated!

Success is a heady stu�. Most physicists have readily applied the folk wisdom if it
works, don't �x it. Only among the selected few (admittedly including the Grand
Masters : Bohr, Bohm, Einstein. . . ) there were discussions of what the wave functions

mean, what is the origin of the probabilistic nature of measurements. These fundamen-

tal discussions are extremely di�cult to follow and understand today, as it is almost

impossible to erase our current conceptual framework and return to the understanding

as it was at the time. Most of the physicists have accepted the working attitude and dis-

missed any problems as only philosophical in nature. Moreover, the tremendous respect

that the physical community felt towards Bohr, has resulted in additional defense line:

`but of course Bohr has already explained this '. The standard Copenhagen interpre-
tation has become a part of university textbooks, relegated to a few pages in some early

9A recent publication by Bacciagaluppi and Valentini (2007) describes in great detail the crucial 1927

Solvay conference, where most of the questions still alive today were introduced. It is a heavy reading for

really dedicated physicists with a historic bend, but it contains the original papers and discussions from

the conference as well as modern analyses. And it is quite clear that one of the sources of di�culty has

been the di�erence between the workings and understanding of the theory, the language and the tools

versus the meanings. It was true in 1927 and it remains true today.
10Bear in mind that these were times of hand calculation, without the aid of computers.
11Not to be outdone, the experimentalists produced a few surprises of their own, for example the muon.
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chapter. The main work for the student, was, of course, learning to solve Schr�odinger

equation in spherical coordinates or calculating absorption or scattering probabilities.

But this idyllic, craftsman-like atmosphere was to vanish. The fundamental questions

have proven to be really fundamental.

There are two signs that Quantum Mechanics, despite the technical success poses

some problems. The �rst is circumstantial: the number of books trying to explain

the problem is huge12, from popular to highly specialized. The second evidence comes

directly from the scientists: they, sometimes, state their problems quite openly |

within the opening chapters of their research articles or books. Let me use, as example

two texts.
Some time after the publication of experimental results related to Bell's theorem

violation (more about this topic shortly), David N. Mermin has written in Physics
Today a wake-up-call article Is the moon there when nobody looks? Reality and the
quantum theory (Mermin, 1985). Troubled by the problems resulting from experiments
(!) he writes:

“Anybody who’s not bothered by Bell’s theorem has to have rocks in his
head.” To this moderate point of view I would only add the observation that contem-
porary physicists come in two varieties.

Type 1 physicists are bothered by EPR and Bell’s theorem.

Type 2 (the majority) are not, but one has to distinguish two subvarieties.

Type 2a physicists explain why they are not bothered. Their explanations tend either
to miss the point entirely (like Born’s to Einstein) or to contain physical assertions
that can be shown to be false.

Type 2b are not bothered and refuse to explain why. Their position is unassailable.
(There is a variant of type 2b who say that Bohr straightened out the whole
business, but refuse to explain how.)

I was still an active physicist, when the article has appeared. I have tried to discuss

it with some of my colleagues, practically without any positive result. Sure, they were

mainly solid state experimentalists, largely unconcerned with philosophical foundations

of quantum theory (more with shortage of liquid helium or quality of samples). But I

have to agree with Mermin: most of my colleagues were Type 2b. I was probably Type

1a: I was worried, but knew too little to actively pursue the topic. Bell's inequality was

something very new for me (even though it already was more than 20 years old. . . ).
Perhaps it might be interesting to note that my predicament and lack of knowledge

was rather typical for the Soviet Block. In the introduction to a review of modern
view of Quantum Mechanics published in Russian journal Physics-Uspekhi written by
Mikhail B. Menskii (Menskii, 2000), the journal editor writes:

In the past in the USSR the foundations of the new physics were also much discussed,
but, unfortunately, subject to considerable ideological restrictions. To wit, one had to
pay genuine or at least formal homage to a philosophical doctrine known as dialectical

12Of course comparatively, there are many more books on mysteries of pyramids or healthy diet.
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materialism. This made free discussion impossible, and the issues of methodology of
physics of the present day level practically disappeared from Russian publications. This
is felt even now, in spite of the fact that anyone in Russia today is completely free
to engage in scientific discussion of methodological, and, in particular, gnoseological
matters.

Remember | this was written in the year 2000. Stalin has been dead for 47 years.

How strange and persistent can the links between politics and physics be.
Coming back to physicist stance versus Quantum Mechanics today, let me quote

from an article by Anton Zeilinger, one of the leading �gures at putting the esoteric
theories right in the realm of checkable, laboratory science. In Zeilinger (1999a) he
writes, in the opening section:

Quantum physics, a child of the early 20th century, is probably the most successful
description of nature ever invented by man. The range of phenomena it has been applied
to is enormous. It covers phenomena from the elementary-particle level all the way to the
physics of the early universe. Many modern technologies would be impossible without
quantum physics – witness, for example, that all information technologies are based on
a quantum understanding of solids, particularly of semiconductors, or that the operation
of lasers is based on a quantum understanding of atomic and molecular phenomena.

So, where is the problem? The problem arises when one realizes that quantum
physics implies a number of very counterintuitive concepts and notions. This has led,
for example, R. P. Feynman to remark, ‘I think I can safely say that nobody today
understands quantum physics’, or Roger Penrose to comment that the theory ‘makes
absolutely no sense’. From the beginning, gedanken (thought) experiments were used to
discuss fundamental issues in quantum physics. At that time, Heisenberg invented his
gedanken gamma-ray microscope to demonstrate the uncertainty principle while Niels
Bohr and Albert Einstein in their famous dialogue on epistemological problems in what
was then called atomic physics made extensive use of gedanken experiments to make
their points.

Now, at the end of the 20th century, the situation has changed dramatically. Real
experiments on the foundations of quantum physics abound. This has not only given
dramatic support to the early views, it has also helped to sharpen our intuition with
respect to quantum phenomena. Most recently, experimentation is already applying
some of the fundamental phenomena in completely novel ways. For example, quantum
cryptography is a direct application of quantum uncertainty and both quantum telepor-
tation and quantum computation are direct applications of quantum entanglement, the
concept underlying quantum nonlocality.

In another short paper, published in Nature, Zeilinger states in very strong words:
because of quantum randomness we can not know the outcome of experiments before-
hand, and, therefore, that the Universe is unpredictable (Zeilinger, 2005b):

For the individual event in quantum physics, not only do we not know the cause, there
is no cause. The instant when a radioactive atom decays, or the path taken by a
photon behind a half-silvered beam-splitter are objectively random. There is nothing in
the Universe that determines the way an individual event may happen. Since individual
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events may very well have macroscopic consequences, including a specific mutation in
our genetic code, the Universe is fundamentally unpredictable and open, not causally
closed.

What is interesting is that for Zeilinger such fundamental inaccessibility of the Uni-
verse is not a matter of concern, but rather a positive proof of reality behind the
physicists toilings:

I suggest that this randomness of the individual even is the strongest indication we have
of a reality ‘out there’ existing independently of us.

I think the quotations presented above do prove that there is some problem with

Quantum Mechanics, not with its calculation machinery but with the basic under-

standing. The introduction of the new notions of wavefunction and state vector, the

new dynamics governed by Schr�odinger and Dirac's equations, and later development of

Quantum Electrodynamics and quantum �eld theories has solved many of the problems

listed above. Yet the mathematical notions involved, the very entities used in basic cal-

culations, like the wavefunction, are posing a lot of interpretation problems. What is

the nature of the state vector? Is it just a mathematical quantity, useful in predicting

results of experiments, without any correspondence to `real reality' (whatever this is)?

Or is it physical, real, with a status similar to grains of sand and other constructs in

classical theory? The latter view would make it easier to accept QM, as we would just

supplant one description of reality with another. But what about the probabilistic na-

ture of the predictions of quantum calculations? Some interpretations say that they are

result of incompleteness of our knowledge of the physical situation. But if this is so,

could it be possible to achieve a better knowledge, which would mean that probabilistic

predictions of QM would be supplanted, in turn, by these `neoclassical' physics? And

even when physicists speak about probabilistic nature of QM do they mean statistical

probabilities of whole ensembles of particles or do they think of single events? All these

questions are far from resolved. Quantum Mechanics has proven to be very successful

in its `mechanical' part, but quite di�cult to `really understand'. And this later failure

is more vexing, because of the predictive and descriptive success of the equations. We

have to admit, that we do not understand the basic, deeper nature of the `reality' (if

there is one. . . ).

6.1.1 What’s the problem?

The reason that Quantum Mechanics poses so many interpretational problems lies in

the way it describes reality. Many of the basic concepts used by QM do not have

any corresponding equivalents in classical physics. Thus, all the classical intuitions

are astray. Moreover, this lack of correspondence is strengthened by the observation

that on our scales Nature behaves largely classically. For example: the Moon does not

get di�used all over the sky, particles leave very well de�ned traces in track chambers
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etc. Some physical quantities have reasonably well de�ned classical-quantum corre-

spondence. Good examples are momentum, angular momentum or even position (for a

single particle). Numbers or vectors, typical for the classical description, are replaced

by operators. Many QM textbooks start with this equivalence, presumably to build the

image that there is a continuous transition from XIX Century physics to the modern,

quantum paradigm. So momentum p becomes p̂ = −i~∇, an operator di�erentiating

the wavefunction. But the recipe is not infallible. Position seems to be a little bit

harder to express, instead of simple x, y, z there is a much more complicated operator.

And some very basic notions do not translate to this `operator' de�nitions at all; most

notably: time (see Chapter 7.7). Page 468

But the very notion of operators invokes more basic concepts: operators must act on

something. And it is the nature of this `something' that poses the greatest problems.

In classical physics the basic entities were particles and �elds. Their behaviour was

governed by speci�c equations, for example Newton's laws of forces and accelerations or

Maxwell equations for electromagnetic waves. In quantum mechanics the role of parti-

cles (with their masses, positions and velocities) or �elds (such as electromagnetic �elds)

is taken by wavefunctions. Or, in some more formal approaches, state vectors. In fact,

historically, the state vectors, introduced by Heisenberg appeared �rst. The `matrix

mechanics', while providing much welcome range of universal tools and improving on

the phenomenological Bohr model with its quantized orbits and orbital jumps, was a

deeply abstract structure. I remember my own feelings during the �rst QM course:

I could not attach any intuitive meaning to the matrix elements. When Schr�odinger

proposed his equation, governing the wavefunctions, the situation was greatly simpli-

�ed. Or so it seemed. Wavefunction, especially for a single particle, was something

an average physicist could live with easily: a function de�ned in real space, with time

dependence given by relatively simple di�erential equation. Moreover, as the two ap-

proaches, matrix calculations of Heisenberg and Schr�odinger equation were soon proven

to be equivalent, everything seemed better. Once I have mastered the mathematical

tools typical for the second order di�erential equations, and the speci�c tricks used by

physicists (what to do in case of spherical symmetry, how to treat boundary conditions

etc.) I felt at home with wave mechanics.

But the fact that something is easier to use does not mean that we automatically

are closer to understand its nature. Whether we talk about state vector |Ψ〉 in some

abstract Hilbert space, or about wavefunction Ψ(r, t), we still need the link to our reality.

We want to map the mathematical entities to our concepts of physical reality. And this

is the source of many problems. Even for the wavefunction which seems less abstract

and resembles the classical notions of waves and �elds, the link becomes much more

di�cult when we go from a single particle to many particle systems. Wavefunction

stops being the easily recognized `function in physical three-dimensional space' | it

becomes function of all the coordinates of all particles, de�ned in many dimensional13

13For N particles, the `spatial' dimension of the total space is 3N . What is the time component? Is
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mathematical space, where our intuitions fail. Then perhaps it is easier, after all,

to start with the state vector, which at least does not pretend to be some `normal'

entity. . . The question is the same regardless of the approach used: does the state vector

(or wavefunction) correspond to something that exists in reality? Or is it just our way

to describe reality, element of language, and the `real thing' is radically di�erent? Either

of the choices leads to serious problems.

Should we opt for the interpretation of |Ψ〉 as corresponding to something real

then the observation of well de�ned particle events and positions forces us to introduce

some strange mechanisms, beyond the simple computational recipe of Schr�odineger

equation. The very acts that `localize' the particles, such as their interactions with gas

molecules in the track chambers or the marks on photographic emulsion or the signals

from photomultipliers | in short, the measurement events | do something to the

wavefunction that is totally alien to the Schr�odinger equation. The name `wavefunction

collapse' is often used. So, the evolution of a quantum system is described by `normal'

periods of linear developments interspersed with these mysterious collapses, necessary

to describe the observed results. But what is the nature of these jumps? Are they

instantaneous? It seem so, but does this pose any problems with respect to relativistic

constraints? For example, if the state of an electron function changes from P to S, does

the wavefunction change immediately in the whole space, say as far as in vicinity of

Betelguese?

Can the jumps be predicted? It seems that they are random, with probability that

can be calculated with the help of the wavefunction, but with no guarantees that they

will happen here and now. But if the state vector corresponds directly to some element

of reality, it would mean that the reality itself is intrinsically random! So our description

of it is incomplete and, in fact, impossible to be completed.

On the other hand, if we treat wavefunction as only corresponding to our infor-

mation, then some problems really vanish. The abrupt change in wavefunction upon

collapse corresponds to change in our information, and this is somewhat similar to

classical probability changes, when we learn new facts. But our intuition is that infor-

mation must be about something. So we ask: what is the thing that our probability

function corresponds to in reality? And from this comes the next, obvious question: if

our knowledge stated within the language of Quantum Mechanics is only probabilistic,

why should we not look for a deeper, better theory that would address this reality in a

better, more precise way?

The `shut up and calculate' position is tenable only as long as one chooses to forget

what are the quantities we apply our tools to. Bohr has provided a convenient escape

route for many physicists. The belief that problem has been solved long ago clears the

conscience of any misgivings. Even for the more inquisitive, the standard Copenhagen

it the same for all the pareticles under consideration? This is usually used by practical physicists. But,

should it rather be N distinct `time variables', for each of the particles, as each of the particles, if we

treat them clasically, would have its own, separate proper time (time measured by the particle's own

clock).
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interpretation, dividing the world into quantum, microscopic (governed by the equa-

tions) and macroscopic, responsible for the measurements and essentially classical is a

nice image that many physicists invoke when pressed. I encourage the Reader to look

up a funny drawing in Zurek (2002), which gives an almost perfect rendition of the

border between classical and quantum.

I will come back to the issue of how to understand QM in Section 6.4. The discussion

occupies quite a lot of space both in the peer-reviewed journals and on the WEB. But

for the most part of the XX Century physicists have simply applied the tools to solve

Schr�odinger (or Dirac) equations for speci�c physical systems. And the results were

spectacular. We owe most of our modern technologies to these e�orts. To see how

QM works, to understand the `mechanics' part of it, I can only direct the Reader to

any of the standard QM textbooks. There are some that are available on the WEB. I

can not promise that they are eary reading. In fact they are quite di�cult. Mastering

the mathematical part, learning how to `calculate' is rather demanding. But thousands

of physics students learn how to calculate every year. Sometimes they also learn how

to `shut up', but this is another story. On the other hand, if one wants to go a bit

deeper a good starting point is to look at things which do not work out, to follow those

physicists who have questioned the general wisdom, and pinted out apparent paradoxes

and incongruencies.
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6.2 The classical paradoxes

Something is rotten in the state of Denmark
William Shakespeare14

The history of the discussion of the real meaning of QM starts, in many
ways, with the founding fathers. And because the problem touched the founda-

tions of the theory it was quite possible to express it in a relatively simple way, almost
ready for the general public. The contradiction of the predictions of quantum theory
with our intuitions was a great ground for seeming paradoxes. The most famous of these
paradoxes is, of course, the Schrödinger’s Cat.15 The notion was introduced in 1935
by Erwin Schr�odinger in a series of three articles that appeared in Naturwissenshaften
(Schr�odinger, 1935). In the section devoted to the question `Are the Variables Really
Blurred?' he writes:

The other alternative consists of granting reality only to the momentarily sharp
determining parts – or in more general terms to each variable a sort of realization
just corresponding to the quantum mechanical statistics of this variable at the relevant
moment.

That it is in fact not impossible to express the degree and kind of blurring of all
variables in one perfectly clear concept follows at once from the fact that Q.M. as a
matter of fact has and uses such an instrument, the so-called wave function or psi-
function, also called system vector. Much more is to be said about it further on. That
it is an abstract, unintuitive mathematical construct is a scruple that almost always
surfaces against new aids to thought and that carries no great message. At all events it
is an imagined entity that images the blurring of all variables at every moment just as
clearly and faithfully as does the classical model its sharp numerical values. Its equation
of motion too, the law of its time variation, so long as the system is left undisturbed,
lags not one iota, in clarity and determinacy, behind the equations of motion of the
classical model. So the latter could be straight-forwardly replaced by the psi-function,
so long as the blurring is confined to atomic scale, not open to direct control. In fact
the function has provided quite intuitive and convenient ideas, for instance the ‘cloud of
negative electricity’ around the nucleus, etc. But serious misgivings arise if one notices
that the uncertainty affects macroscopically tangible and visible things, for which the
term ‘blurring’ seems simply wrong. The state of a radioactive nucleus is presumably
blurred in such a degree and fashion that neither the instant of decay nor the direction,
in which the emitted alpha-particle leaves the nucleus, is well-established. Inside the
nucleus, blurring doesn’t bother us. The emerging particle is described, if one wants to
explain intuitively, as a spherical wave that continuously emanates in all directions and
that impinges continuously on a surrounding luminescent screen over its full expanse.
The screen however does not show a more or less constant uniform glow, but rather
lights up at one instant at one spot — or, to honor the truth, it lights up now here, now
there, for it is impossible to do the experiment with only a single radioactive atom. If

14Hamlet (I, iv)
15Wikipedia lists 18 pointers to humour based on the notion, including, of course, some within my

favourite Terry Pratchett novels.
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in place of the luminescent screen one uses a spatially extended detector, perhaps a gas
that is ionised by the alpha-particles, one finds the ion pairs arranged along rectilinear
columns, that project backwards on to the bit of radioactive matter from which the
alpha-radiation comes (C.T.R. Wilson’s cloud chamber tracks, made visible by drops of
moisture condensed on the ions).

One can even set up quite ridiculous cases. A cat is penned up in a steel
chamber, along with the following device (which must be secured against direct
interference by the cat): in a Geiger counter there is a tiny bit of radioactive
substance, so small, that perhaps in the course of the hour one of the atoms
decays, but also, with equal probability, perhaps none; if it happens, the counter
tube discharges and through a relay releases a hammer which shatters a small
flask of hydrocyanic acid. If one has left this entire system to itself for an hour,
one would say that the cat still lives if meanwhile no atom has decayed. The
psi-function of the entire system would express this by having in it the living
and dead cat (pardon the expression) mixed or smeared out in equal parts.

It is typical of these cases that an indeterminacy originally restricted to the atomic
domain becomes transformed into macroscopic indeterminacy, which can then be re-
solved by direct observation. That prevents us from so naively accepting as valid a
‘blurred model’ for representing reality. In itself it would not embody anything unclear
or contradictory. There is a difference between a shaky or out-of-focus photograph and
a snapshot of clouds and fog banks.

Since then, the Schr�odinger's cat has lived certainly more than nine lives. It has

become an icon of Quantum Mechanics, sometimes without understanding the origi-

nal reasons for its conception. But despite the catchy imagery and relatively easy to

understand nature of the paradox of the cat that is neither dead or alive, there is an-

other problem, formulated in 1935, which ultimately has led to much more important

discoveries. This is the EPR paradox.
As we can see with the bene�t of hindsight, the reluctance to the concepts of QM

felt by Albert Einstein was especially important and fruitful. A large part of his e�orts

in the 1930s were devoted to looking beyond the Copenhagen interpretation. And the

e�orts of Einstein were closely watched by the grand master from Copenhagen, Niels

Bohr.

The so called EPR paradox, has been introduced by Albert Einstein (together

with his two postdoctoral research associates at the Institute for Advanced Study, Boris

Podolsky and Nathan Rosen) in 1935. The article was titled `Can Quantum Mechan-
ical Description of Physical Reality Be Considered Complete? ' (Einstein et al.,

1935). Generally referred to as `EPR', this paper quickly became a source of a debate

over the interpretation of the quantum theory. In fact, Bohr's reply was very quick,

Bohr (1935) | and by accounts of personal friends, this was because Bohr was deeply

concerned with the issues raised by Einstein.

Both of the papers are relatively hard to �nd on the WEB. Of course they have been

published and re-published in journals and books that are accessible to scientists using

institutional libraries, but here we �nd a perfect example of material that should be
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accessible publicly. Not only it is over 70 years old, but also the status of the people

involved in the debate and the fact that the issues are still very much alive today make

any debate about quantum mechanics without at least a glance at the original papers

unfair. I sincerely hope that the links provided in the bibliography would remain valid.

I �nd EPR argument expressed in a very simple language and quite readable. The

point that Einstein, Podolsky and Rosen make is that is is possible to imagine a simple

gedankenexperiment that would show inadequacy of quantum mechanics, its incom-

pleteness in description of nature. The starting point is fully orthodox statement that

two non-commuting variables can not be measured simultaneously within the framework

of QM. The authors use as the example of such quantities the position and momentum

of a particle, stating that in standard quantum interpretation `when the momentum of a
particle is known, its coordinate has no physical reality'. The purpose of the experiment is

to provide an environment where it would be possible to ascertain such two values, and

use this knowledge to prove that the wave function can not provide complete knowledge

of the reality. Because we, would know with reasonable certainty, two values which,

using a wavefunction, simply can not be obtained. So, there must be something that

the QM does not cover. It does not mean that QM is not consistent or logical, Einstein

and his colleagues argued. It is just that it is not a complete description of reality.16

The experiment proposed by EPR is based on preparing two physical systems (par-

ticles) that interact only for a limited period of time (0 < t < T ); after which time it is

assumed that there is no longer any interaction between the two systems. The second

assumption is that the state of the systems was known at t = 0 and that afterwards their

evolution was given by the Schr�odinger equation. A good example that almost everyone

uses is given by two identical particles ying apart after a period of interaction. In a

properly set frame of reference the total momentum of the two particles could be set

to zero, thus knowing the momentum of one particle would give certain knowledge of

the momentum of the other one. This simple set of assumptions is then translated into

equations, which clearly show that by measuring two non commuting quantities in each

of the two systems separately, it is possible to predict the value of both of them, by

taking measurements for each of the subsystems and by reference from the other one.

16There are quite a few accounts describing the friendship between Einstein and G�odel in 1940's and

later, when Einstein was the tutor for G�odel US citizenship application. Both scientists knew each other

since 1933 and have been friends at the time. I �nd it a clear signum temporis that the EPR argument

for the incompleteness of quantum theory has been presented just four years after G�odel published his

incompleteness theorem in mathematics: `For any consistent formal, computably enumerable theory that
proves basic arithmetical truths, an arithmetical statement that is true, but not provable in the theory, can be
constructed. That is, any effectively generated theory capable of expressing elementary arithmetic cannot be
both consistent and complete.' The issue of consistency and completeness being wholly separate qualities of

scienti�c theory is quite revolutionary. G�odel theorem proved that certain forms doubt are inescapable

in science. Even more so in physics, where our knowledge is much less perfect than in mathematics.

Einstein's argument that by a clever experiment the observer is able to arrive at knowledge of both

momentum an position follows the core of the proof of G�odel theorem: our ability to construct true

statements, that are nevertheless undecidable, unprovable within the formal system.
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This statement is used as a proof that in such a setup, there must exist two elements

of reality, corresponding to these physical quantities, which is in contradiction to the

standard statement of QM.
Bohr's reply which was written and sent for publication barely three months after

EPR paper appeared in print, is much harder to read. The main aim of the paper is to
defend quantum mechanics, by pointing out to an `ambiguity' in EPR argument. After
brief description of EPR thesis, Bohr states that:

Such an argumentation, however, would hardly seem suited to affect the soundness of
quantum mechanical description, which is based on a coherent mathematical formalism
covering automatically any procedure of measurement like that indicated. The apparent
contradiction in fact discloses only an essential inadequacy of the customary viewpoint
of natural philosophy for a rational account of physical phenomena of the type with
which we are concerned in quantum mechanics.

Indeed, the finite interaction between objects and measuring agencies conditioned by the
very existence of the quantum of action entails [. . . ] the necessity of final renunciation
of the classical ideal of causality and a radical revision of our attitude towards
the problem of physical reality.

This is a very strong statement, and probably the origin of the `shut up and calculate'

stance. The mathematics is correct, it gives good results, so who cares about the reality,
which itself, as a concept has to be completely revised anyway. . .

Unfortunately, in the following pages of Bohr's paper I �nd it di�cult to �nd ar-
guments that directly refute EPR observations. Bohr enters into close examination of
measuring processes for momentum or position of a particle, arguing, absolutely cor-
rectly that to measure one or the other for a given particle one would have to `destroy'
information. But analysing the gedankenexperiment of Einstein, Podolsky and Rosen,
Bohr concedes that

In this arrangement, it is therefore clear that a subsequent single measurement either of
the position or of the momentum of one of the particles will automatically determine the
position or momentum, respectively, of the other particle with any desired accuracy. . . As
pointed out by the authors, we are therefore faced at this stage with a completely free
choice whether we want to determine the one or the other of the latter quantities by
the process which does not interfere with the particle concerned.

The `killing argument' provided by Bohr a few paragraphs further is: to measure,
for example, the position of one particle this particle must interact with some sort of
measuring apparatus (consisting of diaphragms and �xed supports), and the transfer of
the momentum from that particle to the apparatus is uncontrollable. Thus:

By allowing an essentially uncontrollable momentum to pass from the first particle into
the mentioned support, however, we have by this procedure cut ourselves off from
any future possibility of applying the law of conservation of momentum to the system
consisting of the diaphragm and the two particles, and therefore lost our only basis
for an unambiguous application of the idea of momentum in predictions regarding the
behaviour of the second particle.
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A similar argument is possible in the case of the �rst measurement of momentum

to determine the position of the other particle. The attack point of Bohr is thus the

phrase `without in any way disturbing the system'.
With all humility I think that Bohr has missed the crucial issue in EPR's reasoning.

One of the starting points was the condition that the two systems in question `are no
longer in interaction after T '. This means that the interaction of the �rst particle with the
diaphragm and its support would not inuence the second particle, unless, of course,
the diaphragm itself does interact with the second particle. As we shall shortly see the
key point is the analysis if it is, indeed possible to separate the two systems as Einstein
has envisioned. The reaction to the two papers was very `psychological' | in the sense
of everyone seeing what they actually wanted to see. For example Werner and Wolf
(2001) described the situation as follows:

Bohr’s reply to the EPR paper, although little more than a refusal to accept the problem,
was hailed as a conclusive rebuttal, and almost everybody went back to business.

Even harsher is the comment of Wiseman (2005), who writes:

For a long time it was thought (and possibly is still thought) by most physicists that
Bohr’s response to EPR won the debate for the Copenhagen school. Propagandists from
this school portrayed Bohr’s supposed victory in glowing terms: ‘Einstein’s problem was
reshaped and its solution reformulated with such precision that the weakness in the
critics’ reasoning became evident, and their whole argument, for all its false brilliance,
fell to pieces’. The truth is that EPR had presented a logical argument, whereas Bohr’s
reply was a quagmire from which even his supporters had difficulty extracting any clear
meaning. (It is telling that when his reply was reprinted in the 1983 compendium by
Wheeler and Zurek, no-one noticed prior to publication that the pages were printed out
of order.)

And, indeed, it has seemed that physicists went back to business. The issue had
to wait almost thirty years before anything conclusive has been proposed. There were
isolated e�orts to resolve the fundamental problems, most notably by de Broglie and
Bohm (Bohm, 1952a,b), but it is the work of John Bell which has started the avalanche of
developments of `modern' quantum mechanics. Nota bene, Bell's opinion about Bohr's
`refutation' of the EPR paradox was also very negative. In Bell (1993a, pages 155{156),
he writes

While imagining that I understand the position of Einstein, as regards the EPR corre-
lations, I have very little understanding of the position of his principal opponent, Bohr.

It may therefore be no surprise, that Bell's aim was to provide a more concrete

formulation of the doubts expressed by EPR trio, formulation that would be testable

within physics, not just philosophy.
I have quoted above some rather disparaging notes about Niels Bohr. But the

capability to `brainwash a whole generation of physicists' does not come from nothing.
One must earn enormous respect to be able to perform such feats. The situation is
aptly described by Bell (1993a, page 189):
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Niels Bohr, among the very greatest of theoretical physicists, made immense contribu-
tions to the development of practical quantum theory. And when this took definitive
form, in the years following 1925, he was foremost in clarifying the way in which the
theory should be applied to avoid contradictions at the practical level. No one more
than he insisted that part of the world (indeed the vastly bigger part) must be held
outside the ‘quantum system’ and described in classical terms. He emphasized that
at this classical level we are concerned, as regards the present and the past, with def-
inite events rather than wavy potentialities. And that at this level ordinary language
and logic are appropriate. And that it is to statements in this ordinary language and
logic that quantum mechanics must lead, however esoteric the recipe for generating this
statements.

However Bohr went further than pragmatism, and put forward a philosophy
of what lies behind the recipes. Rather than being disturbed by the ambiguity
in principle, by the shiftiness of the division between ‘quantum system’ and ‘classical
apparatus’, he seemed to take satisfaction in it. . .

The justly immense prestige of Bohr has led to the mention of complementarity in most
textbooks of quantum theory. But usually only a few lines. One is tempted to suspect
that the authors do not understand the Bohr philosophy sufficiently to find it helpful.

So, is there a way out of the philosophical trap? Yes and no: Bell's theorem suggests

that we can escape from shiftiness to concrete calculations and eventually measurements,

but it seems that the philosophical problems remain, albeit at a deeper level.17 Let us

see what is it all about.

17The situation is similar, to a certain extent, to the understanding of the thinking process and intel-

ligence. Although the viable results of `arti�cial intelligence' research are rather disappointing (certainly

well behind the envisioned time schedules), even those failed e�orts have brought so much concreteness

to the thinking about thinking that large part of the discussion is now based on totally di�erent grounds

than �fty years ago.
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6.3 Bell Theorem

Anybody who’s not bothered by Bell’s theorem has to have rocks in his head
Abraham Pais

The largest objects known to behave in a quantum mechanical way are crumbs.
Proof? Wipe a kitchen work surface thoroughly,

satisfying yourself that it is now completely clean. Look away.
Look back again quickly and already you will see a fair population of crumbs.

Whilst unobserved, their crumby waveforms have collapsed all over your kitchen!
found on the WEB18

Bell theorem has been called `the most profound discovery of science' (Stapp,

1977). Is this statement simply a marketing hype for the rather unorthodox

approach proposed by Stapp himself? Is the fame well earned?19

Bell's original work was aimed at putting some testability into EPR philosophical

arguments. The way to achieve it was through derivation of mathematical expressions

that turn out di�erently in the case of `classical' local realistic theories and in the

case of quantum calculations. In such a way, the motto `shut up and calculate' (and

ultimately { measure) would cut the Gordian Knot of philosophical debate. Since

the publication in 1964 many such quantities were de�ned in various physical setups

and expressions for classical and quantum model were indeed found to be signi�cantly

di�erent, in a measurable way. The e�ects we refer to are most often subtle correlations

between measurements performed in specially prepared systems consisting of two or

more particles that have interacted in the past but are well separated at the time of

measurements. Classical theories, which ascribe locally separable properties to such

particles and refuse what Einstein has dubbed `spooky actions at a distance' have very

de�nite predictions for such correlations, which in some cases are in contradiction with

prediction of straightforward quantum mechanics. Thus the foundations of the basic

understanding of the world were indeed in confusion. Today, for many (I am not sure if

one could say most?) physicists the problem is indeed perceived as an important one.

To understand why, we must go a bit into physical and mathematical detail.

6.3.1 Conceptual framework

Let us start with an attempt to describe in more detail one of the many variants of Bell

theorem. This is a risky endeavour, for at least two reasons. For those who are not

accustomed to probability, physics of quantum states, spin and all stu�, the proof would

be probably a mumbo jumbo, or a show-o� of mathematical notation20. On the other

18http://dilbertblog.typepad.com/the_dilbert_blog/2007/03/laws_of_physics.html#
comments

19One may argue that, after all, Bell did not receive the Nobel Prize. . .
20Would my proof be in anyway clearer than the multitude of others that can be found on the WEB?

http://dilbertblog.typepad.com/the_dilbert_blog/2007/03/laws_of_physics.html#comments
http://dilbertblog.typepad.com/the_dilbert_blog/2007/03/laws_of_physics.html#comments
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hand, for those who are, by any chance, deep in the �eld, the proof would lack all the

caveats, discussions of loophole patching and deeper excursion into philosophical mean-

ing of words such as `system preparation', `Kolmogorovian probability' or the meaning

of entanglement. To the �rst group all I can o�er are pointers to explanations based on

analogies and simpli�ed math. Examples include the comprehensive WEB page of David

R. Schneider (a.k.a. Dr Chinese) at http://www.drchinese.com/Bells_Theorem.htm,

o�ering both simple and more advanced version of the proof as well as some of the

original papers. The article on Bell inequality on Wikipedia is quite comprehensive as

well. Additional literature sources include both the `elementary' proofs and examples

Bell (1993b); d'Espagnat (1979); Mermin (1985); Harrison (1999); Kwiat and Hardy

(2000); Stapp (2001a) and more advanced discussions Bell (1964, 1993b); Clauser et al.

(1969); Greenberger et al. (1989, 1990a,b); Placek (1997); Cabello (2001); Norsen (2004,

2006a); Shimony (2004). To the other group of critics all I can o�er is the apology for

not being able to cover the subject to the depth it requires. But you know the proper

literature better than I do, anyway. The reason for writing the proof in as much detail

as I can is that I have not found similarly clear presentation anywhere. The original

papers are usually succinct, being written by specialists for specialists. There are ex-

ceptions, for example Bell (1993b), but this paper is, unfortunately, available only in

printed version. Some presentations concentrate on the philosophical discussions and

lack the mathematical ow; while some elementary expositions often miss the quantum

mechanical calculation, forcing the readers to accept on faith that part of the paradox.

As a result, perhaps it would be useful for someone to have it all gathered together (to

save the less interested Reader from too many equations, the details are moved to an

Appendix 13.3). Here I'll stick with the summary. Page 808

For the proof we would consider pairs of particles such as photons or electrons

that are initially prepared in a special quantum state (called singlet state). We would

assume that they are emitted from a common source and then travel far enough, so that

their interaction is then impossible due to the limits imposed by Special Relativity. At

the end of their travel there are detectors A and B, which allow to measure particle

properties. This is a setup closely resembling the idea of Einstein, Podolsky and Rosen.

To avoid discussions about details of measurements of position and momentum (as

used originally by EPR), most of physicists use other particle properties, such as their

spin or polarisation, which are easier to measure and has the additional advantage of

having simple binary results of measurements: + or −, so there is less error. This

idea was introduced by Bohm, and many papers now refer to such experiments (real or

gedanken) as EPRB. Using spin in place of the original momentum-position pair has

enabled to have the same type of the measuring apparatus on both ends of the setup.

Moreover, this change has allowed to go far beyond the original discussion between

Einstein and Bohr. This is because using spin (or, in case of photons, polarisation) has

allowed to consider correlations between results of observations in a whole spectrum of

experimental settings, such as orientation of the magnets or polarisers at the detector

http://www.drchinese.com/Bells_Theorem.htm


Draft, January 2, 2008 298 Chapter 6. Mysterious Quantum

ends of the apparatus. And this is where the most important new physics was found.

To understand this, let me introduce a very, very classical version of the experiment.

Suppose we prepare a special state of two particles (ping-pong balls) at the source.

Speciality of this state that one of the balls is black and one is white (corresponding to

spin up (+) and spin down (−) states). We then put each ball into an opaque container

and carry each of them to the `detectors', separated by a considerable distance. When

we open the container at detector A and �nd a white ball, we immediately know that

the one at detector B is black, without measuring it and without any superluminal

transmission. There is no quantum magic in it. To get real di�erence between the

quantum and the classical, one must consider more complicated measurements. Let's

assume that in addition to colour, the balls may come in two sizes, and that our prepared

states are also such that one of the balls in the pair is large, the other is small. Making

measurements of sizes we would �nd perfect anticorrelations, just like in the case of

colours. But the interesting thing will happen when we try to measure colour in one

detector, and size in the other location. Then, rather simple probabilistic calculations

would show some more subtle limits on correlations. And these are the essence of the

Bell theorem.

In case of spins, the discrepancies between the classical model and quantum cal-

culations show when one considers correlations between measurements performed at

detectors A and B, which are oriented in di�erent directions (see Figure 13.4). The dif-

ferent detector orientations correspond to size/colour of the ping-pong balls, but with

the additional bene�t of our ability to change the angles between the detector axes

freely. Only when we compare the predictions of such correlations given by classicalPage 809

physics, using some common sense assumptions with the results of the `just calculate'

approach of quantum physics the problem becomes visible. Moreover, it is not `just

a numerical discrepancy': its existence shows great division between the classical and

quantum world understanding, a division that is in principle measurable. One of the

reasons why John Bell's work is so much acclaimed today is this formulation which

allowed to move from philosophical level of gedankenexperiment to the real world of

laboratories. But the story has started with theoretical consideration: a proof of the

irreconcilability of QM and some attempts to build a deterministic, complete, local

theories (such as Einstein would like), that would reproduce all the predictions of QM.

These theories frequently made use of some unknown, unmeasurable parameters and for

this reason are known as hidden variable theories.21 The original proof of the theorem,

published in Bell (1964), has been, over the years expanded and repeated many times.

In fact the sheer number of proofs of various versions of Bell inequalities is astonishing.

One would think that when a theorem is proven it stays proven, once and for all, and

no further proofs are necessary22. The variety of proofs, explanations, analogies rang-

21In fact one of the most widely known attempts at such theory is by Bohm. It is worth noting that

this `pilot wave theory' actually pre-dates Bell theorem.
22Unless they signi�cantly simplify the proof, or expand it to more cases.
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ing from socks to cookies, searches for loopholes and intensive quarrels over them23,

as well as totally mixed and confucing notation dies indeed deserve the approach well

exempli�ed by the title of a very clear paper by Placek (1997): Charting the labirynth
of Bell-type theorems. I have found that one needs a lot of navigational aids in these

confusing waters.

There are many versions of Bell theorem in the literature (not just di�erent proofs!),

starting from the original one proposed by Bell (1964). The reason for this variety

is the drive toward more and more precise and foolproof formulations of conditions.

They di�er in the experimental setup, in the properties that are being measured and

correlated. The original inequality was rather `weak' in the sense of allowing some

loopholes and being rather di�cult experimentally. Probably the best known is the

formulation of Clauser et al. (1969), known as Clauser-Horne-Shimony-Holt, or CHSH

for short. This was the version of a setup that not only avoided some (most) of the traps

and loopholes of the original version, but also allowed a much more feasible experimental

realisation. The proof presented in Appendix 13.3 follows closely the CHSH reasoning. Page 808

What we are interested in is measuring correlations between measurements done

when the two detectors A and B are oriented at various angles (which we denote as

a, b, a′, b′). These comparisons of two measurements at two locations are described by

correlation functions E(a, b), calculating correlations between getting + or − results at

detectors A and B for given orientations a, b. From these simple functions a compre-

hensive quantity for a set of four detector settings S(a, b, a′, b′) is constructed using the

formula

S(a, b, a′, b′) = E(a, b)− E(a, b′) + E(a′, b) + E(a′, b′), (6.1)

(note that there are three independent angles between the four detector orientations).

We assume that the two particles do have properties describable via overt or hidden

parameters, that is that they do have the properties that would decide the outcome of

the experiments. This is what Einstein and coworkers have called elements of reality.

We also assume that it is possible to set up the experiment in such a way that

neither the detector setting at B (A) can inuence the outcome at detector A (B) nor

the outcome of measurement at detector B (A) can inuence the outcome at A (B) |

the so called parameter and outcome independence, which expresses locality of classical

physics | one can obtain, for any local hidden parameter theory, an upper bound on Page 808

|S(a, b, a′, b′)| which has to be smaller than 2.

On the other hand the quantum mechanical calculation gives an exact formula for

S(a, b, a′, b′), which depends on the orientation of the detectors. For some of the orien-

tations the value of |S(a, b, a′, b′)| is greater then 2; indeed it can reach as much as 2
√

2,

more than 40% di�erence, (see Figure 13.6). Page 814

What does it mean? Well, for a physicist it means that some experiments should

show whether the classical bound of 2 is obeyed, or whether quantum predicted values

23See for example discussion in Wikipedia article on Bell tests at http://en.wikipedia.org/wiki/
Talk:Clauser_and_Horne%27s_1974_Bell_test

http://en.wikipedia.org/wiki/Talk:Clauser_and_Horne%27s_1974_Bell_test
http://en.wikipedia.org/wiki/Talk:Clauser_and_Horne%27s_1974_Bell_test
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are observed. Physics is about real world, after all. Should we get, as experimental

result, |S| ≤ 2 for arrangement where QM predicts a larger value, then we should start

looking for a reformulation of QM that would give a correct result. And the beauty

of the EPRB experiment in Bell setup with the CHSH modi�cations is that it is quite

simple to describe them with rather basic QM mathematical tools. As a result, it would

require quite a rework for the QM mathematical structure if the results contradicted the
predictions. For this reason most of the of the experimenters did believe in correctness

of QM calculations, even before the experiments were actually performed.

On the other hand, should the experiment show values of |S| ≥ 2, as predicted by

QM, then we would have to doubt at least one of the basic assumptions: locality (that

is, the postulates of relativity) and the independent reality of distant events (such as

measurements at A and B detectors). This would exclude any local Hidden Variable

theories (although, of course, non-local variants are untouched by the theorem). So,

as Bell has written, `quantum correlations are locally inexplicable'. When we describe

reality through quantum state vectors or wavefunctions, such as the one de�ning the

singlet state of the two particles used in Bell theorem setup (see Equation 13.38) thePage 808

notion of classical space seems to disappear. Wavefunction is everywhere. Particles,

that are classically understood to be separated are linked forever, entangled. And this

entanglement of wavefunctions does produce experimentally veri�able predictions that

contradict the view of local realism.

6.3.2 History: measurements and discussions

The most important aspect of the Bell theorem and its variants is their experimental

testability. Bell has brought the problem from the conceptual realm of philosophi-

cal discussions to workbenches in laboratories. This is physics at its best: isolate the

controversy, design and conduct an experimental test, look at the results. The ex-

periments bring reality into consideration, much more than theoretical musings. Yet

the history of early acceptance of Bell theorem presented by Freire Jr (2005) shows

that initially not only the results of experiments were dubious but it was sometimes

quite di�cult to obtain funding to `test the obvious'. The topic was a taboo. It was

only the experiments by Alain Aspect and his group (Aspect et al., 1981, 1982; As-

pect, 1999, 2002) that have sparked the interest in the theory and tipped the scale

squarely towards the Quantum predictions. The experimental setups were later on

expanded to exclude communication loopholes and to take into account new ideas,

such as three particle correlations. Among the most relevant may be the reports of

Zeilinger (1999a); Weihs et al. (1998); Mandel (1999). For a lot of other papers see

http://www.quantum.univie.ac.at/publications.

As the history of physics often shows, what is considered extremely di�cult ex-

periment may become relatively easy to do thirty years later. Bell theorem is a good

example. Two recent papers (Dehlinger and Mitchell, 2002; Thorn et al., 2004) present

results of experiments performed in the undergraduate laboratories!

http://www.quantum.univie.ac.at/publications
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The experimental consensus is squarely on the Quantum Mechanical case. So, the

`shut up and calculate' recipe has proven successful (as many physicists have hoped).

Reality is nonlocal. But the road to this understanding was very slow and convoluted,

being one of the most interesting examples of active development in physics.

It is certainly worthwhile to have a deeper look at the history of reception of Bell's
approach and resulting physics. There are some detailed accounts of the process of
reaction of the physics community to Bell's publication. Wiseman (2005) presents a
short account of nonlocality in Quantum Mechanics from 1927 up to the appearance of
the Bell paper in 1964. He notes that

There are many ironies associated with Bell’s 1964 paper. The first irony is that, a
generation after the Einstein–Bohr debates, physicists had forgotten (or, like Heisen-
berg, convinced themselves that they could deny) the nonlocality of the Copenhagen
interpretation. Thus the community seemed (and perhaps still seems) to miss the point
and to think that Bell’s theorem showed that H[idden] V[ariable] interpretations must
be nonlocal in contrast to the Copenhagen interpretation. Indeed, the journal editor
who accepted Bell’s paper, the renowned condensed-matter theorist Philip Anderson,
did so partly because he thought that it refuted Bohm’s theory. This misunderstanding
also contains the second irony; in showing that HV interpretations must be nonlocal,
Bell’s theorem in fact nullified any criticisms of Bohm’s theory based upon its nonlo-
cality. Bell himself said that ‘It is a merit of the de Broglie–Bohm version to bring [the
nonlocality of QM] out so explicitly that it cannot be ignored’. And this quote reveals
the final irony; Bell, the destroyer of Einstein’s dream of local realism, was, like Einstein,
a vigorous opponent of the Copenhagen interpretation.

The later story is well charted by a very interesting paper by Freire Jr (2005). The

account has an almost perfect24 mixture of science and human interest. It covers the

period between the publication of Bell (1964) and experimental results of Aspect et al.

(1981, 1982). What Freire observes is that despite the fact that Bell reformulated

the EPR argument in a precise, mathematical and above all, experimentally testable

way the arguments were still considered more `philosophy' than physics. A change in

attitude towards foundations of Quantum Mechanics was needed, and this change really

appeared only after the experiments were precise enough to be considered conclusive.

And, for a lot of physicists | much later.

With the dominant position of the Copenhagen interpretation, it was, in Freire's
words, `a job for quantum dissenters' to suggest that something is still to be done with
the basic ideas of QM. Physics students were actually taught that the subject is o�-
limits. Freire quotes a passage from a widely used QM textbook by Albert Messiah,
written in 1961:

the controversy has finally reached a point where it can no longer be decided by any
further experimental observations; it henceforth belongs to the philosophy of science
rather than to the domain of physical science proper.

24For my taste, at least.
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Similar discouragements were to be found in other textbooks, such as Schi�'s (1955)

or Landau and Lifshitz (1956), which were used at Warsaw University in the 1970's. Or

the matter was simply omitted. I have just reopened those old, battered textbooks, and

there is no mention of EPR controversy. In the �fties there was no controversy, it seems.

In fact, both of them open with a short chapter on `wonders of QM'. Descriptions of

di�raction of electrons and such, which are not entirely accurate and detailed, because

the student does not (yet) know the quantum language. And the story was: look, QM

is really strange. But now it's time for Laguerre polynomials and perturbation theory.

Shut up and calculate. Test of Friday.

It is no wonder that in such an atmosphere, despite the simplicity and clarity, Bell's
papers went initially unnoticed. Almost three years have passed till any serious physicist
took interest. Indeed, one of the people responsible for the breakthrough was a philoso-
pher! Abner Shimony, together with physicist John Clauser have combined their e�orts
(together with Michael Horne and Richard Holt) and published a short but very impor-
tant article Proposed Experiment to Test Local Hidden-Variable Theories (Clauser
et al., 1969). The paper, generally known as CHSH, has been a giant step forward,
for a series of reasons. First, the change in proposed setup makes actual experiments
easier and more precise. Second, the revised version of the inequality (Equation 13.56)
shows cleared distinction between the quantum and classical cases than the original
Bell equation (Eq. 13.65). Also importantly, the authors suggested a concrete experi-
ment, involving photons, that would test the equality. It is worth noting that most of
the popular proofs of Bell inequality (including the one in this book) are based on the
CHSH work. Its publication has awakened the interest among small group of physicists.
In 1970, for the �rst time, the related topics were subject of a dedicated gathering of
scientists, the `Enrico Fermi' International School of Physics held in Italy. A lot of
people who were to play signi�cant role in the later developments have met there for
the �rst time.25 Some taboo has been broken, the foundations of Quantum Mechanics
were found to be acceptable research topic. Of course not everywhere, not every time.
Gisin (2007b) recounts the atmosphere with the following anecdote

When asked for advice about a research direction on the foundation of quantum me-
chanics, John Bell always replied: ‘Do you have a permanent position?’.

But the circle of desperadoes begun to widen and get some visibility. In 1979,

Bernard d'Espagnat has published an article The Quantum Theory and Reality in

the Scienti�c American. I still remember how I have read the paper in American

Embassy Library, and tried to check the calculations on a scrap of paper. Eventually,

in the papers of Alain Aspect and his group appeared (Aspect et al., 1981, 1982). Solid,

conclusive evidence was squarely on the side of Quantum Mechanics. Bell inequalities,

based on local, realistic approach were broken. So, 1982 was another watershed. Freire

uses statistics of citations of Bell original paper to show this change. Out of more than

2000 citations recorded till year 2005, only 144 pre-dated 1982.

25We should remember: 1970 was still in the dark ages before internet, electronic archives of preprints

and Skype. Even preprints, sent by snail-mail took some time to arrive.
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Gisin (2007a) gives a similar picture, limited to strictly peer-reviewed publications,

showing explosive growth of the number of papers devoted to the topic after 2002.

Before this year the number of papers referring to Bell theorem or Bell inequality in

their title or abstract in Physical Review family of journals (one of the most inuential)

was smaller than ten. After 2002 it sky-rocketed threefold. And there are papers that

are related, but simply do not use the phrases in title or abstract.

One of the reasons for the second jump in popularity of the topic is obviously the

practical26 side of Bell inequality, namely quantum cryptography.
The growth in experimental results went in parallel with theoretical discussions.

There were initially two trends. The �rst was to �nd loopholes and loose ends in the
experimental designs and interpretation of results, which might lead to re-introduction
of local realism. The second, more fundamental, was a revival of the research on basic
understanding of principles of Quantum Mechanics. Now that we know, that however
strange QM is, it is correct, and our classical intuitions, embodied in conditions leading
to Bell inequalities are not, the need for precise interpretation is even greater than
before. The number of interpretations of quantum mechanics and their (almost) total
exclusivity is quite astonishing and the temperature of the debate is quite high. This
situation is well shown by the title of the collection of John Bell papers: `Speakable
and unspeakable in quantum mechanics ' (Bell, 1993a). Norsen (2006a), opens his
paper Bell Locality and the Nonlocal Character of Nature, written forty two years
after Bell original idea, with the following summary

Bell’s Theorem has given rise to a unique situation in science. Despite being hailed from
all quarters as fundamentally important, the meaning of the theorem — what, exactly,
it proves — remains widely and hotly contested.

Yet the main theoretical e�ort was at understanding the theorem's conditions and

consequences. Lets, for a moment, try to see why the theorem has caused so much

trouble. Let us try to translate the mathematical form of the inequalities and necessary

conditions to a more comprehensible language (if this is possible when dealing with

QM).

6.3.3 The assumptions,the proofs and the explanations

First I should repeat that there are many `Bell-type' inequalities. In addition to the

original one (Eq. 13.65) or the CHSH one (Eq. 13.56), there are many (some say in�nitely

many) others. They di�er because the experimental setup they refer to is di�erent. For

example instead of two correlated particles we look at ensembles of three or more. Or

we look at correlations of properties with more than two (+/−) values. However, what
these formulations have in common is a prediction that if we keep some basic premises,

26A friend of mine, who is in the quantum cryptography trade, has very strong doubts as to its

practicality. Sure it works. But there are much simpler methods of getting comparable technical security

(without the need for very special equipment), while the quantum cryptography does not (can not) solve

the issues of human security. . . Thus, in his opinion, the practicality of quantum cryptography might be

a myth, carefully upheld by the parties interested in funding. Well, that is certainly possible.
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the expected values of some correlations of experimental results are restricted. And

when we compare the calculated limits with predictions of Quantum Mechanics, we

�nd di�erences. QM allows that for some con�gurations, the expected values would

exceed the classical limits. Sometimes very signi�cantly.

We should, therefore, have a closer look at those basic premises. They can be traced

back seventy years, to the EPR paper, and the `common sense' postulated regarding the

existence of `something' real, behind the smoke and mirrors of the quantum laboratory.

The assumptions are quite general and once we get through the physico-philosophical

jargon, they are very natural and reasonable.
The �rst element of the reasoning is to postulate the existence of reality, indepen-

dent of our e�orts to measure it. This might seem to be obvious. Or not | if you place
the observations �rst and foremost. In any case, the issue looks, at best, purely philo-
sophical. However, since the seminal EPR paper (Einstein et al., 1935), the existence
of reality has been formulated in a way that is much more `physical'. Conditions for
existence of `elements of reality' formulated in this paper are the backbone of all the
later studies of the quantum weirdness. These conditions were:See page 291

• Every element of physical reality must have a counterpart in the physical theory.

• The elements of the physical reality cannot be determined by a priori philosophical
considerations, but must appeal to results of experiments and measurements.

• If, without in any way disturbing a system, we can predict with certainty the value
of a physical quantity, then there exists an element of physical reality corresponding
to this physical quantity.

In every presentation of Bell theorem which uses classical examples (cakes, students,

ping-pong balls or beans) calls our attention to these requirements. If some element

of reality is not described by physical theory, the theory is incomplete, by de�nition.

There is nothing wrong with a theory being incomplete, as long as we recognize it. But

proponents of Quantum Mechanics argue that it is universal and complete. So if we

�nd elements of reality that have no counterparts in QM, then we are obviously on to

something.
The second condition appeals to experiment. And together with the third they

form a way of detecting (not really de�ning) an element of reality. If we can predict
something with certainty using our theory, then somehow, somewhere there must be
an element of reality that is the foundation of our observations. EPR did not say what
this element is, nor even if there is a sure way to guess its nature. But they were sure
that it must exist. Coming back to the example of paired black and white ping-pong
balls: if, by looking at one ball (and observing it to be white) we are sure that the
other would be observed as black, then we assume that there must be `black colour'
that the yet unobserved ball `carries with it'. The properties of objects are real, even
if we are not there to observe them. There is a sound of a falling tree, even though
there might be no-one to hear it. The properties exist, because they can be measured,
even if only in principle. And, reasonable such statement seems, it runs contrary not
only to Zen koans, but to QM predictions, veri�able experimentally. As Lalo�e (2001)
describes it, in the CHSH version of the experiment, according to quantum explanation
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it is wrong to attribute well-de�ned values of four spin projections to each emitted pair
of particles. This is because only two of them, at maximum, can be measured in any
experiment. `we can not speak of these four quantities, or reason on them, even as unknown
quantities.' It is a clear example how strange, from the point of view of our `common
sense' the quantum reasoning may be. Seventeen years after the publication of the EPR
paper, Bohm (1952b)27 has pointed out that there is still another assumption to make
the EPR condition viable, namely that the reality can be split into individual `elements
of reality':

This hypothesis is based on the simple assumption that the world as a whole is objectively
real and that, as far as we know, it can be correctly regarded as having a precisely
describable and analyzable structure of unlimited complexity.

To �nish the discussion of the realism principle and its role in derivation of Bell's
inequalities, let me now turn to Stenger (1995). He presents three possible approaches
to the situation when one of the complementary observables (say, momentum) has been
measured, and the other (position), is unmeasured

View A position has a sharp but unknown value

View B position has a ‘fuzzy’ value

Viev C the value of position is undefined or ‘meaningless’.

The �rst view is that of Einstein and realist approach. The last one is the orthodox
Quantum Mechanics. They are obviously incompatible, and for the physicists, the
success of QM as a tool, is a clear sign that something is wrong with View A. But the
need to satisfy our inner feeling that `something must be there' is so great, that quite a
few physicists subscribe to View B. While we do not know the position of the particle,
nor can we know it, because of the `fuzziness' of its value (whatever that means), it still
has real existence. The supporters of this viewpoint admit that they do not know how
the unmeasured qualities exist, but simply believe in them. Which may come from our
deepest wish to have the physical understanding return to `normal'. A string theorist
Lubo�s Motl, in his blog Reference frame28 puts the sutiation as follows

Interpretation of quantum mechanics is an unsolved problem that waits for a
savior

This is a somewhat technical myth but it shows that the people who don’t follow the
current picture of the world as painted by science not only offer wrong answers but
they are often asking wrong questions, too. For virtually all practical purposes, the
correct interpretation of quantum mechanics has been known since the late 1920s. By

27The two papers by David Bohm (Bohm, 1952a,b) are extremely important, because of the concrete-

ness of the proposal of the hidden variable theory they contained. The papers, for example, have spurred

Bell's interest in the foundations of QM. Moreover, while the papers have contained preliminary but

quite detailed description of the mathematical apparatus of a hidden variable theory, they also contained

very clear and interesting philosophical discussion of the problems.
28http://motls.blogspot.com/2007/09/bad-physicists-and-populism.html. The blog is very in-

teresting and touches a lot of topics, with a lot of attention to global warming, for which Motl suggestively

argues, is not due to human activities. Or even might not exist.

http://motls.blogspot.com/2007/09/bad-physicists-and-populism.html
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mid 1980s, all remaining details - such as decoherence - that are relevant for a unified
understanding of all physical systems were clarified.

The only ‘known’ open interpretational questions about quantum mechanics appear in
the context of quantum gravity.

What the people who dream about ‘solving’ this ‘problem’ actually want is to make
quantum mechanics go away and return to a pre-quantum picture of the world. Every
single one of them wants it. But that will never happen. The leading quantum physicists
in the late 1920s already knew it would never happen but during the last 80 years, a
lot of theorems and much more specific insights have been collected that make it clear
that it won’t ever happen.

The fact that Einstein didn’t understand the inevitability of quantum mechanics in the
last 30 years of his life showed that he was no God but also had human limitations. The
fact that some people are not able to understand these facts about quantum mechanics
even 50+ years after Einstein’s death shows something very different – namely that
they’re stupid bigots.

If the �rst condition for Bell inequalities: realism | the existence of real, intrinsic

properties of studied particles | can be traced to Einstein et al. (1935), then the next

one, locality, can be linked to Einstein's relativity theory and its limit on the speed

of any signal or inuence in space. Locality condition is a reection of the belief that

the world can be separated into parts, and that some of the parts and events can

not inuence In fact there are two parts of the locality condition. The �rst, which

Shimony (2004) calls remote outcome independence which states that the probability

of observing speci�c result in one part of the Bell pair should be independent of the

result observed on the other part. The second, called parameter independence orPage 810

remote context independence, states that the probability of observing a result should

also be independent on the local setting of the apparatus at the `other end' of the

experiment. If the two arms of the whole experimental assembly are really far apart,

where far might mean ten meters or from here to Betelguese, we accept that what we do

at one end should not inuence what is observed at the other. The choice of the setting

(for example the choice of directing the Stern-Gerlach spin detector or a polariser in

one arm of the apparatus) should not have more inuence than, say, the phase of the

moon or the choice of the song on the experimenter's MP3 player. Right? After all,

it is just one of the myriad external conditions. If we go deeper into the meanings of

these locality conditions we have to understand that not only we postulate the outcome

of the measurement on one particle to be independent on the actual outcome of the

measurement on the other, but also `the choice of the quantity to be measured on one side
should have no influence of what can be validly inferred about what would have happened had
some other choice been made', as David Mermin puts it.

The locality, which is introduced as purely mathematical concept to simplify the

equations that and allow to derive to Bell inequality (as in Chapter 13.3) can be also

connected to physical locality of Einstein's Special Relativity. Indeed, the importance of

certain experiments, notably those done by Aspect and his group, was due to the e�ort
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taken to have the choices of settings and the actual results of measurements separated by

space-like distance29, so that relativity would forbid any information to be transmitted

from one end of the apparatus to the other. Thus the intuitive notion of locality has

been strengthened by invoking one of the most strongly established physical principles.

Once we get through the assumptions of Bell inequalities we are left with a feeling

that they are very sensible, aren't they? But it turns out that sensible as they are, they

lead to wrong conclusions. Let me stress the fact that correlations are nothing strange,

neither in quantum physics nor in classical one. There is no surprise that if we prepare

pairs of white-and-black ping pong balls, then the discovery that one is white allows us

to say with certainty that the other, wherever it is, is black. Total correlations. And we

�nd similar total correlations in QM. But the experimental results do show some other,

more subtle correlations which are in disagreement with our assumptions. So either the

assumptions or the reasoning is wrong. What is `worse', the calculations of QM support

predict what is observed experimentally, though they seem less `logical'. Then if we

believe in infallibility of logic, then something must be wrong with the basic premises.

or perhaps there are some factors that we have omitted from our analysis. But before I'll

try to describe what is wrong, let me point out that contrary to some popular accounts,

local, realistic viewpoint is not always in disagreement with Quantum Mechanics. On

the contrary. As Alain Aspect, who has led the teams which performed the �rst decisive

measurements describes it in Aspect (2002): `situations exhibiting a conflict [with QM] are
very rare'. What is the nature of the conict and when it occurs? Let us remember that

to arrive at Bell inequalities we use certain speci�c quantum state. Just like Einstein,

Podolsky and Rosen considered a specially prepared system. What is so special about

that state? Taking as an example the CHSH version of the inequality the state we talk

about is given by

|ψi〉 =
1√
2

(∣∣ a+
1 a
−
2

〉
−
∣∣ a−1 a+

2

〉)
, (6.2)

Physicists (after Schr�odinger) call such states entangled. It is impossible to attribute

to either system 1 or system 2 a de�nite property (such as spin or polarisation). We

can only treat both particles together, hence the name of the state. The particles stay

`connected', regardless of the distance that separates them. How? Well, `quantum like',

of course.

Because such view does not answer the needs of our traditional intuitions, a lot of

physicists search for loopholes in the reasoning or some other explanations within classi-

cal viewpoint. Some of these attempts have attracted the label of `conspiracy theories'.

While obviously derogative, the name is justly earned. Explanations of the breaking

of Bell inequalities which still stay within local realistic framework are possible | but

they have to assume some `preparation' of the whole setup. For example, if we assume

that in the speci�c case of an experiment violating Bell inequality, long time in the past

29In less technical language: the choices of the measured quantities were done su�ciently after the

photons separated, so that they could not be communicated between the A and B detectors in time of

the photons arrival.
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(when the past cones of Einstein Special Relativity for the two measurement events

had common elements) the whole reality was �ne tuned to arrive at speci�c results.

Then our statistical reasoning of the probabilities and of the parameter and outcome

independence conditions would be invalid. Even in the case when, as in Aspect's ex-

periment we still can escape. Instead of assuming that the setting of the detectors is

ostensibly determined at the last nanosecond, we perceive it as predetermined in some

larger scheme, su�ciently long before so that no superluminal transmission is necessary.

But this would mean that our classical, realistic world treats Bell type experiments

with very special attention. As if it would watch if separated particles would be mea-

sured in physicists lab or allowed to go freely. And the mysterious censor would inter-

vene in some special cases. Thus the `conspiracy' label. Such reality, while classical, is

just as remote from our intuitions as the quantum reasoning. And the di�erence is that

while QM has on its side the whole apparatus of mathematical tools and the success

track of predictions and explanations, the conspiracy explanations revolve around word

games and philosophical musings, mostly. So, perhaps it is time to accept that the

reality simply much more di�erent from our intuitions than we are willing to accept

mentally? To trust our mathematics (embodied in Schr�odinger equation) rather than

our intuitions?

I have barely scratched the scope of discussions and issues connected to Bells the-

orem. Today, the amount of literature on the topic is enormous and, as already men-

tioned, extremely fast growing. To try to provide a comprehensive bibliography is a

task beyond my knowledge. The best I can suggest to the Readers interested in get-

ting deeper into the matter is to start with Clauser et al. (1969); Mermin (1985, 1998);

Greenberger and Zeilinger (1995); Hemmick (1996); Goldstein and Lebowitz (1995);

Goldstein (1998a,b); Shi (2000); Zeh (2000); Zeilinger (2002); Aspect (2002); Norsen

(2004, 2006a); Koer and Brukner (2006); Zeilinger (2005a); Horodecki et al. (2007);

Gisin (2007a) and then go through the references therein, and again, and again. Be

warned | this is physics at its worst: clash of opinions often foreshadows the results.

Moreover, the mathematics, which starts rather simple, soon becomes confusing. Often

because we do not have the intuitions to guide us. But if you want to understand the

world, then at least some e�ort to get the hang of quantum correlations is necessary.

6.3.4 Odds and ends

That Bell has started a revolution is now beyond doubt. It should su�ce to google
for `entanglement', `Bell inequality' or `quantum information' and count the number
of hits. Gisin (2007a) sees the discoveries as one of the watersheds in sciences history.
Writing about the reception of Bell inequalities he states

Today it is fashionable, although I suspect that a large majority of physicists would
still be unable to properly derive any Bell inequality. I bet that in a few decades Bell
inequalities will be taught at high school, because of their mathematical simplicity, their
force as an example of the scientific methodology and their huge impact on our world
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view. [. . . ]

We are lucky to live at the time where physics discovers and explores the nonlocal char-
acteristics of Nature. Contrary to the nonlocality of Newtonian gravitation, quantum
nonlocality is with us for ever. Future historians of Science will describe our epoch as
that of the great discovery of nonlocality.

The topic has not only been given prominent status within physics, but has spilled

into other disciplines as well. And as is normal with such situations, some of the

references are very, very strange.

Recently I have found a very curious piece of information on Bell Theorem. The

�rst link to it (through a search at google) was in a short note on a mail archive of

the cygwin mailing list for the Cygwin project. Far, far away from quantum mechanics.

But the link has led me to http://www.barukcic-causality.homepage.t-online.de/

Causation/Causation_2006_Volume_2.pdf. And this was even stranger. It claims to

be peer reviewed Causation: International Journal Of Science. The front page

boasts exploding graphics with a title Bell's theorem . . . refuted! in one inch letters

(see Figure 6.1).

Figure 6.1: That's what I call a scienti�c journal cover!

Inside one �nds two papers (claimed to be peer reviewed) by Ilija Baruk�ci¢: Bell's
theorem. A fallacy of the excluded middle and Helicobacter pylori: the cause of
human gastric cancer. Perhaps not surprisingly, the Editorial Board consists of |

http://www.barukcic-causality.homepage.t-online.de/Causation/Causation_2006_Volume_2.pdf
http://www.barukcic-causality.homepage.t-online.de/Causation/Causation_2006_Volume_2.pdf
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you probably guessed | Ilija Baruk�ci¢! There are no indications as to the reviewers, of

course they are anonymous. . .
But I was curious to see, if indeed, this recent work has resulted in a refutation of

Bell theorem. I dug into the �rst article, which was quite cumbersome | as the text
is really overfull of mathematical formulae.30 The conclusions of the author are really
bold:

As proofed above, Bell’s theorem is fallacious because of specifically logical reasons.
The logic of Bell’s theorem is not sound. Bell’s theorem contradicts classical logic, it is
based upon a fallacy. In so far either Bell’s theorem is valid or classical logic is valid but
not both. Bell’s theorem is not compatible with the law of the excluded middle, it is a
fallacy of the excluded middle. Bell has committed the fallacy of the excluded middle,
commonly referred to as a false dilemma. This logical fallacy is sometimes known also
as a false correlative, an either/or fallacy, a bifurcation or as black and white thinking.
Bell’s formalisation of local realism, his starting point, is incorrect and is based on a
logical contradiction. Bell’s theorem, as a false dilemma fallacy, refers to a misuse of
the law of the excluded middle. Bell has misapplied the law of excluded middle at an
maximum31. An extreme simplification, a wishful thinking and a misapplication of the
law of the excluded middle is the foundation of Bell’s theorem. In so far,
Bell’s theorem is the most profound logical fallacy of science.
Further, Bell’s theorem is the definite and best proof known, that correlation analysis
contradicts Quantum mechanics and Relativity Theory, that it is a useless and dangerous
statistical machinery. Thus, as proofed above, Bell’s theorem is refuted definitely, the
book on Bell’s theorem is completely closed.

Finally, I got to the essence of the proof of refutation of Bells theorem. It starts on

page 18 of the paper. I'll try to repeat here the most important step, taking the liberty

of radically simplifying the notation. Should you have any doubts as to the possibility

of mis-stating the authors work I can only direct to the original work. I have tried to

simplify the notation, but even so, I ask the Reader to excuse the use of formulae here,

because I think it is such a mathematical joke, that should be shared. In its scope of

misuse of mathematics it is comparable to the musings of Tom Bearden on the law of

excluded middle (Chapter 5.6.4).Page 259

The Bell's theorem is given by Baruk?i? as:

(1− ((1− (At)) · (1− (NotAt)))) ≥ (NotAt) + (NotCt) · ((At)− (Bt)). (6.3)

Let's simplify it by denoting the left and right side of equation:

(1− ((1− (At)) · (1− (NotAt)))) = L (6.4)

30In this case I agree with the statements linking the loss of readers to the number of equations.
31Compare this accusation to the attack on logic by Tom Bearden (page 259). The law of excluded

middle (tertium non datur) is one of the favourite targets of pseudoscientists. Getting rid of it would

enable to `prove' all kinds of illogical concepts. What is worse, the law itself, while perfectly valid

logically, has also been abused countless times, by suggesting that there is no more than two alternatives

where there clearly are. So to make things clear the law states that for two-valued logic the statement

`P or not P' is true (Either Socrates is mortal or Socrates is not mortal). Obviously there are situations

where more than two options are possible, but they are not of the form `P' or `not P'.
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(NotAt) + (NotCt) · ((At)− (Bt)) = R (6.5)

This helps, as there are really no operations on L and R in the `proofs'. Thus what we

have is the inequality

L ≥ R (6.6)

What Baruk?i? aims at is a proof by reductio ad absurdum, i.e., he assumes the
theorem to be true, and looks for logical discrepancies. There are four `proofs' and I'll
present the �rst of them, quoting the author as much as it is possible (some substitutions
and cuts are put in here, the Reader interested in details can check the original paper).

The term R can take the values 0 or 1. In so far, let us assume, that R = 0. We obtain
equation L ≥ (R = 0).

It is generally accepted, that a ≥ b means that a = b or a > b, both are equally allowed
and possible, if the inequality is true. In so far, Eq. 6.3 is true, if L = 0. Eq. 6.3 is
equally true if L > 0. In this case, let us assume32, that L = (R = 0), which satisfies
Bell’s inequality. On the other hand, Bell is respecting classical logic and thus the law
of the excluded middle. The law of excluded middle in classical bivalent logic must yield
L = 1. Bell’s inequality is respecting this law. We obtain

(L = 1) = (R = 0) (6.7)

Bell’s inequality leads to a logical contradiction, it not true that 1 = 0. Therefore, our
original assumption, that Bell’s theorem is correct is false.

This was the �rst of the four `proofs'. Of course, if one assumes to use equality and

to use R = 0 condition then one gets contradiction. But it is not the Bell theorem that

`contradicts classical logic and leads to a logical contradiction' | it is the author himself.
It is worth noting that Bell theorem has caught attention beyond quantum physics.

I have found an interesting article that, at �rst sight looks as if it has a lot in common
with Sokal's hoax. The work is titled `Towards a quantum evolutionary scheme:
violating Bell's inequalities in language ' (Aerts et al., 2005). The abstract is very
cryptic indeed:

We show the presence of genuine quantum structures in human language. The neo-
Darwinian evolutionary scheme is founded on a probability structure that satisfies the
Kolmogorovian axioms, and as a consequence cannot incorporate quantum-like evolu-
tionary change. In earlier research we revealed quantum structures in processes taking
place in conceptual space. We argue that the presence of quantum structures in
language and the earlier detected quantum structures in conceptual change make the
neo-Darwinian evolutionary scheme strictly too limited for Evolutionary Epistemology.
We sketch how we believe that evolution in a more general way should be implemented
in epistemology and conceptual change, but also in biology, and how this view would
lead to another relation between both biology and epistemology.

Are the authors serious? Well, they say, for example:

32Emphasis mine.
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. . . consider the sentence The pet eats the food, and where in the process of violating
Bell’s inequalities we consider different situations where it can be seen how a change of
state of pet induces a change of state of food and vice versa, pet and food being two
entangled concepts within the sentence The pet eats the food.

This seems a misuse of physical language, or a forced attempt to make physics ap-

plicable to linguistics and epistemology, similar to examples we will �nd in Section 10.1.

The language we use may be entangled sometimes (by accident or on purpose) but does

the word signify the same as in QM? I have asked the authors what is the reason forPage 680

using quantum terminology, where most of the reasoning is based on non-locality in

particular semantic model used (Latent Semantic Analysis, LSA33). What is quantized

in language or in consumer purchase decisions (a topic also mentioned in the paper)? I

couldn't guess. In fact, one of the authors conceded that the use of `quantum' was not

to his liking, and he actually tries to dissuade its use in the context. But is remains

interesting that inequalities of Bell's type may be valid and useful in analysing phe-

nomena far from the `real quantum' range. But though the use of `quantum' adjective

is, perhaps, not warranted, the scienti�c validity, within the �eld, is undoubted. More

examples of such extensions, especially with respect to breaking of classical `Bell-like

Theorems' may be found, for example, in Khrennikov (2007), which discusses quantum-

like models in mental, social, biological, economic or even political conditions. We shall

return to the paper in the Chapter devoted to studies of mind.Page 607

Entanglement and Bell's inequalities are found in much more esoteric contexts yet.
We have already mentioned the homeopathy analyses of Harald Walach based on magic
in Section 4.6.1. But the analysis does not stop at semiotic and magical explanations.Page 142

The newest fancy is to use quantum mechanics and entanglement to explain why such
practices work.34 Walach (2003); Milgrom (2006) provide very useful examples of the
trend of using `quantum language' everywhere one can. When the magic of the words
turns out to be, perhaps, no longer fashionable, one can use quantum theory to explain
homeopathy. Or, even better, mix the two explanations. In section `Explanation:
Homeopathy as Enactment of Double-Entangled States ' of Walach (2003), the author
proposes two ways of explanation:

• The remedy itself is something like a magical presence of the past, at least in the
case where ultra-high dilutions are used (note that in the case of low dilutions
there might be a mix of entangled states and signalling processes via molecules).

• This therapeutic rationale of homeopathy might enact another entangled state
between substance and diseased organism, but in this case ‘transferring’ the symp-
toms from the organism back to the substance. If this is true, then, homeopathy
would be an ingenious system of using entangled states not to induce something,

33LSA, as far as I have been able to understand is a neat mathematical trick of getting deeper corre-

lations between words in a set of texts, beyond word counts. It does not rely on human understanding,

although in many cases the results of mathematical analysis are uncannily humanlike. For more infor-

mation see Landauer and Dumais (1997); Landauer et al. (1977, 1988); Deerwester et al. (1999)
34But only if not checked and controlled, just like quantum communication and cryptography, see

below.
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but to exduce symptoms, as it were. In that case, the substance which is not
present, that is the homeopathic remedy, would become a kind of receptacle which
‘absorbs’ symptoms, insofar as they are related by similarity, the more so, the less
the likelihood of material presence in the remedy, or, in homeopathic parlance, the
higher the potency. In homeopathy, then, we would have a double entanglement
situation: The remedy is an entangled state itself between actual remedy and
original substance

One thing I observe in Walach (2003) is that the paper does not follow the classical

recipe of Stanislav Andreski, namely, there are no mathematical equations in the text.

This is more than compensated by Milgrom (2006) where the section `An Entanglement
Metaphor for Homeopathy ' is �lled to the brim with entangled wave functions of

the patient (Px), the remedy (Rx) and the practitioner (Pr). It does not matter that

typical patient and healer are very macroscopic objects. They are postulated to be fully

quantum and entangled, whatever image comes to mind. Moreover, the entanglement

is no longer two-way, it now involves maximally entangled form of three objects:

|ΨPPR〉 =
1√
2

(|Px ↑ Rx ↑ Pr ↑〉+ |Px ↓ Rx ↓ Pr ↓〉)

One has to admit that with expressions like that the paper looks so much more quan-
tized35. The article, evidently written in a way to impress a medical reader with physical
terminology and notation is presented as a response to negative results if homeopatic
pathogenic trials (HPT), especially those conducted using the golden standard of med-
ical research, the doubly-blind randomized controlled trials (DBRCT). In fact, the au-
thor opens his work recalling the reports in The Lancet which show that the e�cacy of
homeopathy is no better than of placebo. Instead of trying to look for positive evidence
to counter these reports, Milgrom proposes the following explanation:

Though still a controversial assertion, macroentanglement could be a necessary con-
comitant of the homeopathic (indeed many CAMs’) therapeutic process. Thus, the
breaking of macroentanglement (in this case, between patient, practitioner and rem-
edy) could explain the failure of DBRCTs to provide unequivocal evidence for or against
the efficacy of homeopathy. Conversely, entanglement formation could explain the in-
ability of DBRCTs of HPTs to distinguish between proving and placebo groups. . .

This apparent contradiction between DBRCTs of homeopathic efficacy and homeopathic
provings was explained in terms of information loss brought about by quantum superpo-
sition, i.e. entanglement formation, between the quantum wave functions of remedy and
placebo by the double-blinding protocol. In the proving situation, similarities with the
famous double-slit experiment of quantum physics, and quantum information processing
are proposed. . .

Therefore, an algebraic argument has been proposed that if remedy and placebo really
are entangled by application of the DBRCT methodology to homeopathic provings, then

35For the discussion on the validity of the expressions and the mis-use of quantum approach see also

discussion on page http://forums.randi.org/showthread.php?t=28836.

http://forums.randi.org/showthread.php?t=28836
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any attempt to have prior knowledge of them both should break the entangled proving
state. This should then deliver results showing clear differences between remedy and
placebo in terms of proving symptoms. Thus, the use of DBRCTs for testing
homeopathy would appear to be a flawed strategy as they seem to destroy the
very effects they were purportedly designed to investigate.

Failure to see any e�ects is used not only to argue for their existence, but to promote
the QM theory. Recasting the homeopathy as `quantum e�ect' is used to disprove the
research methods. The much simpler explanation that there are no homeopathic e�ects
in reality is rejected | without real justi�cation. What happened to Occam's razor?
In fact the conclusions of Milgrom are very similar to those of Walach (2003):

Blinded trials of homeopathy are not a good idea at all. They are difficult enough
for conventional pharmacology, although pharmacology deals at least with some causal
mechanism. But they are fatal, if no such causal mechanism is at work. For the
blinding of a trial induces another kind of generalized entangled state, namely between
the treatment and the placebo groups. The global descriptor in that case is that of a
trial as blind, the local variable is that of a definite assignment of a subject to a group.
Both variables — blinded study and definite assignment — are complementary variables
and hence entanglement would be predicted.

After reading the papers, I think I prefer the earlier magical explanations. At least

there is some link to traditional recognition of the placebo e�ects, for which a belief

in e�ectiveness is necessary. And, in general, it is much more common to believe in

shaman's dances and incantations than in Hilbert space projection operators.

6.3.5 But is it true?
After so much attention paid to the Bell theorem and the (hopefully warranted) ridicule
of the front page disproof what could be more surprising than reopening the issue of the
validity of the theorem? Yet the topic has made to the front page of the New Scientist.
The article that made it to the cover, Quantum untanglement by Mark Buchanan,
describes recent e�orts at testing the limits of QM and the basis of the proof of Bell.
The big question is whether the strangeness of the quantum world must exclude more
classical, local, realistic explanations. And quite typically for the magazine, the cover
and the language are, let's say, `encouraging interest'36.

The spookiness, it seems, is here to stay. Or is it? Listen to Joy Christian at the
University of Oxford and you may wonder if these grandiose quantum conclusions are
really necessary at all. He claims that physicists’ supposed proofs of the impossibility of
more ‘realistic’ theories rest on false assumptions and so don’t prove much at all.

‘Contrary to the received wisdom,’ he says, ‘quantum theory doesn’t rule out the pos-
sibility of a deeper theory, even one that might be fully deterministic.’ Christian’s
conclusion follows from a relatively simple calculation using alternative mathematics,
described in a paper now under review at the journal Physical Review Letters.

36Tabloid style, applied to science?
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Figure 6.2: And here's another cover, this time of a rather respected journal. But the similarity

is there, isn't it?

Intrigued by the article I have tracked down the original papers by Christian, which

have appeared on the arXiv repository of preprints (Christian, 2007a,b). They made a

very heavy reading, as the disproof of Bell theorem does not rely here on any hocus-

pocus, but on rather more advanced mathematical tools. Here again my habit of trying

to get as close as possible of the original sources got better of me. But it is worth

it. I feel the atavistic pride of a hunter on a hot trail, following the beast of truth.

Especially in such controversial cases, the temperature of the discussion, the human

emotions which are visible between the lines of text and equations, all this makes the

e�ort worthwhile.

To understand Christian's arguments I had to learn the basics of Cli�ord algebras.

Fortunately, the basics are quite accessible, interesting in themselves, and covered by

quite a few nice introductory texts37. So, despite that fact that I did not know anything

37http://staff.science.uva.nl/~leo/clifford/talknew.pdf, http://www.av8n.com/physics/

http://staff.science.uva.nl/~leo/clifford/talknew.pdf
http://www.av8n.com/physics/clifford-intro.pdf
http://www.av8n.com/physics/clifford-intro.pdf
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about Cli�ord algebras I was able to grasp some ideas quickly (and the topic is in itself

worth study). In the following analysis I have to use some of the notions of Cli�ord

algebra. Instead of explaining them fully I recommend to look up the sources.

The aim of Christian was to disprove Bell theorem, by �nding an example of a

classical, local hidden variable model in which the values of correlations would exceed

those set by Bell conditions. The approach is based on changing the entities used to

describe the `classical observables' (or, as some authors write, the dynamical variables)

from real or integer numbers to elements of Cli�ord algebra C`3. to model the quantum

observables of electron spin values, Christian proposes to use bivectors, resulting from

the dot product of a trivector µ and a vector denoting orientation of the detectors

a,b. Thus, in pace of measurement result at detector A, A,B of Chapter 13.3, the

`observable' is µ · a and the correlation between the measurements at the two locations

is given by

ECA(a,b) =

∫
V3

(µ · a)(µ · b), dρ(µ) (6.8)

where the index CA denotes Cli�ord Algebra. The trivector µ plays here the role of

the hidden parameter λ over which averaging must be done. As Christian shows, after

the integration the resulting expression becomes

ECA(a,b) = a · b (6.9)

(this is a normal `scalar product' of the two `normal' vectors, therefore a number!).

It is exactly the result one obtains in Quantum Mechanics! The limit of the CHSH

correlation is 2
√

2 | exactly the limit of QM. When I �rst read the derivation such

agreement seemed to be too good to be true.
My doubts were initially spurred by some words in Christian (2007a) arguing that

the use of bivectors of C`3 to represent spin measurements is motivated by the fact that

spin angular momentum within classical physics is usually represented, not by a polar
vector, but by an axial or pseudo-vector, composed of a cross product of two polar
vectors.

I wondered what about the light polarisation experiments, which deal with normal

vectors, not pseudo-vectors. My doubts resulted from a belief that whatever is the

reason for the observed range of correlations in EPRB measurements38 it has to be

universal, i.e. applicable to both spin and polarisation experiments. QM provides it's

own explanation in the way of its mathematical tools, which has this universality virtue.

Bell's approach had the same range of universality | in disagreement with QM, but

consistent for all types of experiments.

On the other hand, Christian papers seemed to provide an example of breaking the

Bell limit in a speci�c case. The use of Cli�ord algebra entities to describe the classical

clifford-intro.pdf, http://www.mrao.cam.ac.uk/~clifford/publications/ps/imag_numbs.pdf.
38For example the limit of correlations in CHSH given by ±2

√
2.
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equivalent of observables was, as far as I could understand, applicable mainly for the

spin case. Now, it would be rather surprising if classical mechanism allowing to break

the Bell limit of 2 (in the CHSH case) would be present in one physical situation, but

absent in another. But this was something of a philosophical problem, and there were

other, more concrete problems as well.
I have found Christian's choice of observables and description of them is ambiguous.

For example in Christian (2007b) he writes

The observables An(µ) are the unit, non-commuting bivectors µ ·n, isomorphic to the
familiar quaternionic numbers. [. . . ]

Thus An(µ) are truly dichotomic observables, with binary values ±1.

Now, from the e�ort to learn the Cli�ord algebra I remembered one lesson clearly.
The whole point of such construct is to enable mixing of di�erent `grade' entities in
a single mathematical domain: numbers, vectors, bivectors, trivectors. . . It is perfectly
permissible to multiply such quantities among each other (with very interesting e�ects),
to add them together | but is it not possible to compare them. In I have found the
following parable

Sometimes non-experts find this disturbing. Adding scalars to vectors is like adding
apples to oranges. Well, so be it: people add apples to oranges all the time; it’s called
fruit salad. In contrast, it is proverbially unwise to compare apples to oranges, and
indeed we will not be comparing scalars to vectors. Addition is allowed; comparison is
not.

But it seems that this is exactly what Christian is proposing: bivector is compared to

a number. Now, for the two particle correlations, thanks to the additional multiplication

in Equation 6.8, the outcome is a number. But what of single spin measurements?
The papers of Christian have caused almost immediate critical response. Among the

critics were Pawlowski (2007); Grangier (2007); Holman (2007), and Christian himself
set up a response paper (Christian, 2007c), updated with responses to the criticisms.
Despite the purely scienti�c nature of the controversy, these publications are not free
from accusations of misunderstanding and misrepresentation, and misrepresentations of
misrepresentation. But, fortunately, there is physics in the exchanges as well. And in
majority of them the same observation that I have described above has been made. For
example, Pawlowski (2007) puts the issue very succinctly39

As Christian mentions µ ·a and µ ·b are bivectors not scalars [. . . ] and since the proof
of Bell’s Theorem requires scalars, the equation 6.9 is irrelevant to this proof. The
flaw in the equation 6.9 comes form confusion between Clifford Algebra valued hidden
variables which are acceptable, and Clifford Algebra valued observables which are not
if we are to get a scalar in the RHS of the CHSH inequality.

Similar arguments were proposed by Holman (2007) and Grangier (2007).

39One may ask the question: as Christian has taken the trouble to write very extensive rebuttals to

his critics, why didn't he mention the incisive, one-page paper by Pawªowski?
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We have to think about what is happening when we measure the spin at each end

of the apparatus. In most cases the experimenters would use Stern-Gerlach magnets to

split the paths of the electrons with spun up and down (along the given direction) and

direct the electrons toward separate `UP' and `DOWN' detectors. Then we would count

the clicks of the detectors. The same experimental picture is valid in the quantum case

and in the classical hidden variable case. The hidden variable, carrying information on

how the electron would behave might be a number | or, as Christian postulates, some

other entity. For example the bivector µ · n.
Lets see, �rst what happens if we decide to measure just one electron. The passing

through the Stern-Gerlach magnet directs the electron toward one of the detectors. In

classical picture this process would be decided by some interaction of the hidden variable

carrying the spin information with the non-uniform magnetic �eld. This interaction

would result in a force pushing the electron to the appropriate detector. Result of the

measurement becomes a simple number (no longer a bivector, but a simple number: 0

clicks in detector `UP', 1 click in detector `DOWN', for example).

Now, what we do to arrive at the correlations crucial for Bell inequalities, we calcu-

late statistical properties of results of measurements at both ends of the apparatus, for

both electrons. But we correlate the �nal numbers, not the hidden variables carrying

the information. Whereas Christian correlates the bivector hidden variables and then

`measures' the joint result of the correlation. This is, in my opinion, the source of the

disagreement between Bell prediction and Christian proposal.

The moral of the story? There are more than one. First, that Bell theorem has

today the status that makes any news of its disproof worthy of front page coverage.

I compare this situation to the essay on Quantum Mechanics by Carl Friedrich von

Weizs�acker40, written in 1968 (well after Bell's publications), where the theorem is not

even mentioned.

Second moral: news coverage is a good method to learn about some discoveries,

but not necessarily the best one to understand the. The New Scientist article does not

mention any of the criticisms related to Christian's work. So one must dig down to the

original sources, wherever possible.

The third lesson, which we will �nd reinforced in the following sections, is that QM

is still far from being universally understood, and thus is is still a playground of ideas.

Sometimes worthy, sometimes not.

Lastly, an observation as an author of a book. It is quite risky to put a live subject

in a book. Even worse is to pronounce any opinions about it. The topic might turn out

to be trivial, or the opinion of the author might turn out to be (stupidly) wrong. It is

much safer to deal with subjects dead and gone, oops, decided long ago.

But there is fun in trying to see what is happening in science at large, in the jingle of

ideas, where people discuss issues using mixtures of rational and emotional arguments.

For an outside observer, like myself, who is not forced by the necessities of his own

40von Weizs�acker (1971)
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research to concentrate on a given subject and his own career, such hot spots in science

are the source of the greatest cognitive satisfaction. Well worth the risk of being wrong

or appearing stupid. These can always be corrected. Whereas the lack of curiosity can

not.
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6.4 The World of Many Interpretations

There are more things in heaven and earth, Horatio,
Than are dreamt of in your philosophy.

William Shakespeare41

Of the two `revolutionary' theories of the XXth Century, Relativity and
Quantum Mechanics, QM is decidedly much more troublesome42. The physicists,

despite enormous e�ort and equally astounding successes of the theory still remain
divided on the interpretation of QM. Success of Bell in clearing the grounds of the
EPR-Bohr debate and putting it on experimental footing has by no means resolved all
the issues. We have seen this in historical examples, but this confusion is equally visible
today. This situation is aptly summed by Lalo�e (2001):

A natural comparison is with special relativity, since neither quantum mechanics nor rel-
ativity is intuitive; indeed, experience shows that both, initially, require a lot of thought
from each of us before they become intellectually acceptable. But the similarity stops
here: while it is true that, the more one thinks about relativity, the more understandable
it becomes (at some point, one even gets the feeling that relativity is actually a logical
necessity!), one can hardly say the same thing about quantum mechanics. Nevertheless,
among all intellectual constructions of the human mind, quantum mechanics may be
the most successful of all theories since, despite all efforts of physicists to find its limits
of validity (as they do for all physical theories), and many sorts of speculation, no one
for the moment has yet been able to obtain clear evidence that they even exist. Future
will tell us if this is the case; surprises are always possible!

The conceptual problems of QM result from its weirdness. Weirdness measured as

di�erence between our everyday observations and mental imagery of how the world

works and expectations of how it should work and the predictions of Quantum Mechan-

ics. There is no simple solution to this problem, because, in a strict scienti�c sense

both, seemingly exclusive, viewpoints are true.

The predictive and descriptive success of QM in analysing the micro-world is un-

deniable. Without the quantum formalism, mathematical and conceptual, our under-

standing of physics would be, well, at the XIXth century level. There would be no

electronics, modern communications, even biology would be much, much poorer. Thus,

we assume that there is `something' in QM that corresponds to basic truth, otherwise it

would not work so perfectly. At the same time all of the carefully designed experiments,

aimed at showing di�erences between quantum reasoning and classical one, testing the

limits of validity of QM (such as the tests of the variants of Bell's theorem); all of

them give consistent results con�rming the quantum picture. And this means that our

intuitions about the measurement process, about `inherent properties of things' and

locality are wrong. It would be therefore tempting to simply dismiss our intuitions and

41Hamlet (I, v)
42In fact a lot of problems come from trying to join these two approaches together.
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the whole classical picture as `faulty observations', or at best, inaccuracy due to lack

of proper precision of observers. Such shifts in perspective have happened many times

in the history of science, from the birth of mechanics to the introduction of Relativity,

and we have accepted the inaccuracy of previous models, or even their wrongness (as

was the case of ogiston, for example). Quantum mechanics would reign supreme, with

the common sense `classical' description relegated to the role of rough approximation,

suitable for unaided human senses.

But the problem is deeper. Such step would be too radical with respect to QM.

The issues exempli�ed by Schr�odinger's Cat are real: in macroscopic observations we

do see only alive or dead cats, the Moon is not di�used all over the sky when nobody

looks, elementary particles leave well de�ned tracks is detection chambers. In a single

sentence: it seems that there is a lot of the world that is describable in classical terms,

in conict with a quantum description of Schr�odinger (or Dirac) Equation. Our senses

are often right, and so are, in many cases, our classical intuitions.

This necessity to keep both the quantum and the classical description alive is the

source of philosophical problems with QM. It suggests some limitations of the quantum

description, limitations that are very di�cult to understand in the reductionist, mate-

rialist view. We still do not understand very basic ideas: what do we measure, what a

measurement process is, how to account for the apparent separability of the world into

macroscopic objects and the stability of these objects. Despite almost ninety years since

the real explosion of QM physicists have not arrived at a single, uni�ed `Understanding'.

Of course, there are quite a few approaches that assume that in addition to matter

and energy, describable by the Quantum Mechanics, there exists some spiritual or psy-

chic level of existence, totally classical and being the source of classicality in the world.

Such assumptions usually (but not always) are treated as going beyond the scope of

science. We will come back to some of such proposals later.

The Copenhagen Interpretation (CI), which is still the most accepted among the

physicists and considered as the standard one, has turned the problem into a virtue. See page 284

Instead of lamenting about the split between the classical and the quantum, Bohr has

used the division. The classical world of experimental setups, macroscopic laborato-

ries, measuring equipment and conscious observers is necessary to obtain results of the

measurements of the microscopic quantum systems. Bohr has managed to explain the

de�niteness of measurements, particle tracks etc. by invoking the classical nature of the

measuring device. This has not only `solved' the QM problem, but also supported our

own intuitive, classical view of the world at our scale.

The CI solution, while accepted, is riddled with loose ends and internal conicts. For

example, one may wonder where is the boundary between microscopic (assumed to be

quantum) and macroscopic (assumed classical). Remember that the classicality of the

part of the world is not some statistical coarseness e�ect, like in classical thermodynam-

ics, but a necessary element of the whole description. In CI there is not quantum world

without the classical! But quantum is not limited to single particles. With more and



Draft, January 2, 2008 322 Chapter 6. Mysterious Quantum

more specially prepared experiments we are able to show purely quantum behaviour for

systems consisting of really huge number of particles. And thought experiments, such

as the Schr�odinger Cat, show that there is no conceptual boundary at all. Bohr has al-

lowed such `shifting' of the boundary, but at the cost of denying Quantum Mechanics a

universal status. Although it may be possible to consider ever larger and larger systems

as quantum, even to the limit of thinking about a brain of a human observer as a part

of the quantum experiment, there must always be some even larger, classical apparatus

(observer) to measure the properties in a unique way. Such regression, formalized by

von Neumann and known as `von Neumann chain' makes Bohr's interpretation tenuous

philosophically.

What is the core of Copenhagen Interpretation? There are probably quite a few

answers to this question. In general, it combines the quantum mechanical description

of a physical system governed in a deterministic way by Schr�odinger equation with a

probabilistic, unpredictable jumps in the evolution caused by a macroscopic measure-

ments. This process is often called `state vector reduction' or `wave function collapse'

and provides the link to our observations of a precisely de�ned, classical world. Prob-

ability enters the model via the wavefunction (to be precise, squared modulus of the

wavefunction) and the act of measurement `picks up' any possible value with probability

given by this expression.
One may ask | and indeed this question has been repeated so many times | what

constitutes an experiment or observation? What is necessary to provide the reason
for this departure from the deterministic evolution to the seemingly unphysical jump?
After all, the measuring apparatus, whether electronic detector or bubble chamber or
photographic plate is just another physical system, that should be governed by the
same quantum equations. Many answers have pointed to human mind as the ultimate
measuring apparatus, which enforces the transition. This has prompted David Mermin
to ask the provocative question Is there a Moon when nobody looks? (Mermin,
1985). A growing number of physicists are extremely dissatis�ed with the Copenhagen
interpretation. In one of the funniest papers expressing this dissatisfaction, Norsen
(2006b) writes

A dangerous enemy has infiltrated our science classrooms and is infecting our students’
minds. The enemy is a profoundly unscientific theory masquerading as legitimate sci-
ence. Its presence in the science classroom blurs the distinction between real science
and arbitrary dogma and ‘makes students stupid’ by leaving them less able to distinguish
reasonable ideas from unreasonable ones —- a skill that is surely one of the main goals
of teaching science in the first place.

You probably suspect the enemy I’m talking about is Intelligent Design (ID). Yes, ID has
infiltrated some science classrooms. Yes, ID is specifically designed to blur the distinction
between real science and religious dogma. And yes, the phrase ‘makes students stupid’
is straight out of Pennsylvania Judge John Jones’ recent finding that ‘ID is not science’
and shouldn’t be taught in the biology classroom. But, in part because of Jones’
excellent analysis, I don’t think ID is a terribly significant danger. It is too transparently
unscientific, too widely recognized for what it really is: a thinly-veiled attempt to inject
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religious creationism into the science classroom.

The enemy I’m worried about is something else — something just as unscientific
as ID, but more dangerous because it is not widely recognized as such: the
Copenhagen interpretation of quantum mechanics.

It is worth noting, however, that the majority of physicists accept the Copenhagen
interpretation, either because of their detailed considerations (a few) or because they
have been conditioned to believe it (most of them). In his review of the state of un-
derstanding of QM, Do we really understand quantum mechanics? Strange corre-
lations, paradoxes and theorems, Lalo�e (2001) points out that

It should also be emphasized very clearly that, until now, no new fact whatsoever (or
no new reasoning) has appeared that has made the Copenhagen interpretation obsolete
in any sense.

Of course! Because the Copenhagen Interpretation deliberately skims over the issues

or simply refuses to discuss some of them as pointless. Yet the key questions are as

alive today as they were in the early age of QM. How to treat this quantum jump,

the reduction of the state vector? If only our knowledge of the system, as given by

measurements matters, does the system itself undergo any physical changes when our

knowledge about it changes? Are wavefunctions just a mathematical convenience or do

they have a deeper reality? The change is that today many more avenues have been

explored, both in mathematical and theoretical ways and experimentally.
The dissenters are deeply unhappy with Bohr's arbitrary division into the quantum

and classical parts. They seek real explanation, whatever `real' means. In a very
interesting paper, Mermin (1998) lists six reasons for the dissatisfaction, six postulates
for what the good interpretation should be.

Here are my own personal desiderata for a satisfactory interpretation. Most are based
on my persistent discomfort with various commonly held claims about the nature of
quantum mechanics.

1. The theory should describe an objective reality independent of observers and their
knowledge.

2. The concept of measurement should play no fundamental role.

3. The theory should describe individual systems, not just ensembles.

4. The theory should describe small isolated systems without having to invoke inter-
actions with anything external.

5. Objectively real internal properties of an isolated individual system should not
change when something is done to another non-interacting system.

6. It suffices (for now) to base the interpretation of quantum mechanics on the (yet
to be supplied) interpretation of objective probability.

The motivations for these postulates are very close to my own. The �rst two `desider-

ata' deal with the arbitrarily special position of humans, as observers and as the ultimate
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parts of the measurement processes. I agree with Mermin that it is unnaturally vain

to assume that there would be no physical world, or that the world would behave very

di�erently had there been no observers. We are parts of the world, but are we so signif-

icant? The need to involve knowledge of (human) observers into de�ning the existence
of reality (whole or elements of it) is rather preposterous.

Postulate 2 goes deeper and aims to dethrone the specialness of `measurement' as

physical process. How and why should it be di�erent from all the other physical pro-

cesses or events? What makes a measurement, from physical point of view? Is it that we

take notice of the event? Putting again human observers into the nexus of the interpre-

tation? The same physical event, say, a chemical change in a molecule on a photographic

plate, is sometimes just a simple e�ect (studied quantum-mechanically) but at other

times achieves the status of `measurement', classical and una�ected by quantum laws,

by itself de�ning the states of other systems (such as the photon which caused the re-

action). As Mermin states, `physics ought to describe the unobserved unprepared world.
“We” shouldn’t have to be there at all.'

Postulates 3 to 6 deal with another problem of traditional understanding of QM,

that is its probabilistic nature. Again the theme is linked to our knowledge | we

may be the unnecessary `external' elements mentioned in the Postulate 4. And the

probabilistic nature of quantum phenomena is di�erent than the ones we are accustomed

to, say Las Vegas gambling type. The randomness does not result from our incomplete

knowledge, for example on how exactly are the cards ordered in the dealers deck43.

QM world is intrinsically nondeterministic. It applies to ensembles but just as well to

single, simple systems. And this is unusual for physicists, who have got accustomed to

probabilistic descriptions of large numbers of atoms in gas containers, but expect simple,

deterministic solutions to movement of single particles. Despite this rather obvious fact,

many QM explanations of the probabilistic nature rest on the `ensemble' approach, in

which there are multiple `copies' of any given physical situation. Sometimes the copies

are put there in a way that nobody can see them, yet they are postulated just to keep

our notions of probability as the ratio of the systems in the ensemble with, say, spin op

or down. But we really do not see any evidence of such ensembles. Yes, sometimes the

experiments are repeated many times and we do get the right probability distributions

of results. But many experiments are done just once! The quantum ensembles seem

to be an invention of our physical philosophy. Perhaps such construction is necessary.

Perhaps. But Occam's Razor points that �rst we should try the explanations which do

not involve a multitude of electrons but the single one under study. Maybe it would

behave more strangely, or rather maybe we would have to use a bit stranger language to

describe it, bit it would be one electron, not copies upon copies. To approach this issue

Mermin proposes a de�nite direction of research: to study this `objective probability',

43Knowing it would constitute the equivalent of the hidden variables approach to QM. In fact many

physicists detest the role of clueless gambler at the mercy of the possibly hostile casino dealer, and would

like to know the deck all the way through. God should not play dice, nor poker.
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randomness decoupled from observer's knowledge and from statistical considerations. I

shall come back to Mermin's own proposal for interpretation of Quantum Mechanics,

but we can already feel that the dissonance between the usefulness of QM and the Page 351

understanding of the basic principles runs rather deep.
Mermin sees the weakness of the Copenhagen interpretation, in large part, in its

anthropomorphism:

the claim that the existence of a classical domain is essential for a proper formulation
of quantum mechanics; the intrusion at a fundamental level of notions like observation,
measurement, or state preparation, into what ought to be a description of phenomena
in the unobserved, unmeasured, unprepared natural world; and the murkiness of the
distinction between objective fact and human knowledge.

Anton Zeilinger, who has devoted a large part of his work to study (experimentally!)
the quirks of Quantum Mechanics is, in his own words, a supporter of the Copenhagen
Interpretation. But he acknowledges the existence of other interpretations, and even
attempts to explain the origin of the phenomenon. In Zeilinger (1996) he argues that
in quantum theory

we do not have a generally accepted principle which can serve as the foundation of the
theory. Indeed, I would suggest that this is the very reason which makes it possible
that a variety of different interpretations – in broader sense – coexist. It is important
to notice that nearly all of these interpretations are in agreement with each other when
it comes to definite experimental predictions. [. . . ]

So, instead of trying to decide here which of these interpretations is correct, I would
propose to attempt to learn from the fact that various interpretations coexist.

Such a strange double take: we learn about physics by learning why we (humans)

are unable to arrive at single understanding of the world. Is QM interpretation similar

to religions? Are discussions between various interpretations a return to scholastic

disputes about angels dancing on the head of a pin? I have no quali�cations to judge

which interpretations are `better', much less than Zeilinger. On the other hand, I feel

that the shut up and calculate approach, while satisfactory from practical point of view,

is not enough. I would like to know what is behind the veil. Because I do believe there

is a Reality, however strange, that is independent of me. And that the aim of physics

is to describe it.
That I am not alone in this way of thinking may be well con�rmed by the words of

John Bell himself. In Bell (1993c) he contrasts the operational approach of the Copen-
hagen school with its emphasis on observations and measurements with the general
philosophy of physical world. Bell introduces the notion of beables, which has been
(albeit reluctantly) taken up by quite a few followers. Beables are opposed to the stan-
dard QM notion of observables, to denote the underlying reality, decoupled from our
attempts to observe it.

By ‘classical terms’ Bohr [. . . ] refers simply to the familiar language of everyday affairs,
including laboratory procedures, in which objective properties – beables – are assigned
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to objects. The idea that quantum mechanics is primarily about ‘observables’ is
only tenable when such beables are taken for granted. Observables are made out
of beables. [. . . ]

For a general state the probability of a beable being a particular value would be calcu-
lated just as was formerly calculated the probability of observing that value.

The conicts have not subsided in the past eighty years. After the period of relative

quiet, due to the attitude of `Bohr has solved the philosophy, what we have to do is

calculate', the last �fty years are a period of growing unrest. Of course, the calculations

have not stopped, just the contrary. With the advent of computers we are now able

to consider more and more complex physical and chemical systems in detail. And QM

mechanic part proves to be correct time after time. But the philosophical issues have

been on the revival. For anyone wishing to chart these waters, the sheer number of the

interpretations may cause a headache. And as they often di�er in very subtle ways,

we have now, in my view, drifted far from the friendly shore of Bohr's interpretation,

stranded somewhere in a middle of an ocean. Sometimes well prepared experiments

provide physicists with a compass bearing | as it should be | but often they result

in declaring that the previous bearings were wrong, without giving a new direction.

Sometimes theoretical fancies gain enough popularity to make a majority decide that the

boat should be steered in this or that direction. But there are always dissenters. There

are also some proposals that are still considered `mainstream' | but it it very hard to

�nd anyone who would claim, with certainty, that this, and only this interpretation of

QM is the true one.
Styer et al. (2002) describes what he calls `formulations' | not really philosoph-

ical interpretations, but rather computational recipes, such as the Heisenberg matrix
approach, Schr�odinger's wavefunction, Feynman's path integrals and others. But the
distinction may be quite obscure, as the author notes:

Any attempt to enumerate formulations must distinguish between ‘formulations’ and
‘interpretations’ of quantum mechanics. Our intent here is to examine only distinct
mathematical formulations, but the mathematics of course influences the conceptual
interpretation, so this distinction is by no means clear cut, and we realize that others
will draw boundaries differently. Additional confusion arises because the term ‘Copen-
hagen interpretation’ is widely used but poorly defined: For example, of the two primary
architects of the Copenhagen interpretation, Werner Heisenberg maintained that ‘ob-
servation of the position will alter the momentum by an unknown and undeterminable
amount’, whereas Niels Bohr ‘warned specifically against phrases, often found in the
physical literature, such as “disturbing of phenomena by observation”’.

The mathematical methods used guide the mind into interpreting that they must

represent something. Di�erent starting points of these computational schema draw

attention to di�erent basic notions: spatial wavefunction, density matrix, abstract state

vectors, creation and destruction operators of the second quantization model | and one

quite naturally starts to think that behind these various basic notions are some basic

elements of reality. . .
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In his analysis of the interpretations of QM Zeilinger (1999b) de�nes the `interpre-
tation' as follows:

On the second, the meta-level, less operational but conceptually more significant, inter-
pretation means an analysis of what the theory implies for our general view of the world
(‘Weltbild ’). It implies questions as to the meaning of the theory in a deeper sense.

So, these meta-level models, going beyond the computational recipes (for almost

everyone agrees that computationally QM is a success), are so diverse that one wonders

if we are anywhere near understanding the `real reality' of beables. Or, if indeed there

is one.

6.4.1 Hundred words for ‘Quantum’

The folk wisdom is that Eskimos have a hundred words for snow. There is a list

provided by Phil James44 that seems to con�rm this. I do not know if it is is genuine, I

have no means of checking. But the number of QM interpretations, while probably not

equal precisely to a hundred, is large enough to cause interest. Here, I'll provide some

snippets of a few of them. There is no particular order of the presentation, especially

with regards to plausibility or correctness of the interpretations. I do not have my own

preferred interpretation. Perhaps because I do not understand them fully. And the

section is far from complete review, or even a full list of interpretations. This is because

while it is possible to organise the approaches into some major groups, the di�erences

between them are sometimes so subtle that there is an almost in�nite variety. Perhaps

there are as many interpretations as physicists and philosophers | of course those who

have decided to think about the subject.

I think it is worthwhile to mention that the interpretations can be divided into two

families. The �rst one is mainly `philosophical', in the sense that they do not involve

any changes to the mathematical apparatus of the theory. These interpretations are

mainly | interpretations. The mathematical tools of QM are rather abstract, and the

results are far from our everyday expectations. So, the interpretations ful�l the need

to form a bridge between these tools and results and our classical notions. The second

family of interpretations actually change the mathematical framework of the theory,

usually by adding some new mechanisms, variables or changing the basic equations.

In this sense, they extend beyond the standard QM. The di�erence between the two

families is that while within the �rst one we would expect to arrive eventually at the

same results, regardless of the interpretation, the other family might, in some cases,

predict a di�erent outcome. Thus, the second family is much more `physical', in the

sense of being, at least potentially, checkable via experiments. But in many cases the

changes in the mathematical description are brought into the theory to accommodate

philosophical needs, such as to reect the ontological basis of the author's choice.

44http://ontology.buffalo.edu/smith/varia/snow.html

http://ontology.buffalo.edu/smith/varia/snow.html
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This is because, for most of the approaches the goal is to de�ne our operational

processes or the elements of reality that would correspond to the mathematical con-

structs of QM: state vectors in Hilbert spaces, operators, internal products etc. In

classical physics usually dealt with quantities that could be described by integer or real

numbers. Even the names of these two mathematical entities reect their close link

to Reality. We describe things that we perceive and feel | size, mass, speed, force,

temperature etc. And their close relatives, such as pressure (force divided by area),

acceleration (change in speed) and others. But even classical physics there some no-

tions which are obviously real and seldom discussed philosophically, while others do

pose serious doubts. So it was with the action at a distance, existence of vacuum, exis-

tence of aether as medium for electromagnetic waves. While physicists working within

classical realm eventually dropped the notion of aether, forced by Michelson-Morley

experiments and accepted the idea that electomagnetic waves are a selfcontained entity,

fully capable of existing in vacuum, there are other more mysterious entities left. For

example consider the vector potential of the magnetic �eld. While in classical theory it

has the status of a supplementary notion, unobservable experimentally, the results of

Aharonov-Bohm experiments have shown that the vector potential can be detected in

a subtle way. So, it should be given a more `real' ontological status, promoting it from

`mere tool' status.

The dispute about QM interpretations is, in most cases, related to the question

which notions should be considered real and why. And, as we deal with mathematical

apparatus that is much less natural than real numbers, looking for analogies and pictures

appealing to our common sense is much less reliable.

Copenhagen interpretation

I have already written quite a lot about the Copenhagen Interpretation (CI). I will

thus add only a few remarks here, to facilitate recognizing the changes brought in by

the unorthodox interpretations. There are quite a few versions of CI. It is known that

there were substantial di�erences between the approaches of the two `fathers' of the

interpretation: Bohr and Heisenberg. As there is not place here to discuss all the

subvariants, the reader should not be surprised to �nd accounts that present other

principles.
First and foremost, CI is concerned with experimental practice. The aim of quantum

theory is to provide means of calculating and predicting, as far as possible, the outcomes
of observations and measurements. The predictions are not perfect, which results from
the probabilistic nature of the quantum description. This randomness is related to the
basic theoretical concept of QM, the state vector (or, equivalently, the Schr�odinger wave
function). Evolution of the wavefunction is fully deterministic, given by the Schr�odinger
equation, but the measurement may give various results, with probability related to the
square of it's modulus. Now, Copenhagen Interpretation states that what is real is the
result of the measurement. How we arrive at modelling and predicting these results may
not correspond to anything real at all. Von Weizs�acker suggested that the CI follows
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the principle:

What is observed certainly exists; about what is not observed we are still free to make
suitable assumptions. We use that freedom to avoid paradoxes.’45

Some proponents of CI take much stronger stance: wavefunction { since it can not

be observed { does not exist! It is but a tool, representing our attempt to describe

the system. In some sense, the state vector is only our knowledge about the system.

When we make a measurement, our knowledge changes. For example when an electron

gets detected at a given point, its wavefunction `collapses' at that point. But as the

wavefunction is not real, neither is the collapse!46 The Copenhagen Interpretation says

that it is not sensible to consider as reality what a quantum particle does between

measurements. The mathematics would allow us to calculate probabilities of what we

then observe and we have no right to ask for more. Perhaps there is no more, which

means the world is very di�erent from how it appears, or perhaps the world is completely

beyond human comprehension.

In addition to stressing the subjective nature of the knowledge about quantum sys-

tems, the Copenhagen Interpretation relied on the existence of objects outside the

domain of quantum theory, classical objects acting as measuring apparatus. The inter-

action between the classical and quantum brings out the quantum jump, wavefunction

collapse. But a moment's reection shows that there is no reason why we should not

treat the photodetector as a quantum system. After all it is made of atoms, electrons

and such. So we now have a larger, but purely quantum, combined system: photode-

tector and photon. This should evolve according to its own (combined) Schr�odinger

equation, producing all the quantum strangeness. Among other things: no speci�c ex-

perimental result. Not only the photon may be here or there, also the detector indicator

may show this or that. Such process may be repeated ad in�nitum, with larger and

larger `laboratories'. This von Neuman chain has to be stopped at a point. Which

point? Well, it depends on the studied system. Sometimes we would describe a part of

a detector using quantum language, sometimes classical. But there has to be a classical

system at some stage. In CI there is no sense in talking about the whole Universe as a

quantum system.
As I have mentioned, there are probably as many versions of the Copenhagen Inter-

pretation as there are physicists. Peres (2002) gives the following account

For example, in two classic articles on the foundations of quantum mechanics, Bal-
lentine (1970) and Stapp (1972) give diametrically opposite definitions of ‘Copenhagen’.
There is no real conflict between Ballentine and Stapp on how to understand quantum
mechanics, except that one of them calls Copenhagen interpretation what the other
considers as the exact opposite of the Copenhagen interpretation. I shall now explain

45von Weizs�acker (1971), quoted after Cramer (1986).
46In a drastically di�erent view (but still within the Copenhagen Interpretation) the state vectors

and the collapse are `somehow' real. How these two approaches may be considered part of the same

interpretation is something of a quantum complementarity to me. . .
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my own Copenhagen interpretation. It relies on articles written by Niels Bohr. Whether
or not you agree with Bohr, he is the definitive authority for deciding what is gen-
uine Copenhagen. Quantum mechanics provides statistical predictions for the results of
measurements performed on physical systems that have been prepared in specified ways
(Peres, 1995). (I hope that everyone agrees at least with that statement. The only
question here is whether there is more than that to say about quantum mechanics.)
The preparation of quantum systems and their measurement are performed by using
laboratory hardware which is described in classical terms. If you have doubts about
that, just have a look at any paper on experimental physics. The necessity of using a
classical terminology was emphasized by Bohr [. . . ]

The keywords [that Bohr used are]: classical terms . . . unambiguous language
. . . terminology of classical physics. Bohr did not say that there are in nature clas-
sical systems and quantum systems. There are physical systems for which we may use
a classical description or a quantum description, according to circumstances, and with
various degrees of approximation. It is according to our assessment of the physical
circumstances that we decide whether the q-language or the c-language is appropriate.
Physics is not an exact science, it is a science of approximations. Unfortunately,
Bohr was misunderstood by some (perhaps most) physicists who were unable to make
the distinction between language and substance, and he was also misunderstood by
philosophers who disliked his positivism. It is remarkable that Bohr never considered
the measuring process as a dynamical interaction between an apparatus and the system
under observation. Measurement had to be understood as a primitive notion.

Despite these problems Copenhagen Interpretation is considered to be the most

popular among the physicists. I have not been able to �nd any professional study

of this popularity, but Max Tegmark, in his provocative (as usual) review (Tegmark,

1998), presents results of a mini-poll among QM specialists participating in a symposium

held in 1997. Out of 48 physicists present, actively working on QM foundations, 27%

have opted for the Copenhagen Interpretation (the second in popularity was the Many

Worlds Interpretation, with 17% of responses). That the once total domination of

Bohr's viewpoint is weakening might be shown by the fact that 37% of the physicists

at the symposium have chosen the `other interpretation / undecided' answer.

Consciousness based interpretations

Some physicists quite seriously hope to escape the quantum trap by putting our own
perspective as conscious observers �rst. This allows to state that the only real phe-
nomena are the observed phenomena. And as a result, the ambiguity vanishes: what
exists is what we have observed, all other musings are senseless. There is no reality
independent of observation. Simple? perhaps too simple. Because we must �rst answer
the question: observed by whom? Only when this answer is provided, the problem may
be considered solved. The answer, as already mentioned briey in our discussion of QM
interpretations, seems to be `observed by a conscious being' and the only fully conscious
beings we know of are humans. A great example of such approach is provided by the
views of Eugene Wigner, who openly and repeatedly stated that consciousness as more
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real than whatever passes for ‘physical reality’. Wigner, a Nobel Prize laureate is a
perfect example of the approach in which physicists turn to human consciousness to get
around the problems of Quantum Mechanics. And so he is also the hero of the mul-
titudes of non-physicists, who turn to evocations of quantum physics to support their
views of consciousness. . . Unfortunately, as most of Wigner's works are unavailable on
the Internet, I have to follow the essays of Primas and Esfeld (1997) and Esfeld (1999),
which provide an in-depth analysis of Wigner's views and relevant quotes.

Wigner frequently claims that his view according to which the content of consciousness
is the primary reality and the reality of physical objects is relative to consciousness is
just obvious47.

Obviously obvious, as each of us can attest to the reality of her/his own conscious-
ness, while the reality of Reality is only inferred. We know of the consciousness. All
the rest is mere reasoning. But is such stance fruitful? Can we derive useful scienti�c
knowledge from such approach? Is is communicable? Repeatable? What ensures that
by some quirk in my consciousness, the electron mass would not change tomorrow? In
Wigner's own words, from a paper written in 1964

[The reduction of the wave packet] takes place whenever the result of an observation
enters the consciousness of the observer – or, to be even more painfully precise, my
consciousness, since I am the only observer, all other people being only subjects
of my observations. . . . The measurement is not completed until its result enters our
consciousness. This last step occurs when a correlation is established between the state
of the last measuring apparatus and something which directly affects our consciousness.
This last step is, at the present state of our knowledge, shrouded in mystery and no
explanation has been given for it so far in terms of quantum mechanics, or in terms of
any other theory.48

We enter very dangerous territory here, each of us walking alone in his or her own

quantum world. I feel that there is something wrong with the picture, but there is

not denying that there are quite a few physicists and philosophers who actually accept

such solution. The link between consciousness and quantum mechanics is used at both

sides. In Chapter 9.2.4 I shall present examples of invocation of Quantum Mechanics

to explain brain/mind phenomena. But here we see the opposite direction: using

the consciousness to explain the quantum. In fact, this is a natural extension of the

Copenhagen interpretation. One of the best ways to see how this results from the

arbitrary division of the world into quantum (phenomena) and classical (measurement

and observation) domains is the story of `Wigner's friend'.

The thought experiment involves some very quantum experimental setup (perhaps

a Schr�odinger cat) and two physicists, Wigner and his friend. Wigner is outside the

laboratory, without the means of observing the experiment. His friend is inside, and

can actually see the outcome. So, from the QM point of view of outside observer,

47Primas and Esfeld (1997)
48Quoted after Primas and Esfeld (1997)
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the friend in the laboratory should evolve into a mix of two states.49 But when the

friend �nally emerges from the laboratory he claims that he has felt no such ambiguity.

Thus, the reasoning is that his own consciousness must have caused the collapse of the

wavefunction. Of course, one may ask why do you need a human observer? Wouldn't

cats own consciousness be su�cient? Or the tiny nervous system of a ea, observing

the drop of the temperature of the cat when it died?

It is worth noting that in contrast to quantum based explanations of mind/brain

phenomena, here Wigner de�nitely assumes that consciousness is a result of classical

physical process, untouchable by QM. There are no superpositions of mind states. Thus,

while the link between consciousness and the quantum theory postulated by Wigner is

enormously strong, it has the opposite character to the `quantum brain' hypotheses.

In papers written in 1960's, Wigner strongly supports the division of Reality into

two parts, with much di�erent status. The primary one is the content of consciousness

of each person. Each of us is certain of this reality, it is an absolute perception.50

The physical objects reality, which forms the other part of Reality, is to Wigner, of

secondary status. The objects (particles, �elds, etc.) are constructed on the basis of

the consciousness. They are useful, as communication tools and as way to order the

perceptions and contents of consciousness. But they might not exist at all.
Such approach puts observer (or a community of observers) as the ultimate source

of reality. It is not the brain that would be `explained' by physics, chemistry or biology
but vice versa :

The primitive facts in terms of which the laws are formulated are not positions of atoms
but the result of observations. It seems inconsistent, therefore, to explain the state
of mind of the observer, his apperception of the result of an observation, in terms of
concepts, such as positions of atoms, which have to be explained, then, in terms of the
content of consciousness.51

Coming from Nobel Price winner for physics these words are quite strong.
It should be noted, however, that in his later years Wigner has looked for less solipsist

approach. In the late 1970's he seems to have renounced the consciousness as primary
reality idea. Primas and Esfeld (1997) provide two very interesting quotes from late
works of Wigner:

This means, particularly if we want to avoid the solipsistic attitude, that we should not
consider an observation to be the basic concept but should try to describe it also, not
only ours but also those of others, even including those of animals, using the ideas of
quantum mechanics. This is a natural requirement – but runs into difficulties. [. . . ]

49State of (atom undecayed, cat alive, observer seeing the cat alive) and the state of (atom decayed,

cat dead and observer seeing the dead cat).
50Well, this is not entirely true. I am sure of my consciousness (as long as I am awake). I guess

that because a lot of people behave similarly to myself that, perhaps, they feel the same consciousness

as I. Some of them con�rm this in conversations, but can I believe them? Basing the philosophy on

consciousness logically leads to solipsism.
51Wigner in 1969, quoted after Primas and Esfeld (1997)
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[Q]uantum mechanics will also turn out to be a limiting case, limiting in more than one
regard, and that the philosophy which an even deeper theory of physics will support will
give a more concrete meaning to the word ‘reality’, will not embrace solipsism, much
truth as this may contain, and will let us admit that the world really exists.

I believe in primacy of external reality and in the fact that, somehow, consciousness

results from particular con�gurations of physical systems. But the opposite viewpoint,

of which Wigner was, for a time, but a most recognized and prominent proponent, is

today used by countless pseudoscience books and papers. I �nd it quite interesting as

psychological and social phenomenon. The desire to put us back into the central seat of

the Universe, as the owners of the primary reality, well, this sounds enticing. Especially

when compared to the other point of view, where we are only insigni�cant minuscule

and temporary collections of atoms in a vast Universe.

Many Worlds Interpretation

Many Worlds Interpretation (MWI), or more properly called Everett's Relative-State

Formulation of Quantum Mechanics, is quite interesting from historical and psychologi-

cal point of view. Sometimes (not so often) a PhD dissertation makes such a tremendous

career that makes most other doctoral candidates envious. Such was the case of Hugh

Everett III, whose thesis, The Theory of the Universal Wave Function, written in

1955 and published two years later, (Everett III, 1957), is one of such works. But the

fame did not came instantaneously. Almost unrecognised at the time of publication it

has become tremendously popular (in number of citations, not necessarily in the num-

ber of people who have read it) some time after. For the refereed citations, following the

data of ADABS database52 there were only single citations for the period 1957{ 1979,

while for the next three decades the number has been steadily increasing, to more than

10 citations per year, all to a paper that is now �fty years old! And this counts only

scholarly articles, not the popular press and book references to the Many Worlds theory.

And these outnumber the scienti�c quotations by a large factor. Why? Because the

image that Everett has been able to conjure has an immediate appeal to our thinking.

That each quantum measurement event should split the world history to di�erent paths

is quite easy to imagine. The trousers of time have already established Science Fiction,

and now the science itself seems to give it credibility. The `what would have happened'

narrative imagination of human brain seems ideally suited to handle just such idea.
It is worth noting that MWI is probably not only second to CI in popularity. It is

also probably the most hotly debated interpretation. The reasons for this controver-
sions stem from the fact that the picture of the world (many worlds, that is. . . ) within
the interpretations is radically di�erent from what we are accustomed to. While the
Copenhagen Interpretation aimed at subjugating the quantum world to the classical
one, MWI takes the opposite approach: Schr�odinger equation rules supreme, there are

52http://adsabs.harvard.edu/cgi-bin/nph-ref_history?refs=CITATIONS&bibcode=1957RvMP.
..29..454E

http://adsabs.harvard.edu/cgi-bin/nph-ref_history?refs=CITATIONS&bibcode=1957RvMP...29..454E
http://adsabs.harvard.edu/cgi-bin/nph-ref_history?refs=CITATIONS&bibcode=1957RvMP...29..454E
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no transitions (wavefunction collapses) forced by measurement apparata, the whole Uni-
verse is a quantum system. Wherever a `measurement' would take place, the Universe
splits into separate Universes, becoming what might be called a Multiverse. Is that not
exciting? On the otyher hand, isn't it preposterous? That the discussion of MWI is so
hot is a healthy sign, of course. In a foreword to arXiv version of his critical analysis
of MWI (Kent, 1990), written eight years after the original paper, Kent writes:

Even the harshest critic would accept that the many-worlds literature, and the work of
the various post-Everettian schools, includes a series of well-motivated and ingenious
attempts to solve a problem which lies at the heart of modern physics. Whether or not
those attempts have succeeded, they have certainly taught us more about the nature of
the problem. And anyone who discusses these problems with colleagues quickly realises
that there are thoughtful people who have considered the counter-arguments and still
believe that the problem was essentially sorted out, once and for all [. . . ]

My impression, though, is that each of these camps represents a relatively small minority.
When any given attempt at something like a many-worlds interpretation is spelled out
and analysed, its problems turn out to be sufficiently serious to cause most physicists to
look elsewhere. Those who remain adherents tend to have non-standard views on the
nature of scientific theories. [. . . ]

Most people attracted by many-worlds ideas, however, tend to be working in other
areas of physics. My impression is that most of these enthusiasts tend not to follow
very closely the debates as to what, precisely, any given interpretation means and what
its scientific implications are. And understandably so. The basic idea of a many-worlds
interpretation seems superficially attractive: it is always unsettling to think that there
may be an underlying problem which, at some stage, will have to be confronted, and it
is reassuring to be told that there is an apparently unthreatening solution.

That a debate is a good sign for a scienti�c theory should be obvious. The criti-

cisms have forced the MWI proponents to develop the Everett's original proposals and

to improve the proposed solutions. What has happened, though, was that, as Kent

describes it, the popular knowledge of the interpretation is, in many cases, frozen at the

`Universe's splitting trousers' stage53. And the scienti�c issues considered today are far

from this simplistic image.

Lev Vaidman54 in his long titled paper On Schizophrenic Experiences of the Neu-
tron or Why We Should Believe in the Many-Worlds Interpretation of Quantum
Theory (Vaidman, 1996) introduces the approach as follows:

The MWI is not a theory about many objective ‘worlds’. A mathematical formalism by
itself does not define the concept of a ‘world’. The ‘world’ is a subjective concept of
a sentient observer. All (subjective) worlds are incorporated in one objective Universe.
I think, however, that the name Many-Worlds Interpretation does represent this theory

53This is how Pratchett describes the theory. The image is �ne when one thinks about simple binary

decisions, but just try to imagine the trousers for more complex systems. . .
54Author of the entry on Many Worlds Interpretation in the Stanford Encyclopedia of Philosophy,

http://plato.stanford.edu/entries/qm-manyworlds/

http://plato.stanford.edu/entries/qm-manyworlds/
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fairly well. Indeed, according to MWI (and contrary to the standard approach) there
are many worlds of the sort we call in everyday life ‘the world’.

But what is the scienti�c content of the Many Worlds interpretation? It is an

attempt to get rid of the problem of state vector reduction (or wavefunction collapse,

whatever is the preferred name). The fulcrum of the interpretation is the Schr�odinger

equation, which totally governs all isolated systems. There is no `interaction with

classical systems', causing any jumps that are nor included in the linear evolution

described by the equation. And it is quite interesting to note that the entire Universe

is, quite obviously, an isolated system, so it too evolves according to the Schr�odinger

Equation. This is a great philosophical di�erence between MWI and CI. But it is not

the only one.
So, as we resign from the questionable process of state vector reduction and remain

within the mathematically safe realm of formal QM, the situation should be simpler.
But for most physicists this is not enough. A good QM interpretation should also pro-
vide the rules of correspondence between the mathematical structures and the reality.
Which of the quantities are but tools, tricks of the trade, and which are signi�cant
physically. More: how is the mathematical description related to our observations?
Because of the `priority' that the Copenhagen Interpretation gives to classical instru-
ments and measurement, its problems are related mostly to the understanding of the
quantum phenomena in classical words. Here, the situation seems to be reversed. The
already cited paper by Vaidman (1996) tries to explain the problems by proposing a
model of extremely simpli�ed physical system: a single neutron in an interferometer.
As the neutron hits a beam splitter central to the experiment it can get reected or
transmitted. Or as QM would state, its wavefunction gets into a form mixing the two
states of transmission and reection. But at the end of the experiment, the neutron,
in our real physical labs gets registered in only one of the detectors, the one for the
`transmitted' path and the other, for the `reected' path. Before the experiment, we can
imagine two di�erent worlds corresponding to the two possible outcomes of the experi-
ment. The di�erences would be in the path taken by the neutron (fully classical view),
in the act of measurement of the neutron by one of the detectors, without knowing the
path (CI view) and in the knowledge of the experimenter about which of the detectors
clicked (both his inmost consciousness and in the interpersonal knowledge that he can
and would communicate). After the experiment there is, in both classical sense and
in the Copenhagen approach, only one possibility: one of the instruments detected the
neutron, the other has remained silent. All observers would agree on which is which.
The knowledge would be absolute. But, as Vaidman argues:

According to MWI, however, both possibilities of the experiment are actualized. Both
detectors are triggered, both outcomes are seen by the experimenter, both results are
written down in the notebook, etc. When an experimenter reports to me that the
neutron was detected by [one of the detectors], I, Lev Vaidman, know that there is
also a world in which Lev Vaidman got a report about a neutron detected by [the other
detector], and that the other world is not less ‘actual’ than the first one. This is what
‘many worlds’ means. There are many worlds like the one we experience.

However, the immediate problem is that we do not experience these worlds! We seem
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to be blissfully unaware of them. So the di�cult task is to argue for their existence.
Argue in a way that exceeds the mystical, but provides scienti�c grounds for the model.
Without denying the fact that we seem to observe only a single world. . . First, Vaidman
shifts the perspective to that of a `conscious neutron':

This is why I discuss neutrons first. For the purposes of exposition I shall attribute to
the neutron the ability to feel, to remember, and to understand. But I emphasize that
the validity of MWI held by a human observer does not depend on the existence of a
sentient neutron.

Now, the quantum way, in which neutron wavefunction must cover both of the paths
(or to use the CI strict stance: when we cannot even speak about a given path unless
it is measured) must be reected by the neutron's `knowledge':

If the neutron can feel, it experiences being in two places and moving in two different
directions simultaneously. Inside the interferometer the neutron must therefore have
schizophrenic experiences. The word ‘schizophrenia’ does not describe precisely the
neutron’s experience, but I cannot find a better alternative. The difficulty in language is
not surprising since, before quantum mechanics, humans had no reason to discuss this
kind of situation.

And the last sentence is very important: a good QM interpretation must explain
why we had no reason to discuss `being in two worlds' kinds of situations before the

QM came into being.

The situation of the neutron in the proposed experiment is very simple. There are

only two possible outcomes. In the language of MWI, there are only two worlds, two

legs in the trousers of reality. My own worry, when I �rst heard about MWI was that

real world is not constructed of such simple, binary situations. There are { must be {

multitudes upon multitudes of `decision points'. How to model where and when do they

occur? And this is not just a subjective, philosophical musing. The problem is real in

the Quantum Mechanics language as well: in the neutron case it was quite simple to

construct the description of the situation allowing for a nice split of the possibilities.

All we need is to decompose the state vector of the neutron in the basis of vectors

corresponding to `detected at �rst instrument' and `detected at second instrument'. But

Schr�odinger equation allows the solutions to be expanded on many di�erent orthogonal

bases. And in most of them the result is not so easily describable. This introduces one

of the worst problems of MWI | the `preferred basis' problem. The language of quasi-

separate `worlds' is useful only if one chooses the way to decompose wavefunctions very

carefully. But the more complex the system becomes, the less obvious is the choice of

such a basis. Stapp (2002) contains the critical discussion on the methodology: how to

chose the basis set. Vaidman states that `‘world ’ is not a physical concept. It is defined by
the conscious mind of the observer.' This unavoidably must lead to conclusion that Many

Worlds must mean many consciousness, I guess.
The above discussions may have prompted the reader to believe that MWI is some-

thing between philosophical toy and mystical fable. Far from it. It is an interpretation
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that has rather large (comparatively) range of acceptance among physicists. And this
would not happen without real `substance'. To understand it may be worth coming
back, for a moment to the much less known original name: relative state interpretation.
Everett III (1957), in the paper that has started this interpretation leaves no doubt:

We thus arrive at the following picture: Throughout all of a sequence of observation
processes there is only one physical system representing the observer, yet there is no
single unique state of the observer (which follows from the representations of interacting
systems). Nevertheless, there is a representation in terms of a superposition, each
element of which contains a definite observer state and a corresponding system state.
Thus with each succeeding observation (or interaction), the observer state ‘branches’
into a number of different states. Each branch represents a different outcome of the
measurement and the corresponding eigenstate for the object-system state. All branches
exist simultaneously in the superposition after any given sequence of observations.

But, in each branch, the observer, and his historical records of observations remains

in `agreement' with the observed values. While all possible results of measurement

results exist simultaneously, the states of the measured system and the states of the

measuring device (or of the observer) are in relative harmony. Perhaps it is unavoidable

to proceed without reverting, for a moment, to mathematical notation to show what is

meant by this harmony.

Let us assume that there are two separate entities: the measured system S and the

measuring apparatus (which might include the observer), A. The measured system is

initially in some state |ΨS〉. This state may, according to the mathematical principles of

QM expressed as linear combination of orthonormal basis vectors | sk〉. The measuring

apparatus, before the measurement is in some initial `readiness' state | A0〉. We will

assume that the interaction between S and A is described quantum-mechanically, that

is it may be mathematically described by some unitary transformation U . We also look

for measurement results (states of A) that would correspond to states of S. This would
mean that we look for states | Ak〉 which correspond to the system states | sk〉.

With these introductions, the measurement process may be written symbolically as

follows

|ΨS〉 |A0〉 =

(∑
k

ak | sk〉
)
| A0〉 U−→

∑
k

ak | sk〉 |Ak〉 (6.10)

This means that any combination of | sk〉 |Ak〉 is, in principle, possible. The Copenhagen
way of getting unique measurement result | Ak〉 is to invoke a strange process of dropping
all the elements from the �nal sum of Eq. 6.10 except one, leaving just a single term |

result of the measurement. This is the collapse.∑
k

ak | sk〉 |Ak〉 Collapse−→ al | sl〉 |Al〉 (6.11)

Everett, on the other hand, notes that the key to the solution is that the observer/apparatus

state | Ak〉 is in relative agreement with the appropriate measured state | sk〉. If the ap-
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paratus `detects' the state | Al〉 then the corresponding state of the system may be safely

said and recorded as | sl〉.
But the same mathematical notation exposes easily the weak points of the MWI, for

example the preferred basis problem mentioned above. Let's work at a more concrete

example of the S being the Schr�odinger's Cat and A being the observer opening the box.

We describe the cat state as combination of the dead (d) and alive (a) basis vectors:

|ΨcalS〉 = aa | sa〉+ ad | sd〉. Then the postulated measurement leads to a combination of

aa | sa〉 |Aa〉+ad | sd〉 |Ad〉. The observer sees a dead (or alive) cat and records this state.

The further evolution of the observer wave vector depends on this recorded value.

However, we have to remember that nothing in the mathematical structure of Quan-

tum Mechanics singles out one of the initial basis vectors over others. Any orthonormal

combination would be just as good. For example, the whole mechanics would remain

unchanged if we started not from the dead/alive basis of | sd〉, | sa〉 but from the com-

bination

| s+〉 = (| sa〉+ | sd〉) /
√

2 (6.12)

| s−〉 = (| sa〉 − | sd〉) /
√

2

These basis states are perfectly valid to fully describe the simple Hilbert space of the

Schr�odinger thought experiment.55 But can we then say that we observe the cat at

the | s+〉 or | s−〉 states? Would it be dead or alive? Moreover, the appropriate detec-

tor/observer basis would then be | A+〉 and | A−〉. The fact that we do not even have

the words to describe such situation proves how alien it is to our understanding. The

observers never record a `plussed' and `minussed' cat. Or, for that matter, any of the

in�nitely many other combinations allowed by QM. . .

Our intuition (and results of experiments on subjects substituting the cats for hu-

mane reasons) leads us to believe that the dead/alive basis is somehow special. Why

Nature chooses the bases that correspond to classically expected results of measure-

ments is one of the biggest problems of MWI. In the Copenhagen approach it is solved

by invoking an interaction with a classical part of the Universe, imposing its classical

laws. But MWI is purely quantum, nothing here is treated as classical | yet somehow

we have to arrive at the `correct' results. How and why?
Lalo�e (2001) describes this bizarre situation stressing the di�erence between the

typical physical objects, for which splitting into multitudes (10100? more?) `worlds'
does not lead to problem, because they are senseless and without consciousness and
human observers, who are. And who, for equally cryptical reason do not see the world
splitting.

What the physical system does, together with the environment, is to constantly ramify
its state vector into all branches corresponding to all measurement results, without

55Such trick of mixing the states to obtain a new basis representation is often used in studies of

microscopic states, for example spins. And by using proper experimental settings such states are detected

in microscopic systems. But we do not observe them in macroscopic situations, for example cats. . .
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ever selecting one of these branches. The observer is also part of this ramification
process, that nevertheless has properties which prevent him/her to bring to his/her
mind the perception of several of them at the same time. Indeed, each ‘component
of the observer’ remains completely unaware of all the others, as well as of the state
vectors that are associated to them (hence the name ‘relative state interpretation’).
The delusion of the emergence of a single result in any experiment then appears as a
consequence of the limitations of the human mind: in fact, the process that we call
‘quantum measurement’ never takes place!

It seems that the cost of getting rid of the strange phenomenon of the wavefunction
collapse might be even stranger picture of the world. But this does not rule out MWI
as the correct interpretation. However, to achieve this, the mathematical formalism
should be connected to physical reality in an unambitious way. Following Kent (1990),
any MWI exposition should therefore specify the mathematical tools, state which of
the quantities correspond to physical reality, and explain our observations (including
the unique world perception) in terms of these quantities. And this seems hard to
achieve. MWI seems to be hotly debated, for and against. A good example of such
discussion are papers of Kent (1990) (criticizing MWI) and Sakaguchi (1997) (criticizing
the critique). It is quite unexpected for physics papers to �nd statements such as `The
author apparently fails in understanding what the Everett MWI is'. Perhaps understanding
is di�cult because the model is designed in a way that inhibits understanding? For
example, how to understand this passage (Sakaguchi, 1997)?

There is no objective [collapse of wavefunction], but it appears to the observer that the
state of the object system has collapsed into one of the eigenstates of the observable,
while the whole system which includes the observer system is still in a superposition.
This is the Everett MWI.

One of the foremost proponents of the many worlds interpretation, David Deutsch,

has published a popular science book describing MWI in accessible language (Deutsch,

1998). But using the `easy language' does not help to solve the inherent problems. What

is interesting is that the book covers a range of subjects extending beyond quantum

physics, touching the topics of theories of evolution, computation, and general knowl-

edge as well. The book is quite interesting because of this broad scope, of he e�ort to

show a general scienti�c worldview, of which the interpretation of QM is but a part.
To close the description of MWI let me quote again Lalo�e (2001):

It is sometimes said that ‘what is most difficult in the Everett interpretation is to
understand exactly what one does not understand’. Indeed, it may look simple and
attractive at first sight, but turns out to be as difficult to defend as to attack.

One wonders: are we still talking physics or some other subject?

Additional information on Many Worlds Interpretation
Wallace (2002) Barrett (1995a,b, 1997, 1999, 2005, 2004);
also http://plato.stanford.edu/entries/qm-everett/,
http://plato.stanford.edu/entries/qm-manyworlds/;
Tegmark's remarks on MWI plus decoherence Tegmark (1998).

http://plato.stanford.edu/entries/qm-everett/
http://plato.stanford.edu/entries/qm-manyworlds/
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Many Minds interpretation

I have already mentioned | it is hard not to | the variants of MWI in which the
special situation of the observers is stressed. Indeed, some physicists make this special
position a cornerstone of the interpretations. And because there are, quite obviously,
multiple conscious observers, these variants and expansions of MWI have been dubbed
Many Minds Interpretation (MMI). For example Albert and Loewer (1988) proposed
such interpretation, in which the di�erent worlds of MWI are only in the minds of
sentient beings. In addition to the quantum wave of the Universe, Albert and Loewer
postulate that every sentient being has a continuum of minds:

The many-minds theory asks us to suppose that ‘every sentient physical system, every
observer, has associated with it not a single mind but rather an infinite set of minds’.

Whenever the quantum wave of the Universe develops into a superposition contain-

ing states of a sentient being corresponding to di�erent perceptions, the minds of this

sentient being evolve randomly and independently to mental states corresponding to

these di�erent states of perception (with probabilities equal to the quantum probabili-

ties for these states). Does this sound simple? Not? Well, for me neither.

The fact that we do observe a single history of our the world or at least of our mind-

worlds forces many of those who favour the Everett abolition of wavefunction reduction

to extend the model to explicitly include observer minds. One of the �rst proposals

in this direction, pre-dating even the Albert and Loewer paper, was Zeh (2000), which

originally appeared in 1981. Since then among the most signi�cant proponents of the

approach are Barrett (1995b, 1999, 2004) and Donald (1997, 1999)56. The reader should

be aware that here (as is the case for most of the QM interpretations) there are divisions

within divisions and not all MMI approaches are equivalent.
Barrett (2004) introduces MMI as follows:

The many-minds formulation of quantum mechanics captures this feature by distin-
guishing between an observer’s physical state and its evolution, which is continuous and
causal, and an observer’s mental state and its evolution, which is discontinuous and
probabilistic. This is a sort of hidden-variable theory, where the variable being added to
the standard quantum-mechanical state is the mental states of observers.

We are thus, somehow, again at the core of the problem: to understand quantum we
must have something that is non-quantum by nature. While there are no state vector
collapses in MWI and MMI, the interplay between quantum and classical still exists.
Not only exists: it is still the crucial element of the world. In some aspects the MMI
becomes really weird:

Since the states of particular minds do not supervene on the physical state here, in order
to talk about their states and how they evolve, one must suppose that individual

56See also the very informative WEB page of Matthew J. Donald http://www.bss.phy.cam.ac.uk/
~mjd1014/ommi.html.

http://www.bss.phy.cam.ac.uk/~mjd1014/ommi.html
http://www.bss.phy.cam.ac.uk/~mjd1014/ommi.html
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minds have transtemporal identities, which in turn requires a commitment to a strong
form of mind-body dualism.

`Transtemporal identities'? Is this a sort of Karma in disguise? Well, on the other
end of the spectrum (or is it the same?) is the proposal of Donald (1999), who aims
to provide `mathematical characterization of the physical structure of an observer'. And a
look at the eight pages in the Appendix containing the `characterization forms part of a
hypothesis' may prove to be a real test even for the most mathematically inclined. Do
our minds really work this way? But the goals of the approach are much easier to
understand and agree with. In Donald (2002) we �nd:

The fundamental premise is that it is not an illusion to suppose that an individual
consciousness has a past and a future, or a range of possible futures. [. . . ]

[I]n a many-minds interpretation, the observer-independent behaviour, given by some
form of Schrödinger equation acting without ‘collapse’ at the level of the entire universe,
is very different from the apparent behaviour as observed by any individual. Even in the
context of a classical deterministic physics, we cannot hope for a complete analysis of
the experiences of an observer unless we know what aspects of the matter constitute
the observer. With the observed nature of human neural processing and the observed
unpredictability of physical events at a molecular scale, characterizing the physical con-
stitution of humans as observers raises difficult problems, however we might wish to
interpret quantum theory. One of the underlying aims of the paper, therefore, is to
justify the proposal that a complete understanding of the relationship between subjec-
tive experience and its physical correlates, and of the dynamics of that experience, does
require the introduction of mathematical definitions and indeed of new physical laws.
In part, this will be on the grounds that the facts about human observers leave so many
openings, that nothing less specific can be satisfactory.

And this is why Donald resorts to this mathematical juggernaut. But are we closer

to understanding QM thanks to it? I guess we are still far away from getting the

psycho-physical parallelism, postulated by Donald understood. He himself recognizes

this fact, and points to the complexity of the brain as the `mind-medium' as the source

of the problem. But the Many Minds Interpretation is singularly strong in pointing

out that the three `elements' of the world, the quantum, the classical and the mentally

experienced, would have to be understood all together, or not at all.

Transactional interpretation

We are now leaving the `mainly philosophical' interpretations, and entering the territory

of physically signi�cant deviations from the Copenhagen Interpretation. The Transac-

tional Interpretation (TI) has been introduced by Cramer (1986, 1988). The interpre-

tation is motivated by the desire to stress the reality of the wavefunctions (especially

in the position space). This is achieved by using a speci�cally nonlocal mechanisms

known from electrodynamics. But `known' does not mean easily understood, as the

mechanisms that Cramer uses as the starting point involve signals travelling back in

time.
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Not, the non-physicists might be a little bit shocked that such obviously Science-

Fiction concept would make into perfectly serious physical theory. Most of the physicists

would have at least heard of the Wheeler-Feynman formulation of electrodynamics using

retarded and advanced waves. Retarded are the `normal' waves emitted by light sources,

such as candles or stars. Advanced waves travel back in time, from an absorber (such as

our eyes) back to the source to `complete the transaction'. The theory, although sounds

very strange, leads to exactly the same results as classical electrodynamics formulations.

This is a result from time symmetry of Maxwell's equations governing electromagnetism,

which allow both types of waves: retarded and advanced.

Cramer noted that the concept of transaction | speci�c exchange between the

event of emission of a wave and the event of absorption could be the solution to the

problems faced by the Copenhagen Interpretation. The wavefunction collapse is a result

of such physical process of advanced-retarded waves exchange. The quantum particle,

such as the electron, is then considered to be identical with the �nished transaction.

Nonlocality, understood in strict Einsteinian sense is also explained by the fact that

advanced waves do travel back in time. Moreover, we are able to visualize the `spooky

actions at a distance'. But there is a problem: in contrast to the Maxwell equations,

the Schr�odinger equation does not have advanced wave solutions!

However, Cramer has managed to turn this de�ciency into a virtue. He has noted

that while the Schr�odinger equation is the most widely used QM mathematical tool, it

is not in itself compliant with Special Relativity. Its success is derived from the fact that

in most cases the relativistic corrections are negligible. But there are phenomena where

relativistic e�ects are not only measurable but all-important. Dirac has introduced

his version of the fundamental quantum equation of motion in 1928, just two years

after the the Schr�odinger equation was proposed. The latter can be derives as special,

approximate case of the �rst one for potential and kinetic energies smaller than mc2.

Moreover, such derivation naturally introduces spin 1/2, typical for fermions. What

is most important for Cramer's reasoning, is that turning to Dirac equation not only

restores the agreement with Relativity (which is absent in all interpretations based on

Schr�odinger equation) but also allows the retarded and advanced solutions57.

The original paper (Cramer, 1986) contains rather elaborate description of the

model. Although TI is counted among the `major' interpretations, the article has not

been an overwhelming success. Google Scholar reports that it has been cited 218 times

in the twenty years following the publication. Perhaps the reason is the counterintu-

itivity of the approach. But is the `normal' QM any less counterintuitive?

The much shorter overview (Cramer, 1988) provides the basic rationale and an in-

teresting comparison between the premises of CI and TI. Cramer lists advantages of TI,

putting the link between the formalism and underlying physical reality �rst. In contrast

to Copenhagen Interpretation, where state vector does not describe any physical wave

moving through space, but merely predicts, via its norm, probabilities of observations,

57Compare the famous interpretation of positrons as electrons travelling backward in time.
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the Transactional Interpretation assigns real meaning to the wavefunctions. Of course

this applies to wavefunctions in position representation, which for Cramer are funda-

mental. For the other, more abstract representations (in momentum space or other

arbitrary parameter spaces), the is no such correspondence, but Cramer argues that

such representations are but mathematical transformations and should be considered

as tools. In addition to the reality of wavefunction, the TI ensures also that a single state

vector is needed to describe a physical system regardless of how many distinct observers

make measurements on it. This is contrasted with the observer-centric approach of CI.

Last, but not least, the transactional interpretation is openly relativistic. One may ask

thus why has it not gained broader popularity? Because, despite the values described

above Cramer has not been able to gather broader support for his interpretation. Some

arguments against it were based on causality problems. Other problem is the remain-

ing mystery58 of how Nature `chooses' which version of the advanced wave would be

emitted, making the transaction complete and collapsing the wavefunction. Also, the

interpretation seems to have problems with some types quantum measurements. Yet

Cramer continues to work on the theory, with almost twenty years of publications. His

new works and responses to the critics get published in the peer-reviewed journals (for

example see Elitzur and Dolev (2006) and Cramer (2006)). But judging by the Cramers

WEB page59 the e�ort seems somehow half-hearted.

Dynamical Collapse models

The Dynamical Collapse interpretations are even more `physical' than TI. Here, for the

�rst time, standard mathematical apparatus of QM is found insu�cient. Schr�odinger

equation ceases to be absolutely correct. In fact, the essence of the dynamical collapse

models is the change of the equation that would force suitable deviation from the

linear evolution of quantum systems. Wavefunction collapse becomes real physical

phenomenon. For that matter, wavefunction itsetf gains physical reality.

One of the �rst publications exploring this direction was a paper by Polish scientists

Jerzy Mycielski and Iwo Biaªynicki-Birula (Biaªynicki-Birula and Mycielski, 1976). The

idea, denoted clearly as an introductory example, was meant to produce realistic e�ects

for simple systems. The collapse was due to additional nonlinear (logarithmic) term in

the Schr�odinger equation. The authors started with a belief that there exists a nonlinear

wave mechanics, capable of describing all the experimental facts. The particular model

allowed to model classical movement of center of mass for macroscopic bodies | that

is to derive classical behaviour from modi�ed quantum principles. But the proposed

logarithmic correction was only a `theoretical' example, to non-relativistic equation.

More modern approaches have, however, pushed the nonlinear quantummechanics much

further.

58But | isn't all QM mysterious?
59http://faculty.washington.edu/jcramer/theory.html

http://faculty.washington.edu/jcramer/theory.html
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In the same year, Philip Pearle has introduced his own version of modi�ed Schr�odinger

equation. In place of logarithmic term, he has added external white noise terms that

resulted in modi�cation of the solutions. As Pearle (2007) recounts it, his motivation

was dissatisfaction with the di�erence between the classical and quantum mechanical

treatment of initial conditions. In classical physics the initial conditions are applied,

as the name suggests, once, and the dynamic equations determine the evolution of the

system since then. In QM every measurement forces the new `initial conditions', for the

new cycle of unitary transformation. Pearle's aim was to describe a scenario, in which

the wavefunction would, under the inuence of the white noise term, eventually pick

only one of the possibilities described by a basis for expansion, without resorting to

external and vague notions of measurement and observer. That is, if initially the wave-

function was a sum of ψ =
∑

n cnψn then after a time, most of the coe�cients would

vanish, |cn|2 → 0, while a single one, |ck|2 → 1. This would ensure a single physical

result in subsequent measurements | because there would be a single component of

the wavefunction.

However, the approach su�ered from the `preferred basis problem': how to break the

ψ into the basis functions ψn? Why should the basis set ψn correspond to the options

that we perceive macroscopically? For example we can readily understand the basis

((dead cat);(alive cat)). But the basis of ((dead+alive cat);(dead−alive cat)) is just as
legal in QM, yet we never see such states in nature.60 The question is: if QM is the

theory ruling the world, how does it `know' which expansion basis would correspond to

our classical perceptions?

But the idea to change the physical meaning of the wavefunction collapse has caught

root, and resulted in more elaborate works. The most widely known of these is the work

of GianCarlo Ghirardi, Alberto Rimini and Tullio Weber (GRW theory, Ghirardi et al.

(1986)). While the original work is not freely available on the WEB, there are quite

extensive discussions of the model. For example, Ghirardi (2002) present in-depth

analysis of the current state of the dynamical collapse models.

Additional sources on GRW
Bassi and Ghirardi (2003); Pearle (2007, 2006); Bassi (2007)

These models treat the state vector reduction as a real phenomenon, induced by

a mechanism additional to the Schr�odinger equation. Not just nonlinear, but also

nonpredictable. Instead of just adding a term to the equation, GRW proposed a new

physical process: instantaneous and spontaneous localisation of the wavefunction in

real 3D space. For example, a wavefunction for an N particle system, ψ(x1, x2, . . . , xN),

60The problem seems arti�cial for cats, but the freedom of choice of the basis set is a property of QM

mathematics. And it is quite natural for spins or photon polarisations that we do choose di�erent basis

sets in di�erent problems, for example choosing between linear and circular polarisations. It is always

possible to recalculate from one basis to the other. It is also true for cat `states'.
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given as solution of the Schr�odinger equation, would be at random intervals multiplied

by a gaussian function exp(−(xk−X)2/2a2) and then normalised again. Thus one of the

particles (k-th) would become localised somewhere close to X, with a precision given by

an universal parameter a. The process is called a `hit' or a `jump', and the probability

that it would be centered around X is related to the probability density given by the

original wavefunction |ψ|2. These jumps are totally new phenomenon, not described

by the quantum equations and not related to any observers or measurement processes.

The frequency of these hits, for individual microscopic particles has been postulated to

be rather small. GRW have chosen about 10−16 jumps per second for a single particle,

or, in other words, one jump in three hundred million years. So we do not expect

to see individual electron wavefunctions collapse too often. On the other hand, for a

macroscopic object with 1023 particles, the hit would happen to some particle every

10−7 second, quite often for our macroscopic senses. And the key point was that it

su�ces to localise one particle out of an entangled ensemble to break the entanglement.

The preferred basis problem is solved by giving very special status to the spatial

representation. Quite incidentally, positions are also characteristics which are most

natural for us, description which we know not only from classical physics but also the

one that looks natural for our prejudiced minds. Yet maybe our minds are not so

prejudiced and ine�cient after all, maybe the evolution has enabled us to pick exactly

the one way of looking at reality (i.e. spatial and temporal ordering of events) that has

the most sense in quantum-to-classical transition?

The key point in the GRW proposal is that we deal with a real process, independent
of any observers. This is not some new measurement philosophy. However, the cost

of proposing a new physical mechanism is that it has to conform to established laws.

And this is where the GRW theory has encountered signi�cant problems. It did not

reproduce the antisymmetry of wavefunction required for fermions. It clashed with

relativity. It violated energy conservation. But it was interesting enough to get some

people interested.
Out of combination of the work of GRW and Pearle came the more modern version

of the approach: the Continuous Spontaneous Localisation (CSL). This model is much
more complex mathematically, and there are quite a few variants of it. They di�er by
the choice of the stochastic terms in the governing equations (which extend beyond
the Schr�odinger equation). The choice of the stochastic term determines the preferred
basis. In one of the possible scenarios the additional term is based on the mass density
| as a result one obtains a GRW-type spatial localization, but but resulting from more
`acceptable' conditions. According to Bassi and Ghirardi (2003) the CSL models ful�l
the basic requirements for the physical description of the collapse:

1. Macroscopic objects are always localized in space.

2. Microscopic dynamics is not altered in an appreciable way with respect to the
standard quantum evolution.

3. In particular, the energy increase of the system – due to space localizations – must
not be detectable.
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4. The symmetry properties of systems containing identical particles must be pre-
served.

Thus the model seems to o�er reasonable physical explanation of the transition from

quantum to classical without invoking special status to observers and measurements.

Moreover, the spontaneous localisation may be combined with decoherence, that is

the reduction of the wavefunctions due to interaction of the studied system with its

environment. This combination is today extensively studied.

One may then ask why then are the dynamical collapse models not universally used?

Part of the answer lies certainly in the fact that they do change the basic physics. Lack

of energy conservation is certainly a blocking factor. And most of the practical physicists

are groomed in the ways of using the standard, relatively simple (because it is linear)

nonrelativistic QM equations. In contrast to the Schr�odinger or Dirac equations, which

can be derived from some basic principles, the additional terms and mechanisms intro-

duced by the dynamic reduction have an ad hoc status. This has prompted Schlosshauer

(2005) to describe the models as having only approximate validity, being applicable only
(?) for all practical purposes (FAPP). The passage from Bassi and Ghirardi (2003) cited

above con�rms this limitation: they use the phrases like `not altered in an appreciable
way' or `not detectable'. This means that there are still very fundamental gaps in the

physical background of the interpretation.

Moreover, the dynamical collapse models achieve only an approximate reduction

of the wave function. This is called `tails problem': what happens to the parts of

the wavefunction extending beyond the localisation radius? Are they real? Will they

still cause interference due to residual entanglement? Such small interference terms

are shown to persist for �nite times. So despite the improvement brought by the

real localisations, we could expect to observe some small but unclassical e�ects to be

observable. Yet there is no evidence of them. Is it because our search is not accurate

enough or are they suppressed by some other mechanisms? The questions remain open.
Despite the problems, the dynamical collapse is an actively developed branch of

quantum physics. The reason is possibly that the interpretation appeals to the physi-
cists' desire for something concrete, for nature as independent from observers as it can
be. But the topic is still di�cult. One of the active actors in the �eld, Adler (2003),
summarizes the current situation as follows

Heuristically, the idea here is that quantum mechanics may be modified by a low level
universal noise, akin to Brownian motion, possibly arising from new physics at the Planck
scale, which in certain situations causes reduction of the state vector. This approach,
which has been developed in great detail, reproduces the observed fact of discrete out-
comes governed by Born rule probabilities, and predicts the maintenance of coherence
where that is observed (including in systems with large numbers of particles, such as re-
cent superconductive tunnelling and molecular diffraction experiments), while predicting
state vector reduction when the apparatus parameters are those characterizing measure-
ments. The stochastic approach may ultimately be falsified by experiment, but
it constitutes a viable phenomenological solution to the measurement problem.
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In fact quite many proponents of the spontaneous localisation mechanism point to

gravitation (on the microscopic scale) as the ultimate source of the stochastic terms and

localisation. This is an avenue similar to the one proposed by Roger Penrose (Penrose,

1989, 1998, 2001, 2004). In the light of the possibility of experimental tests contradicting

the CSL and related models its status is further strengthened. But the model must be

as useful and as accurate as the standard approaches to QM to achieve the main street

status.
The last remark about the dynamical localisation based e�orts and nonlinear mod-

i�cations of Schr�odinger equation is that they illustrate exceedingly well the statement
of Heinrich Hertz in XIX century61 that

sometimes the equations in physics are more intelligent than the person who invented
them.

Indeed, the Schr�odinger equation not only allowed to solve with great accuracy so

many physical phenomena, but opened the way for a large number of unexpected topics,

like the entanglement, dependence of predicted behaviour on `non-physical' �elds such

as vector potential of magnetic �eld, strange correlations between observations etc., etc.

I am quite sure that Schr�odinger did not envision the developments when he formulated

the equation. A good indicator of this was his calculation of stability of Gaussian

wavepackets in harmonic oscillator potential, and subsequent hypothesis that classical

particles are exactly such wavepackets. Well, the problem is that the harmonic oscillator

potential is the only one in which the wavepackets are stable. In other situations

(for example the Coulomb potential of the atomic nucleus) the electron wavepackets

disperse very quickly. Yet, despite the limited intentions and probably against some

expectations, the `intelligence' of the equation has been a boon for physicists for the

last eighty years.

In such situation trying to improve by adding `something' to the equation is a

formidable task. It involves not only taking care of the agreement with the multitude

of checked and rechecked solutions to the ordinary, linear equation. The new terms

should also have a physical meaning, possibly connected to some physical mechanism

that we could understand. And this has proven to be very di�cult indeed.

Event Enhanced Quantum Mechanics

One of the less known interpretations designed speci�cally to Solve the Quantum Measure-
ment Problem62 is the Event Enhanced Quantum Mechanics introduced by Philippe
Blanchard and Arkadiusz Jadczyk. The model was developed in mid-nineties, and
described in detail in series of papers (Blanchard and Jadczyk, 1994, 1995b,c,a, 1996,
1999; Blanchard et al., 1999; Jadczyk, 1995b,a).63 To quote the authors:

61Quoted after Lalo�e (2001)
62Quoted from the opening paragraph of the author's web page.
63The Web page http://quantumfuture.net/quantum_future/jadpub.htm lists Jadczyk's publica-

tions, and it is worth checking out.

http://quantumfuture.net/quantum_future/jadpub.htm
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Event Enhanced Quantum Theory (EEQT) was developed in response to John Bell’s
concerns about the status of the measurement problem in quantum theory. The main
thrust of quantum measurement theory is to explain the mechanism by which potential
properties of quantum systems become actual.64

A lofty goal indeed. At the same time the authors point to the same two facts that I
have stressed from the beginning: the phenomenal success of Quantum Mechanics and
its problems with basic status. But here the authors become more controversial:

Well, let us just point out that the success of quantum theory is not that overwhelm-
ing! Meaningless infinities of relativistic quantum field theory tell us that something is
seriously wrong with our theoretical assumptions. In our opinion, the value of a theory
consists not in that it can explain the technique by which the fabric is woven on the
loom of Nature, but that it can explain the patterns of the weaving, the Weaver and
perhaps the motivations behind the weaving. Facts cannot be understood by being
crafted into a summary or a formula - they can only be understood by being explained.
And, understanding is not the same as ‘knowing.’ Quantum Theory, as any other the-
ory, has a finite region of validity - when attempts are made to apply it beyond these
limits - we get either nonsense or no answer at all. Quantum theory, in its orthodox
version, cannot even be applied to an individual system - like the Universe we live in
and experience. We want to discover ‘why’ in addition to ‘what’ regarding the order of
the universe in which we find ourselves. We wish to discover why ‘this’ MUST be so,
rather than ‘that’; why Nature does what she does and how. We want to uncover and
understand the Laws of Nature, not just the ‘rules of thumb’.65

What are the bases of the solution proposed by Blanchard and Jadczyk? As the name
suggests, the main focus is on the classical events and attempt to produce a theory that
would mix the classical events and quantum mechanisms. Events are de�ned by three
main properties:

But there is no place for ‘events’ or for ‘beables’ in ordinary quantum theory. That
is because each ‘event’ must have three characteristic features:

• it is classical,

• it is discrete,

• it is irreversible.

If just one of these three features is relaxed, then what we have is not an ‘event’. It
must be classical, because it must obey the classical ‘yes-no’ logic; it must never be in
a ‘superposition’ of it being ‘happened and/or unhappened.’ Otherwise it would not be
an event.

It must be discrete. It must happen wholly. An event that ‘approximately’ happened
is not an event at all.

64Blanchard et al. (1999)
65Blanchard and Jadczyk (1999). Nota bene, the paper opens with abstract containing the story `about

the examiner in the U.S. Patent Office who, at the beginning of this century, suggested that the Patent Office
be closed since “everything has already been invented.”', story that is one of the false urban legends about

the `end of science', see page 772.
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It must be irreversible, because it can not be made to be ‘undone’. This feature
distinguishes real events from the ‘virtual’ ones. Once something has happened it has
happened at a certain instant of time. It must have left a trace. Even if this trace can
be erased, the very act of erasing will change the future not the past. Something else
may happen later, but it will be already a different event. We believe that events, and
nothing but events, are pushing forward the arrow of time.

But we seek to bridge the gap between ‘knowing’ and understanding. Event En-
hanced Quantum Theory, or EEQT as we denote it is a minimal extension of quantum
theory that accounts for events. It is a minimal extension of quantum theory that
unifies continuous evolution of ‘wave function’ with quantum jumps that accompany
real world events. We do not pretend that EEQT is a fundamental theory. It
is semiphenomenological in its nature. But it shows that one can go beyond linear
quantum theory, that one can predict more than the standard formalism would allow,
that new questions can be asked, new horizons opened against the gloomy fog of the
‘nothing but knowings’ landscape of future physics.

The stress on the role of discrete `events' of classical nature makes the interpreta-
tion palatable to our classical minds. The very classicality is here set in a dominant
position, with QM relagated to a supplementary mechanism. And even in this aspect
it is modi�ed: in EEQT the Schr�odinger di�erential equation is replaced by a piecewise
deterministic algorithm that describes also the timing of events. The formalism of the
interpretation is somewhat similar to the one of GRW66. Here, however, the world has
a de�nite classical part. This part is used to describe the reality as much as the QM
mechanisms: (Blanchard and Jadczyk, 1999)

In EEQT, at that level, we use all the standard mathematical formalism of quantum
theory, but we extend it adding an extra parameter α: Thus all quantum operators A
get an extra index Aα, quantum Hilbert space H is replaced by a family Hα; quantum
state vectors ψ are replaced by families ψα; quantum Hamiltonian H is replaced by a
family Hα etc. The parameter α is used to distinguish between macroscopically different
and non-superposable states of the universe.

A second important point is this: time evolution of an individual quantum system is
described by piecewise continuous function t 7→ α(t), ψ(t) ∈ Hα, a trajectory of a
piecewise deterministic Markov process.

The language may seem a bit cryptic, but Markov processes are well known to math-

ematicians and statisticians. Translated into more understandable terms the model

postulates that the evolution of any system consists of random jumps, accompanied by

changes of a classical state, interspersed by random periods of Schr�odinger-type deter-

ministic evolution. In this formulation it looks quite similar to the spontaneous locali-

sation models. The di�erence is in the central role of the classical `part of the world',

in determining how the jumps occur. In EEQT not all reality elements are quantum

and there are things in this universe that are not described by a quantum wave func-

tion. So, while Blanchard and Jadczyk claim the interpretation may be a way out of the

66Jadczyk (1995a) shows that GRW can be considered as a particular, degenerate, case of EEQT.
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quantum trap, it certainly uses un-quantum springboard. There is little self-consistency

here. On the other hand, the theory is quite general and the crucial mechanisms are in

most cases guessed rather than derived from any `�rst principles'. But, as the authors

show, the idea can be applied not only to the nonrelativistic Schr�odinger QM, but also

to fully relativistic Dirac equation.

Unfortunately for EEQT, the interpretation does not seem to have attracted a large

circle of scientists working to make it the cornerstone of the new physics67. One of the

reasons might be the semi-phenomenological nature of the theory. The other might be

due to excursions to physico-psychical considerations | but we should remember that

this kind of far connections is actually quite typical for the quantum interpretations.

Roger Penrose is a good example that you can discuss quantum brain without losing

the respect of physicists.

Interpretation without interpretation and other ideas

As we have seen there is certainly no easy way out of the quantum trap. Proposed ex-
planations or new mechanisms span enormous range of possibilities. This huge number
of various avours of interpretations, especially the `philosophical' ones, has prompted
quite a few scientists to ask if the exercise of preparing and analysing them is sensible.
Fuchs and Peres (2000) ask the question: does the quantum theory need interpreta-
tions? They propose that the best solution may be `interpretation without interpre-
tation'. Fuchs and Peres argue that the need to `interpret' is fully arti�cial, and not
prompted by any experimental evidence. They ascribe the recent (and not so recent)
emergence of the new interpretations to promotional activities:

Their running theme is that from the time of quantum theory’s emergence until the
discovery of a particular interpretation, the theory was in a crisis because its foundations
were unsatisfactory or even inconsistent. We are seriously concerned that the airing of
these opinions may lead some readers to a distorted view of the validity of standard
quantum mechanics. If quantum theory had been in a crisis, experimenters would have
informed us long ago!

In this situation, the e�ort should be

. . . to explain the internal consistency of an ‘interpretation without interpretation’ for
quantum mechanics. Nothing more is needed for using the theory and under-
standing its nature. To begin, let us examine the role of experiment in science. An
experiment is an active intervention into the course of Nature: We set up this or that
experiment to see how Nature reacts. We have learned something new when we can
distill from the accumulated data a compact description of all that was seen and an
indication of which further experiments will corroborate that description. This is what
science is about. If, from such a description, we can further distill a model of a free-
standing ‘reality’ independent of our interventions, then so much the better. Classical
physics is the ultimate example of such a model. However, there is no logical necessity

67A search of Google Scholar revealed nine authors of papers with `EEQT' as the keyword for the

search.
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for a realistic worldview to always be obtainable. If the world is such that we can never
identify a reality independent of our experimental activity, then we must be prepared
for that, too.

It looks a bit more than `shut up and calculate' | but not much. The interpreta-
tional di�erence is in the reformulation of the general QM goals, which, according to
Fuchs should be severely limited. QM should not be adjusted or expanded to provide
the description of some reality independent of our potential experiments and how this
reality (Bell's beables) corresponds to results of experiments (observables).

Contrary to those desires, quantum theory does not describe physical reality. What
it does is provide an algorithm for computing probabilities for the macroscopic events
(‘detector clicks’) that are the consequences of our experimental interventions. This
strict definition of the scope of quantum theory is the only interpretation ever needed,
whether by experimenters or theorists.

So, the `shut up and calculate' recipe is not pragmatic advice for PhDs who need

to �nish their theses as soon as possible. It is the only possible stance: nothing else

should be done with QM, because it is not suited for anything else, especially not suited

for ontological considerations about the nature of any independent reality. Now, this is

a strong stance, quite against our materialist and realist intuitions. But who can say,

with certainty, that these intuitions should be correct in microworld?
David Mermin, whose point of view as to the general requirements for QM theory

we have already discussed has his own proposal, which he half-jokingly calls `half baked
concoction' and names `Ithaca interpretation' (Mermin, 1998). Well, Ithaca, New York,
is not unknown as a home of the intellectual achievement, but despite the fame of the
Cornell University, the interpretation is not a household name, even within the physical
community. The reason for the proposal is somewhat similar to the arguments of Fuchs.
Mermin writes:

I myself have never met an interpretation of quantum mechanics I didn’t dislike. I shall
try to extract something constructive from all these strongly held negative intuitions,
by prohibiting from my own interpretation all of the features I have found unreasonable
in all the various interpretations I have encountered.

The concept is based on the role of correlations. Bell theorem and subsequent
experiments have clearly shown that there are very fundamental di�erences between
the classical, local and realistic view of reality and the quantum one, and that these
di�erences are visible in the domain of certain correlations. Therefore, Mermin argues
that

the only proper subjects of physics are correlations among different parts of the physical
world. Correlations are fundamental, irreducible, and objective. They constitute
the full content of physical reality68. There is no absolute state of being; there are
only correlations between subsystems. [. . . ]

If correlations are the fundamental, irreducible, objective components of physical reality,
and physical reality consists of individual systems, then probabilities are fundamental,

68How stark is the contrast with the ultimate reality status given to events in EEQT or `hits' in GRW.
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irreducible, objective properties of individual systems. For among the possible corre-
lations among subsystems are those between projection operators associated with the
subsystems, which have an immediate interpretation as joint probability distributions.
This raises difficult questions about the meaning of probability for individual systems. As
I noted at the outset, the strategy of the Ithaca interpretation is to set aside such
questions, not because they are unimportant, but because the interpretation of
quantum mechanics has enough problems of its own.

So, here again, we decide to get out of trouble by limiting the scope of applicability
of Quantum Mechanics. The limits are exactly those within which QM performs best:
calculations of the probabilities of outcomes of experiments. The reasoning in the
passage above, linking together the importance of correlations and relative probabilities
for complex systems with the postulate of existence of individual subsystems to arrive
at the existence of objective probabilities of these subsystems was, for me, rather novel.
Of course we have to think about what is correlated with what. But by limiting the
range of interpretations we are actually on the way to see more clearly the reasons
for our lack of understanding of quantum world. I fully agree with Mermin when he
`puts the blame' on our evolutionary heritage, which is not tuned for esoteric quantum
mysteries. That the world behaves as described by QM is beyond doubt, but we still
try to bend these rules so that they �t our intuitions. Only if we stop doing this we
can derive some new vision of reality however strange and non-intuitive it is:

These correlations constitute the totality of the internal objective reality of individual
systems. So what do measurement, or a classical domain, or knowledge have to do with
objective reality? Nothing — nothing whatever. They have to do with us. We’re
big complicated systems, and we’ve evolved under the pressure of having to deal
with other big complicated systems. We understand them, we can apprehend
them, and we’ve developed language, to represent them to ourselves or to help
us tell each other about them. But we did not evolve having to deal with simple
two level systems or even complicated atoms. So the only way we can cope with such
systems, which evolution did not outfit us to apprehend directly, is to arrange for them
to be subsets of larger systems containing subsystems of the kind we do know something
about dealing with. We can then learn about the objectively real correlations that exist
between the small and the big subsystems, and try to infer the nature of the systems
inaccessible to our intuition from how they correlate with the systems we’re equipped
to deal with.

Additional sources
Kiefer (2002)

6.4.2 Decoherence — an answer to all the questions?

I have left out, so far, an approach to QM that has gathered a lot of support and interest

in the past �fteen years: decoherence. It is not, strictly speaking, an interpretation of
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QM, but rather a set of results obtained using mathematical tools of QM for open

systems, that is systems interacting with their environment. For some physicists the

results obtained with these tools were important enough to prompt the change of the

phrase `but Bohr has solved it all long ago' to `but decoherence solves all of that'. This

claim has, of course met with �erce opposition. So, what is decoherence? It is a model

using spontaneous and continuous interactions between a microscopic quantum system

and its environment. These interactions lead to suppression of quantum entanglement

and interference. Schr�odinger cat `collapses' to one of unambiguous `dead' or `alive'

states not because someone consciously looks at it, but because it interacts with a vast,

random environment. And these interactions, described in quantum way, can force the

system to `choose' states corresponding to our classical observations.

Main sources on decoherence
Zurek (1991, 2002, 2000, 1998), Kiefer and Joos (1998), Paz and Zurek (2002),
Zeh (2004, 1997, 2003, 2000, 1999), Schlosshauer (2005), Bacciagaluppi (2003)

Decoherence methods are based on realisation that correlations between studied

quantum systems and their environments are ubiquitous. Physical systems interact with

their surroundings for example with the measuring apparatus, but also, for example,

with thermal bath of electromagnetic radiation. Thus the assumption that we can

describe the systems as isolated ones is, in most cases unwarranted. Only in very

special (typically microscopic) cases we can forget about the interactions. Thanks to

these special systems (pairs of spin correlated particles or single photons) we are able

to see the quantum weirdness directly in experiments. Sometimes we can prepare even

bigger systems by isolating them from the environment to show quantum e�ects. But

for moons or cats the decoherence is strong and virtually instantaneous, leading to

`classicality' of these systems.

Of course, the existence of interaction with environment is also present within classi-

cal domain. But classical physics has not entanglement problems and the reliance on the

linearity approximation, stating that small perturbations would have small outcomes is

quite justi�ed. On the other hand, it turns out that interaction with the environment

brings out two very important processes, bringing the quantum-to-classical transition

a little closer to understanding. These two main e�ects are discussed below.

Decoherence is the suppression of interference between di�erent states of the system

due to interaction with complex environment. The environment is understood to

consist of many parts, of which we usually have little information. As a result of

the interaction the measured system ceases to be an entangled state but becomes

a mixture of states (which does have direct classical meaning). Technically this

means that the o�-diagonal elements of the density matrix become vanishingly

small | and the process is, in most cases, very fast. Moreover the process is seen
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as irreversible for all practical purposes, providing the background to quantum

arrow of time.

Superselection is the `preference' of certain sets of states, which are more resistant

(robust) to interactions with the environment. The selection picks out a set of

mutually commuting observables. These basis states are `chosen' because they

can retain correlations for longer than other ones, and thus are proposed to be

the quantum origins of our classical world perceptions. The states are often called

`pointer states' as they should correspond to `pointer' locations of the classical

measurement apparatus, as a part of the environment. A good example would be

the choice of `dead' and `alive' basis set for the poor Schr�odinger cat.

The disappearance of internal correlations and selection of some states as more
stable than others looks exactly like a dream of quantum physicists: a clear way to
derive classical features in many large quantum systems. For this reason many physicists
claimed that the decoherence paradigm has indeed solved the measurement problem and
provided the �nal framework for understanding the quantum world in our (classical)
terms without invoking any deus ex machina solutions. But not all physicists agree
with this optimism. Schlosshauer (2005) opens his review of the decoherence program
progress with a collection of quotes ranging from enthusiastic praises of the approach
`decoherence is able to solve practically all the problems of measurement' (Gennaro Auletta)
to the opposite stance: `decoherence by itself does not yet solve the measurement problem'
(Dieter Zeh). Arnold Neumaier, in his quantum physics FAQ WEB page69 goes as
far as accusing many of the enthusiasts of decoherence as a `quantum panaceum' of
incompetence:

The champions of the decoherence approach are (not always but at least sometimes)
quite careful to delineate what decoherence can do and what it leaves open [. . . ] If the
big crowd has a cruder point of view, it means nothing but lack of familiarity with the
details.

Lets look, for a moment into the origin of this dissatisfaction. For example it is true

that the suppression of interference terms in the studied system does not mean that

these quantum correlations mysteriously vanish. Because the decoherence model treats

the system and its unknown and complex environment together, the phase correlations

remain in the whole coupled system. In less strict words, we clean the measured system

of some quantum weirdness, by shifting it to a combined system+environment ensemble.

Is this progress, or just a trick? Why would we split the world into systems and

environments if they are all entangled?

A lot of discussion revolves exactly around this point. Some proponents of deco-

herence argue, with good reasons, that the very decomposability of the Universe into

separated, identi�able, interacting systems is the core not only of physics but of our

experience. For the wavefunction of the whole Universe there is no need for mental

69http://www.mat.univie.ac.at/~neum/physics-faq.txt

http://www.mat.univie.ac.at/~neum/physics-faq.txt
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gymnastics of collapse. This wavefunctions evolves in unitary way in whatever quan-

tum interpretation, because there are no observers outside it. Observation is possible

only when we divide the world into observed and observer.

The opposition to decoherence as `the universal explanation' has pretty strong ar-

guments. While there is no questioning of the actual mechanisms of interaction of the

measured system and measuring apparatus with the environment, the problem is that

this interaction, if viewed quantum mechanically, is still a linear one. Decoherence is

only an approximate mechanism and decomposition into �nal `classical' states is not

unique. In some sense, decoherence solves a lot of problems `for all practical purposes',

but it still has unresolved issues as deep as those that are posed by measurement notion

in the Copenhagen Interpretation.

As I have already noted, what results from decoherence process can not be considered

fully `classical'. Bassi and Ghirardi (2000b) have presented a simple and very general

proof that one has to supplement Quantum Mechanical description, even within the

decoherence approach, with an arbitrary `macro-objecti�cation' process, de�ning the

transition from the weird quantum world to what our own senses show. The paper

entitled A General Argument Against the Universal Validity of the Superposition
Principle shows in a very simple manner that to have a consistent picture one must

accept that in a way or another the linear nature of the dynamics must be broken. the

paper is, of course related to the arguments in favour of the GRW dynamical collapse

interpretation (already presented in Section 6.4.1). But the proof is important to all

models where the linearity of QM is compared to measurement process, treated as

a purely physical phenomenon. While the paper is somewhat technical, the proof is

accessible to people with basic knowledge of Quantum Mechanics and basic geometry.

Moreover, the generality of the proof is a great source of understanding the problems

faced by quantum theories. Also, the paper contains very good discussions of what a

measurement process and measurement apparatus are, and what we should expect of

any models of them in general. For these reasons I'll try to present a summary of the

paper here. For the complete discussions see Bassi and Ghirardi (2000b, 2003).

The argument is designed to combine simplicity of the considered physical system

with all essential features of the quantum measurement description. The starting point

is a simple, idealised microscopic spin 1/2 particle, which can be in two orthogonal

states |u〉 or | d〉 (up and down, in whatever chosen direction). In accordance with QM

the particle can be, of course, in any state that is a linear combination of the two, for

example |u+ d〉 = 1√
2
|u〉 + 1√

2
| d〉. The measured system is chosen to be very simple

on purpose, as we are interested much more in the measuring device.

When we divide the Universe into the microscopic system, which is going to be

the object of measurement and the `rest of the Universe', including, importantly, the

macroscopic measurement apparatus.

The next step is to consider what would be the minimal requirements for this mea-

suring device to be useful. It has to be a macroscopic system, which is able to interact
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with the measured particle during a �nite time, in a way that would produce macro-

scopic change in the detector. These changes would be the measurement results. For

example, the changes could be positions of a macroscopic pointer to one of the two

positions, U or D, corresponding in our intention to the measured values of the particle

state |u〉 or | d〉, respectively. We have to remember that from the quantum point of

view, the detector, in addition to this simple U/D variable would have an enormous

number of other degrees of freedom. Moreover, being macroscopic it would be in con-

stant interaction with its environment, perhaps a large part of the Universe. The general

description of the detector is thus a very complex state, from which we pick the pointer

location as very special part. We could denote, without losing the generality, this state

as |A,α〉, where A is the position of the pointer (U or D) and α denotes all the other

variables.

The next step is to de�ne two subsets of the set of all possible measurement device

states, for which we would like to be able to say that the measurement gave an U (or D)

result. These sets would be denoted as VU (VD) respectively. The VU set contains, by

de�nition, all the normalized state vectors |A,α〉 for which the statement `the pointer

is at U ' is true.

The next requirement that Bassi and Ghirardi impose is that the measuring appara-

tus `must be reliable to a high degree'. This means that the detector should give correct

answer in most cases. If the measured particle has spin up, then the detector, after the

measurement process, should almost always be in a state from the VU set.
we can now proceed to the proof of the theorem. There are two main assumptions

necessary. The �rst is pure QM:

the quantum evolution of any physical system is linear, since it is governed by the
Schrödinger equation.

Thus the measurement process, assumed to take place in a time interval between tI
and tF , would be described by some (known or unknown) evolution operator U(tI , tF ).

For the two basis states this would be

|u〉 ⊗ |A0, α〉 −→ U(tI , tF ) [|u〉 ⊗ |A0, α〉] = |F, u, α〉 , (6.13)

| d〉 ⊗ |A0, α〉 −→ U(tI , tF ) [| d〉 ⊗ |A0, α〉] = |F, d, α〉 , (6.14)

where |u/d〉 ⊗ |A0, α〉 denotes the initial (pre-measurement) state of the particle and

detector. We write it in separated form, assuming that in the preparation of the ex-

periment the particle and the device have been kept separated and independent, and

that their interaction starts only at tI . On the other hand the �nal states |F, u/d, α〉
do not have to be separable. In fact the state of the particle may me even changed by

the measurement. All that Bassi and Ghirardi require is that in most cases |F, u, α〉
would belong to VU (and correspondingly for | d〉).

Having described the consequences of the linearity condition of the QM evolution,
we now turn to the second requirement of the proof which is
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that any two sets, like VU and VD, containing vectors corresponding to different macro-
scopic configuration of a macro–object are almost orthogonal:

inf ‖|U, α〉 − |D, β〉‖ ≥
√

2− η (6.15)

for |U,α〉 ∈ VU and |D,β〉 ∈ VD and η � 1.

The condition is weakened, in comparison with truly orthogonal normalized vectors

where by Pythagorean theorem the distance would be equal to
√

2.

What we aim to prove is as follows: that there are states for which the linear

evolution of the state during measurement, as described in the �rst premise, leads

to a detector state that does not belong to neither VU nor VD. For such states, the

recognizable feature of the measurement, namely the pointer, would not allow to decide

on the value of the spin of the particle. In other words, instead of a concrete result (UP

or DOWN on the detector) we would get a state that is not clear. This would stand

in contract with our experiences, where we seem to get the results each time, although

averaging over many experiments we might get some statistical mixture of results. But

here we talk about single experiments! So, keeping in mind that the detector is a fully

macroscopic, the `quantum ambiguity' would be present regardless of the interaction

with environment, decoherence and all that stu�.

The proof is actually quite simple: lets prepare the measured particle in the initial

state of |u+ d〉. Then the evolution would produce, thanks to the linearity of evolution

|u+ d〉 ⊗ |A0, α〉 −→ U(tI , tF ) [|u+ d〉 ⊗ |A0, α〉] = (6.16)

= |F, u+ d, α〉
=

1√
2

(|F, u, α〉+ |F, d, α〉)

But the �nal state |F, u+ d, α〉 can not belong to VU nor to VD! This can be shown

easily (I'll provide the reasoning for VU , as the proofs are fully symmetric).

We know that for all the vectors belonging to VU the distance from the vectors from

VD must be `nearly orthogonal'. But for our vector |F, u+ d, α〉 this distance from the

vector |F, d, α〉 ∈ VD is

inf ‖|F, u+ d, α〉 − |F, d, α〉‖ = inf

∥∥∥∥ 1√
2
|F, u, α〉+

(
1√
2
− 1

)
|F, d, α〉

∥∥∥∥ (6.17)

≥ 1√
2

+ 1− 1√
2

= 1

Thus |F, u+ d, α〉 is too close to |F, d, α〉 to belong to VU . Bassi and Ghirardi (2000b)
summarizes it as follows.

[For] the large majority of the initial apparatus states, when they are triggered by the
superposition |u+ d〉, end up in a state which does not correspond to any definite
position.
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But we know, experimentally that we do observe clear outcomes. This means that

some of the premises for the proof must be false. Either the linearity of the evolution is

somehow broken or the logic of the separation of the measured system and the appara-

tus. Or our logic. Ghirardi is very active in promoting the nonlinear QM interpretation

so for him the choice of the premise to be weakened is clear. But as this interpretation

has problems of its own, I guess we can not tell whether it is the �nal solution. The

work of Bassi and Ghirardi has been further generalised by Gr�ubl (2003), and used

as one of the springboards for the attacks on decoherence paradigm. An example of

such criticism is Adler (2003), titled ominously Why Decoherence has not Solved the
Measurement Problem.

Other doubts are expressed by Herbut (2001), who postulates that standard QM

should be extended as a hidden variable theory. Bell theorem proves that at best such

theory should be nonlocal, so naturally quite strange to our minds. Herbut proposes

an alternative to nonlocality: assumption that only one quantum observable has always

de�nite values in nature irrespective of the quantum state. All other observables remain

quantum-like. In the proposal the special, `classical' variable is the the position (or

localization) observable.
Out of the work on environmentally induced decoherence a new interpretation of

QM has arisen. The Decoherent/Consistent Histories interpretation is one of the most
di�cult to understand and describe. Some texts introducing it are Bassi and Ghirardi
(2000a, 2003), Gri�ths (1996); Halliwell (1995); Diosi et al. (1995). Moreover, decoher-
ence treated as purely internal tool of QM may be, and often is, coupled with the more
`fundamental' interpretations, be it Many Worlds, Many Minds, Dynamical Collapse
or even Copenhagen. Taking into account the open nature of quantum systems and
inuence of environment is not limited to answering questions about the measurement
problem, but also { perhaps most of all { a practical subject, especially in the context
of quantum computing and telecommunication. Bacciagaluppi (2003) points to the
bene�ts of combining decoherence with more fundamental interpretations:

Bohr’s intuition: if we lack a classical world, we lack the tools for doing, talking about
and finding out about QM.

Bohr’s conclusion: this forces us to postulate the classical world prior to QM.

If decoherence together with some foundational approach shows that one can derive the
classical world from QM, then this postulate is unnecessary. We could recognise the
correctness of Bohr’s intuition (having Bohr’s cake), but incorporate it in a rounded-off
picture of the world that is entirely quantum mechanical (eating it).

Another interesting extension of the decoherence model has been proposed recently

by Wojciech Zurek, one of the original champions of the the program and its most vocal

propagators (Zurek (2007b,a), see also older works of Zurek (2003, 2005); Ollivier et al.

(2004)). He introduces a third aspect related to decoherence processes: environment-

induced invariance, which he names envariance. The work is particularly interesting

because it claims to provide an explanation of the probabilistic nature of Quantum Me-

chanics. When Max Born proposed that the square of the norm of the statevector |Ψk|2
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represents probability of �nding the system in state Ψk in 1926 it was very courageous

idea. The probability interpretation was, however, put in `by hand'. Zurek aims at

more ambitious target, he derives Born's rule from envariance. The goal of the work is

to show not only that QM is the ultimate theory but that `it needs no modifications to
account for the emergence of the classical'.

Zurek starts from re-analysing the basic postulates of QM. The �rst two are de-
scriptions of mathemathical framework of the theory: (i) states of the system are
represented by vectors in appropriate Hilbert space ; and (ii) the system evolution
is given by unitary transformation, for example one generated by the Schr�odinger
equation. These two postulates are indeed basic textbook stu�. However, instead of
going directly to the well known `collapse postulate' (iv): measurement outcome is
one of the orthonormal eigenstates of the measured observable, Zurek adds empha-
sis to a physical postulate that (iii) immediate repetition of a measurement must
yield the same outcome (form measurements that do not destroy the system, such as
absorption of photons). This postulate is the basis of predictability of physics | but it
also gives strength to the realistic interpretation of quantum states. Existence of states
is the reason of the stability of results under repeated measurements. The reason of
contrasting postulates (iii) and (iv) is that while the �rst is rather uncontroversial, the
latter is at the heart of the dispute on the interpretation of QM. Moreover, trivial as
postulate (iii) seems, it is possible to derive very interesting conclusions from applying
it to simple systems. In Zurek (2007a) we read

The aim of this letter is to point out that already the (symmetric and uncontroversial)
postulates (i)–(iii) necessarily imply selection of some preferred set of orthogonal states
— that they impose the broken symmetry that is at the heart of postulate (iv) —
although they stop short of specifying what this set of outcome states is, and obviously
cannot result in anything explicitly non-unitary (e.g., the actual ‘collapse’).

The way to arrive at these conclusions is actually surprisingly simple and similar

to reasoning used in deriving the no-cloning theorem (of which Zurek is one of the

authors). Orthognonality of prefered basis states appears a result of the information

transfer from a system to the environment. And such information transfer is a necessary

part of a successful measurement. What is more, the information about the system is,

after the interaction, embedded in the environment. Such process allows multiple other

environments (including what we might call observers) to get indirect information about

the studied system from its environment. In other words, the environment acts as a

witness to the system (Ollivier et al., 2004).
Zurek has invented another name for the process of selection of the observable states

| those stable enough under interactions with environment | he has called it `quantum
Darwinism'. Survival of the `�ttest' states. The ability not only to derive interesting
results, but also to suggest catchy names is important in physics as in any human
endeavour. Quantum Darwinism is, in words of Zurek (2007a)

proliferation of selected information about the system throughout the environment — is
a natural byproduct of the decoherence process. This is not too suprising: Decoherence
is, after all, caused by the monitoring of the system by the environment. Quantum
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Darwinism leads to a deposition of redundant records — multiple ‘copies’ of the selected
states of the system. And only states that can survive information transfer intact can
lead to such redundant imprinting in the environment.

Now, this is really interesting. I, for myself, will follow up the reception of Zurek's

theories in the physics community, to see if they themselves pass the test of survival.
As can be seen from this incomplete and simpli�ed review of the interpretations

of Quantum Mechanics the range of considered solutions is confusingly broad. When
I read the texts of publications supporting di�erent interpretations as literary texts
it is not di�cult to �nd emotions and prejudices hidden under the cold equations.
Preferences for speci�c worldview, such as realism over operationalism, or for giving
the status of ultimate reality to various elements of mathematical description seem to
erect insurmountable barriers between the interpretations. In the opening paragraphs
of the monograph devoted to the Solvay conference when the interpretations issues of
QM were, for the �rst time so prominent, Bacciagaluppi and Valentini (2007) quote the
biblical story of Babel tower and state

For when it comes to the interpretation of quantum theory, even the most clear-thinking
and capable physicists are often unable to understand each other.

If the physicists working on the subject can not get their own opinions in sync,

what can be said about the reception of QM by the general public? No wonder that the

fringes of QM are studded with crank theories, pseudoscientists and charlatans. The

fact that most of the latter do not understand at all the `mechanics' part of QM, its

ability do describe the world around us, does not deter them from using the name of

the quantum to support all their fancies.

Sometimes this hunger for strangeness a�ects even scientists. Some of them look

for e�ects that are stranger than `normally strange' QM. For experiments which would

shake the already shaky philosophical base. Sometimes these proposals turn out to be

really novel and surprising discoveries. Sometimes they only create localised discussion

among a few interested parties. In the following section I will recall a few of such topics.

There is no particular order for the presentation, and while some of the subjects are

controversial, the others are parts of very large research program and even industrial

activity. What makes them similar is that they would not exist if we did not have

Quantum Mechanics.
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6.5 State of confusion

Y’know, it’s very hard to talk quantum
using a language originally designed to

tell other monkeys where the ripe fruit is
Terry Pratchett70

6.5.1 Waves or particles?, reloaded

The revival of basic questions regarding the foundations of QM, after eighty years

of successful calculations has brought a lot of new approaches and discoveries. Even

practical applications, such as quantum computing or quantum cryptography, which we

will discuss shortly. One might think that this would teach physicists that there is an

inexhaustible source of surprises. And indeed, it seems that many of these surprises in

QM come from revisiting old problems, sometimes pre-dating the beginnings of quantum

theory.

In 1920's, physicists were forced to return to the old question: is matter composed

of particles or waves. The question itself is much older, because it has been posed �rst

in XVIII century when basic nature of light was discussed. Then, after some discussions

lasting more than a hundred years, the wave theory `won': it has provided much more

comprehensive description of phenomena of interference, di�raction and polarisation.

Supported by the Maxwell's equations, which `explained' light as electromagnetic wave,

the wave theory ruled supreme . . . for maybe thirty years.

The early QM has resurrected the notion of particles. The photoelectric e�ect could

only be explained by the picture of photons, particles of light. Thus, electromagnetic

�eld in some cases acted as particles and sometimes as waves. We (the modern physicists

and the general public) have grown accustomed to this `paradox', but in the beginning

it was considered a real puzzle. A good example is the position of Einstein, stated in

1924, quoted on page 280. The two classical concepts of waves and particles seemed

mutually exclusive. What was worse, due to Louis de Broglie the arena of doubt has

widened: he has postulated in 1924 that all particles were, somehow, waves. Probability

waves or something like that, but waves nevertheless, governed by a well formed wave

equations. And this was soon con�rmed by Clinton Davisson and Lester Germer for

electrons.

Soon, all physics students were taught that matter is, at the same time, particles
and waves. That sometimes it shows itself in an experiment as a wave, with suitable

di�raction patterns etc., and sometimes it acts as de�nite particles, bumping into each

other in discrete places. As for the explanation how is it possible and the full under-

standing of the coexistence of the pictures, that is another matter. I am quite sure,

that if one should ask a typical third year physics student today \Is an electron a wave

70Night Watch
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or a particle?" he71 would answer \Are you joking, of course it is both!". How comes

`of course'? Ahh, you should not ask such questions. . .

But the good news is that the two properties do not show themselves at the same

time, in the same experiment. This is an example of when Bohr has dubbed `com-

plementarity': two opposing facets of the same coin, which can not be seen both at

once. Just like momentum and position of an electron can not be measured at the

same time with arbitrary precision (Heisenberg uncertainty principle). So it is with the

wave/particle properties: should we have a measure of the waveness/particleness their

sum should be �xed: the more of particle behaviour an experiment shows, the less we

should know about the wave-like phenomena.

In the light of such common wisdom, it has been a shock to the physical community

(or at least part of it) when Marcus Chown, in July 2004 issue of the New Scientist
published an account of an experiment conducted by an unknown physicist, Shahriar

Afshar, working at little known private Institute for Radiation-Induced Mass Studies

in Boston. The account, titled Quantum Rebel, called physical world attention to the

issue of wave/particle complementarity. It seemed that Afshar has been able to look, at

the same time, at the particle-like and the wave-like aspects of light. The publication has

caused quite a stir within the community. The results published by Afshar, despite being

extremely controversial and contested, were presented quite widely (Afshar, 2003, 2005,

2006; Afshar et al., 2007; Flores and Knoesel, 2007). A lot of papers, mainly looking

for faults in experiment or its analysis, have appeared (Steuernagel, 2005; Drezet, 2005;

Kastner, 2005; Qureshi, 2007; Mir et al., 2007; Reitzner, 2007). The discussion is so

much alive that two and a half year after the original commentary, Chown has published

another one (New Scientist, February 2007), this time titled Quantum rebel wins over
doubters.

I have found this discussion so interesting that I invite the Reader to spend a lit-

tle time understanding what is it all about. Why has at least a part of the physics

community got excited again about the wave-or-particle question?
The idea is based on rather old concept of welcher-weg72 experiment, in which a

part of the setup allows to determine which way a given particle has gone through the
apparatus | but with a twist. The rationale for the experiments, according to Afshar,
was as follows

The wave-particle duality has been at the heart of quantum mechanics since its in-
ception. The celebrated Bohr-Einstein debate revolved around this issue and was the
starting point for many experiments conducted during the past few decades. Einstein
believed that one could confirm both wave-like and particle-like behaviours in the same
interferometry experiment. Using a movable double-slit arrangement, he argued that
it should be possible to obtain welcher-weg or which-way information (WWI) for an
electron landing on a bright fringe of an interference pattern (IP) ‘to decide through

71Alas, a typical third year physics student is a he. During my time of study at Warsaw University,

among about a hundred of physics students there were only three girls!
72Which way. For a general discussion of welcher-weg experiments see Herzog (2000).
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which of the two slits the electron had passed’. [. . . ]

In this Letter we shall only investigate sharp complementary wave and particle behaviours
explicitly forbidden by Principle of Complementarity in the same experiment.73

If, at the same time, both the interference pattern could be observed and the infor-

mation about which way a photon took then we would have too much information to be

in agreement with the Principle of Complementarity. There are two quantities, serving

as good indicators of the wave and particle-like behaviour of photons. The �rst is the

intensity of the interference fringes, V , which lies between 0 and 1. If we �nd V = 1

then we may state that the the quantum passed through both slits (sharp wave-like

behaviour). V can be calculated comparing the observed intensities of the interference

fringes. The other measure, K, measures the amount of information telling us which

way the particle took. K = 1 when the which way information is fully obtained (sharp

particle-like behaviour), and K = 0 when the origin of the quantum cannot be distin-

guished. The classical formulation of the Principle of Complementarity puts a limit on

the value of the two quantities measured together in a single experiment:

V 2 +K2 ≤ 1 (6.18)

So, if we are able to observe, in some experiment, interference with V = 1 then, presum-

ably, any information about the origin of the photon should be lost to us (K = 0). And

vice versa, if we can tell which way the particle took, then the interference patterns

should vanish.

With these conditions in mind let us consider the experiment that Afshar has de-

vised (Figure 6.3). A coherent light (for example generated by a laser to the left of the

Figure) wave is transmitted through two narrow slits in a barrier. Both classical optics

or Quantum Mechanics predict that the two waves originating at the slits would subse-

quently interfere. Should we place a detector plane (photomultipliers, or a photographic

plate) somewhere in the middle of the drawing we should record an interference pattern

as schematically shown by a green line in Figure 6.3. But instead of such detectors, the

experimenters have put a lens which focuses light. In the focal plane of the lens two

images of the slits form, shown by the green peaks on the far right. So far, nothing

special. Now comes the crucial step: just before (or just after) the lens, where the

interference pattern of the two light waves coming from the two slits is strong, Afshar

placed a set of thin wires | exactly at places where the negative interference causes

the light wave intensity to go to zero. And the idea is that these wires provide a sort

of `measurement by lack of e�ect' instrument for the interference.

As we have already said, the core of the Principle of Complementarity is that if

one observes the interference pattern, one cannot get the which-way information. And

vice-versa. The cleverness of the Afshar idea is in establishing the existence of the

interference pattern without actually observing it. That is, we start with observing

73Afshar (2003)
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Figure 6.3: The original setup for the Afshar experiment. A coherent light wave is transmitted

through two narrow slits, and subsequently focused by a lens. In the focal plane of the lens

two images of the slits form, shown by the green peaks on the far right. Just before (or just

after) the lens, where the interference pattern of the two light waves coming from the two slits

is strong, Afshar placed a set of thin wires | exactly at places where the negative interference

causes the light wave intensity to go to zero. So, in principle, the wires should not inuence the

outcome. And it turns out they did not. But to understand why is not a trivial question.

the interference to locate the dark fringes, where due to interference there is no light.

This is phase one of the experiment. Then the wires are put exactly where the dark

fringes were. We assume that nothing has changed physically in the system, and the

introduction of the wires would not, somehow, shift or destroy the fringes. If the wires

are where there is no light, the arguments states, they would not, could not inuence

the behaviour of the light. And the intensity observed by the far detectors, beyond

the focusing lens, should be the same regardless whether the wires are present or not.

But if there is no interference (as in the case when only one slit is open) the wires do

disturb the ow of photons which is registered by the detectors. Thus the existence of

the interference pattern can be inferred from the fact that the detectors show the same

results. And it seems that we `know' that the interference `is there' without actually

disturbing the photons in any way.

Figure 6.4, taken from (Afshar et al., 2007) summarizes the observations. Indeed,

when both slits are open, the results with or without the wires seem very similar, so

that the wires are not disturbing the photon ow. On the other hand, when only one

slit is open, the detected pattern shows single maxima plus some di�raction pattern
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Figure 6.4: Results of the Afshar experiments (Afshar et al., 2007). Intensity pro�les for four

di�erent experimental conditions at a ux of 3×107 photons/s presented on a logarithmic scale.

(a) Both pinholes open without wire grid, and (b) both pinholes open with wire grid, are very

similar, and the peak intensity in (b) is only slightly reduced to 98%. When only one pinhole

is open, (c) and (d), the peak intensity at the respective detector drops to 85%. In addition,

the wire grid creates a di�raction pattern and a small photon count is measured at the other

detector, i.e. 0.46% when pinhole B blocked (d), and 0.41% when pinhole A blocked (c).

due to the presence of the wires. Any of these observations is quite expected. The main

controversial claim is that there is a sure way to determine which way a photon took:

simply, if it has arrived at detector A′ then it must have gone through the slit A.
The attention brought to Afshar's results by the New Scientist article has resulted

in quite intensive e�orts to �nd the holes in his arguments. But the approaches were
sometimes contradicting themselves in pointing out the aws. In a recent paper (itself
aiming at disproving Afshar's claim of breaking the Principle of Complementarity),
Qureshi (2007) writes

The complementarity principle is at the heart of quantum mechanics, and its violation
will be deeply disturbing to its established understanding. As expected, there has been
skepticism towards Afshar’s experiment, and a heated debate is currently going on.
However, none of the criticisms has been satisfactorily able to point out any flaw in
Afshar’s interpretation of the experiment. Most agree that if the introduction of wires
has no effect on the intensity, it shows that interference exists. And everybody seems
to agree that detecting a photon at (say) A′ means that it came from slit A. Most
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have fallen back to a more formal interpretation of Bohr’s principle, namely that the
wave and particle nature cannot be seen in the same experiment, for the same photons.
They argue that Afshar has to do not one, but two experiments to prove his point - one
without the wires, one with the two wires. Some argue that Afshar already assumes the
existence of fringes, and that his argument is circular. However, a reader who respects
empirical facts, doesn’t see it as two experiments if putting in the wires is not changing
the results. One would say, the interference is out there in the middle, and one check
it out that the photons are not passing through certain regions, the dark fringes.

Now, for someone who is, like me, an old fan of Feynman's QED exposition (Feyn-

man, 1985), there is absolutely no issue at all. If there are two open slits then any

photon (even a single one) goes through all the possible routes. So when we detect a

photon in detector A′ we are not able to say with certainty, that it comes from slit A.

Only when the second slit is closed that knowledge can be derived. But then, as the

experiment itself shows, there is no interference pattern.

But it seems that quite a lot of physicists do not believe in Feynman's derivation of

optics from quantum superpositions of all possible paths. And, in particular, the pro-

ponents of the Afshar interpretation that the experiment violated the complementarity

rules, stick to the idea that all photons arriving at A′ detector must have originated in

A source, and respectively for the B source and B′ detector. One of the arguments used

is that the momentum carried by photons travelling from A to A′ is di�erent than that

for photons travelling from B to B′. Now, this seems to be a more serious problem,

as the momentum for a photon, treated as a quantum particle should be conserved.

But we should remember that the quantum state of the photon starting (with some

approximations) from two slits is a mixture of the two states, and should the intensi-

ties be identical, carries no transversal momentum. It can be decomposed to the two

states, that is true, but the measurement at detector plane can not state which route the

photon took. This is analysed quite clearly in Qureshi (2007), using quantum language.

For some physicists the Afshar experiment is a perfect tool to support their own the-

ories. John Cramer, in his presentation The Blind Men and The Quantum74, given at

the Boskone 41 Science Fiction Convention75 in 2004 discusses quantum paradoxes and

interpretations, with emphasis on new data | in particular the Afshar experiment, that

appears to falsify the Copenhagen and Many-Worlds Interpretations, but is consistent

with the Transactional Interpretation.
But the critics remain quite numerous. Reitzner (2007) presents interesting ap-

proach: a very clear numerical simulation of Afshar's experiment. The results of cal-
culations, which use only wave optics approach are very straightforward: both the
interference pattern and the two peaks in the detector plane appear without resorting
to which way information.

Afshar claims, that previous results still hold and he can thus obtain the which-way in-

74http://faculty.washington.edu/jcramer/PowerPoint/Boskone_0402.ppt
75Cramer is a Science Fiction author, so don't be surprised at his participation in the conference. But

is SF still part of science?

http://faculty.washington.edu/jcramer/PowerPoint/Boskone_0402.ppt
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formation. This is however false because having both slits open is a different experiment
from the one with a single open slit. Numerical results confirm this, since to obtain
the double-peaked interference pattern [that is the two peaks treated by Afshar as
particleness proofs] corresponding to the focused image of both slits, we used only
wave properties of the light. The resulting image is thus an interference pattern that
does not contain any which-way information. [. . . ]

In conclusion, we have numerically simulated experiment from Afshar (2005). Since in
the simulation only wave properties of light were used and the results correspond to
those obtained by Afshar, we conclude that his claim, that he can obtain the which-
way information from the position of the photon incident on the photosensitive surface
placed behind the lens, is false.

Discussion continues: recently Flores and Knoesel (2007) in an e�ort to support
Afshar described an alternative, simpli�ed version of the experiment, doing away with
the lens and slits. In this version (see Figure 6.5) two laser beams (or one laser beam
split by a half silvered mirror) are shot in the direction of detector plane at slight
angle to each other. In the region where the beams cross, an interference pattern
may be observed. Again, the wire mesh could be placed `strategically' in the negative
interference locations, where it would no `disturb' the wave properties, thus proving that
interference is there, even if we do not measure it. Yet the two spots in the detector
plane would remain unchanged. Flores claims that once a photon is detected in one
location, its trajectory can be traced back due to momentum conservation.

Since the pathway of the photon is practically unobstructed, a study of the electric fields
involved together with conservation of momentum allows us to uniquely identify, with
high probability, the respective mirror as the place where that photon originated. Thus,
momentum conservation allows us to claim that the ‘which-way’ parameter K is close
to 1.

Thus we would have information that light is a particle and a wave. But when

we look at the proposed con�guration, we can see again that the momentum of the

quantum state in which a photon interferes (by going through two routes at the same

time) is a result of the mixed state, and can not be used to tell which way was taken.

Of course if we remove any of the mirrors, leaving only one path, then we can know it

. . . but there would be no interference.

The tug of arguments between the proponents of `revolutionary' approach of Afshar

and his critics is quite heated, although it involves relatively small community. The

New Scientist news column is probably the only sign of possibility of wider attention.

In fact, I have not seen any doubts as to the results of the experiment itself. It is a

straightforward physics. With nice noise (always a sign of well set up lab) and sim-

ilarity to countless other interference experiments. What makes the case interesting

is that eighty years after complementarity has been introduced, it is still a subject of

discussions. Is it a storm in a glass of water (as the Polish saying goes)? I think that

Feynman is again vindicated: even among the physicists, it is safe to say that no one

understands quantum mechanics. This phenomenon is really worthy of a sociological
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Figure 6.5: An alternative setup for the Afshar experiment, taken from Flores and Knoesel

(2007). In place of lens (which has been criticised as an active optical element in some papers),

the mechanism is much simpler. A laser beam is split by a half-silvered mirror. The �rst,

reected part of the beam goes to detector plane. The transmitted part is then reected totally

by a second mirror, and goes to the detector plane, crossing the �rst beam at slight angle. We

would expect two separate images to form. But in the region where the beams cross, there

should be an interference region. Thus we can repeat the process of inserting the wires, but this

time without the intervening lens, which muddles the analysis.

study of the acceptance and use of quantum reasoning within the specialist group of

practising physicists. My guess is that QM would be found to enjoy quite a di�erent

status from, say, mechanics or classical electromagnetism or relativity. Accepted and

used, but pushed back when it comes to more philosophical questions. Or maybe I am

exaggerating, and the same happens in the `classical' topics? Who, in a sane mind, asks

what is the real meaning of mass or electric charge when solving planetary motion or

antenna radiation problems?

A last remark: among the critics of Afshar's approach we �nd also papers by

Georgiev (2006, 2007). We shall �nd this author again in discussions of Quantum Mind,

in Chapter 9.2.4. For the hunter of signs of strangeness and the human side of science

this become interesting immediately. Why would Georgiev write about complementar-

ity? Is it because the matter was brought into daylight by Chown? I became a little

bit suspicious when I have noticed that the only author citing Georgiev is . . . Georgiev

himself.76

76For these of his papers that are published in the arXiv repository, where it is possible to track down
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6.5.2 But which way did it go, after all?

Lest the Reader should think that the double slit interference experiments can not

teach us anything new (as suggested by the critics of Afshar), let me now turn, to less

controversial but not less surprising results. The double slit wave/particle experiment

does have a special status in QM. Some grand masters, among them Feynman, have

thought that it is the Quantum Physics in a nutshell. To know which way a particle

took destroys the interference. Feynman even claimed, that if there is a possibility of

knowing the path then there would be no interference. As we have learned from the

analyses of Afshar experiment, this is not trivial. But it is achievable, experimentally.

To see how it can be done let me turn for a moment to works of Anton Zeilinger and

his group (Zeilinger, 1996, 1999a).

In a rather ingenious combination of two ideas that have been able to arrive at really

astonishing results. First step is production of two particles with highly correlated

momenta. In a process called parametric down conversion, entangled pairs of photons

are created from an UV pulse in a nonlinear optical crystal. These are exactly the

same correlations that were used to test Bell inequalities. The idea is that because

the two photons are entangled, we can use the knowledge about one of them (from

measurement of some property) to get the knowledge about the other, even if it has not

been measured. Remember, that for some properties (for example some orientations

of polarisation or spin detectors) entangled particles have perfect correlations of the

measured properties.

Now, one of the particles is subjected to the double slit measurement. We simply

look for the presence or absence of the interference fringes. But now, instead of trying

to do something to this particle (as Afshar did), we control the situation by looking at

the other part of the entangled pair. And now the story becomes weird indeed.

Because the results are so unusual, I think it is necessary to have a look at the

experimental setup in detail. The basic elements are presented in Figure 6.6. A photon

from an UV pump enters the special crystal at the left, and gets `converted' to a pair

of entangled photons, such that the sum of their linear momenta is constant. This

means that measurement of momentum of one of the photons allows us to calculate the

momentum of the other.

The two photons separate. Photon 2 enters a double slit part of the setup, consisting

of the usual blocking pane with two narrow slits (set one above the other, so that the

interference fringes would be oriented vertically). The �nal light pattern is detected

by a detector D2 behind another slit, which may be moved up and down. Thus the

experiments allows to see if there is an interference pattern or no.

Photon 1 enters the second arm of the assemble, and is passed through Heisenberg

the citations to papers via Citebase (http://www.citebase.org/). Of course one should remember

that Citebase cautions that `Citation coverage and analysis is incomplete and hit coverage and analysis is
both incomplete and noisy.' So maybe I am unfair. But for Georgiev (2007), published in peer-reviewed

Progress in Physics, the only paper citing it so far, is by Georgiev.

http://www.citebase.org/
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Figure 6.6: Setup of the Zeilinger experiment involving two photons and one double slit. After

Zeilinger (1999a). A pair of entangled photons is created by down conversion from UV photon.

their momenta are correlated and they travel along two separate paths. One of the photons

(photon 2) proceeds into `typical' double slit experimental setup, where it might be registered

by detector D2. The other photon (photon 1) encounters a lens, and might be registered by

detector D1, which may be moved both along the optical axis and perpendicular to it. When

D1 is placed at a distance f from the lens it can not reveal the path of photon 1, while when it

is placed at 2f from the lens, the path can be determined.

lens. It is then detected by detector D1. This detector can be adjusted in two ways.

First it can be moved along the optical path of the photon 1. There are two special

positions it can occupy. The �rst is in the focal plane of the lens (distance f from the

lens). In such position, the registration of the photon provides the information about its

direction before entering the lens. But, knowing the momentum we can not know the

position of the photon. Thus, measuring photon with D1 detector in the focal plane of

the lens inhibits any information about the position of photon 1. But, as both photons

are entangled, we thus can not derive from such measurement any information about

position of the photon 2. And as we do not know its position, we do not know which

way it took through the slits, so we expect the interference pattern to be observed by

detector D2. And, indeed, such pattern is observed. But only when the measurement

of photon 1 by detector placed at f .

The second special position for the D1 detector is at 2f distance. Then the detector

can reveal the path that photon 1 took. And, therefore, the path photon 2 took. So

we expect that detector D2 will not show any interference. Which is con�rmed by the

experiments. So we control the results of measurements of particle 2 by strategically

placing the detector D1, which can interact only with particle 1! Only after the reg-
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istration of photon 1 in the detector D1 placed on the focal plane is the information

about the path irrevocably lost. And then the interference pattern for D2 is visible.

In addition to movement along the optic axis, detector D1 can be moved vertically,

in a way similar to D2. And here is where the real fun starts. If photon 2 is registered

behind the double slit, all the information about its path is destroyed. Then if we

place the detector D1 in the focal plane and move it up and down we can register an

interference pattern for photon 1. Even though this photon never went through any

double slit assembly!
Zeilinger (1999a) describes the situation as follows

Likewise, registration of photon 2 behind its double slit destroys any path information
it may carry and thus, by symmetry, a Fraunhofer double-slit pattern is obtained for
the distribution of photon 1 in the focal plane behind its lens, even though that photon
never passed a double slit! This experiment can be understood intuitively if we carefully
analyze what registration of a photon behind a double slit implies. It simply means that
the state incident on the double slit is collapsed into a wave packet with the appropriate
momentum distribution such that the wave packet peaks at both slits. By virtue of
the strong momentum entanglement at the source, the other wave packet then has a
related momentum distribution which actually is, according to an argument put forward
by Klyshko, the time reversal of the other wave packet. Thus, photon 1 appears to
originate backwards from the double slit assembly and is then considered to be reflected
by the wave fronts of the pump beam into the beam towards the lens which then simply
realizes the standard Fraunhofer observation conditions.

Time reversal? Well, whatever the explanation (and certainly our intuitions are

not well prepared for the situation) it has to take into account the experiment results.

Results that show how we can dictate the presence or absence of interference by doing

things that involve `the other photon'.
But this is not all that the experimentalists have put on the table for the theoreti-

cians to grok. Usually, the understanding of the wave/particle distinction (path versus
interference) is thought to result from disturbances brought by the actual measurement.
But it turns out that there is not need for actual measurement, just as Feynman has
predicted. The mere possibility of telling the path should kill the interference, Zeilinger
con�rms it:

The absence of the interference pattern for photon 2 if no measurement is performed on
photon 1, is not due to it being disturbed by observation; rather, it can be understood
if we consider the complete set of possible statements which can be made about the
experiment as a whole including the other photon.

In Zeilinger et al. (1996) we �nd another Welcher-Weg experiment proposal, this time

using another esoteric quantum e�ect to detect the paths without actually `touching'

the particles: the Aharonov-Bohm phase shift. The idea is more complex, but the

results should be the same: the very possibility of detecting the way should destroy the

interference. Thus the overall summary for the situation is: even though the interference

experiments date back to around the year 1800, when the English scientist Thomas
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Young attempted to resolve the question of whether light was composed of particles

there is still something real that we might learn from them.

6.5.3 And what about the gravity?

So far I have shied away from the fact that despite its seemingly all-encompassing

success Quantum Mechanics has a fundamental aw. In its present form it can not be

the theory of everything, because it does not describe gravitation. The two wonder

theories of the early XX Century, QM and General Relativity are built on so di�erent

principles that it seems impossible to join them in a coherent whole.

Now, the topic of Quantum Gravity, as it is often called is by far too extensive

to be covered in a brief chapter. Worse: because my knowledge of the subject is,

unfortunately, limited to popular expositions I am reluctant to go into any detail in

discussing the matter. So let me just describe some of the reasons for dissatisfaction

at the state of uni�cation of two basic physical theories. Because such uni�cation is

absolutely necessary to understand, for example, the evolution of the Universe. The

main sources for these loose thoughts are the introductory and historical accounts of

Rovelli (2000); Smolin (2003); Ashtekar (2005) and the book by Callender and Huggett

(2001). String theory | as one of the contenders for the solution of the problem of

joining gravitation and quantum world has received quite a lot of popular treatments,

such as Greene (1999); Smolin (2001) or provocative treatment of Woit (2002, 2006).

The need to coordinate the results of General relativity and Quantum mechanics has

been realised even before the modern structure of QM was born. In 1916, Einstein has

postulated that the quantum theory would have to modify gravitation. This was just

a year after the General Relativity theory has been formulated, and ten years before

the `quantum revolution' of 1926-27. The inconsistency between geometrical, nonlinear

and fully deterministic world of GR and the linear but intrinsically probabilistic world

of QM was obvious. Both theories treat spacetime di�erently. In QM it is only a stage

on which the events unfold. In some formulations, even this stage is unimportant as we

deal with abstract Hilbert spaces. IN GR the very spacetime is dynamical, no longer

a background but an active part of the drama. And as both theories aimed to be

complete, in the sense of describing all physical systems (albeit in the case of GR only

in the aspect of inertia and gravitation), it was rather obvious that something has to

be done. The gap is too large to be overlooked. But the topic has proven to be very,

very di�cult to tackle.

Historical account of Rovelli (2000) clearly illustrates that the di�culty of the prob-

lem grew with the e�ort expanded in solving it. Rovelli de�nes several periods of the

development of solution, di�ering not only with the tools and techniques used, but also,

quite importantly, with the attitude of the participating researchers. The �ve periods

identi�ed by Rovelli (himself a very signi�cant �gure in the development of Quantum

gravity) are the Prehistory when the need to unify the theories was realised and some

initial attempts were presented without signi�cant success. The publicly known failure



6.5. State of confusion 373 Draft, January 2, 2008

of Einstein in his later years to present an uni�ed theory of all forces is the best example

of this period. The Classical Age, placed between 1960 and 1969, is described as the pe-

riod of hope, where �rst results were obtained and when it seemed that with the overall

success of quantum �eld theories, providing descriptions of electromagnetic, weak and

strong interactions, the uni�cation with gravity is near. The subsequent Middle Ages

(1970{1983) were the period when detailed calculations have shown that applying the

same methods that were so successful for other types of forces does not yield results.

Gravitation turns out to be much more resilient to standard mathematical tools of �eld

theory, renormalisation and perturbation approach. The Renaissance of 1984{1994 was

prompted by the introduction of the two main theories used today, string theory and

loop quantum gravity, and has rekindled the hope for concrete results. Modern day

physics develops largely in these two directions, albeit some competing theories, such

as twistor theory are also strongly represented. The success in obtaining some concrete

results (such as, for example, the entropy of black holes) has resulted in some reports,

possibly overoptimistic, that we are nearing the Holy Grail of the Theory of Everything.
But the amount of di�culties, unknowns and problems, both technical and con-

ceptual, remains far to great to allow feelings of accomplishment. As Callender and
Huggett (2001) in their Introduction to the collection of essays on Quantum Gravity
point out

We should emphasize at the outset that currently there is no quantum theory of gravity
[. . . ]

‘Quantum gravity ’ is merely a placeholder for whatever theory or theories eventually
manage to bring together our theory of the very small, Quantum Mechanics, with our
theory of the very large, General Relativity.

The same impression is made by other key �gures in the �eld. Rovelli (2000) con-
cludes his historical review with the following assessment

So, where are we, after 70 years of research? There are well-developed tentative the-
ories, in particular strings and loops, and several other intriguing ideas. There is no
consensus, no established theory, and no theory that has yet received any direct or in-
direct experimental support. In the course of 70 years, many ideas have been explored,
fashions have come and gone, the discovery of the Holly Graal has been several times
announced, with much later scorn.

So, is the work hopeless? Certainly not. The assessment of Rovelli continues

However, in spite of its age, the research in quantum gravity does not seem to have
been meandering meaninglessly, when seen in its entirety. On the contrary, one sees a
logic that has guided the development of the research, from the early formulation of
the problem and the research directions in the fifties to nowadays. The implementation
of the programs has been extremely laborious, but has been achieved. Difficulties have
appeared, and solutions have been proposed, which, after much difficulty, have lead to
the realization, at least partial, of the initial hopes. [. . . ] The road is not yet at the
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end, much remains to be understood, and some of the current developments might lead
nowhere. But it is difficult to deny, looking at the entire development of the subject,
that there has been a linear progress. And the road, no doubts, is fascinating.

We should remember that most physicists are motivated, one might say fuelled, by

the past successes of their discipline. There seems to be no bound on what physics

might and should successfully describe. Secondly, the world exists, so we expect that

Nature has, in some way, combined the gravitation and the quantum. If Nature can do
it then physicists hope they can, eventually, describe it. In some way the incompatible

methods of General Relativity and Quantum Mechanics would have to be modi�ed,

perhaps by showing that they are but approximations of some more complex and general

theory. They can not be both `true' at the same time, there is too much fundamental

discrepancy. This provides the third motive for the physicists: curiosity as to how

such generalisation would look like. So they hope that eventually the �nal Theory of

Everything would appear.

Unless, of course, that for whatever reason our mental capabilities and the tools

constructed and collected over millennia by the cumulative wisdom of societies prove

to be too weak for the task. It may be so | but somehow I doubt it. I have great

belief in human imagination and the capacity to put tools (real and mental) to novel

and unexpected uses.
The real status of Quantum Gravity is rather di�cult to describe. The theory has

become so complex, uses so advanced mathematical concepts that only limited number
of active workers in the �eld can grope with the calculations and detailed analyses. I
am certainly not one of them. of the two leading approaches, loop quantum gravity
and string theory, the �rst is, however, almost unknown to the general public, while
the other has been presented countless times. Popular press and books have `explained'
string theory with analogies of ants and garden hoses. The public got used to the notion
of additional dimensions, necessary for the string theory, but somehow `curled up' or
compacti�ed, so that we perceive only our `normal' spacetime of 3+1 dimensions. But
do we really understand it? Quite frankly | no! This has led Woit (2002) to criticize
the string theory:

For nearly seventeen years now most speculative and mathematical work in particle
theory has centered around the idea of replacing quantum field theory with something
that used to be known as ‘Superstring Theory’, but now goes under the name ‘M-
Theory’. We’ve been told that ‘string theory is a part of twenty-first-century physics
that fell by chance into the twentieth century ’, so this year the time has perhaps finally
come to begin to evaluate the success or failure of this new way of thinking about
particle physics. This article will attempt to do so from the perspective of a quantum
field theorist now working in the mathematical community.

The theory has been spectacularly successful on one front, that of public rela-
tions. Best-selling books and web sites are devoted to explaining the subject to the
widest possible audience. The NSF is funding a series of NOVA programs on string
theory, and the ITP at Santa Barbara is organizing a conference to train high school
teachers in string theory so that they can teach it to their students.
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The frustration led Woit to write a book devoted to debunking string theory, with

the signi�cant title `Not Even Wrong ', derived from Pauli's reported criticism of some

worthless physics work. Is String theory that worthless? I do not think so. Its mathe-

matical results are certainly impressive in recount. But when we look into `real physics',

it turns out that the details of the compacti�cation become too intricate and complex.

We have not succeeded in deriving the properties of our world from the �rst principles

of string theory. It seems that there are literally countless ways that the strange di-

mensions and processes governing them can be combined. This has led to the famous

notion of the `string landscape' (Susskind, 2005) of some 10500 possible solutions. Each

of these solutions may be thought as a separate, di�erent Universe, with di�erent phys-

ical properties and laws. Not only is the idea of di�erent physics di�cult to imagine,

but the sheer number of the possibilities is truly mind boggling. We have absolutely

no intuitions to the size of such numbers77. And the task is to �nd the particular way

among these possibilities that would lead to our own Universe. Finding a needle in a

haystack is so easy in comparison!78

One aspect that certainly does not help the physicists working with Quantum gravity
is that the discipline is almost purely theoretical. In the past successes of physics the
experiment and theory have stimulated themselves. new �ndings, new data prompted
new theories or re�nements of the old ones. New theories suggested new experiments.
Quantum Gravity is di�erent. There are not hopes to reach in our laboratories the
Planck regime of energies and distances, where most of the signi�cant phenomena are
predicted. Perhaps some trace e�ects can be detected at the accessible to our low energy
facilities, but unfortunately in these conditions the predictions of the most of theories
are the same. to come back to the words of the most known critic of String Theory,
Woit (2002)

String theory not only makes no predictions about physical phenomena at experimentally
accessible energies, it makes no predictions whatsoever. Even if someone were to figure
out tomorrow how to build an accelerator capable of reaching Planck-scale energies,
string theorists would be able to do no better than give qualitative guesses about what
such a machine might see. This situation leads one to question whether string theory
really is a scientific theory at all. At the moment it’s a theory that cannot be falsified
by any conceivable experimental result. It’s not even clear that there is any possible
theoretical development that would falsify the theory.

There is but one object about which we know, or at least suspect strongly, that has

gone through the Planck scale phenomena: our Universe. But this was long ago, during

77In some aspects the numbers like 10500 are more di�cult to treat in mathematics that the `proper'

in�nity. We can `imagine' in�nity, probably because human mind is somehow equipped to handle vague

notions and work on insu�cient information. In�nity washes out all details. But how to deal with �nite

but great number, with its speci�c properties, is another kettle of �sh.
78Let's estimate how much easier. With haystack size of, say 3 cubic meters it su�ces to divide the

haystack into elements of 1 cubic millimeter size. And we would have to check them one by one. This

makes 3×109 possibilities. So, looking for the proper string theory conditions is `only' about 10490 times

more di�cult.
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the �rst moments of its existence, and most of the traces of that period are veiled

by the developments of the later times. Yet despite this weakness, the astronomical

observations are probably the closest that we have to `experimental' Quantum Gravity.

Because of these limitations, the search for the ultimate uni�ed theory might fail

not because of our lack of intelligence or imagination but because of the lack of solid

data. This statement is, in a sense, optimistic. it allows the possibility that should

the human race survive and continue science development, someday the needed data

might be found. Of course, if one looks at the distance of several orders of magnitude

separating our current possibilities from the Planck scale, and compares this to the costs

and technical challenges it seems impossible. But who has expected the achievements

of XXth and XXIst century two hundred years ago? Can we be sure what is possible

and what is not?

Even if the technical advance fails, and Quantum Gravitation remains a purely

theoretical discipline, there remains still one condition for choosing the `right' theory.

We could revert to aesthetical categories of elegance and simplicity. These criteria

worked many times, to our surprise the laws of Nature have turned out to be relatively

simple. But the choice in this matter remains subjective. Also, there is not proof

that Nature has to be elegant at the basic level. And there is no proof that either

loop quantum gravity or string theory in their �nal, `real world' formulations would be

elegant and simple.
What can be done in this case? I turn, for the third time to Woit (2002). He proposes

some measures regarding the management of scienti�c e�ort, that I �nd useful to keep
in mind not just in case of Quantum Gravity but in the general situation of research
goals and means:

Instead of trying to hire post-docs and junior faculty working on the latest string theory
fad, theory groups should try and identify young researchers who are working on original
ideas and hire them to long enough term positions that they have a chance of making
some progress. [. . . ]

Funding agencies should stop supporting theorists who propose to continue working on
the same ideas as everyone. They should also question whether it is a good idea to fund
a large number of conferences and workshops on the latest string theory fad. Research
funds should be targeted at providing incentives for people to try something new and
ambitious, even if it may take many years of work with a sizeable risk of ending up with
nothing.

These comments are not only contrary to the general wisdom that String Theory

is the closest one we have to ToE. They should be kept in mind every time we �nd

someone doing research that lies outside the mainstream, outside the fashion channel.

So just for the sake of balance, here is the link to WEB comment79 of Lubo�s Motl,

a distinguished string theorist, defending Brian Greene popular account of the String

theory. Motl aptly picks up the issue if physics could be decided by `popularity contest',

79http://motls.blogspot.com/2007/10/brian-greene-vs-hippie-crackpot.html

http://motls.blogspot.com/2007/10/brian-greene-vs-hippie-crackpot.html
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as has been apparently attempted by theWired magazine.80 His defence of string theory

and string theorist community is on one side quite right. Popular vote is not and can

not be the decisive factor in judging research. This is clear. Should not | but usually

is! If for a limited part of the population: fads and fancies do decide where funding

goes, where young scientists seek their future. Psychology and sociology does have its

place in hard sciences, the more so when we depart from the mundane world of seeking

or better solvents or faster semiconducting devices. For Quantum Gravity, which, as

I have mentioned, is today far beyond the experimental reach, the danger of taking

decisions based on our expectations is easy to see.

Moreover, the defence of Greene's presentation ( I giess it concerns Greene (1999))
by Motl, while obviously coming from the heart, contains a few crucial illogicalities.
For example consider the following resume of stances of Greene and Smolin (who plays
the role of the villian), and the explanation of Motl:

Greene No one successful experiment would establish that string theory is right, but
neither would the failure of all such experiments prove the theory is wrong.

Smolin If a theory is believed deeply enough by a large enough group of experts, they
will go to ever-more-extreme measures to save it.

Greene is just saying that the framework of string theory goes beyond a single experi-
ment. He honestly says that we don’t see one conceivable and doable experiment that
would be enough to decide about the most far-reaching question, namely whether string
theory is a correct description of reality.

No! Greene say something far strange: that the failure of all experiments can not

bring down String Theory. Like the Greek Antaeus, the theory would stand up again

and again, after any defeat. This approach to science, refusing, even in principle, to

submit to the jury of experiments, is strongly suspect. But I might be wrong here. For

the interested Reader I advise to read Motl's comments and, for comparison, a very

wise and simple paper of Rovelli (2003) structured as a dialogue between a student

interested in working in quantum loop gravity and professor trying to talk her out of

this idea. In about twenty pages Rovelli provides a very readable (although of course

skewed) review of the physical and sociological situation in the search of the quantum

gravity theory. But whatever our inclinations are, the verdict is still out | there is no

Quantum Gravity today.

Additional sources on String theory and Quantum Gravity
Hartle (1992); Perez (2004); W�uthrich (2005); Penrose (2001, 2004); Susskind
and Lindesay (2005); Susskind (2005); Amelino-Camelia (2003a, 2004,
2002a,b); Ashtekar (1999, 2007b,a); Wheeler (1992); Markopoulou and Smolin
(2004); Hedrich (2006)

80http://www.wired.com/culture/geekipedia/magazine/geekipedia/string_theory_smackdown

http://www.wired.com/culture/geekipedia/magazine/geekipedia/string_theory_smackdown
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Last, but not least: Quantum Gravity, because its role in the needed Theory of

Everything is often presented as the forefront of physics. And because it is extremely

di�cult from conceptual and mathematical points of view, it is virtually inaccessible to

non-specialists. Thus it becomes an ideal candidate for extra-physical misuses, such as

exempli�ed by the Sokal A�air. After all, the original parody by Alan Sokal (Sokal,See page 96

1996c) was `about' transgressing the boundaries of . . . Quantum Gravity! And think

just how much has the a�air taught us about social sciences.

6.5.4 Quantum Universe

After we have asked about the possibilities of including gravitation in the quantum

framework, the next question is, naturally, the Universe. Dominated, on large scale

by the gravitational interactions it has been, for a long time treated purely classically.

But since the inationary theories have appeared in cosmology (see Chapter 7.4) -

Quantum Mechanics has started to play a crucial role in the study of the Universe.Page 433

The quantum uctuations are considered to be the ultimate predecessors of galaxies.

But then a question that arises is: since it seems that we have to consider the whole

Universe as a complex but quantum object, there is no classical background, so needed

for the Copenhagen Interpretation. There is no room for neither classical measurement

apparata, nor for classical observers. Unless one wants to consider observers outside

the Universe.

6.5.5 Quantum computing and cryptography

In comparison with the study of the �rst nanoseconds of the Universe, Quantum Com-
puting has the avour of a practical discipline. There are commercial companies build-

ing and selling devices based on QM principles81, especially in cryptography. What

could be more practical? But the reality is not so simple.

The theoretical advances of the �eld are indisputable. By combining the informa-

tion theory and mathematical methods and the quantum physics extremely interesting

results are obtained. Historical reviews of, for example, Gisin et al. (2002); Brassard

(2006) or Lo and Lutkenhaus (2007) show that di�erences in the way of thinking be-

tween the computer and communication engineers and physicists was rather di�cult to

overcome at the beginning. Today, however, the two communities work together like

crazy, motivated by both �nancial expectations on the commercial side and the quest

for being the �rst to achieve practical results. A new language of qubits (quantum bits)

and quantum algorithms has become widely recognized (even though sometimes poorly

understood).

81For example id Quantique (http://idquantique.com/) or MagiQ Technologies (http://
magiqtech.com/)

http://idquantique.com/
http://magiqtech.com/
http://magiqtech.com/
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The number of papers covering the quantum computation and quantum cryptog-

raphy (as these are two separate subjects) is indeed, great. Some popular science

magazines and the general press have already published triumphant visions of future

quantum computers, able to perform tasks far beyond the possibilities of today's classi-

cal processors. Sometimes the visions are reasonably realistic, for example envisioning

quantum computers performing factorisation of large numbers. This is important for

two reasons. First, many of today's cryptographic schemes rely on factorisation being a

di�cult and resource intensive task. This is thought to make the security schemes based

on �nding prime factors of very large numbers di�cult to break82. On the other hand,

the factorisation algorithm is actually one of the few successfully implemented ones in

quantum computing83. So, some analysts predict that in some foreseeable future at least

this part of the cryptographic system could be broken by quantum computers. So far,

however, the practical limit has been a relatively easy factoring of 15. The perspective

of building a real 100 qubit or a 1000 qubit computer may still seem remote, but the last

30 years in physics have taught all observers that experimental advances frequently sur-

prise the pessimists. Huge Bose-Einstein condensates, negative refraction materials and

other `weird stu�' have already moved from theoretical musings to practical experiment

stage. Thus, while I am still committed to the traditional bit-in-silicon computers (as

the one on my desk), I would not be so bold as to pronounce that quantum computers

are only a theoretical dream.

Even more realistic is the vision of quantum communication. The commercial ven-

tures mentioned at the beginning of this section are concentrated on this area | for a

reason. The security of information ow is an area in which the customers are willing

to pay high prices. Technology that ensures no eavesdropping and secure cryptographic

key exchange is sold on `project by project' basis. High margins help to recover the

high initial investment R&D costs. Of course, if we look closely at the technical details

in the current systems their applicability is very limited. I have the advantage that one

of my friends is involved in this nascent business area and he pointed out to me several

weaknesses of the systems. They are hugely ine�cient, error prone and expensive to

use. But, let me say, so was the `wireless telegraph' in Marconi's time. Now the ques-

tion is whether the economy of the market would turn these early e�orts into the radio

transmission market as it is today. And I urge you to consider the real `radio' market,

the whole social revolution that it has brought to humanity. From simple enhancement

of telegraphic service through radio and TV, which brought totally new perspective and

organisation of modern societies, through the mobile phone revolution to the ubiquitous

machine to machine communications.
Now, I am not saying that the potential of quantum communication or quantum

computing already shows the promise of such scope. But at the time of birth of the
transistor, or the �rst experiments of Marconi nobody envisaged the outcome. The �rst

82Lenstra (2000)
83Shor (1994). See also very interesting lecture by David N Mermin, http://www.ccmr.cornell.edu/
~mermin/homepage/factoring.pdf

http://www.ccmr.cornell.edu/~mermin/homepage/factoring.pdf
http://www.ccmr.cornell.edu/~mermin/homepage/factoring.pdf
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moral: stay tuned! But there is another one: be careful of extravagant claims. David N.
Mermin, in his lectures on quantum computation84 expressed this warning even more
strongly | using the basic conclusions of QM itself. He uses an example of a system
containing `just' 100 qubits and a mere hundred quantum gates the overall �nal state
of the system contains the results of 2100 (1030) evaluations of the function the checked
function f . This `apparent miracle' is called quantum parallelism. But is it su�ciently
miraculous? Mermin objects:

But a major part of the miracle is only apparent. I did not say that the result of the
calculation is 2n evaluations of f , though many practitioners of quantum computation
are rather careless about making such a claim. All I said (and all one can say) is that
those explicit evaluations occur in the form of the state that describes the output of
the computation. Before drawing extravagant practical or only, as many practitioners
of quantum computation are wont to do, metaphysical conclusions from quantum par-
allelism, it is important to remember that when you have a collection of Qbits in a
definite but unknown state, there is in general no way to find out what that state is.

If there were a way to learn the state of such a set of Qbits, then I myself would join
in the rhapsodic chorus. (Typical verses: “Where were all those calculations done?
In parallel universes!” “The possibility of quantum computation has established the
existence of the multiverse.” “Quantum computation achieves its power by dividing the
computational task among huge numbers of parallel worlds.”) But there is no way to
learn the state. The only way to extract information from Qbits is to subject them to
a measurement. [. . . ]

So although we can learn something from the output of the “parallel computation”, it
is nothing more than what we would have learned had we simply run the computation
starting with a classical state |x〉 in the input register, with the value of x chosen
randomly.

So, it is really interesting and worth following of the promises of quantum computa-

tion do give any real results. And if not, is it because of our technological ine�ciency

or some limitations imposed by Nature.

Quantum computing and information
Steane (1998); Rie�el and Polak (1998); DiVincenzo (2000); Ekert et al. (2001);
Lomonaco Jr (2002); Hirvensalo (2004)

.

Quantum cryptography and communication
Bennett et al. (1992); Gisin et al. (2002); Aspelmeyer et al. (2004); Brassard
(2003); Schumann (2000); Brassard (2006); Lo and Lutkenhaus (2007); Ursin
et al. (2004)

84http://people.ccmr.cornell.edu/~mermin/qcomp/CS483.html

http://people.ccmr.cornell.edu/~mermin/qcomp/CS483.html
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6.5.6 Watching the kettle

Jerome K. Jerome, in his Three Men in a Boat85 (one of the books I love the English
for), gives the following account of the `Contrariness of a tea-kettle':

We put the kettle on to boil, up in the nose of the boat, and went down to the stern
and pretended to take no notice of it, but set to work to get the other things out.

That is the only way to get a kettle to boil up the river. If it sees that you are waiting
for it and are anxious, it will never even sing. You have to go away and begin your
meal, as if you were not going to have any tea at all. You must not even look round at
it. Then you will soon hear it sputtering away, mad to be made into tea.

Little did I know, that this phenomenon has a quantum equivalent. More: the

quantum e�ect is real. It is called Quantum Zeno e�ect. Sometimes Quantum Zeno
paradox, in honour of Zeno of Elea and his famous, almost 2500 years old arrow ight

paradox. Zeno believed that all appearance of motion, even more generally, of change

in the world is illusory. To prove this he has come up with a few paradoxes of which

the most known are the Achilles race with a tortoise and a proof than an arrow can not

move. The latter was based on simple reasoning.

We want to describe the ight of an arrow from point A to point B. But at every

moment in time tea arrow occupies a de�nite point in space, so momentarily it is

immobile. And to move from A to B it has to get to a point in between, lets call it A'.

But then the problem is essentially the same: we have not succeeded in proving that

(and how) the arrow moves. Eventually we are forced to accept that arrow is at all the

times immobile.

With the appearance of calculus and `proper' de�nitions of velocity the problem

posed by the arrow paradox found its refuge in the history of philosophy textbooks86.

The Quantum Zeno e�ect (QZE) was �rst described by George Sudarshan and

Baidyanaith Misra of the University of Texas in 1977 (Misra and Sudarshan, 1977;

Chiu et al., 1977). It describes the situation in which an unstable particle, if observed

continuously, will never decay. This occurs because each act of measurement causes

the wavefunction to `collapse' to a pure eigenstate of the measurement basis. In less

technical words: for some physical systems, the act of observation, if performed often

enough, may slow down or even stop the evolution of the system. And it has been

con�rmed experimentally, foe example by Itano et al. (1990)87.

While the detailed analysis of QZE requires somewhat advanced knowledge of Quan-

tum mechanics, the basic equations are reasonably accessible. And they show another

di�erence between the classical and quantum thinking. But to see the di�erence let me

85http://www.gutenberg.org/dirs/etext95/3boat10.txt
86Today it may be found reincarnated in the physical theories which make use of quantized time. The

Universe `jumps' from one frozen moment to another. While not immensely popular these theories do

get some space in scienti�c research. Zeno would have been happy.
87As far as my brief literature search shows, while the boiling kettles are mentioned in some accounts,

nobody has yet proven that the phenomenon described by Jerome K. Jerome is, indeed, QZE.

http://www.gutenberg.org/dirs/etext95/3boat10.txt
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start with the classical situation. I'll consider a set of objects (atoms, particles) that

decay from some state to another. If we assume that there is a constant probability γ

that an atom will decay in a unit of time, then we can calculate the number of atoms

in the state as function of time t, from the initial M0 at t = 0. The change of M would

be dM = −Mγdt, where dt it the time interval. Integrating this equation we obtain

M(t) = M0e
−γt (6.19)

The probability that an individual atom is still in the original state (which of course

depends on time) is given by

p(t, t0) =
M(t)

M0

= e−γ(t−t0) ≈ 1− γ(t− t0) (6.20)

An important characteristic of the exponential decay given by the above equations

is that if we combine results for many consecutive small intervals, we get the same

exponential form. In particular if we look at an interval ∆t, the probability of `survival'

is p(∆t, 0) = exp(−γ∆t). But if we divide the interval ∆t into many (N) smaller

intervals dt, such as N dt = ∆t, then the combined probability of survival would be

given by

pN(∆t, 0) = p(dt, 0) · p(2dt, dt) · . . . · p(N dt, (N − 1)dt) (6.21)

=
(
e−γdt

)N
= e−γN dt = e−γ∆t = p(∆t, 0)

So, in a classical decay situation it does not matter how often we look at the decaying

system, the rate remains the same.

In Quantum Mechanics the situation is more interesting. Let's assume we have

a quantum system (an atom, for example) in a quantum state |ψ0〉 at t = 0. The

evolution of the system is given by the evolution unitary operator related to the system

Hamiltonian Ĥ

Û(t) = e−iĤt (6.22)

The little hats are to remind us that these are operators, not numbers. We have therefore

|ψ(t)〉 = Û(t) |ψ0〉. The probability that the system will not decay (i.e. will remain in

the same state |ψ0〉) is given by

pQM(t) = |〈ψ0 |ψ(t)〉|2 =
∣∣∣〈ψ0 | Û(t) |ψ0〉

∣∣∣2 (6.23)

For small t we can approximate Û(t) by expanding it in powers of t. Then we obtain

pQM(t) ≈ 1− t2
(
〈ψ0 | Ĥ2 |ψ0〉 − 〈ψ0 | Ĥ |ψ0〉

2
)

+ . . . (6.24)

If we de�ne Zeno time τz (a number!) as

τz =

√
〈ψ0 | Ĥ2 |ψ0〉 − 〈ψ0 | Ĥ |ψ0〉

2
(6.25)
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then we obtain

pQM(t) ≈ 1− t2/τ 2
z (6.26)

Now, if we take τz to be independent of time (constant Hamiltonian) then by combining

may `small steps' we will arrive at expression for survival probability that would no

longer be exponential but Gaussian

pQM ≈ e−t
2/τ2

z (6.27)

Let us now repeat the process of taking an interval ∆t and subdividing it into N parts

of dt duration.

pQM,N(∆t) = (pQM(dt))N = e−dt
2N/τ2

z (6.28)

In the limit of N →∞, N dt = ∆t we obtain

lim
N→∞

pQM,N(∆t) = lim
N→∞

e
−dt2/τ2z

N = 1 (6.29)

Thus the more frequently we look at the system, the bigger is the probability that
at a finite time interval the state will remain unchanged. In the limit of in�nitely

frequent (continuous) observations the system change slows to zero! Even though it is

ostensibly governed by the same Hamiltonian as in the unobserved case. Interesting,

isn't it?

But QM has yet more tricks up her sleeve. By careful choice of systems and their

governing Hamiltonians and parameters, such as the rate of making observations, it is

possible to arrive at an opposite e�ect. The observations that would actually speed up

the evolution of the system. This e�ect is called Quantum Anti-Zeno E�ect (QAZE)

(Facchi et al., 2001; Balachandran and Roy, 2000; Fischer et al., 2001).

The literature on QZE and QAZE is quite rich. The details of mathematical treat-

ment of some cases are much more complex than the introductory version described

above. But the strangeness, to our classical intuitions, remains.

Additional sources on QZE and QAZE
Audretsch and Mensky (2007); Facchi and Pascazio (1998, 2000); Facchi et al.
(2001, 2000); Fischer et al. (2001); Joos (1999); Kiefer and Joos (1998); Mi-
hokova et al. (1997); U�nk (1993); Itano (2007).

6.5.7 From useful to weird, and back

Jadczyk's EEQT interpretation, discussed in Section 6.4.1, caught my attention as his

interests are wide ranging and some viewpoints openly controversial On one side he Page 242

provides some very cold minded analyses of other people's `strange behaviour' { as is

the case of Bogdano�'s a�air (see page 248), but in other cases his point of view is

strange in itself.
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Physics, and especially Quantum Mechanics seems almost predistined to be tested

by unusual, o�-mainstream theories and interpretations. After all, even the mainstream

is very strange. So who can evaluate the value of a theory? Of course, for run of the

mill papers, which do not revolutionize the �eld but simply add another brick to the

wall, the acceptance level is high. But what with the works that have not gone through

the peer review (for whatever reason) and which claim importance much above simple

fact �nding?

A good example is provided by the Heim quantum theory. This is a non-mainstream

proposed 'theory of everything' based on the work of the German physicist Burkhard

Heim, that attempts to resolve incompatibilities between quantum theory and general

relativity. Wikipedia warns at the very beginning of the article on Heim theory that

`The neutrality of this article is disputed because: Heim theory is not part of mainstream
physics, and has not been extensively subjected to peer review.' The interested reader may

look at the basic WEB page for Heim's theory88. More information from the proponents

of the theory can be found in Dr�oscher and H�auser (2005a) and at another proponents'

WEB page.89

The history of his discoveries is worthy of a suspense novel.90

In 1944 Heim lost both hands, his eyesight and his sense of hearing in an explosion
accident. With the help of his father, Burkhard Heim studied in Goettingen and got
his diploma-degree (M.Sc.) in physics. For several months in 1952 he was employed at
the Max-Planck-Institute for Astrophysics in Goettingen. Very soon it was found that it
was impossible for him to work within a team, because of his handicap, and he left the
MPI and after that continued to work alone and privately on a unified theory of matter
and gravitation. In the year of Einstein’s death (1955) Heim informed Einstein on his
work on a unified field theory. (Regrettably, only the mathematician W. Hlávaty could
answer his letter.)91

Now the story becomes interesting: Heim seems to have some friends but works in
seclusion. When inquired about the progress and asked for publications he responds
negatively. After many years the �rst publication (there is only one, and very pre-
liminary) in a peer review appears. Later, Heim publishes his oeuvre majeure, a two
volume book Elementarstrukturen der Materie und Gravitation. These publications
have not met with the expected applause. Heim's friends claim that the reasons were
as follows

88http://www.heim-theory.com/Contents/Introduction to Heim s Mass-Fo/
introduction to heim s mass-fo.html

89http://www.hpcc-space.com/publications/index.html
90The following history is taken from the Heim's Theory GroupWEB page, http://www.heim-theory.
com/downloads/B_Remarks_on_the_Physicist_Heim.pdf.

91Hmm, is the fact of writing a letter to Einstein a sign of anything? Of a genius, perhaps? I have a

lovely small book Dear Professor Einstein: Albert Einstein's Letters to and from Children, edited

by Alice Calaprice. Unfortunately, I found no easy way to check if the kids who wrote to Einstein did

turn out to be geniuses later.

http://www.heim-theory.com/Contents/Introduction_to_Heim_s_Mass-Fo/introduction_to_heim_s_mass-fo.html
http://www.heim-theory.com/Contents/Introduction_to_Heim_s_Mass-Fo/introduction_to_heim_s_mass-fo.html
http://www.hpcc-space.com/publications/index.html
http://www.heim-theory.com/downloads/B_Remarks_on_the_Physicist_Heim.pdf
http://www.heim-theory.com/downloads/B_Remarks_on_the_Physicist_Heim.pdf
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The reception of the results of his investigations was extremely hesitant from the
beginning, since Heim was not as a member of an institute or a university or involved in a
group of known scientists, and therefore he lacked advocates in the scientific community.
In the beginning famous German physicists accused Heim of pursuing a ‘space flight
fantasy’, which was despised by theoretical physicists at that time.

Further reasons can be found for the lack of reception:

1. Scientists are not inclined to study about 700 pages of very difficult content by
an author who is not yet known. Instead, such readers await judgement on the
books by a respected authority. Therefore, unfortunately the head of DESY was
silent, when Heim’s mass formula had been programmed and calculated there,
in 1982. Although the results were assessed as outstanding (by the DESY co-
workers Schmid and Ribgen), it was thought desirable to wait for an assessment
by structure theorists.

2. After his manuscript had experienced a more than one year delay with a renowned
German publishing company, Heim eventually published his books in a publishing
house that was not specialised in mathematics and physics.

3. Heim’s books contain some vagueness - beside the correct results - what is not
astonishing for such a difficult matter, which was worked on by only one author,
without the help of academically trained colleagues in a team and without checks
from outside. Thus it becomes more difficult to understand for the reader.

4. The text did not appear simultaneously in German and English, so that interna-
tional physicists, who perhaps could invest more time and effort, were excluded as
possible readers.

When, however, the importance of the work will be measured by the results, it follows
that the principles and the theory structure on which the theory based are far-reaching
and therefore should be kept in mind in future works! This theory should be noticed
by the scientific community, since it yields testable results, corresponding to empirical
data in all regions, which no other physical theory can supply.

The work has been taken up by a handful of Heim's followers, who have extended

his work from 6-dimensional (interactionless) to 8-dimensional formulas including inter-

actions (see Dr�oscher and H�auser (2004, 2005b,a); Auerbach and von Ludwiger (1992)).

What are the results? There are calculations in the theory that are in remarkable

agreement with experimental �ndings, especially the masses of elementary particles.

The agreement is indeed astonishing at �rst sight. But as I have looked more deeply

into the mass formulae I became suspicious indeed. The formulas depend on some `uni-

versal' constants and some (many more than in the standard theory) quantum numbers

(Heim, 1989). While the prediction for electron mass is accurate and based on simple

quantum number set, the prediction for K and η mesons uses very surprising numbers.

The following table shows the most important data and the key quantum numbers

n,m, p, σ of Heim's formula:
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Particle Heim mass Experimental

mass (MeV)

n m p σ

e+, e− 0.51100343 0.51099907 ±
0.00000015

0 0 0 0

e0 0.51617049 not observed 0 0 0 1

µ± 105.65948493 105.658389 ±
0.000034

11 6 11 6

η 548.80002432 547.30± 0.12 18 22 17 14

K± 493.71425074 493.677 ±
0.016

17 26 30 28

K0 497.72299959 497.672 ±
0.031

18 5 5 2

π0 134.96004114 134.9766 ±
0.0006

12 9 2 3

π± 139.56837088 139.57018 ±
0.000351

12 3 6 4

As the Reader can see, the agreement is astonishing. Almost as good as the results

of QED I have started this Chapter with. But there is a huge di�erence: the principles

of QED are much simpler and there are almost no `adjustable parameters'. Here the

complexity of the formula and the number of parameters is really large, matching the

accuracy of the presented results. And we should note that while the n,m, p, σ values for

the electron are `suitable' for the lightest lepton, starting from the `lowest' combination

of all zeroes, why the next particles have strangely high values? One may ask, what

corresponds to the other values of the quantum numbers? Why n jumps to 11 and then

18? What is the reason for the choice of 17, 26, 30 and 28 for the K± meson? Why

not 29? Is it just to obtain the best numerical �t, or for some deeper reason? What

particle would result from a set of (13,15,15,21)? Why there is no such particle? Is

there physics behind these numbers, just like there is physics behind quantum numbers

in atomic theory? Yes, initially the Bohr theory of atomic spectra, with its main and

secondary quantum numbers of electron orbits could be thought of as numerology. But

is was soon found out that there are deep physical reasons for the quantum numbers

and their symmetries. Perhaps so it is with Heim theory. I admit I was not able to go

through the whole set of arguments, but I have a lot of suspicions of numerology and

�nding numbers good enough just to �t the data.

Moreover, the Reader should note prediction of totally uncon�rmed neutral electron

e0. This particle has not been found till today, despite the fact that its predicted life-

time is in�nite and the mass very small. It should be easy to discover experimentally,

far easier than quarks or the three avours of neutrinos. But is the issue of not �nding

a particle like this a killing point for a theory? Perhaps, in a more friendly atmo-

sphere, mysteriously `hidden' e0 would be the leading candidate for the Dark Matter

(see Chapter 7.5)?Page 445



6.5. State of confusion 387 Draft, January 2, 2008

Heim also made some predictions that were later experimentally tested. A good

example is the discovery that neutrinos have non-zero mass, as predicted by Heim in the

1980s. The �rst experiment to observe neutrino oscillation, a phenomenon which implies

that neutrinos have non-zero mass, was Super Kamiokande, conducted in 1998. The

neutrino observatory SNO and the MINOS experiment both con�rmed these results and

carried out further measurements of neutrino oscillation, in 2001 and 2006, respectively.

Yet despite such successes, the theory appeal was largely limited to the fringes of physics.

Do the real aws of the theory play the main role in this rejection, or perhaps it is

because of the strange historical development?

When we compare Heim theory to, say, Dark Energy discovery and mystery, it is

surprising how some notions do get clear and immediate acceptance. But at least here

there is a test that can be a crucial one. Should we observe empirical con�rmation of

supersymmetry (for example detecting the hypothetical Lightest Supersymmetric Par-

ticle or any other particle predicted by the Minimal Supersymmetric Standard Model),

it would falsify all existing versions of Heim theory, which are mutually exclusive with

supersymmetry. Also, it is not certain whether Heim theory would be able to accom-

modate the existence of the Higgs boson, the last undiscovered particle expected in the

Standard Model, and one which has not been predicted by the published versions of

the Heim mass formula. Heim theory uses a Higgsless mass creation mechanism and

explains particle masses without the need of a Higgs boson.92

The works based on Heim theory appear from time to time. For example, H�auser
et al. (2005) provides interesting example of the purportedly practical use of such theory.
The basis of the theory is multidimensional, discrete space, described as:

According to Einstein, one should start with GR and incorporate the quantum princi-
ple. This is the approach followed by Heim and also by Rovelli, Smolin and Ashtekar et
al. In addition, spacetime in these theories is discrete. It is known that the general theory
of relativity (GR) in a 4-dimensional spacetime delivers one possible physical interaction,
namely gravitation. Since Nature shows us that there exist additional interactions (EM,
weak, strong), and because both GR and the quantum principle are experimentally veri-
fied, it seems logical to extend the geometrical principle to a discrete, higher-dimensional
space. Furthermore, the spontaneous order that has been observed in the universe is
opposite to the laws of thermodynamics, predicting the increase of disorder or greater
entropy. Everywhere highly evolved structures can be seen, which is an enigma for
the science of today. Consequently, the theory utilizes an entelechial dimension, x5,
an aeonic dimension, x6, and coordinates x7, x8 describing information, i.e., quantum
mechanics, resulting in an 8-dimensional discrete space in which a smallest elemental
surface, the so-called metron, exists.

Now, there are many papers and WEB pages that use similar cryptic language. What

sets the series of works by Dr�oscher and H�auser apart is that their paper (Dr�oscher

92There is a long article on Heim theory on Wikipedia, from which I have taken some of these com-

ments. Remarks on the theory (largely negative) can be found, for example, at http://www.mathematik.
tu-darmstadt.de/~bruhn/IGW.html.

http://www.mathematik.tu-darmstadt.de/~bruhn/IGW.html
http://www.mathematik.tu-darmstadt.de/~bruhn/IGW.html
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and H�auser, 2004) has achieved international fame, winning the American Institute of

Aeronautics and Astronautics prize for the best paper presented at its annual conference

in the nuclear and future ight category. In January 2006, New Scientist has run a

short note on this award which has described the hyperspace ight proposal and its

basis | Heim's theory93. This has resulted in instant revival of the theory. The good

point is that the approach is experimentally veri�able, and thus the verdict may come

within our lifetime.

6.5.8 Mindful quantum

The dependence of (most of) QM interpretations on the act of measurement and its

ultimate recourse to a conscious observer has resulted in a broad range of approaches

mixing the problems of consciousness itself and of quantum physics. It may be con-

sidered rather helpful that the two problems are quite di�cult by themselves. Thus

combining them within one framework does make a lot more of room to manoeuvre and

to speculate. I shall come back at length to the discussion from the point of view of

consciousness as the primary subject and how Quantum Mechanics can help to explain

it in Chapter 9.2.4. Here I will just mention the other end of the spectrum: attempts

to join consciousness within QM, from physical point of view.

I have already presented the ideas of Eugene Wigner describing the consciousness

role in interpreting the QM mathematical machinery. But here I aim at approaches

going a bit deeper, those that ascribe some sort of consciousness to physical objects,

much simpler than brains. Can a quantum be conscious? Is the link between QM and

consciousness so strong that one can not exist without the other?
A perfect example of such thinking comes from the works of Henry P. Stapp, (e.g.

Stapp (1996b, 2005)).94 The main thesis of Stapp in considering the consciousness-QM
relationship is that

Quantum mechanics, unlike classical mechanics, allows consciousness to play an impor-
tant dynamical role in the determination of the flow of bodily events.

This means that without QM there would be no consciousness. Stapp postulates

the existence of a de�nite dualism, which he claims to be still within physical realm.

In fact, `the existence of two entirely different kinds of realities, mental and physical, that
interact' between each other is here the foundation of physics. What is important that

in his later works Stapp does not propose that just any physical system should have

some form of consciousness embedded. Our brains are special and it is this specialness

that allows us to think and to act as conscious observers. Which requires the usage of

typically quantum phenomena, such as the Quantum Zeno E�ect95.

93http://www.newscientist.com/channel/fundamentals/mg18925331.200
94A source of many of Stapp's publications is http://www-physics.lbl.gov/~stapp/stappfiles.
html.

95Stapp does not give concrete examples of how QZE would work in the brain, just recalls the phe-

http://www.newscientist.com/channel/fundamentals/mg18925331.200
http://www-physics.lbl.gov/~stapp/stappfiles.html
http://www-physics.lbl.gov/~stapp/stappfiles.html
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While Stapp's views are considered controversial, it is not di�cult to �nd even
more strange ones. Consider the proposal of Nick Herbert, who seriously claims that
consciousness is not limited to complex biological or computational systems and that
mind is a fundamental process in its own right, as widespread and deeply embedded
in nature as light or electricity (Herbert, 1993). Conscious electrons? Pan-Universal
quantum mind? The view has proven to be so outrageous that Victor Stenger has titled
his book Unconscious Quantum, just to stress his opposition (Stenger, 1992, 1995).
His anger, because I think that I may call the stance that, at the abuse of Quantum
Mechanics is well described by the phrase:

Mystical physics sells books and makes a lot of money for their authors. People happily
pay to hear what they want to hear, that they are indeed the center of existence.
However, the only honest position that can be taken by a scientist who expects to
retain his or her integrity and credibility is to insist on overwhelming empirical evidence
before promoting such an extraordinary claim.

Adding the mysteries of Quantum Mechanics and consciousness studies may prove

to be too exciting to keep a cool head. The topics are really at the limit of our un-

derstanding capabilities, which should call for utmost carefulness in research. What

I observe is the opposite reaction: the mystery seems to attract pseudoscientists like

moths to a ame. Thus all I can suggest here is redoubled scepticism. Maybe the `shut See pages 130, 621

up and calculate' recipe is not so bad, after all.

6.5.9 Reality? What reality?
However, even limiting oneself to the hard-core physics does not inoculate against get-
ting deeper and deeper into quantum weirdness. Let's check for publications fully within
the mainstream of research. And what do we �nd? That it may be stranger than the
strangest dreams of pseudoscientists. In April 2007 the renowned Austrian QM team
(Gr�oblacher et al., 2007) has published in Nature | a very respected journal indeed |
a paper in which they state that Quantum Mechanics discrepancies with local realism,
which we have encountered with Bell Theorem, force us not (only) to abandon locality
(which at least some physicists have reluctantly got accustomed to), but to abandon
the notion of independent reality itself. As the authors write

Most working scientists hold fast to the concept of ’realism’ – a viewpoint according
to which an external reality exists independent of observation. But quantum physics
has shattered some of our cornerstone beliefs. According to Bell’s theorem, any the-
ory that is based on the joint assumption of realism and locality (meaning that local
events cannot be affected by actions in space-like separated regions) is at variance with
certain quantum predictions. Experiments with entangled pairs of particles have amply
confirmed these quantum predictions, thus rendering local realistic theories untenable.
Maintaining realism as a fundamental concept would therefore necessitate the introduc-
tion of ’spooky’ actions that defy locality. Here we show by both theory and experiment

nomenon as a step ensuring the stability of mental states in random quantum environment. But why

should it be QZE and not Quantum Anti-Zeno e�ect?
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that a broad and rather reasonable class of such non-local realistic theories is incompati-
ble with experimentally observable quantum correlations. In the experiment, we measure
previously untested correlations between two entangled photons, and show that these
correlations violate an inequality proposed by Leggett for non-local realistic theories.
[. . . ]

We believe that the experimental exclusion of this particular class indicates that any
non-local extension of quantum theory has to be highly counterintuitive. For example,
the concept of ensembles of particles carrying de

nite polarization could fail. Furthermore, one could consider the breakdown of other
assumptions that are implicit in our reasoning leading to the inequality. These
include Aristotelian logic, counterfactual definiteness, absence of actions into
the past or a world that is not completely deterministic. We believe that our
results lend strong support to the view that any future extension of quantum theory
that is in agreement with experiments must abandon certain features of realistic
descriptions.

The work of Leggett (2003) referred to in the above passage is a short article that

proves another variant of the `Bell-like' inequality. But this time, by using di�erent ex-

perimental technique and concentrating on correlations of di�erent property: elliptical

(instead of linear) polarisation, Leggett has proven that Quantum Mechanics is incom-

patible not just with local Hidden Variable theories, but with some nonlocal ones! This
means that to achieve consistency we have to give up not `just' the notion of locality,

but, quite probably, of the realism as we typically take it to be.
As I write these words the Groblacher paper is still hot from the press. It does require

some understanding of Quantum Mechanics, but, for such a revolutionary �nding is
written very clearly and accessibly. Its importance may be judged that it has merited
an editorial at the Nature WEB page96, in which Philip Ball calls the results `truly
weird'. In his words, the Vienna experimenters

[. . . ] came up with a similar test to Bell’s, to see whether quantum mechanics obeys
realism but not locality. Again the experiment involves comparing two quantities calcu-
lated from measurements on entangled photons, to see if they are equal. But whereas
in Bell’s test these quantities are derived from the so-called ’linear’ polarization of the
photons — crudely, whether their electromagnetic fields oscillate in one direction or the
other — Zeilinger’s experiment looks at a different sort of polarization, called elliptical
polarization.

Like Bell’s, Zeilinger’s equality proved false. This doesn’t rule out all possible non-local
realistic models, but it does exclude an important subset of them. Specifically, it shows
that if you have a group of photons that all have independent polarizations, then you
can’t ascribe specific polarizations to each. It’s rather like saying that you know there
are particular numbers of blue, white and silver cars in a car park — but it is meaningless
even to imagine saying which ones are which.

Well then, what is reality? If physicists | bona �de physicists, not some mystics
trying to combine ancient holy texts with `weirdness' of the quantum world | show,

96http://www.nature.com/news/2007/070416/full/070416-9.html

http://www.nature.com/news/2007/070416/full/070416-9.html
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via an experiment, that the Reality is even stranger than we thought, what can we do
but wonder, like Shakespeare did, and . . . do more experiments! We seem to be far from
the End of Science | it brings us so many surprises all the time. Should anyone still
have doubts, I encourage to have a look at semi-humorous paper Quantum Physics
from A to Z (Arndt et al., 2005), which lists statements gathered on the occasion of the
Quantum Physics of Nature meeting in Vienna held in 2005. It includes statements
starting from succinct, yet deeply philosophical `Photons are clicks in photon detectors',
but also some less serious ones:

• The border between classical and quantum phenomena is just a question of money.

• All the easy experiments have been done.

• Good papers have to be sexy.

As one can see, there is a lot of fun in being a physicist.
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CHAPTER

SEVEN

SURPRISING UNIVERSE

There is a theory which states that if ever anyone discovers exactly
what the Universe is for and why it is here,

it will instantly disappear and be replaced by something even more bizarre and inexplicable.
There is another which states that this has already happened.

Douglas Adams

Not only do we not understand the universe,
if someone explained it to us,

we wouldn’t know what he was talking about.
Isaac Asimov

The following chapter is again quite detailed. There are two reasons for

this. The study of the Universe has very long pre-scienti�c and scienti�c history

and it is very much alive today with mainstream science developments (both experi-

mental and theoretical), revolutionary theories that are nevertheless accepted or at least

considered seriously, as well as many heretical theories and multitudes of cranks. The

ultimate story of the Universe, as we already know, has deep links to religions since

ancient times | Sun and Moon have been Gods in countless cultures. Moreover, the

sheer awe that the sight of the `starry night' awakens in most of us makes the subject

highly emotional on a personal level, as proven by thousands of poems. Thus astronomy

has long been the cross junction of science, religion and art.

This is one of the reasons for the detail that follows. The other is, obviously, my

own interest in the topic. It is just one of those places to which the random walk has

brought me more often than others, and where I have tried to stay longer, to admire the

view. In contrast to some other Chapters I �nd the topic of this one rather uplifting.
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7.1 Perfect heavens

On Earth As It Is In Heaven
Lord’s Prayer

One of the main aspects of the European, pre-Copernican worldview was

stability and purposefulness of all elements of the world. The earthly, sub-lunar

world was full of imperfection and change, appropriate for the imperfect human na-

ture. The phenomena of birth, growth and decay were limited to our sphere and, as all

change, considered to be marred by sin. Fortunately, this was balanced by the perfect

heavenly spheres. The movements of stars and planets, while complicated, were stable

and predictable, all heavenly things were permanent, nothing new appeared and noth-

ing vanished. Within the dominant Aristotelian philosophical model Nature (called by

Aristotle physis) and Heavens (ouranos) were two separate and very di�erent realms.

The border between heavenly and earthly was also border between perfection of God

and sinfulness of man. I follow here arguments of C. S. Lewis in his Discarded Image
{ An Introduction to Medieval and Renaissance Literature (Lewis, 1964). The me-

dieval image was not only philosophical or religious construction, it permeated the life

and understanding of everyday phenomena, from growth of corn through illnesses to

relations between men. And we should remember, that the ordered universe of Sun and

Moon and stars revolving around the Earth was the last one that was in full agreement

with the observations of common people. It did not require any explanation, for it was
easy to see with our own eyes that the Sun did move around the Earth, that the patterns

of the stars were unchanging, while down here everything changed. The power of the

vision was its agreement with everyone's perception. The deliberations of philosophers

and scholars only added the extra avour of the ability to predict eclipses, or the move-

ment of the few `wandering stars'. Interesting, to be sure, but hardly crucial, it would

seem to us. We know so much about the world around us, that we have ceased to give

any significance to this knowledge. But it was not always so. In fact this indi�erence

is mostly a XXth Century phenomenon.

Let us try to imagine how traumatic must have been all the developments that

took place from mid-sixteenth Century. The `small technical issues' and a few isolated

phenomena did manage to pave the ground for a profound change of the general vision of

Earth and humanity place in space. The vision | I refer here to European worldview |

was a complete one, much more coherent than our today's haphazard pile of information.

Not only everyone knew where he or she stood in the great scheme of the Universe, but

also why was it so. Religious, philosophical and observational aspects of medieval

understanding of the world were closely entangled. The fact that some observations

contradicted the general principles could be treated in two ways. Mostly, it was done

via an application of the maxim `if the facts disagree with the theory, so much worse for

the facts'. Some small oddities could be tolerated, if they did not threaten to collapse

the whole framework. Especially earthly phenomena | Earth, as the seat of all things
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imperfect and changeable could be a host to unusual things, monsters and wonders.

But the to question the immutable Heavens, to throw doubt on the perfect nature of

heavenly mechanisms, that was a dangerous mission. Yet such a change took place

in XVIth Century. Most of us have heard the phrase `Copernican Revolution'. And,

indeed, it has proven to be a revolution, even though the beginnings were very modest.

Copernicus published his De Revolutionibus Orbium Coelestium (On the Revolu-

tion of the Heavenly Spheres) in 15431. For almost everyone today, Copernicus work is

a courageous event, the �rst attempt at the overthrow of the mindless tyranny of epicy-

cles of Ptolemaic model. It is certainly presented as such in Polish schools, with great

emphasis and pride on Copernicus nationality. Our kids learn that he has stopped the

Sun and moved the Earth single-handed. And, as far as I can judge by by own kids, they

learn the new truth of the Earth going around the Sun without really comprehending

it. Understanding it, even today, does require a leap of faith, a change of perspective.

Just ask yourself, quickly: in what direction is the Earth circling the Sun: clockwise

or counter-clockwise? What is the relation of the two motions: daily revolutions and

yearly orbits?

We have somehow connected the work of Copernicus with the ideal example of

scienti�c revolution, the paradigm shift, mainly thanks to the monumental work of

Thomas Kuhn. Yet, notwithstanding the title, the De Revolutionibus contains no

�reworks of revolutionary fervour. It is as boring as it can possibly be: geometric

theorems and proofs, detailed descriptions, and many, many tables (for a full reprint

see, for example, Hawking (2002)). And it should be remembered: to achieve the desired

accuracy, Copernican model had to be really more complicated than the geocentric one,

and for the full model, the rationale for constructions was far from obvious. Simplicity

and understanding of the mechanisms came later. There is as little philosophy in the

book that it is really surprising. Of course the shift of the view started by Copernicus

made later Kepler's and Newton's work possible, but we should remember that, for

a revolutionary, Copernicus was a very cautious and restrained man, who has just

proposed an alternative view and calculations recipe. Still, even though a theoretical

model placing the `mechanics' somewhat di�erently, the Heavens, as seen by the wise

and by the ordinary man as well, were immutable and perfect, as they should be to

ensure the proper relations between God and humanity. However, the changes in the

image were close at hand, and not entirely due to human theories and inventions but

brought by the changes in heavens themselves.

The supernova of 1572 was a great surprise. The appearance of the new star,

observed and noted by such giants of contemporary astronomy as Tycho Brahe, had

such a profound e�ect on the Medieval image of the world, that it is hard to overestimate.

By careful analysis of the position of the new source of light in the night sky, Brahe was

1An earlier pamphlet on the heliocentric system Narratio Prima de Libtus Revolutionum Copernici

was published by his admirer Rheticus three years earlier. A manuscript of the work can be found at

http://www.bj.uj.edu.pl/bjmanus/revol/titlpg_e.html.

http://www.bj.uj.edu.pl/bjmanus/revol/titlpg_e.html
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Figure 7.1: Page from De Revolutionibus showing arrangement of planetary orbits. This is

probably the simplest drawing in the whole book, but also the most often reproduced. To

describe the actual observations of the movements of planets Copernicus has added at least 48

additional circular orbits-around-orbits, epicycles. There is no single picture of the whole system

in Copernicus book. Would it be not good for marketing?. . . (Source: Jagiellonian University,

Cracow )

able to prove that the object was well within the sphere of the `�xed stars', and not a

meteor, comet or other earthly phenomenon. His book on the subject, published in 1573

was called appropriately De Stella Nova (The New Star). By immediate reasoning, if

something might have been born in Heavens, could it be that things would also decay
there? It might have convinced Thomas Digges to work out the model if Universe

with stars being other Suns, spread throughout the in�nite space. This is a really

revolutionary thought, getting away from the stability and perfectness of the heavens,

as well as from its man centered structure.

The second supernova, observed by Kepler and Galileo in 1604 has strengthened the

e�ect dismantling the ordered, perfect picture. Gribbin (2002) accounts how, almost 22

years before Galileo's trial in Rome, Cardinal Bellarmine appointed a group of Jesuits to

check his claims. The group, including Clavius, Grienberger, van Maelcote and Lembo2

2Who remembers them today? Well, some people do, and for good reasons. Christopher Clavius was

one of the best astronomers of that time, and the real author of the Gregorian calendar we use. Another
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came with con�rmation that:

� the whitish smudge covering large part of the sky, called the Milky Way, is made

of vast number of stars;

� Saturn has a non-circular shape (this was before better telescopes allowed to ob-

serve the rings);

� the Moon's surface is irregular;

� Venus exhibits phases;

� Jupiter has four satellites.

The phases of Venus con�rmed that at least one planet was circling Sun, not Earth. It is

easily seen from simple geometric arguments, such as were popular and accepted at the

time. This means that the observation was a proof that the Ptolemaic system cannot

be upheld any more. To our modern mind, used to change and varying viewpoints, this

might be a small problem. Many of us are used to `changing the frame of reference', as

the physicists call it. But at the time of discovery, the philosophical consequences were

very di�cult to swallow. Displacement of the Earth from the centre of the Universe

made putting the boundary between the perfect and imperfect parts of the world more

di�cult. If Sun was placed in the centre, and thus `below' Earth, was it in the realm of

perfect or imperfect? Galileo's observations of spots on Sun's face changing and moving

suggested that blemishes were present in Heavens | another blasphemy. Discovery of

Jupiter moons was just as important. The Universe was de�nitely di�erent from what

it was thought3.
Discovery of Newton's Laws has �nished the demolition of the old image, this time

by proving the unity of forces in Heaven and on Earth. Perfectness of Heavenly motion
was found to result from simple laws, equally valid in both realms, coupled in Heavens
with a lack of friction, always present on Earth. The Universe was simpli�ed, mecha-
nistic, understandable. In Newton's proposal, the Universe was in�nite and | when
looked from large enough perspective | uniform and structureless. Stars were dispersed
throughout in�nite space. Newton knew that this is not a stable situation due to grav-
itational attraction, but he has not provided a real solution to the issue. Nevertheless,
the success in explanation of the Solar System mechanics in terms of forces and univer-
sal mathematical laws has changed the way the whole Universe was looked upon. It has
lost its mysticism | fact so much lamented in the Epilogue of Koestler's Sleepwalkers
(Koestler, 1959) or by Lewis (1964). I happen to disagree with this perception of loss,
but it remains a fact that there was a de�nite change of mood: Nature, from mysterious
and spiritual became knowable by reason. And to what extent knowable: precisely and
logically, through coupling of mathematical reasoning and physical observations. The
feeling is well expressed by Alexander Pope epitaph of Newton:

member of the team was one of Clavius' pupils, Christopher Grienberger, inventor of the equatorial

mount, construction that is still used frequently today. Two lunar craters are named after them.
3For far more detail see http://galileo.rice.edu/galileo.html

http://galileo.rice.edu/galileo.html
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Nature and Nature’s laws lay hid in night;
God said, Let Newton be! and all was light.

The tremendous success of the physical sciences in post-Newtonian era, with ad-

vances in experimental and theoretical research, were also accompanied by acceptance

of the method. And this new method has in turn resulted in acceptance of extraordi-

nary hypotheses. They were no longer treated and heresies, but allowed to compete for

the mind share of the scienti�c community. The competition was based on predictive

and explanation power, elegance and other criteria related to scienti�c method, and not

to external factors, such as adherence to religious doctrine.
After such optimistic `pro-science' statement two remarks are on order. First, of

course, acceptance of new theories was also dependent on the status of the person
proposing it. Recognition of authority and willingness to base own decisions on the
authority of the solution proponent are indeed very deep human traits4. Thus some of
the ideas that were ahead of their time were quickly picked up and developed, while
others went into hibernation or oblivion. Second remark relates to the fact that in the
XVIIIth Century most of the scienti�c ideas were revolutionary. So limited was the
previous vocabulary and conceptual framework that the great scientists of the Enlight-
enment age had to and did introduce so many novel concepts, which we use today (or
at least pretend we know them): energy, atomic and kinetic theory, conservation laws,
detailed mathematical description of motion, wave theory of optics, and many many
more. In words of Immanuel Kant (1784):

Enlightenment is man’s emergence from his self-imposed immaturity. Immaturity is the
inability to use one’s understanding without guidance from another. This immaturity is
self-imposed when its cause lies not in the Lack of understanding, but in lack of resolve
and courage to use it without guidance from another. Sapere aude!5 Have courage to
use your own understanding! — that is the motto of the Enlightenment.

The new knowledge was exploding, in all directions. One of the most important fac-

tors was the dramatic increase of the number of people working in science. It has become

not only respectable but also pro�table, bringing out discoveries and concrete technical

advances. These advances and inventions did make their manufacturers wealthy, but

also closed the loop, making even more discoveries possible, thanks to advanced instru-

mentation. This reinforcement process, which has started in earnest in the XVIIIth

Century, is one of the main characteristics of modern science.

Let's come back to history of cosmology. In 1725 an English astronomer James

Bradley (1693 { 1762) discovered the aberration of light (this was announced to the

Royal Society in January 1729 (Phil. Trans. XXXV. 637)). The discovery is one of

the most important in the whole domain of astronomy. It was unexpected and it was

only by extraordinary perseverance and perspicuity that Bradley was able to explain

it6. The discovery has provided an incontrovertible proof for Earth's revolution around

4More on this in Chapter 8.
5`Dare to know'
6See http://en.wikipedia.org/wiki/Aberration_of_light

http://en.wikipedia.org/wiki/Aberration_of_light
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Sun. It is quite surprising that this discovery, despite its strength and implications, is

virtually unknown; I have never seen any references to it in Polish school textbooks.
English surveyor and astronomer Thomas Wright is best known for his publication

An Original Theory or New Hypothesis of the Universe (1750), in which he explains
the appearance of the Milky Way as an optical e�ect due to our immersion in what
locally approximates to a at layer of stars. Milky Way7 is the name for a hazy band of
white light that appears in the night sky across the celestial sphere. Wright's proposal
that there is a structure in the Universe, on the scale far grander than the Solar System
was indeed revolutionary.

The Milky Way is formed of an infinite Number of small Stars . . .
Only imagine how infinitely greater the Number of Stars would be in those remote Parts,
arising thus from their continual crowding behind one another, as all other Objects do
towards the Horizon Point of their Perspective, which ends but with Infinity: Thus,
all their Rays at last so near uniting, must meeting in the Eye appear, as almost, in
Contact, and form a perfect Zone of Light; this I take to be the real Case, and the true
Nature of our Milky Way.

Figure 7.2 shows the original explanation of the appearance of the circle of stars.

Wright has placed Earth in the centre of this new structure. Moreover, for theological

reasons, he went on to propose an in�nite number of other universes, created by `an

in�nite all-active Power' who has �lled `the endless Immensity' with `an unlimited Plenum
of Creations.' Each of the disks represents a universe like our own, centred around `the
most perfect of Beings' (see Figure 7.3). Thus, while Earth is at the center (or close to the
center) of a local structure, it no longer has special position with respect to the other
parts of the `multiverse'. Such view, though motivated by religious considerations, is

very close to modern science.

This idea was taken up and elaborated by Immanuel Kant. In 1755 he published

`Inquiry into the Distinctness of the Principles of Natural Theology and Morals '.
In this paper, he proposed what later become known as the Kant-Laplace theory of

planetary formation, according to which the planets formed from rotating protoplane-

tary disks of gas. He suggested that the Milky Way could be in (very slow) rotation

and could therefore be a disk-like structure of stars. Kant was also the �rst to postulate

that some of the faint nebulae one can see with a small telescope were external galaxies

or, as he called them, island universes.

Just how many extraordinary theories and concepts were proposed during XVIII

century can be exempli�ed by the story of John Michell (1724-1793), who was the �rst

to propose that Universe may contain what we now call black holes8. A paper written

by John Michell in 1783 was discovered in the 1970s. Michell was born three years before

the death of Isaac Newton. He became a well-known British geologist and astronomer

7Translation of the Latin Via Lactea, in turn derived from the Greek kyklos galaktikos meaning

milky circle. How did the Greeks know that it is a circle, as they could see only part of it visible from

their country in northern hemisphere?
8 The expression `black hole ' was coined by theoretical physicist John Wheeler
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Figure 7.2: Thomas Wright explanation of the appearance of Milky Way from arrangement of

stars

and was later regarded as the `Father of Seismology' in his study of earthquakes. He is

also credited with the idea of binary stars, the demonstration of an inverse square law

in magnetism, and was the inventor of the torsion balance later used by Cavendish, to

weigh the Earth.

At the time the 'corpuscular' theory of light was the vogue. This regarded light

as being made up of 'corpuscles' or particles similar in some respects to the modern

idea of the photon. It was therefore considered a possibility that light could bePage 280

a�ected by gravity in the same way as ordinary matter9. Over one hundred years

prior to this in 1676 Olaus Roemer had discovered that the speed of light was �nite

through observed variations in the period of Jupiter's moon Io. Observations of James

Bradley produced further con�rmation and a more accurate value for the speed of light

of 295,000 kilometres per second compared to today's �gure of 300,000 km per second.

The Newtonian concept of escape velocity as being the minimum velocity needed to

9The `corpuscular' vs. wave theory of light debate is re-created at the heart of the quantum theory, as

we have learned. It is worthwhile to note that the predictive power of the corpuscular approach was far

greater than it is usually admitted in optics textbooks, which concentrate of di�raction and other wavelike

phenomena. See, for example http://www-groups.dcs.st-and.ac.uk/~history/HistTopics/Light_
1.html#s65

http://www-groups.dcs.st-and.ac.uk/~history/HistTopics/Light_1.html#s65
http://www-groups.dcs.st-and.ac.uk/~history/HistTopics/Light_1.html#s65
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Figure 7.3: Thomas Wright's depiction of multiple `universes'

escape from a planet's surface to in�nity was well understood. For a spherical mass M

of radius R it is simply
√

2GM/R where G is the gravitational constant. The escape

velocity thus increases as the object's mass increases and also increases if the mass

remains the same but the radius gets smaller.

Michell considered a body so massive that the escape velocity at its surface was
equal to the speed of light. In his 1783 paper to the Royal Society, Michell wrote:

If the semi-diameter of a sphere of the same density as the Sun in the proportion of five
hundred to one, and by supposing light to be attracted by the same force in proportion
to its [mass] with other bodies, all light emitted from such a body would be made to
return towards it, by its own proper gravity.

In the above Michell contemplated the existence of a star 500 times the radius

of the Sun and of the same density. The mass of this object would thus be equal

to the mass of 125 millions of Suns. It is quite a coincidence that current theories

place huge Black Holes at centres of galaxies, with masses in the range of millions of

Suns. From this hypothetical star not even light could escape and the star would be

invisible. Although he thought it unlikely, he considered the possibility that many such

objects could be present in the cosmos without us being able to see them. The work of

Michell was, however, largely forgotten. In 1796, thirteen years later the great French

mathematician, astronomer and physicist Pierre Simon Laplace proposed similar ideas
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to those of Michell in his famous paper `Exposition du Systeme du Monde '10. Laplace's
reputation was far greater than Michell's (he was named `The French Newton') and he

was not modest about his abilities and achievements. Anders (Andrei Ivanovich) Lexell

who visited the Acad�emie des Sciences in Paris in 1780{81 has reported that Laplace

let it be known widely that he considered himself the best mathematician in France.

Laplace had a wide knowledge of all sciences and dominated all discussions in the

Acad�emie. However, as the wave theory of light was gaining acceptance11, with light

thought to be a massless wave the remark has disappeared in later editions.

With the industrial revolution of XIX Century, the technical capabilities increased

enormously, and with them bot the observational data and astronomy itself has quick-

ened pace. In 1845, William Parsons, third Earl of Rosse, using a 72-inch home-built

telescope at Birr Castle in Ireland, nicknamed the Leviathan of Parsonstown, deter-

mined that some of the nebulae have Spiral Structure and adopted Kant's term for

them.

In 1864 William Huggins noted that the spectra of many `nebulae' are di�erent from

those of stars, suggesting a di�erent nature of these objects.

Friedrich Wilhelm Herschel (1738 { 1822), better known as Sir William Herschel

was German-born British astronomer and composer who became famous for discovering

the planet Uranus, and many other astronomical discoveries. Herschel got interested

in systematically looking for, and observing, `nebulae' and star clusters when he was

presented a copy of the Messier Catalog in 1781. During the course of his observations,

he discovered large quantities of faint patches of light (nebulae) and methodically catalog

these objects. Herschel's son John took his father's instrument to South Africa where

he was able to survey the southern skies. John Herschel in 1864 published a catalog. Of

the 5,097 objects, 4,630 of them were discovered by William and his son John Herschel.

The catalog was called `The General Catalogue of Nebulae '.
In 1888 this catalogue was revised and enlarged by L. E. Dreyer. It now contained

7,840 nebulae and clusters. After its revision it was call the `New General Catalogue '.
Most non-stellar objects are still known by their New General Catalogue (NGC) num-

bers.

Herschel also studied the structure of the Milky Way and concluded that it was in
the shape of a disk. He attempted also to place the Earth within the Galaxy. The
original proposal of Wright has placed Earth in the center of the Milky Way for more
philosophical or religious reasons than for any scienti�c observations. Herschel has To

10For further information see http://www.astronomyedinburgh.org/publications/journals/39/
blackholes.html and http://en.wikipedia.org/wiki/John_Michell.

11It may be noted that Laplace was himself involved in the debate between corpuscular and wavelike

theories of light. In 1817 the French Acad�emie des Sciences proposed as their prize topic for the 1819

Grand Prix a mathematical theory to explain di�raction. Augustin Jean Fresnel wrote a paper giving

the mathematical basis for his wave theory of light and in 1819 the committee, with Dominique Arago

as chairman, and including Sim�eon Denis Poisson and Laplace met to consider his work. After heated

debate, Fresnel was awarded the Grand Prix and his work was a strong argument for a transverse wave

theory of light.

http://www.astronomyedinburgh.org/publications/journals/39/blackholes.html
http://www.astronomyedinburgh.org/publications/journals/39/blackholes.html
http://en.wikipedia.org/wiki/John_Michell
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�nd the center of the Milky Way, Herschel counted stars in di�erent directions selected
683 regions around the sky and assumed that he'd see many stars if the edge of the
Milky Way was far away His counts were almost the same for many of the 683 regions
(but near zero for others). Therefore, he concluded initially that the Sun was near
the center of the Milky Way. The story continues with work of Jacobus Kapteyn, who
was a Dutch astronomer who studied the brightness and proper motion of a large set of
stars. His life-work `First attempt at a theory of the arrangement and motion of the
sidereal system ' was published in 1922, and described a lens-shaped island universe
of which the density decreased away from the centre, now known as the Kapteyn's
Universe model. In his model the Galaxy was thought to be 40,000 light years in size,
the Sun being relatively close (2,000 light years) to its center. Both results are wrong |
and the reason was the fact that both Herschel and Kapteyn were considering Galaxies
as made only of stars (and in some cases, planets). The solution to the problem was
found as late as 1930 when Robert Trumpler, studying star clusters, noticed that distant
open clusters were either larger than nearby clusters or too faint. He rightly concluded
that starlight travelling through space is dimmed. This light loss is called interstellar
extinction or general absorption. Because of this extinction, Herschel and Kapteyn were
only seeing nearby stars. The proper placement of the Solar System within our Galaxy
is not at the center but in one of the outlying regions. The galaxy was thought still to be
ellipsoidal in shape. Only in 1951 astronomers �rst measured the spiral structure of the
Milky Way. The speci�c structure was checked and corrected using many new modes
of observation, such as X-ray or γ-ray observations. For details on how our galaxy in
understood today, see, for example http://www.seds.org/messier/more/mw.html. It
should be remarked that the �eld is still very active, for example it is suspected that
the Galaxy center contains a supermassive black hole. Sagittarius A* is thought to be
the most plausible candidate for its location. Another example of active research on our
own galaxy is provided by recent discovery of a previously unknown new structure. On
May 9th, 2004 New Scientist has announced `Milky Way spiral gets an extra arm' :

The map of the Milky Way is being redrawn, following the discovery of another arm
of the galaxy.

The structure consists of an arc of hydrogen gas 77,000 light years long and a few
thousand light years thick running along the galaxy’s outermost edge.

‘We see it over a huge area of sky’, says Naomi McClure-Griffiths of the Australia
National Telescope Facility in Epping, New South Wales, who led the team that made
the discovery.

Astronomers are shocked that the feature has been overlooked until now. ‘I was
absolutely flabbergasted, it was quite clearly seen in some of the previous surveys but it
was never pointed out or given a name’, says Tom Dame at the Harvard-Smithsonian
Center for Astrophysics in Cambridge, Massachusetts.12

In addition to studies of the Milky Way, controversies remained regarding structures

outside it. Despite the growing number of observations in the early XXth Century, the

nature of the nebulae was still very controversial. For some they were objects within the

galaxy. For others they were galaxies themselves. The discussions culminated in the so

12http://www.newscientist.com/article.ns?id=dn4959

http://www.seds.org/messier/more/mw.html
http://www.newscientist.com/article.ns?id=dn4959
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called `Great Debate', which took place on 26 April 1920 in the Baird auditorium of the

Smithsonian Museum of Natural History between Harlow Shapley and Heber Curtis13.

The topic of the debate was `Scale of the Universe'. Curtis argued that the Universe

is composed of many galaxies like our own, which had been identi�ed by astronomers of

his time as `spiral nebulae'. Shapley argued that these `spiral nebulae' were just nearby

gas clouds, and that the Universe was composed of only one big Galaxy. In Shapley's

model, our Sun was far from the center of this Great Universe/Galaxy. In contrast,

Curtis placed our Sun near the center of our relatively small Galaxy. Although the

�ne points of the debate were more numerous and more complicated, each scientist

disagreed with the other on these crucial issues.

Figure 7.4: NGC 628 or M74 spiral galaxy, an island universe of about 100 billion stars, 30

million light-years away toward the constellation Pisces. (Credit: Gemini Observatory, GMOS

Team)

A partial resolution of the debate came in the mid-1920's. Using the 100 inch Hooker

Telescope at Mount Wilson, then the largest telescope in the world, astronomer Edwin

Hubble identi�ed Cepheid variable stars in the Andromeda Galaxy (M31). These stars

allowed Hubble to show that the distance to M31 was greater than even Shapley's pro-

posed extent of our Milky Way galaxy. Therefore M31 was a galaxy much like our own.

The already mentioned discovery of interstellar absorption combined with an increased

understanding of the distances and distribution of globular clusters ultimately led to

the acceptance that the size of our Milky Way Galaxy had indeed been seriously un-

derestimated and that the Sun was not close to the center. Therefore, Shapley was

13Transcript may be found at http://antwrp.gsfc.nasa.gov/htmltest/gifcity/cs_nrc.html

http://antwrp.gsfc.nasa.gov/htmltest/gifcity/cs_nrc.html
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proved more correct about the size of our Galaxy and the Sun’s location in it, but
Curtis was proved correct that our Universe was composed of many more galaxies,
and that `spiral nebulae' were indeed galaxies just like our own. The historical accounts

of progress in Science quite often omit such details, and show the smoothed path of

ever improving understanding. Wrong theories lose their appeal and are abandoned.

Someone comes with `the right solution'. But, as the example above shows, the argu-

ments may be divided, in a confusing way. Opponents in scienti�c debates may be only

partially right, partially wrong.

The importance of the `Great Debate' is captured nicely in the book F. Shu The
Physical Universe, An Introduction to Astronomy, (University Science Books, Mill

Valley, California, 1982): `The Shapley-Curtis debate makes interesting reading even today.
It is important, not only as a historical document, but also as a glimpse into the reasoning
processes of eminent scientists engaged in a great controversy for which the evidence on both
sides is fragmentary and partly faulty. This debate illustrates forcefully how tricky it is to
pick one’s way through the treacherous ground that characterizes research at the frontiers
of science.'14 It took almost 400 years since Copernicus `De Revolutionibus ' to form

what is the popularly known structure of our Universe, comprised of many, many

galaxies each built from many, many stars, with Earth placed peripherally in one of

rather typical galaxies. The details of observations have led, however, to completely

new vistas of unknowns. This is a perfect example of what James Clerk Maxwell

referred to as during `that phase of her [Science] progress in which she devotes herself
to improving the accuracy of the numerical measurement of quantities with which she has
long been familiar, she is preparing the materials for the subjugation of new regions, which
would have remained unknown if she had been contented with the rough methods of her early
pioneers' (see page 773). The summary of the development of our understanding of the

structure of the Universe provides an excellent example of all the important aspects of

Science seen as human drama. Lets enumerate a few:

� Personal su�ering and courage, as seen from the story of Galileo and Giordano

Bruno. Also story of self-doubt and reluctance (Copernicus himself). Lesson:

individual personal qualities can inuence the course of Science.

� Confusion, lack of communication, conict of personal ambitions (Galileo and Ke-

pler, Newton and Leibnitz). Lesson: quarrels are just as common as cooperation.

Often they are intermixed.

� Scienti�c concepts and ideas arising from non-scienti�c grounds (such as the re-

ligious origin of the Wright's idea of the in�nite number of galaxies), which nev-

ertheless turn out to be true. Lesson: do not dismiss an idea just because the

reason for it seems strange.

14http://antwrp.gsfc.nasa.gov/htmltest/gifcity/cs_why.html

http://antwrp.gsfc.nasa.gov/htmltest/gifcity/cs_why.html
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� Climactic and widely publicized turning points in controversial issues. Some of

those did prove, indeed, to result in the shift of the paradigm (as was the case of

the French Acad�emie des Sciences Grand Prix aimed at explanation of di�raction

which resulted in dethroning of the corpuscular theory of light). Others were

inconclusive and resolution of the issue required further years of study (the case

of the Great Debate on the scale of the Universe).

� Periods of meticulous research, detailed measurements and cataloguing of data,

as preparation for leaps of imagination and totally new concepts. An example

is provided by the measurements of Bradley of the aberration of light, when he

was able to observe Earth's nutation. He did not announce detection of nutation

until 1748 (almost twenty years after publication on the aberration) when he had

tested its reality by minute observations during an entire revolution (18.6 years) of

the moon's nodes. Explanation of the phenomenon had to wait further 20 years.

Another example are the Herschel family e�ort at cataloguing the nebulae. Lesson:

slow gathering of data might be boring, but might also become the springboard

for entirely new discoveries.

� Ideas ahead of their time, forgotten and then re-discovered (Michell's and Laplace's

ideas of black holes. Or even the whole corpuscular theory of light, presaging

quantum theory). Lesson: not all that looks crank is crank.

� Advances driven by theory (Laplace's idea of Solar System formation, based on

formal gravitational dynamics calculations, or detection of new planets in the

Solar System in places predicted by theoretical calculations).

� Advances driven by observations and experiments (supernova of 1572, Galileo's

observations of Jupiter moons, Tycho Brahe and Kepler's observations of details

of planet movements, detection of the aberration of light) that have posed truly

novel problems to be solved by newly developed theories.

In my opinion the story of astronomy is just as fascinating and worthy of description

as the rise and fall of any earthly empire.
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7.2 Changes everywhere

Things do not change, we change
Henry David Thoreau

To go deeper into what constitutes current mystery of the Universe, we

must return to Einstein. For several years after the publication of the groundwork

of Special Relativity (SR), he has been working on a dynamical theory that would be

based on the local equivalence of acceleration (i.e. noninertial movement) and gravity.

The work resulted in what we call today General Relativity (GR) (Einstein, 1916a).

The new theory described gravitation in the language of the curved spacetime. Con-

cepts known from SR, such as inertial frame of reference or constant velocity turned

out to be only local approximations. Matter and energy inuenced the space and time

around them, and in turn, the curvature described how matter would move in space.

The equations of GR are deceptively simple to write

Gµν = 8πGTµν , (7.1)

where G is the Newtonian gravitational constant, Gµν is the curvature tensor and Tµν
is a tensor describing mass and energy distribution, called stress-energy tensor. While

Special Relativity uses equations looking a bit more complicated, they are in fact much

simpler. The shorthand tensor notation used above hides 16 coupled equations for

Gµν that have to be solved given Tµν
15. Perhaps this is the reason that while there

are many popular books on SR, there are very few that explain GR | it does require

more advanced mathematical knowledge. Apart from historical presentation by Einstein

himself (Einstein, 1953), which I found a bit complex to read, I could suggest the reader

some web-accessible texts of varying di�culty. A good introduction are Baez (2001b);

Carrol (2001). The texts by Norbury (1997, 1998) are also worth reading, though

more advanced. Sean M. Carroll has the set of lecture notes on General Relativity

at http://pancake.uchicago.edu/~carroll/notes. Also, quick Google search would

produce many more sites, but I would like to warn the Reader: there are quite a

few of `new physics', `revolutionary approach' or just plain mystics pages without real

value. . . There is no `GR for dummies'.

Applying GR to cosmological problems Einstein was faced with some mathematical

and philosophical problems. First, to de�ne acceleration, or to be precise, the lack of

acceleration, he had to resort to some sort of universal reference frame. For Newton,

this was simple: he assumed that all objects are placed in absolute space and universal

time. In GR this was no longer possible. Originally Einstein has based his reasoning on

the idea of Ernst Mach, who had proposed that the role of the absolute space would be

taken by the distribution of the `�xed stars' in the entire Universe. Remember | these

were times when such distribution was unknown, and when almost everyone believed

15Actually, due to symmetry, only 10 of these are independent.

http://pancake.uchicago.edu/~carroll/notes
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in its static, largely unchanging nature. Using Mach's proposal required, however, that

the stars would be distributed more or less randomly in space. For this philosophical

reason, Einstein rejected the model of �nite distribution of matter centred in our Galaxy,

surrounded by sea of emptiness. Again, it is worth noting that this was long before the

Grand Debate, and even longer before the discovery by Hubble of the fact that nebulae

are in fact distant galaxies similar to our own. We have here a case of philosophical

considerations leading to rejection of the then perfectly reasonable and quite accepted

scienti�c paradigm. Einstein wanted a roughly uniform and preferably �nite Universe.

How can we imagine something that is �nite in size and yet avoid unpleasant ques-

tions on what lies beyond the edge? Well, we are all accustomed to it since humanity

accepted the fact that Earth is round: a sphere has �nite surface, yet there is no

boundary. Well, the `real' three-dimensional space (or more properly four-dimensional

spacetime) might be also �nite yet borderless. It is quite easy to see, don't you agree?

The second assumption that Einstein used in his preparations was that of the ne-

cessity for static solution of equations. There were several arguments for unchanging

Universe. First, the elegance of the hypothesis: if one assumes uniformity in spatial

dimensions one might expect similar uniformity in the time dimension. Second, it was

already known at the time that the Earth has existed for very long time, counted in

billions of years16. Unfortunately, Einstein was not able to �nd solutions to equation 7.1

that would satisfy the above conditions. By the way, Newton had, as we have already

mentioned, the same problem: due to gravitational attraction matter collapses, and

even small initial disturbances of the uniform distribution cause eventually grand scale

collapse.

To resolve the problem, Einstein added an ad hoc term to equation 7.1:

Gµν = 8πGTµν + Λgµν , (7.2)

here gµν is the spacetime metric tensor and Λ is so called cosmological constant, which
might depend on time, but is the same for all points in space. The e�ects of the Λgµν
term are negligible at small scales (such as the Solar System or even one galaxy) but

would result in a repulsive force that could counterbalance the gravitational attraction

at the cosmic scale. With the cosmological constant added, equation 7.2 allows solutions

that correspond to static Universe.

In fact, the requirement of static nature of the solution allows to calculate the value

of Λ, given the initial scale of a �nite Universe

Λ = 1/R2
0, (7.3)

16Although there were doubts if Sun could have existed for so long. It was known, to a good approxi-

mation how much energy Sun was emitting into space. And very straightforward calculations concluded

that is the energy came from any process known at the time, Sun should have used up all the energy

long time ago. The details of atomic and nuclear structure and the understanding of how Sun generates

the energy were a long way o�.
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where R0 is the scale factor of the static Universe. This result was �nally announced:

Einstein (1917). But that is far from the end of the story. Einstein's own treatment of

Λ is interesting and quite well known.

As early as 1917, Willem de Sitter produced solutions to equation 7.2 that were

mathematically correct but unacceptable philosophically. What he found were solutions

to Einstein's �eld equations in the absence of matter. This was signi�cant since Mach

had stated a principle that local inertial frames of reference were determined by the

large scale distribution of mass in the universe. So how could one work out inertia

in an empty Universe? de Sitter postulated an expanding Universe and opposed Λ as

inelegant patch on the original theory.

Then, in 1922 Alexander Friedmann produced solutions to equation 7.1, the one

without the cosmological term, that were uniform but dynamic (either expanding or

contracting). Einstein's �rst reaction to Friedmann's solution was negative, he �rst

claimed that there was error in calculations and then retracted this remark, yet was

prepared to comment that the solution `while mathematically correct is of no physical
significance' (quoted after Straumann (2002)).

In 1930 Arthur Eddington had shown that while equation 7.2 could produce static

solutions, these solutions were unstable. This meant that small disturbances in the

distribution of matter and energy would eventually lead to expansion or contraction of

the Universe | quite like in Newton's model. What �nally changed Einstein's mind

were the observations and hypotheses of Hubble, showing quite clearly that the 'real'

Universe was not as static as might be expected. We will discuss Hubble's story in a

moment.
To quote the historical account of Straumann (2002)

However, Lemâıtre’s successful explanation of Hubble’s discovery finally changed
the viewpoint of the majority of workers in the field. At this point Einstein rejected the
cosmological term as superfluous and no longer justified. He published his new view in
the Sitzungsberichte der Preussischen Akademie der Wissenschaften.17 Page 230

At the end of the paper Einstein adds some remarks about the age problem which
was quite severe without the Λ term, since Hubble’s value of the Hubble parameter was
almost ten times too large. Einstein is, however, not very worried and suggests two ways
out. First he says that the matter distribution is in reality inhomogeneous and that the
approximate treatment may be illusionary. Then he adds that in astronomy one should
be cautious with large extrapolations in time.

In his semi-popular exposition of relativity theory, The Meaning of Relativity,
which was �rst printed in 1922, in the second edition (1945) Einstein comments on

the cosmological constant as `unnecessarily complicating the theory'. George Gamov in

his autobiography recalls that discussing cosmological problems Einstein remarked that

`the introduction of the cosmological term was the biggest blunder he ever made in his life'18.

17Einstein. A. (1931). Sitzungsber. Preuss. Akad. Wiss. 235-37. This is exactly the note that we

have referred to in Section 5.5.1.
18But there is no independent corroboration of this widely quoted quote.
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Let's turn to the observational issues that have proved to be so crucial for Einstein's

decision to abandon the static model of the Universe. The discovery was due to the

same person who had shown that nebulae are distant objects similar to our own galaxy:

Edwin Hubble. The discovery of Hubble law, which links the distance to a galaxy with

the speed of its movement away from us in an extremely simple yet powerful linear form

has changed the view of the Universe, both scienti�c and popular. It is important to

see how the discovery was possible.

The main problem is that astronomy is not a typical `laboratory ' science. Apart

from some mini-experiments, we cannot recreate the cosmos in out labs. Thus, in

astronomy we speak of observations rather than experiments. This calls for much more

di�cult analysis and interpretation. The way to results is via cross-checking of di�erent

phenomena and through extended application of the `laws' and conjectures. Hubble's

discovery is a good example of such situation.

The starting problem was precise determination of the distances to objects in the

Universe. The problem is almost as old as astronomy itself. Aristarchus (310 BC - c. 230

BC) using correct geometrical arguments, but inaccurate observational data, concluded

that the Sun was 20 times farther away than the Moon. While Sun is actually about 390

times farther away the power of the reasoning is actually astonishing. A century later,

Hipparchus (ca. 190 BC { ca. 120 BC) undertook to �nd the distances and sizes of

the Sun and the Moon. he has found that the mean distance of the Moon is 601
2
Earth

radii, a very good result (the actual �gure is 60.3). The results for Sun distance were

worse, he has found the distance to be 2550 Earth radii, while it is circa 23480 radii,

almost ten times greater. The search for the sizes of the heavenly spheres continued,

but with medieval way of thinking it got intertwined with religion. A good example of a

scienti�c hypothesis driven by mystic and aesthetic reasons is the famous arrangement

of Platonic Solids aimed at explanation of distances between planets done by Kepler.

The primate of philosophical considerations and subjective feeling of beauty led Kepler

to truly Panglossian perspective: we live in truly best of the worlds.

The move from explanations based on our preferences to, sometimes much less tidy

observations and measurements was not easy. One reason is the unearthly size of the

cosmic structures. It has been di�cult but possible to measure absolute size of the Solar

system by measuring parallax as the Earth moves on its orbit. The task gets more and

more di�cult when the objects become more distant. s Direct, geometric methods such

as triangulation (parallax measurements) became impossible for the stars, except for a

few closest ones. The most popular way is to estimate the distance use the fact that

the further away from us is a luminous object, the less light reaches us, so it appears

dimmer. In the �rst approximation (without taking into account light extinction) the

math behind this relationship is extremely simple. A candle that is moved to a two

times larger distance appears four times dimmer. This simple quadratic relation is

general and does not depend on the type of the source of light | provided that it

shines uniformly in all directions. However, in astronomy we cannot `move' a star
Are there any objects that

do not fulfil this condi-

tion?
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or a galaxy. What we do is: we measure the apparent brightness of similar objects in

di�erent locations and compare them (relative magnitude). To do this we assume that

the real brightness (absolute magnitude) of the two objects is identical or close enough.

But how can we be sure that two stars (or galaxies) that we compare are intrinsically

similar and have the same true brightness? The stars nearby look very di�erent from

each other!

The resolution comes from observations of close stars, for which we can measure the

distance in more direct ways. Then what can be done is tabulation of the properties of

the stars, so that we could say something about their absolute brightness by correlating

it with some other property, say spectral characteristics. Then we assume that stars that

have the same spectrum are probably similar in other aspects, including the absolute

brightness.

The best example of the process, giving the astronomers the �rst generation of eas-

ily detectable `standard candles' is due to Henrietta Swan Leavitt. Through detailed

observation of Cepheid19 variable stars, whose brightness varies in a regular periodic

fashion in the Magellanic Clouds she has derived a formula connecting the period of

variability of the star to the registered brightness. Cepheids of greater intrinsic lumi-

nosity had longer periods, with a fairly close and predictable relation between the two.

The light from the stars in the Magellanic Cloud may be assumed to travel through the

same regions of space and that the distance from Earth to the stars themselves is quite

similar for all the stars in the Cloud (Large Magellanic Cloud is at a distance 160,000

light years from Earth with the size approximately about 5,000 light-years (1/20 of the

size of Milky Way). Thus the di�erences in apparent brightness may be assumed to

come principally from intrinsic properties of stars.

This discovery , coupled with more direct measurements of distances of nearest

Cepheids by Ejnar Hertzsprung allowed calibration the distance to any Cepheid could

now be known. When Cepheids were detected in other nebulae, such as the Andromeda

galaxy, the distance to those objects could then be determined.

Coming back to Edwin Hubble: having access to a most advanced 100-inch Hooker

Telescope, he was able to identify Cepheids in many extragalactic objects and to de-

termine their distances by comparing the perceived brightness. The data were quite

inaccurate, due to the then poorly understood extinction process, but the tabulated

date allowed to clearly extend the size of the Universe. Moreover, Hubble was able

to introduce other `standard candles', such as Type I Supernovae20 through correla-

tions with Cepheid observations. This has formed a `ladder' of distance measurement

techniques, from direct triangulation through various types of brighter and brighter

19A Cepheid is usually a Population I giant yellow star, pulsing regularly by expanding and contracting,

resulting in a regular oscillation of its luminosity. The luminosity of Cepheid stars range from 103 to 104

times that of the Sun.
20Type Ia Supernovae - that have a very well-determined maximum absolute magnitude as a function

of the shape of their light curve and are useful in determining distances on an extragalactic scale. The

brightness of an explosion of such Supernova is about 5 · 109 times the brightness of the Sun.
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standard candles. This allowed to `measure' the distances at much increased ranges.

Regions where two types of estimation were available allowed to check the accuracy and

consistency. The e�ect of the observations was a catalog of objects with their distance

from the Milky Way.

Now, establishment of the distances does not bring the collapse of the static Universe.

This has happened when the distance information was coupled with observations by

Vesto Slipher, who in 1910-s has observed that the spectra of many nebulae were red-

shifted21. Slipher has measured the shift for 41 nebulae and found that 39 of them

exhibited red-shift and only two blue-shift. Formal mathematical de�nition of the

spectral shift of light is

1 + z =
νemit
νobs

=
λobs
λemit

, (7.4)

where z is the red(blue)-shift, λobs is the observed wavelength, and λemit is the emitted

wavelength and ν are respective frequencies.

The �rst explanation of the shifts in spectra were based on the Doppler e�ect | the

same that is frequently invoked in elementary physics textbooks to explain the change of

the tone of an ambulance that passes us by. The relativistic Doppler e�ect, appropriate

to astronomical velocities, gives

νobs = νemit

√
1− v/c
1 + v/c

, (7.5)

where v is the velocity of the source and c is the speed of light. One can calculate the

velocity as function of z

v = c
(z + 1)2 − 1

(z + 1)2 + 1
. (7.6)

For low velocities v � c this gives v = cz, which is a non-relativistic result.

Hubble, with his co-worker Milton Humason have con�rmed Slipher's observations

and added new measurements, con�rming the overall trend that majority of distant

objects had pronounced red-shift of their spectra. Why? If the galaxies were moving at

random we could expect to have as many blue- as red-shifted results. Moreover, when

Hubble and Humason have plotted the values of the red-shift z against the distance

they observed that a simple linear relationship describes the link fairly well.

v = H0D, (7.7)

where D is the distance and H0 is the so called Hubble constant. Figure 7.5 shows what

scientists mean by `fairly well'. . . For Hubble the discovered proportionality served as

21Red-shift denotes the apparent change of the characteristic spectra (optical, X-ray, sound waves)

that seem to be `moved' toward lower energies (longer wavelengths). Correspondingly the blue-shift is

the movement to shorter wavelengths. The shifts may result from many processes, but the best known

is the Doppler shift, in which red-shift corresponds to movement of the source away from the receiver,

while blue shift corresponds to movement toward the receiver. The faster the movement, the larger the

shift. It is worth noting that the red-shift may also be caused by gravitational e�ects.



7.2. Changes everywhere 413 Draft, January 2, 2008

yet another way of estimating the distance (hard to measure) through the red-shift

(easy to measure). Yet the next step was the interpretation of the red-shift in terms of

the originating phenomenon. In the book `From The Realm of the Nebulae ' Hubble
writes:

. . . This explanation interprets red-shifts as Doppler effects, that is to say, as velocity-
shifts, indicating actual motion of recession. It may be stated with some confidence that
red-shifts are velocity-shifts or else they represent some hitherto unrecognized principle
in physics. . .

Meanwhile, red-shifts may be expressed on a scale of velocities as a matter of conve-
nience. They behave as velocity-shifts behave and they are very simply represented on
the same familiar scale, regardless of the ultimate interpretation. The term ‘apparent
velocity’ may be used in carefully considered statements, and the adjective always
implied where it is omitted in general usage.

Figure 7.5: Velocity{distance relation among extra-galactic nebulae. Radial velocities, corrected

for solar motion (but labeled in the wrong units), are plotted against distances estimated from

involved stars and mean luminosities of nebulae in a cluster. The black discs and full line repre-

sent the solution for solar motion by using the nebulae individually; the circles and broken line

represent the solution combining the nebulae into groups; the cross represents the mean veloc-

ity corresponding to the mean distance of 22 nebulae whose distances could not be estimated

individually. [Reproduced from Hubble, E. P. (1929) Proc. Natl. Acad. Sci. USA 15, 168{173.

(Copyright 1929, The Huntington Library, Art Collections and Botanical Gardens).]

The picture of galaxies running away from each other is in total contrast to the static

Universe. Yet it �ts very well with the Friedmann solution of Einstein's equation. It
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is uncanny that the two results were developed separately. The understanding of the

phenomenon was developed gradually since the original Hubble publication in 1929 |

and has caused considerable amount of discussions, continuing until today. This story

shows how easy it is to oversimplify the actual process of scienti�c development for the

sake of clear and easy popular science presentations.
First, it should be noted that Hubble and Tolman in their classic and highly cited

paper (Hubble and Tolman, 1935) actually discuss two possible causes of the red-shift:
recession (expanding Universe) and non-recession causes (in an Einsteinian static Uni-
verse).

The methods of investigating the nature of the nebular red-shift is to be split into two
parts. In the first one the actual Universe is represented by a homogeneous expanding
model obeying the relativistic laws of gravitation. . .
In this hypothesis red-shift is a Doppler effect. In the second part, red-shift is analysed
in the static Einstein model of the universe.

Hubble himself was disillusioned with the interpretation based on the expansion of

the Universe. His cautiousness may be well proves by a statement `it seems likely that red-
shifts may not be due to an expanding Universe, and much of the speculation on the structure
of the universe may require re-examination' written as late as 1947. While he not so con-

vinced by the idea of the expansion of the Universe, but following generations decided

to claim that Hubble's discovery is a proof of the expansion, due mainly to the absence

of a good theory which explains the possible phenomenological fact of alternative pro-

posals. General relativity provided an explanation for the cosmological expansion, while

alternative proposals were not supported by any well-known orthodox theory. The ex-

pansion was preferred and the phenomenological approaches which were not supported

by present-day theory would be doomed to be forgotten. The other mechanisms to

produce red-shift included : gravitational red-shift, chronometric cosmology, variable

mass hypothesis, inertial induction, time acceleration, imperfect photon propagation, or

the `tired light' scenarios. I wonder if even well prepared Reader (with PhD in physics)

can recognize the terms. I did not. The arguments for and against are sometimes hard

to evaluate without in depth knowledge of observational astronomy and theoretical

groundwork. Yes, some of the ideas are strange, even very strange. But, as we will see

later on in this Chapter, some of the currently accepted interpretations of cosmo-
logical data are even stranger | yet cause excitement rather than distrust. There's

no place here to relate the debates, so I just direct the Reader to some samples of the

publications relating the controversies and models Rudnicki (1991); Lopez-Corredoira

(2003)

If we assume that the red-shift is due to some kind of velocity, impact of the discov-

ery is far greater than to provide just another tool to estimate distance from a galaxy.

First we have to remark that the very good �t of linear relation between the speed and

the distance and the fact that the relationship is isotropic i.e. direction independent

(after taking correction for local movement of the Solar System) are unique in a very

important way. The linearity results in the fact that there is no centre of the Universe.
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The galaxies do not run away from a given point, they just move further apart with the

passage of time. The best known image of this is the increased distance between dots

on a surface of an inated balloon. All points can be considered to be the `center' of

the Universe. Were the relationship between the distance and the speed, say, quadratic

there would be a privileged point - the Centre of the Universe22. Thus the observation

is quite fundamental from the point of view of symmetry of the Universe called the

Generalized Copernican Cosmological Principle. Every model of the Universe based on

this assumption, independent of accepted physical theory, must obey the linear Hub-

ble Law. On the other hand, relativistic models constructed without the Generalized

Copernican Cosmological Principle do not necessarily obey the linear Hubble Law.

Current research uses observational tools much more advanced than the one avail-

able to Hubble (such as so appropriately named Hubble Space Telescope), and extends

observations of the red-shift to much broader spectrum of electromagnetic radiation.

These tools allow to probe much `deeper' or further into the Universe. The reader

interested in technical details can look into the recent review Freedman et al. (2001).

The original data of Hubble has been checked and corrected, �rst with better calibra-

tion techniques to ascertain the distances (such as, for example, taking speci�city of

the Cepheids luminosity into account. Thus, the original value of the Hubble constant

based on Cepheids observations has been recalibrated from about 50 km/s MPc to 75

km/s MPc. This number agrees rather well with the observations based on supernova
1 MPc ≈ 3.3 million

light years

luminosity, which allow to see much further out.

Now, there remains another issue: even if we assume that the red-shift is due to

some sort of velocity (expansion of the Universe or actual movement of galaxies away

from each other) there remains the question of the actual interpretation: is the e�ect

described by the Doppler e�ect (equations 7.5,7.6)? That the topic is controversial (or

at least still hot) may be judged from the fact that in 2005 Scienti�c American has

published an article devoted to debunking several expanding Universe misconceptions

Lineweaver and Davis (2005) (see also Davis and Lineweaver (2003)), among them the

way to connect expansion velocity with the red-shift. In Hubble and Humason (1931)

the Doppler origin of the shift is clearly spelled out. But, if the Hubble Law origin would

lie in physical movement of galaxies, the speed would be limited by the light speed c.

While for close objects studied by Hubble the red-shifts z were small and the speeds

much smaller than c, recent observations reach star-forming galaxies at 2 < z < 4.5. The

largest observed red-shift observable, corresponding to the greatest distance and furthest

back in time, is that of the cosmic microwave background radiation; the numerical value

of its red-shift is about z = 1089 | that is the wavelength roughly 1000 times longer

than the originally emitted.

In the case of such distant objects where the expansion of the universe becomes

an important factor, the red-shift is referred to as the `cosmological red-shift' and it is

due to an entirely di�erent e�ect. According to general relativity, the expansion of the

22See discussion on page 472 for another possibility.



Draft, January 2, 2008 416 Chapter 7. Surprising Universe

Figure 7.6: Hubble Law behaviour measured via in long distance supernova observations.

Source: Freedman et al. (2001). Notice the di�erence in scales with Figure 7.5. Modern data

span more than 200 times the original Hubble observations. And the linear dependence is, I

guess, easier to perceive.

universe does not consist of objects actually moving away from each other - rather, the

space between these objects stretches. Any light moving through that space will also

be stretched, and its wavelength will increase - i.e. be red-shifted.

For objects that are far enough from each other, the `velocity' of the increase of the

distance due to the expansion of the Universe may easily be greater than c∆t, so the

`apparent velocity', to use Hubble's language, can be greater than c. This does not

contradict Special Relativity theory as it corresponds to no physical movement. Davis

and Lineweaver (2003) present detailed analysis of the dependence of the apparent

velocity on the red-shift for various cosmological models. Important point is that for

z > 1.5 most models predict recession speeds greater than c. The confusion between

physical speed and expansion is still found in literature. Davis and Lineweaver (2003)

in their Appendix B list numerous examples of common misconceptions. I strongly

encourage even the layman Readers to read this paper.

The cosmological red-shift, due to the expansion of the Universe is introduced in

the following way. Due to the expansion, two particles initially separated by a distance
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Figure 7.7: Graphical explanation of the General relativity red-shift due to expansion of the

Universe. When the Universe (balloon size) expands two times during time ∆t, all the distances
between galaxies increase in the same way. The same expansion increases the wavelengths of

light. It is worth noting that the size of compact, bound objects, such as atoms, planets or even

galaxies does not increase.

L0, will be separated by a distance L(t) = a(t)L0 at some later time t. Because of the

Copernican Principle (that all observations points must have the same status), the

function a(t), known as the scale factor, can only be a function of time, and does not

depend on the position of the test particles.

The `expansion' formula for the red-shift becomes:

z =
a(t0)

a(temit)
(7.8)

Here a(t0) is the scale factor of the universe as measured by a `comoving' observer

when the light is received, a(temit) is the scale factor when the light was emitted in

the comoving frame. z will be positive when a(t0) > a(temit), that is as the universe

is getting larger. In very simple words: if the Universe has grown 1000 times since

emission of the light, the red-shift z would be equal to 1000.

As the understanding of the individual phenomena used to calibrate distances (such

as absolute magnitudes of the various light sources, extinction of light through inter-

galactic gas absorption and many others) increases, so does the accuracy of our con�r-

mation of the Hubble Law. Are we thus just adding another decimal of precision? Has

cosmology became boring?

In the next section we will come to some of the hot topics of the past years, but let

me here emphasize that in its 70 year long history, Hubble Law and expanding Universe
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has attracted so many strange, innovative, philosophically challenging interpretations

and explanations that just studying the rarely publicized sideways and byways is a very

interesting exercise.
Before I would follow the mainstream research on ination, Dark Matter, Dark

Energy and Quintessence let me discuss some less accepted new physics related to
red-shift cosmology. A ready example is provided by the so called `quantization' or
`periodicity' of the red-shift. Some 30 years ago, Ti�t (1976) has published a study
developing the concept that the red-shift can occur only in speci�c discrete values. The
paper was the �rst of a series that started quite a debate. The main �nding was that in
the Coma cluster of galaxies optically determined red-shifts of member objects can be
grouped into bands with the di�erences of 72.46 km/s. The repetition of the analysis
based on the more accurate data con�rmed this periodicity. However, in order to �nd
the e�ect of quantisation it was necessary to apply to galaxy heliocentric red-shift also
the correction connected with the solar galactocentric movement, which is not precisely
known. Few years later Ti�t and Cocke (1984) generalised their claim for all galaxies.
There exists global periodicity. It is equal to 36.3 km/s. The topic was studied, using
advanced statistical methods and reports were published by other researchers as well
(e.g. Napier (1991), overall the original Ti�t paper has been quoted at least 36 times).
In their summary of the research into red-shift quantization (sometimes referred to as
periodicity) Napier and Guthrie (1997) state:

So far the red-shifts of over 250 galaxies with high precision HI profiles have been used
in the study. In consistently selected sub-samples of the datasets of sufficient precision
examined so far, the red-shift distribution has been found to be strongly quantized in
the galactocentric frame of reference. . .

One would expect that such a startling discovery of very unexpected correlations
would attract tremendous attention, much more than 36 citations. Yet, in general there
has been no buzz of excitement, except, as we shall see, from outside of mainstream
science. But there was no conspiracy of silence either. The work has been checked
and analysed. For example in their recent analysis of the �ndings of Ti�t, Napier and
co-workers, Bajan et al. (2003) state that:

In the case of 36 (or 72) km/s periodisation, which is of the main interest of the adher-
ents of red-shifts quantisation, we express the opinion that the effect is not convincingly
shown. It is not quite clear, why from several thousands of galaxies in the Local Su-
percluster only about 250 objects (i.e. less than 4%) is taken into account, which can
caused a serious bias.

That the e�ect exists in the studied samples is rather certain, although there are
some di�erences in opinion as to the accuracy and sharpness of the e�ect. Whether the
e�ect is indeed global, or just a local phenomenon (or worse | e�ect of sub-sampling,
that is picking only the data that con�rms the model), is another issue. The most
interesting would be, however, to understand the origin of the periodicity. many expla-
nations use the standard interpretation of the red-shift as resulting from Hubble Law,
but ascribe the quantisation to some ordered distribution of matter in space, so that
the studied galaxies are not randomly distributed but grouped at certain distances from
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Earth. Such grouping would then produce step-like values of the red-shift. Following
Bajan, I would like to stress the fact, that so far the number of galaxies under the
scrutiny of the `quantized red-shift' proponents is very small indeed, compared to the
overall number. Remember, by current estimates there are roughly 50-100 billion of
galaxies in the observable Universe! If the quantized red-shift e�ect would be con�rmed
and global, this would open totally new areas of investigations, opening also doors for
so-called new physics. Yet, as Bajan et al. (2003) wtites

We show that the new physics is not needed for explanation of the existence of the
large scale periodicity of about 130 Mpc. Using very simple model in which a massive
particle is circulating around the source of gravitational field in the expanding Universe
with FLRW metrics it is possible to obtain regions with higher density. This means
that particles will be with greater probability located in some regions than others. With
appropriate fine tuning it is possible to obtain the separation between dense regions
(structures) of the order of 130 Mpc, which is consistent with observations.

Such `old physics' explanations are not enough for some researchers. One of the most
interesting examples of publications referring to the quantized red-shift comes from
Humphreys (2002). The author, who holds a Ph.D. in physics from Louisiana State
University and has recently retired as a physicist from Sandia National Laboratories in
Albuquerque, asserts that:

Astronomers have confirmed that numerical values of galaxy red-shifts are ‘quan-
tized’, tending to fall into distinct groups. According to Hubble’s law, red-shifts are
proportional to the distances of the galaxies from us. Then it would be the distances
themselves that fall into groups. That would mean the galaxies tend to be grouped into
(conceptual) spherical shells concentric around our home galaxy, the Milky Way. The
shells turn out to be on the order of a million light years apart.

As a result of rather strong idealisations and computer simulations which have an
enormously simple picture of the Universe (see Figure 7.8) the author concludes �rmly
that:

. . . we live in a galactocentric cosmos—a universe that has a unique geometric
centre very near our own home galaxy, the Milky Way.

This is indeed very contrary to the Copernican Principle and notion that there is no
special place in the Universe. While works of Ti�t, Guthrie or Napier point out to cer-
tain correction needed to obtain the periodicity, this correction is related to Earth (Solar
System) velocity, not position. Moreover, the postulate that all galaxies are arranged in
equally spaced, concentric shells is in total opposition to the current knowledge of the
large scale structure of the Universe. Deep red-shift galaxy surveys demonstrated the
existence of huge bubbles, �laments and sheets on scales from 25MPc to over 100MPc.
Subsequent galaxy surveys are providing detailed information about the distribution of
large-scale structure. Radio galaxy and quasar surveys indicate homogeneity (or uni-
formity) is approached on scales of several hundred MPc (that is, nearly a billion light
years). Why therefore the author uses some (quite controversial as such) research piece
to propose even more radical `galactic crystal spheres '? Humphreys openly explains
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Figure 7.8: Graphical explanation of the Humphrey's reasoning. If (!) the matter is arranged in

concentric shells and if our Galaxy is close enough to the supposed Centre of the Universe, then

after some correction we could calculate red-shift with quantization. Humphreys puts our Milky

Way quite close to the centre: within about 100,000 light years, the diameter of our galaxy.

why he has come to the conclusion, in a section of the paper titled `The heart of the big
bang is atheism':

Thus the ultimate motive behind the Copernican principle is atheistic naturalism. . . The
big bang and Darwinism are two halves, physical and biological, of an atheistic origins
myth. Thus, Christians who support the big bang theory should realize that
they are unwittingly denying their God and compromising with a godless world-
view23. . .

23In another passage Humphreys quotes the Bible (Isaiah 40:22) and them comments: `It is he . . . that
stretches out the heavens as a curtain, and spreads them out as a tent to dwell in.’ Apparently there are
seventeen such verses in the Old Testament, and they use four different Hebrew verbs to convey the idea of
‘stretching out’ or ‘spreading out’. As I clarify in Starlight and Time [ a book by Humphreys ] in Scripture
‘the heavens’ appear to refer to space itself, not necessarily to the bodies occupying that space, namely the
Sun, Moon and stars. So if we take these verses straightforwardly, then God is saying that He has stretched
out or spread out the ‘fabric’ of space itself. That corresponds very closely to the general relativistic idea of



7.2. Changes everywhere 421 Draft, January 2, 2008

In Genesis 1:14–15, God says the host of the heavens exists for the benefit of those
on the Earth. So it is not man who imagines himself ‘at a commanding position at the
centre of the universe’, but God who says we are there. It is heartening to see the
evidence once again supporting what Scripture says.

‘Okay,’ you might say, ‘but then why didn’t God put us right at the centre of our
galaxy, where the centrality would have been more evident?’ Well, it looks like He had
something better in mind. First, there are good design features about our Sun’s position
in the Milky way, making it an ideal environment. The inner galaxy is very active, with
many Supernovae, and probably a massive black hole, that produce intense radiation.
Instead, the Sun has a fairly circular orbit keeping the Earth at a fair distance from the
dangerous central portion. In fact, the Sun is at an optimal distance from the galactic
centre, called the co-rotation radius. Only here does a star’s orbital speed match that
of the spiral arms— otherwise, the Sun would cross the arms too often and be exposed
to other supernovae.

Another design feature is that the Sun orbits almost parallel to the galactic plane—
otherwise, crossing this plane could be disruptive. Second, there are aesthetic and
spiritual reasons. If God had placed the Sun closer to the Milky Way centre, the
thick clouds of stars, dust, and gas (quite aside from the supernovae!) near our galaxy’s
centre would have prevented us from seeing more than a few light years into the cosmos.
Instead, God put us in an optimal position, not at the outmost rim where the Milky
Way would be dim, but far enough out to see clearly into the heights of the heavens.
That helps us to appreciate the greatness of God’s ways and thoughts, as Isaiah 55:9
points out.

After reading these conclusions it comes as no surprise that the journal that had

published the results is not one of the recognized scienti�c publications but `TJ {
the in-depth journal of Creation ' http://www.answersingenesis.org/home/area/
magazines/technical.asp.

The controversial theories are not limited to Creationist sciences. Let me quote a
review of A Di�erent Approach to Cosmology, by Fred Hoyle, Geo�rey Burbidge and
Jayant V. Narlikar written by Mario Livio from the Space Telescope Science Institute

A Different Approach to Cosmology is a monograph written by three scientists who
have to their credit major contributions to astrophysics and cosmology. Accordingly,
the first nine chapters of the book present one of the clearest accounts I have yet
encountered of the history of mainstream modern cosmology, and the nucleosynthesis
of light elements.

From Chapter 10 on, however, the authors summarize and describe their own ideas
concerning the nature of quasi-stellar objects (QSOs), the creation of matter, and a
quasi steady-state theory of the universe. In doing so, they point out a variety of
observational results that, in their opinion, allow for interpretations that are different
from the conventional ones.

For example, largely on the basis of observations by Halton Arp, of the Max Planck
Institute for Astrophysics, the authors claim that QSOs are physically associated with

expanding space. Hmm, that means that by careful translation (preferably into modern meanings) one

can get a lot of meanings from the Bible.

http://www.answersingenesis.org/home/area/magazines/technical.asp
http://www.answersingenesis.org/home/area/magazines/technical.asp
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normal galaxies and are most probably objects that were ejected from these galaxies.
From these assumed associations, the authors draw a number of highly controversial
conclusions. Among the latter: (i) studies based on QSO red-shifts cannot be used
in cosmology, and (ii) the power of active galactic nuclei cannot be explained by the
popular model of a black hole that accumulates matter via an accretion disk.

The arguments presented by the authors to support their ‘nonconformist’ views are
generally very interesting, and in some cases they can even be taken as exemplary
of the healthy skepticism that scientists should apply to any proposed model. These
arguments not only make the book important in terms of keeping scientists ‘honest,’
but they also provide for truly exciting reading. Unfortunately, the authors proceed to
commit precisely the same ‘crimes’ of which they accuse the astronomical community at
large. For example, they appear to ignore the fact that black holes fed by accretion disks
have actually been observed in about a dozen objects in the Milky Way, thus making
this scenario an attractive model (by Occam’s Razor) for active galactic nuclei as well.

The authors depart even more from mainstream cosmology in their explanation
of the cosmic microwave background (CMB). While practically the entire physics and
astronomy community believes that the CMB and its properties provide strong evidence
for the occurrence of the Big Bang, the authors claim that this is not necessarily the
case. In particular, they propose a model in which the microwave radiation arises from
hydrogen burning in stars (within the framework of a quasi steady-state cosmology).
Their criticism of the conventional views becomes particularly harsh at this point. In the
authors’ words: ‘We can confidently predict that, whatever anisotropy is discovered [in
the CMB] . . . it will be argued that it confirms some theoretical prediction or other. . . It
can be predicted that in the next few years there will be periodic news releases from
NASA and some of the more vociferous Big Bang believers making claims that yet
another of their predictions has been fulfilled.’

Again, however, the authors can be accused of precisely the same lack of open-
mindedness they attribute to the astronomical community. Namely, they choose to
ignore the fact that the observed fluctuations in the CMB may actually confirm theoret-
ical predictions based on an inflationary, cold dark mattercosmological-constant model.
Instead, they proceed to complicate their model further by the action of carbon and
metallic ‘whiskers.’

To conclude, this is a fascinating book, expressing the views of three scientists who
choose to go against the conventional cosmological wisdom. It is extremely important
for such skepticism to exist and for such books to be written. It is disappointing, though,
that rather than simply pointing out potential loopholes in mainstream theories, and
their possible solutions, the authors choose to defend, perhaps too vigorously, models
that can be shown to have at least as many deficiencies. Ultimately, of course, the
validity of all the models will be tested by astronomical observations and particle-physics
experiments.

It should be noted that Hoyle, Burbidge and Narlikar have written and published (!)

quite many articles dealing with the quasi-steady state model, in refereed journals and

quite recently, for example Hoyle et al. (1997); Burbidge (2001)24. It is a good example

24I refer to these two, as they are available on the WEB



7.2. Changes everywhere 423 Draft, January 2, 2008

of the openness of the scienti�c community to ideas, even strange ones.

Thus, dear Reader, if anyone would like to try to convince you that Science (and

cosmology and astrophysics are �rmly established sciences of long history and high

achievements) consists of dull gathering of minutiae and following the well trodden

paths, do not believe. The following sections would show even stranger things.
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7.3 Expanding Universe

Physicists like to play with their own results. One of the often used tricks

is to imagine the reverse ow of the time25. The static Universe has a wonderful

property of making questions such as `what was there before?' unnecessary. On the

other hand if the Universe expands, then quite obviously, it was smaller before. And

before?

One of the �rst to seriously develop consequences of this reasoning was Georges-

Henri Lemâ�tre, Belgian Roman Catholic priest and astronomer. In 1927 Lemâ�tre has

published in French a paper explaining the idea of expanding Universe (remember |

this is two years before Hubble publication). The work was not received well. Yet,

Lemâ�tre continued his research, with PhD on General Relativity. In 1931, Eddington

published an English translation of the 1927 article with a long commentary. Lemâ�tre

was then invited in London in order to take part in a meeting of the British Association

on the relation between the physical universe and spirituality. It is there that he pro-

posed an expanding universe which started with an initial singularity, and the idea of

the Primeval Atom which he developed in a report published in the Monthly Notices

of the Royal Astronomical Society. Lemâ�tre himself liked to describe his theory as `the
Cosmic Egg exploding at the moment of the creation'.26

With the current acceptance of the expanding Universe idea, it is quite di�cult to
imagine and describe the controversies that �lled the scienti�c community at the time of
Hubble and Lemâ�tre. We will see more of this drama when we would reach our current
cosmology controversies. Let me just add an interesting sociological fact connected to
the early history of the modern understanding of the Universe. Fred Hoyle, who was
ever an opponent of the expanding model has dubbed it with what he had imagined to
be a killing ridicule, `this Big Bang idea' during a 1949 BBC radio program, The Nature
of Things, the text of which was published in 1950. In the aftermath of Hiroshima,
at the height of Cold War and nuclear war waiting just around the corner, the name
has stuck. And instead of ridicule, it brought instant recognition of the idea, even in
popular press | a good phrase being worth a thousand equations. And we should not
forget the prophetic words of Thomas Stearns Eliot, who, in 1925 | before Lemâ�tre
or Hubble | has ended his poem The Hollow Men with

This is the way the world ends
This is the way the world ends

25Imagine the following mental exercise: as is widely known the entropy of an isolated system increases

with time. Yet the basic, microscopic physical laws are time-symmetric, i.e. do not depend on the time

direction. So, simple reversal of time would not change these laws. Would then the entropy decrease?

But if so, why? If the Reader has taken the invitation to take this exercise seriously, we could return to

the main text in a few hours (days?, years?).
26Despite being a priest, Lemâ�tre thought it was inappropriate to use the theory as a basis for theo-

logical pronouncements. He initially inserted, then ultimately removed, a paragraph in the draft of his

1931 paper on the Big Bang remarking on the possible theological consequences of his discovery. In the

end, he said, `As far as I can see, such a theory remains entirely outside of any metaphysical or religious
question.'
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This is the way the world ends
Not with a bang but a whimper.

While imagining galaxies being somewhat closer to each other in the past causes no

problems, description of the Primeval Atom is really di�cult task. We have to remem-

ber that these were the times when the knowledge of nuclear physics and elementary

particles, what we call not `high energy physics' was just starting to develop. Known

general laws of physics pointed to an early universe that was �lled homogeneously and

isotropically with a incredibly high energy density of some forms of matter and radi-

ation at extremely huge temperatures and pressures. The details of what happened

there and then, had to be gradually worked out in the next 80 years. The job is still

not done, although we know now quite a lot.

I'll give below the basic information on what is today called the Standard Big Bang

(SBB) model, with its successes, limitations and failures.

I will start the account quite late after the Big Bang (at least on logarithmic scale):

10−11s after the start (for the account what happened earlier, see next section). Table 7.1

presents the key transitions in the history of the Universe27.

The epochs (if we look at them in logarithmic scales) are sometimes called Quark-

Lepton Era (10−7 { 101s); Radiation Era (101 { 1011s) and the Matter Era (1011s { present

time). The reconstruction of the events is based on the application of the known physics

laws, from nuclear physics and elementary particle high energy physics. When we look

at the data in Table 7.1 we see that our science based guesswork leads to quite detailed Page 432

idea called the `Hot Big Bang Model'. In general, it has been considered very successful,

explaining quite a lot of di�erent observed phenomena. The Cambridge University

Cosmology WEB page (http://www.damtp.cam.ac.uk/user/gr/public/bb_home.html)

lists the four pillars of the Hot Big Bang model28:

� Expansion of the Universe

� Origin of the cosmic background radiation

� Synthesis of the light elements

� Formation of galaxies and large-scale structure

We have already discussed in detail the expansion as evidenced by the Hubble law.

Let's turn to the other three pillars.

27For an even shorter history of the Universe (less than 200 words) see http://members.
bellatlantic.net/%7Evze3fs8i/hist/hist.html.

28A completely unrelated note: Google search for [four pillars of wisdom] returns an astonishing

365 thousand hits.

http://www.damtp.cam.ac.uk/user/gr/public/bb_home.html
http://members.bellatlantic.net/%7Evze3fs8i/hist/hist.html
http://members.bellatlantic.net/%7Evze3fs8i/hist/hist.html
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7.3.1 Cosmic Microwave Background (CMB)

The CMB was predicted by George Gamow, Ralph Alpher, and Robert Hermann in the

1940s and was accidentally discovered in 1964 by Arno Penzias and Robert Woodrow

Wilson, who received a Nobel Prize in Physics in 1978 for this discovery. The interpre-

tation of the CMB was a very controversial issue in the 1960s with some proponents

of the steady state theory arguing that the CMB was the result of scattered starlight

from distant galaxies. For example, as late as 1987, a Japanese-American team led by

Andrew Lange and Paul Richardson of UC Berkeley and Toshio Matsumoto of Nagoya

University made an announcement that CMB was not that of a true black body. In

a sounding rocket experiment, they detected an excess brightness at 0.5 and 0.7 mm

wavelengths. These results cast doubt on the validity of the Big Bang theory in general

and stirred support the Steady State theory of the Universe.

During the 1970s the consensus view moved to the point of view that the CMB was

the remnant of the Big Bang. Among the observations that swung the astronomical

community toward this point of view were the fact that the CMB was much smoother

than would be expected from scattered star light. The isotropic nature is very strong

with local di�erences found to be at most at the level of one part in 104. There are

however some basic anisotropies, the most pronounced of which is the dipole anisotropy

(180 degree scales). This dipole anisotropy is consistent with the Earth moving at some

700 km/s relative to the CMB.

Variations due to other physical e�ects also exist: the Sunyaev-Zeldovich e�ect

is one of the major factors here, in which a cloud of high energy electrons scatters

the radiation, transferring some energy to the CMB photons. It is a strange e�ect

for our everyday experience, as here matter inuences radiation `already present'. So

the situation is complex, but astronomers believe they have all the major phenomena

factored in. We will come back to the anisotropy e�ects later but at the moment thePage 446

most important feature of the CMB is its almost perfect agreement with black body

radiation predictions in every patch of the sky we observe. Why is this so important?

The blackbody radiation applies to bodies in thermal equilibrium and is described by

a simple equation giving the energy ux in the frequency range [ν, ν + dν]

P (ν, T ) = 8πh
(ν
c

)3 1

ehν/kT − 1
dν, (7.9)

where h is the Planck constant, k is the Boltzmann constant and T is the temperature.

There is only one parameter | the temperature. Thus a perfect �t over the whole

range of frequencies that we observe in Figure 7.9 provides a very strong evidence for

the underlying physical principle is correct.

As we know, from direct observations, our current Universe is not in the state of

thermal equilibrium29. However, the Big Bang theory predicts the existence of the

29I would not be writing these words, if that were the case. . .We exist because there are stars, planets

and vacuum, each with a di�erent temperature and de�nitely not in thermal equilibrium.
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cosmic microwave background radiation or CMB which is composed of photons emitted

during baryogenesis. This was the time when the Universe was much denser and smaller

and the matter and radiation were in thermal equilibrium. The temperatures were at

the range of billions, then millions, then thousands Kelvins. As the temperature fell

below 3000 K, electrons and nuclei combined to form atoms and the primordial plasma

turned into a neutral gas. This is known as photon decoupling. Neutral atoms no longer

interacted with the radiation (at least not so strongly) and the thermal equilibrium

between matter and radiation has vanished. Their futures went separate ways: matter

continued to coalesce into galaxies, stars and other objects, while the original radiation

permeated the Universe and expanded with it. The `lastly emitted' blackbody radiation

had thus a temperature of about 3000 K. The expansion of the Universe has stretched

the wavelengths (decreasing the frequencies ν) with the scale factor a(t). However, an

interesting property of the Equation 7.9 is that spectrum shape remains unchanged is

we rescale the frequencies by a factor 1/a: ν → ν/a and, at the same time, rescale

the temperature T → T/a. This rescaling is the `cooling' of the Universe, or more

strictly speaking, cooling of the CMB. The fact that the CMB spectrum today is so

closely following the black body spectrum, with a very low temperature of the apparent

emission is, surprisingly, one of the strongest indicators of the hot Big Bang. The two

mechanisms: emission at high temperatures and the uniform rescaling of temperature

(not a physical cooling such as with contact with lower temperature bodies) provide a

simple and perfectly �tting explanation.

Detailed information on CMB may be found at NASA's data centre for Cosmic

Microwave Background (http://lambda.gsfc.nasa.gov/). The story of the discovery,

studying the unexpected uniformity, con�rming it, then �nding small, small deviations

from the uniformity and looking for reasons of those is perhaps the best example of

the saying Yesterday's signal is today's background is tomorrow's calibration. We Page 212

shall see how many changes in our vision of the Cosmos have those shifts brought in

the next sections. For an easy introduction to CMB see Hu and White (2004) and the

WEB page http://background.uchicago.edu/. Even for those of the Readers who

�nd physics too di�cult, this particular story, so central to our current understanding

of the Universe, should be an obligatory reading.

7.3.2 Origins of light elements

During the �rst 20 minutes of the evolution of the Universe, it was hot and dense,

enough so that deuterium, helium-3, helium-4, and lithium-7 were synthesized at the

early stages of Universe's evolution. The primordial abundances of these light nuclides

produced during Big Bang Nucleosynthesis (BBN) are sensitive to the universal density

of baryons and to the Universe expansion rate which at early epochs is governed by the

energy density in relativistic particles (`radiation') such as photons and neutrinos. Big

Bang nucleosynthesis begins about one minute after the Big Bang, when the universe has

http://lambda.gsfc.nasa.gov/
http://background.uchicago.edu/
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Figure 7.9: Comparison of the CMB radiation with theoretical prediction. Line represents the

blackbody radiation with T0 = 2.725K. Points are measured values. The error bars have
been multiplied by 400 so they can be seen. Data from the FIRAS instrument on the

COBE satellite, 1994.

cooled enough to form stable protons and neutrons, after baryogenesis30. From simple

thermodynamical arguments, one can calculate the fraction of protons and neutrons

based on the temperature at this point. This fraction is in favour of protons, because the

higher mass of the neutron results in a spontaneous decay of neutrons to protons with a

half-life of about 15 minutes. One feature of BBN is that the physical laws and constants

that govern the behavior of matter at these energies are very well understood, and hence

BBN lacks some of the speculative uncertainties that characterize earlier periods in the

life of the universe. Another feature is that the process of nucleosynthesis is determined

by conditions at the start of this phase of the life of the universe, making what happens

before irrelevant.

As the universe expands it cools. Free neutrons and protons are less stable than

helium nuclei, and the protons and neutrons are strongly motivated to form helium-4.

30For a recent review of baryogenesis see Dine and Kusenko (2004)
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However, forming helium-4 requires the intermediate step of forming deuterium. At

nucleosynthesis the temperature is high enough for the mean energy per particle to be

greater than the binding energy of deuterium, therefore any deuterium that is formed

is immediately destroyed (a situation known as the deuterium bottleneck). Hence,

the formation of helium-4 is delayed until the universe becomes cool enough to form

deuterium (at about T = 0.1MeV), when there is a sudden burst of element formation.

Shortly thereafter, at three minutes after the Big Bang, the universe becomes too cool

for any nuclear fusion to occur. At this point, the elemental abundances are �xed,

and only change as some of the radioactive products of BBN (such as tritium) decay.

for additional information see, for example recent publications Burles et al. (2001);

Steigman (2003).

The important fact is that the CMB and BBN probe very di�erent epochs in the

Universe history, separated by several orders of magnitude in time, temperature and

density. The comparison between the constraints imposed by BBN and those from the

CBR reveals a remarkably consistent picture of the Universe at two widely separated

epochs in its evolution. Combining these two probes leads to new and tighter constraints

on the baryon density at present, on possible new physics beyond the standard model of

particle physics, as well as identifying some challenges to astronomy and astrophysics.

Comparing the predicted primordial abundances with those inferred from observational

data tests the standard models and may uncover clues to their modi�cations and/or to

extensions beyond them.

7.3.3 Large scale structure of the Universe

We know that the matter is organized in structures: we see these structures in our

daily life. As the description moves to larger and larger scales we observe that objects

group into hierarchy of systems: stars are organised into galaxies which in turn appear

to form clusters and superclusters, separated by voids. The Universe appears as a

collection of giant bubble-like voids separated by sheets and �laments of galaxies, with

the superclusters appearing as occasional relatively dense nodes.

Using the Big Bang model and assumptions about the type of matter that makes

up the Universe, it is possible to predict the expected distribution of matter, and by

comparison with observation work backward to support and refute certain cosmological

theories. We shall follow the e�orts of scientists to obtain better and better understand-

ing of the Universe. It should be repeated clearly, that this work is by no means an

academic review, but a short and random walk through a very rich �eld. The Reader

who is interested in details may (and should!) follow the quoted sources. There are

many general resources available on the WEB, so picking randomly I can point at Trod-

den and Carroll (2004) or Carrol (2001) or Guth and Kaiser (2005). But let us follow

the trail the astrophysics has taken. We will start with spoiling the wonderful image of

success of the Big Bang model.



Draft, January 2, 2008 430 Chapter 7. Surprising Universe

Figure 7.10: Panoramic view of the entire near-infrared sky reveals the distribution of galaxies

beyond the Milky Way. The image is derived from the 2MASS Extended Source Catalog (XSC)

{ more than 1.5 million galaxies, and the Point Source Catalog (PSC) { nearly 0.5 billion Milky

Way stars. The galaxies are color coded by `red-shift' obtained from the UGC, CfA, Tully

NBGC, LCRS, 2dF, 6dFGS, and SDSS surveys (and from various observations compiled by the

NASA Extragalactic Database), or photometrically deduced from the K band (2.2µm). Blue

are the nearest sources (z < 0.01); green are at moderate distances (0.01 < z < 0.04) and red

are the most distant sources that 2MASS resolves (0.04 < z < 0.1). The map is projected in

the Galactic system (Milky Way at center) (Jarrett, 2004).

7.3.4 Problems with the standard Big Bang model

With so much evidence pointing to correctness of the Big Bang model, is it a closed

chapter in the history of science? The agreement of the predictions and observations

is really impressive, yet at the same time, there are some deeply puzzling results, that

fundamentally challenge the description through the standard Big Bang model.

Among the most important problems identi�ed by 1980 were:

The horizon or CMB uniformity problem. The the uniformity and thermal equilib-

rium of the CMB spectrum. This implies that the hot gas of the early Universe

had to be in good thermal equilibrium. But this is quite impossible if one takes

into account that to be in thermal equilibrium the gas must be within a so called

`cosmological horizon'. This is the distance that light can travel since the begin-

ning of the Universe. As the CMB was generated at approximately 379 000 years

after the Big Bang, the maximum size of the parts of the Universe that could

be in contact (using the Einsteinian principle that nothing travels faster than

light) is 379 000 light years. But, from today's observation point, some 14 billion

years later and after expansion of circa 1000 times, parts of early Universe of that

size would be circa 1 degree in size at the observed sky. Thus, we should see
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a patchwork of blackbody spectra | but with uncorrelated temperatures! And

the experiments show almost perfectly uniform spectrum over all the sky. This

would seem to require some extra �ne tuning of the early Universe or possibly

supernatural agency.

The flatness problem. The standard Big Bang model based on Einstein's General Rel-

ativity provides relatively simple equations governing the general development

of the Universe characteristics over time. Such equations are presented in Sec-

tion 13.2. One of the equations shows that the curvature of the Universe, mea-

sured by a parameter Ω diverges from 1 as the Universe expands. Even a very

small deviation of Ω from one at the age CMB decoupling or baryogenesis would

lead to huge deviations today. The problem is, that the observational evidence

points very strongly to Ω ≈ 1±0.05. This would mean that at the age when nuclei

formed Ω would have to be equal to 1 to accuracy of 10−12. Such �ne tuning is,

again, considered highly suspicious.

The monopoles problem. The Hot Big Bang cosmology suggests that magnetic monopoles31

| and other very exotic elementary particles | should be plentiful today. Yet,

as con�rmed by the recent summary of the Particle Data Group (http://pdg.

lbl.gov/2004/listings/s028.pdf), there is no evidence for magnetic monopoles.

There could be two explanations for this: either our current elementary particle

theories are wrong (a possibility that some consider seriously) or `something hap-

pened to the monopoles'. But it is a serious problem for the standard Big Bang

theory. In some elementary particle models such as the Grand Uni�ed Theory

(GUT), the monopoles outweigh `normal' particles by a factor of 1012.

These issues have troubled physics community. To quote from an account by Guth
and Kaiser (2005)

During the 1960s and 70s, particle physicists discovered that if they neglected gravity,
they could construct highly successful descriptions of three out of the four basic forces in
the universe: electromagnetism and the strong and weak nuclear forces. The ‘standard
model of particle physics’, describing these three forces, was formulated within the
framework of quantum field theory, the physicist’s quantum mechanical description of
subatomic matter. Inflationary cosmology was likewise first formulated in terms of
quantum field theory. Now, however, despite (or perhaps because of) the spectacular
experimental success of the standard model, the major thrust of particle physics research
is aimed at moving beyond it.

The ground was ripe for a new generation of theories. And indeed, in 1980's new

theories, build on top of the Big Bang model have begun to appear, in many places at

once.

31For some additional information see Giacomelli and Patrizi (2003)

http://pdg.lbl.gov/2004/listings/s028.pdf
http://pdg.lbl.gov/2004/listings/s028.pdf
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Time Temperature
(Energy)

State of the Universe

t = 10−11s T = 3 · 1015K

(250GeV)

Electroweak uni�cation broken. The strong, weak and
electromagnetic interactions are from now on decou-
pled, and look similar to what we observe today.

t = 10−7s T = 2 · 1013K

(1.7GeV)

Tauon / anti-tauon annihilation

t = 10−5s T = 2 · 1012K

(170MeV)

Quarks combine into hadrons. A small di�erence be-
tween the reaction rates for matter and antimatter
leads to a mix with about 100,000,001 protons for
every 100,000,000 antiprotons (and 100,000,000 pho-
tons). This asymmetry results from B,C,CP violating
processes

t = 10−1s T = 3 · 1010K

(2.5MeV)

Neutral current weak interactions become too slow
and neutrinos decouple from the rest of the matter.

t = 1s T = 1 · 1010K

(0.8MeV)

Charged current weak interactions become too slow
and neutron to proton ratio freezes out. The proton
to neutron ratio is about 6.

t = 100s T = 1 · 109K Electrons and positrons annihilate to make more pho-
tons, while protons and neutrons combine to make
deuterons. Almost all of the deuterons combine to
make helium. The �nal result is about 3/4 hydrogen,
1/4 helium by mass; deuteron to proton ratio 30 parts
per million. There are about 2 billion photons per
proton or neutron.

t = 103s T = 4 · 108K Particle energies drop below Coulomb barrier ener-
gies and cosmological nucleosynthesis ends. All other,
heavier nuclei are formed much later, inside the stars.

t = 2.5 · 106s

(one month)

T = 12 · 106K The processes that convert the radiation �eld to a
blackbody spectrum become slower than the expan-
sion of the Universe, so the spectrum of the Cosmic
Microwave Background (CMB) preserves information
back to this time.

t = 1011s

(32000 years)

T = 15000K Matter density equals radiation density. Dark matter
inhomogeneities can start to collapse.

t = 8 · 1012s

(260 000

years)

T = 3500K Electrons and protons recombine into hydrogen
atoms. Ordinary matter can now fall into the dark
matter clumps.

t = 1.2 · 1013s

(379 000

years)

T = 2755K Photon decoupling from neutral atoms. The CMB
travels freely from this time until now, so the CMB
anisotropy gives a picture of the Universe at this time.
Decoupling happened at tdec = 379 ± 8kyr after the
Big Bang at a red-shift of zdec = 1089± 1 (Data from
the WMAP report Bennett et al. (2003b).)

t ≈ 3 · 1015s

(100 000 000

years)

T ≈ 30K The �rst stars form 100-200 million years after the Big
Bang, and reionize the Universe.

t ≈ 2 · 1016s

(600 000 000

years)

T ≈ 20K Galaxies form as many clumps of dark matter, stars
and gas merge together.

t = t0 ≈ 13.7

billion years

T = 2.73K Today

Table 7.1: History of the Universe. With exception of the CMB decoupling time, all data are

very approximate!
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7.4 Inflation — how to walk on extra thin air

The success of the Hot Big Bang theory was tremendous, yet its problems

required explanation. Such explanation of at least some of them has been pro-

vided by the Cosmological Ination, introduced in 1980 by Alan Guth (Guth, 1981).

There were obvious aws with the speci�c details of Guth's original model (which he

acknowledged at the time). In particular, Guth's model left the Universe after ination

�lled with a mess of bubbles, all expanding in their own way and colliding with one

another. We see no evidence for these bubbles in the real Universe, so obviously the

simplest model of ination couldn't be right. Yet Guth's seminars, held all over US

and subsequent publication made every cosmologist aware of the power of ination.

Soon afterwards (in October 1981), a Russian physicist Andrei Linde during an inter-

national meeting in Moscow, where ination was a major talking point, presented an

improved version (Linde, 1982), called `new ination', which got around the di�culties

with Guth's model.

Within a few months, the new inationary scenario was also published by (Albrecht

and Steinhardt, 1982), and by the end of 1982 ination was well established. Just two

years!

Guth presents very lively account of the development phase of the ination theory

in his popular book (Guth, 1997). I �nd very signi�cant the account of how single

seminars, a few hours of presentation and discussion, were enough to convince such

giants of physics as Murray Gell-Mann, Sheldon Glashow or Steven Weinberg. Guth

reports an account of the latter's furious reaction to the news of the new theory (as

incomplete as it was at the beginning). When disquieted Guth has asked if Weinberg

has found the theory wrong, the answer was `No, he was furious because he did not think

of it �rst!'. The key of such fast acceptance of a theory that, at the time had quite a lot

of problems and no experimental veri�cation was in its relative simplicity and general

feeling of a solved puzzle it brought. The story of the various groups developing new

ideas, sometimes independently, sometimes in rivalry, sometimes cooperating shows,

in a beautiful way the cooperative and communicative nature of the development of

science. But equally interesting is the story of acceptance of ideas. Especially in modern

times, when the speed of electronic communication and the sheer numbers of research

centres makes the detailed analysis given by Kuhn in the case of Copernican Revolution

inadequate. Should we use statistical methods and tools such as phase transitions or

percolation to model how ideas take hold of the scienti�c community?32

How does the Ination Model relate to the standard Big Bang? It is quite signi�cant

that the titles of the two papers by Guth and Linde are very similar:

Inationary universe: A possible solution to the horizon and atness problems,
(Guth, 1981)

32In fact, we do. The recent boom of `sociophysics' { the use of physical methods to describe societies

depicted as networks of agents { does apply to phenomena of acceptance of scienti�c ideas as well. More

on this in Chapter 10.
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A new inationary universe scenario: A possible solution of the horizon, atness,
homogeneity, isotropy and primordial monopole problems (Linde, 1982).

In words of Andrew Liddle (Liddle, 1999a): Inflation does not replace the hot Big Bang
theory; it is a bolt on accessory attached at early times to improve the performance of
the theory. Gary Scott Watson explains:

The Standard Model of Cosmology has successfully predicted the nucleosynthesis
of the light elements, the existence of the cosmic background radiation, and the dy-
namics of an expanding universe, i.e. the Hubble expansion. However, this model can
not account for a number of initial value problems, such as the flatness and monopole
problems. Inflationary cosmology resolves these concerns, while preserving the successes
of the Big-Bang model. Inflation was originally introduced for this reason and its mo-
tivation relied on predictions from particle theory. In more recent times, inflation has
been abstracted to a much more general theory. It continues to resolve the initial value
problems, but also offers an explanation of the observed large-scale structure of the
universe33.

So, what is the Ination? A very readable report on the current understanding of
inationary cosmology may be found in a recent report Guth and Kaiser (2005).

Inflation was invented a quarter of a century ago, and has become a central ingredient
of current cosmological research. Describing dramatic events in the earliest history of
our universe, inflationary models generically predict that our universe today should have
several distinct features — features that are currently being tested by the new generation
of high-precision astronomical measurements. Even as inflation passes more and more
stringent empirical tests, theorists continue to explore broader features and implications,
such as what might have come before an inflationary epoch, how inflation might have
ended within our observable universe, and how inflation might arise in the context of
our latest understanding of the structure of space, time, and matter.

The core of inationary cosmology is an assumption that at some early stage in

the Universe history (circa 10−35 s after the beginning, which is 24 orders of magnitude

smaller than the times we have previously considered), the Universe underwent a period

of extremely rapid expansion, of increasing speed. The latter condition is especially

important as it allows to change the evolution of Ω from away of 1 to towards 1. In

the classic model of inationary expansion the universe grow exponentially, with the

scale factor a(t) ∼ exp(Ht) where H is the Hubble constant. Those willing to follow

more detailed mathematical reasoning should refer to abundant literature, for example

Linde (1990) (a classic 1990 book, put recently into arXiv repository), and Lazarides

(1999, 2002); Liddle (1999b,a); Guth (1993, 1997, 2004); Guth and Kaiser (2005); Linde

(1994, 2002, 2005); Albrecht and Steinhardt (1982); Brandenberger (1999)34. Some of

the expressions are also worked out in Section 13.2.2. Such rapid growth does solvePage 803

33An Exposition on Inationary Cosmology, http://nedwww.ipac.caltech.edu/level5/Watson/
Watson_contents.html

34The resources on Ination model are enormous, Google Scholar returns 57 700 hits to the keyword
inflationary | and the search is limited to scienti�c resources. . .

http://nedwww.ipac.caltech.edu/level5/Watson/Watson_contents.html
http://nedwww.ipac.caltech.edu/level5/Watson/Watson_contents.html
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the problems listed previously. For example, the atness problem is solved almost

automatically: the equations governing Ω push its value extremely rapidly towards 1.

After the period of ination the accuracy needed to obtain the values observed today

may be easily achieved.

The problem of the abundances of relic particles, such as the magnetic monopoles is

also very easy to resolve. The relic particle falls o� so rapidly that it becomes negligible.

But | and this is something that the early approaches to ination had to account for

| what happens at the end of ination? Would not the exotic particles be re-created

again? This issue, known as reheating problem, has been a driving force for the more

advanced models of ination.

One of the greatest achievements of the inationary model has been the elegant

solution of the problem of homogeneity of the CMB. As we remember, the problem

arises from the fact that the Universe at CMB era could not have been in thermal

equilibrium | t was too large for this. But, if we take the evolutionary scenario into

account, the size was a result of a rapid growth of some `very small' initial patch, growth

by a factor of tens of orders. This means that the pre-inationary starting point could

be small enough to allow causal connection and thermal equilibrium.

When we look at the simplicity of the initial idea and the general strength of its

explanatory power no wonder that it has gained popularity so fast. Yet, there are some

very basic issues with the scenario. The �rst and foremost is: what is the physical reason

for such tremendous change in the Universe, what has started the ination, what has

driven it throughout the expansion phase, and last, but not least, how and why did it

end?

To make the ination work there must be some physical states that have negative
pressure. At �rst it seems impossible | all the `normal' physical states can have, at best,

zero pressure. For example, such are the properties of the two types of matter-energy

components of the Universe that are typically used to model it. Normal, nonrelativis-

tic matter, scattered sparsely through space is assumed to have zero pressure, while

for radiation (and in general relativistic particles) pressure p = ρ/3 (in appropriate

relativistic units). In particular, should some state of the matter to have negative pres-

sure would mean that the density of that state would not decrease with the expansion

of space. This apparent contradiction and strangeness has, however, not stopped the

physicists from actively contemplating the possibility. Drawing on comparisons with

the physics of phase transitions in liquids and magnetism they did postulate a special

entity, called `scalar �eld' or inaton, with exactly the property needed. The physics

of inaton is rather complicated, but it turns out that it is possible to `construct' a

theoretical framework in which there exists something with negative pressure. The key

for the rapid acceptance of such strangely behaving entity was, perhaps, because it was

not `creative enough'. To borrow the already used example from Soler (2006), Guth Page 229

and Linde and Steinhardt rather than invent something from scratch have used ideas

already well accepted in a new context.
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The scalar �elds were previously used in elementary particle physics. The most

widely known is the famous Higgs boson �eld, predicted to exist by the Standard Model

of particle physics. It is the only Standard Model particle not yet observed, but plays a

key role in explaining the origins of the mass of other elementary particles, in particular

the di�erence between the massless photon and the very heavy W and Z bosons. Now,

the negative pressure is not inherent in any scalar �eld, but results from particular

behaviour of the equations governing such �elds, especially its potential energy V (φ).

Proper choice of V may assure that the ination would have the desired properties.

Curiously enough the initial proposal of Guth has had a rather complicated form of V ,

which actually has led to serious problems at the end of ination era.

Today, the taxonomists de�ne at least four major types of inationary theories35.

Old inflation, the model introduced by Guth is largely forgotten. This is due to its

predictions of the process ending the ination. The calculations show that the

return to `normal' expansion happens in separate bubbles in space, which have no

chance to connect.

New inflation, as introduced by Linde (1982) and Albrecht and Steinhardt (1982),

changes the form of the potential energy of the scalar inaton �eld V (φ). The

model successfully resolves the `graceful exit' problems, but, of course, is not free

of problems of its own. For example some of the initial conditions for the value of

φ are highly improbable.

Chaotic inflation, in contrast to the revious scenarios does not require that the starting

values of inaton �eld φ must start in speci�c value φ = 0. Moreover, the two

previously predicted models of ination have required that the pre-inationary

temperature of the Universe must have been huge. Chaotic ination starts from

a di�erent premise: consider a region of `pre-inationary' space where the �eld

φ is very large, homogeneous and static. In such region the energy-momentum

tensor would be dominated by the large potential energy of the �eld, and we

should automatically have conditions for ination. There is no need for large

temperature thermal bath. Also, the precise form of V (φ) is less relevant than in

the old or new inationary scenarios. I chaotic ination, a piece of the Universe
(or many pieces!) emerges in inationary state immediately after some very, very

early stage, such as the quantum gravity or string theory epoch. For more details

on chaotic ination see, e.g., Linde (1994). But again, nothing is perfect. Chaotic

ination has encountered some obstacles, this time { a de�nite improvement { not

intrinsic, but coming from the ways to tie it to supergravity. But it is possible

to obtain speci�c versions of the chaotic ination models that are consistent with

observations and theories of elementary particles.

35For details see Section 13.2.2.
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Hybrid inflation, one of the latest entrants build upon the philosophy of chaotic in-

ation, but introduces two scalar �elds φ and ψ. While this might seem to be

contrary to the Occam's razor principle, the two �elds model allows the �eld val-

ues to be smaller than the Planck's mass mPl, and thus allows to use theories for

energy region that we know at least to some extent.36

In all the ination models the Universe (or a patch of the real-Universe that we perceive

as our-Universe) has grown exponentially with a time constant of 10−37s over 60 time

constants (that is growing by a factor of circa 1025. This means that the patch of the

size of a proton (ca. 10−15m) would grow to the size ten times greater than the Sun.
So, what is the real situation today? A good description is given by Brandenberger

(1999):

At the present time there are many realizations of potential-driven inflation, but there
is no canonical theory.

Linde (1994) | one of the main actors in the �eld | puts it a bit di�erently, but
very interestingly:

The first models of inflation were formulated in the context of the big bang theory.
Their success in solving internal problems of this theory apparently removed the last
doubts concerning the big bang cosmology. It remained almost unnoticed that during
the last ten years inflationary theory changed considerably. It has broken an umbilical
cord connecting it with the old big bang theory, and acquired an independent life of
its own. For the practical purposes of describing the observable part of our Universe
one may still speak about the big bang, just as one can still use Newtonian gravity
theory to describe the Solar system with very high precision. However, if one tries to
understand the beginning of the Universe, or its end, or its global structure, then some
of the notions of the big bang theory become inadequate.

The question now is, did the progress seen in building inationary models bring any

new checkable results, in addition to the solutions of the atness or monopole problems?

The answer is de�nitely yes, and in fact these results allow us to point to the `more

promising' models of ination. In addition to internal coherence and links to high

energy physics, the key factor here is the prediction of the uctuations of density and

thus uctuations of the CMB.
Guth and Kaiser (2005) explain:

A third major prediction of inflationary cosmology is that there should be tiny departures
from this strict large-scale smoothness, and that these ripples (or “perturbations”)
should have a characteristic spectrum. Today these ripples can be seen directly as

36The directly accessible physics experiments are orders of magnitude below Planck energy or mass.

Cosmic rays of a few orders of magnitude smaller are sometimes observed. But what happens at, or

above Planck energy is a pure matter of speculation. The frustration resulting from this weakness of our

access to experimental evidence, and thus forcing theories into speculative realms is very well described

by the title of collection of essays (Callender and Huggett, 2001), Physics meets philosophy at Planck

scale.
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fluctuations in the CMB. Although the ripples are believed to be responsible for the
grandest structures of the universe — galaxies, superclusters, and giant voids — in
inflationary models they arise from quantum fluctuations, usually important only on
atomic scales or smaller. The field φ that drives inflation, like all quantum fields,
undergoes quantum fluctuations in accord with the Heisenberg uncertainty principle.
During inflation these quantum fluctuations are stretched proportionally to a(t), rapidly
growing to macroscopic scales. The result: a set of nearly scale-invariant perturbations
extending over a huge range of wavelengths.

Despite the fact that there are so many possible models of ination and that the

predictions seem to be `comparable', we are moving towards a possibility of actually

checking which of the models might be close to be true. One can check, for example

Kinney et al. (2006), for such observational analysis of ination models. Detailed results

of WMAP probe with unprecedented accuracy of resolution of the perturbations may

be found in Bennett et al. (2003a); Spergel et al. (2003); Tegmark et al. (2003) and

recent review of Spergel et al. (2006).

In his recent review Linde (2005) lists the successes of the inationary approach:

Perturbations of metric produced during inflation are adiabatic. Inflationary pertur-
bations have nearly flat spectrum. In most inflationary models the spectral index
ns = 1± 0.2 (ns = 1 means totally flat) [. . . ]
Inflationary perturbations produce specific peaks in the spectrum of CMB radiation.
[. . . ]
For a simple pedagogical interpretation of this effect see e.g. Dodelson (2003); a detailed
theoretical description can be found in Mukhanov (2004).)

In another review article on the predictions of ination Mukhanov (2003) sumarizes:

The main lesson we learned from the general theory of inflationary perturbations is
that despite a multitude of various inflationary scenarios, the spectra of perturbations in
the simple models of inflation, that is, models with minimal number of free parameters,
are very similar (namely, logarithmically dependent on scale), and in complete agreement
with earlier calculations. Contrary to an erroneous belief inflation does not predict the
scale-invariant, Harrison-Zeldovich spectrum. The spectral index should be in the range
of 0.92 < ns < 0.97. The physical reason for the deviation of the spectrum from the
scale invariance is the necessity of having a graceful exit from inflation. Can one avoid
this prediction of inflation? In principle yes, but only by spoiling the most predictive
model, namely, simple inflationary model (not be be confused with any one particular
scenario). To avoid the main prediction of inflation, i.e. a logarithmically dependent
spectrum, one has to introduce unjustified extra parameters and perform some fine
tuning. Of course, this diminishes to a large extent the predictivity of inflation and,
taken to extremes, one ‘can explain’ nearly any outcome of any measurement in this
way. The recent precise measurements of the CMB fluctuations, especially by WMAP,
seem to be in a very good agreement with the predictions of simple inflationary theory.
It is still too early to talk about a reliable detection of logarithmic deviations of the
spectrum from the flat one because the measurements are not yet sufficiently accurate.
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However, the progress in this direction is very impressive and future experiments should
be able to verify this very robust prediction of inflation.

Returning to inflationary cosmology, it is still too early to say that simple inflation
has been proved by observations. However, it seems that we are on the right track to
confirm the most dramatic prediction of inflationary cosmology that the structure of the
universe and hence our lives are due to quantum fluctuations.

Figure 7.11: WMAP (Wilkinson Microwave Anisotropy Probe) map of CMB anisotropy, from

NASA.gov. The map shows subtle di�erences of the temperature of the CMB radiation. Dark

blue colour corresponds to di�erence of −200µK, red to +200µK from the average temperature

of 2.725K. Radiation due to our Galaxy and point sources has been subtracted from the data.

The origin of ination is not the only area of active search. Equally important (as
Mukhanov mentions) is how the ination ends.37 We do not observe ination today |
the Universe would be very bleak if this were the case | and the density of ordinary
matter, although small is not as diluted as the magnetic monopoles. Thus, an expla-
nation is needed how the matter reappeared. Also, during the inationary time the
temperature of the expanding Universe has dropped exponentially. And we remember
that the post inationary period is still characterised by relatively high temperatures.
To quote Guth and Kaiser (2005) again:

Another major area of research centers on the mechanisms by which inflation might
have ended within our observable universe. The means by which inflation ends have
major consequences for the subsequent history of our universe. For one thing, the

37Some sixteen years ago Poland, just out of the grips of the communist regime, has entered a period of

economic ination ranging from hundreds or percent upwards. The �nance minister, Leszek Balcerowicz,

who has managed to squash the ination within a couple of years is today a target of hatred of many

Poles and many prominent politicians. In economy it is much more important to know how the ination

ends. . .
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colossal expansion during inflation causes the temperature of the universe to plummet
nearly to zero, and dilutes the density of ordinary matter to negligible quantities. Some
mechanism must therefore convert the energy of the scalar field, φ, into a hot soup of
garden-variety matter.

There are many models of the mechanism converting the inaton �eld into ordinary
matter. Most of them use the theory that as the �eld eventually drops close to the
minimum value φ0 it begins to oscillate, and during these oscillations inaton parti-
cles decay into ordinary matter. More advanced theories use much more complicated
mechanisms such as pre-heating and others. For example, Linde (2005) describes the
situation as follows:

The theory of reheating of the universe after inflation is the most important application
of the quantum theory of particle creation, since almost all matter constituting
the universe was created during this process. At the stage of inflation all energy is
concentrated in a classical slowly moving inflaton field φ. Soon after the end of inflation
this field begins to oscillate near the minimum of its effective potential. Eventually it
produces many elementary particles, they interact with each other and come to a state
of thermal equilibrium with some temperature Tr. Early discussions of reheating of the
universe after inflation were based on the idea that the homogeneous inflaton field can
be represented as a collection of the particles of the field φ. Each of these particles
decayed independently. This process can be studied by the usual perturbative approach
to particle decay. Typically, it takes thousands of oscillations of the inflaton field until it
decays into usual elementary particles by this mechanism. More recently, however, it was
discovered that coherent field effects such as parametric resonance can lead to the decay
of the homogeneous field much faster than would have been predicted by perturbative
methods, within few dozen oscillations. These coherent effects produce high energy,
nonthermal fluctuations that could have significance for understanding developments in
the early universe, such as baryogenesis. This early stage of rapid nonperturbative decay
was called ‘preheating’.

To summarize let us come back to the chronology of events in the early Universe

and supplement the Table 7.1 by preceding events, listed in Table 7.2.

Time Temperature
(Energy)

State of the Universe

t = 10−43s T = 1033K The Planck time. Quantum limit of classical general
relativity After this time gravity can be considered to
be a classical background in which particles and �elds
evolve following quantum mechanics.

t = 10−35s T = 1028K Grand uni�cation spontaneous symmetry breaking

t = 10−34s T = 1027K Approximate start of ination

t = 10−32s T = 1027K Approximate start of reheating and end of ination

Table 7.2: Very early history of the Universe. All data are very approximate!

It seems that the inationary model of the Universe, after almost 25 years has moved

squarely into the range of details checking and �ne tuning. Of course, there is some
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basic discussion there, especially in the microscopic, high energy basics of the ination.

For example, the chaotic ination sometimes needs energy densities higher than Planck

energy density. And, as most elementary particle physicists would con�rm, if we know

very little about the TeV energy range, we only guess what happens near Planck energy

MPl, and we do not have any knowledge about what happens above MPl. But, judging

by the reception of the ination model, the job looks as if basically done.

There are still opponents of the inationary model. For example Mo�at (2002, 2003,

2005) o�ers, as an alternative, explanation based on a variable speed of light38. The

basic mechanism is similar to that proposed by Kostelecky | i.e. breaking of Lorentz

invariance in the very early universe. But by and large, the inationary picture is See page 241

accepted as true by most astrophysicists. Can anything be done to improve it? Is it

necessary?

38Mo�at proposes quite complete non-mainstream physical theories, such as modi�ed Scalar-Tensor-

Vector Gravity (STVG) theory that contains Einstein's general relativity in a well-de�ned limit (Mo�at,

2006c,b) or inhomogeneous cosmology describing a spacetime without symmetry (Mo�at, 2006a).



Draft, January 2, 2008 442 Chapter 7. Surprising Universe

7.5 Faster and faster

Enter the incredibly unexpected and surprising universe of Metathrone.
3D Gamers: Metathrone Project Info39

If one should think that the idea of inflation is questionable, based on sec-
ond hand evidence (and there are many critics of the idea, although mainly outside

the �eld of cosmology), then the turn of events after 1998, after publications of Riess
et al. (1998); Riess et al. (2001) and Perlmutter et al. (1999, 1997) is even more bizarre.
It seems that the Universe is not slowing its expansion (as may be expected in normal
gravitational conditions of matter and energy) but accelerates! Not (yet) in the range of
acceleration during the inationary era but something seems to push the Universe apart.
Despite the unexpectedness of the discovery it has gained acceptance very quickly. In
the words of Sean Carroll (Carroll, 2004):

After the original supernova results were announced in 1998, cosmologists converted
rather quickly from skepticism about universal acceleration to a tentative accep-
tance, which has grown substantially stronger with time. The primary reason for this
sudden conversion has been the convergence of several complementary lines of evidence
in favour of a concordance model; foremost among the relevant observations are the
anisotropy spectrum of the cosmic microwave background and the power spectrum of
large-scale structure, but a number of other methods have yielded consistent answers.

The accelerated expansion of the Universe is attributed (by most physicists) to the
resurrected cosmological constant Λ (see Equation 7.2). This time, Λ is used notPage 408

just to counterbalance the gravitational e�ects to provide a stationary Universe, but to
make the Universe expand faster and faster. The discoveries of 1998 were somewhat
unexpected, but in fact the cosmological constant has been revived much earlier. A
good account of this is given by Krauss and Turner (1995) (see also Krauss (1997)),
who explain the problems connected to the apparent age of the Universe as follows:

Perhaps the most pressing piece of data mentioned above which motivates a reconsid-
eration of the cosmological constant involves the present estimate of the age of the
Universe. The expansion age of the Universe (the extrapolated time back to the bang)
must necessarily be greater than the age of any object within it. Without a cosmo-
logical constant, the expansion age is 2/3H−1 for a flat (critical density) Universe and
H−1 for an empty Universe. While the present expansion rate (i.e., Hubble constant
H) is still not known with precision, a variety of techniques are converging on a value
in the range 80 ± 5 kms−1Mpc−1; this received important support from the Hubble
Space Telescope measurement of the distance to a Virgo Cluster galaxy using Cepheid
variable stars which yielded a value of H0 = 80± 17 kms−1Mpc−1. The expansion age
for a Hubble constant of 80 kms−1Mpc−1 is 8.2Gyr40 for the theoretically favoured flat
Universe. Even taking a conservative lower bound to the fraction of critical density in
matter, 0.2, leads to an expansion age of only 10.4Gyr.

39http://www.3dgamers.com/games/metathrone/
40Gyr = billion of years.

http://www.3dgamers.com/games/metathrone/
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Therein lies the problem; the ages of the oldest globular clusters are estimated to be
16± 3Gyr, and it is likely that a Gyr or so elapsed before the formation of these stars.
The globular-cluster age estimate receives support from other methods. For example,
studies of the cooling of white-dwarf stars in the disk of galaxy leads to a disk age of
9.3± 2Gyr (the disk is believed to be considerably younger than the galaxy).

The introduction of Λ results in the change of the formula for the age of the Universe.

If the expansion is accelerating, then the Hubble constant would have been smaller in the

past. Using the same today's value of H0, and the energy density due to Λ, ΩΛ = 0.841

Krauss has estimated the age of the Universe at 13.2 Gyr, in much better agreement

with the observations. This was before the new data based on Supernova observations.

Again we see that the ground for the revival of Λ has been prepared in advance to some

extent, which may explain the relative ease of the acceptance.

The supernova observations have established the cosmological constant as the dom-

inant element of our Universe with very signi�cant probability. It has even got a very

fancy name: Dark Energy. The name has got into imagination of at least some of pop-

ular press and its readers. Is it because of connotations with the Star Wars movies?

In February 2006 a large Polish newspaper run a short note `Universe without Dark
Energy '42 in its science section referring to a publication of Mena et al. (2006). I was

sincerely surprised by the amount of discussion on the internet forum that this note has

caused. It was as if the subject was some political quarrel! Judging by the posts, prac-

tically no-one has bothered to check the original paper (although with Google Scholar

it took some 30 seconds to accomplish). Reading the opening sections and conclusions

would have softened the newspaper message, which claimed a de�nite end to earlier

theories. The authors are much more modest. Second, most of the commentators were

misled by the `dark energy', `dark matter' terms. This is not surprising: dark energy

is a classical meme : it is now irreplaceable even if misleading. Many of the intense

streams of comments were concentrated on the `but matter is equivalent to energy, so

what is the di�erence anyway?' theme.
The fact that `dark energy' is not the best name has been aptly summed by Carroll

(2004):

‘Dark energy ’ is not, strictly speaking, the most descriptive name for this substance;
lots of things are dark, and everything has energy. The feature which distinguishes dark
energy from ordinary matter is not the energy but the pressure, so ‘dark pressure’ would
be a better term. However, it is not the existence of the pressure, but the fact that it
is negative — tension rather than ordinary pressure — that drives the acceleration of
the universe, so ‘dark tension’ would be better yet. And we would have detected it long
ago if it had collected into potential wells rather than being smoothly distributed, so
‘smooth tension’ would be the best term of all, not to mention sexier.

But as with the Big Bang, the name has stuck.

41i.e. 80% of the Universe energy density due to the cosmological costant! Current best estimate is

ΩΛ = 0.7.
42http://serwisy.gazeta.pl/nauka/1,34148,3178280.html

http://serwisy.gazeta.pl/nauka/1,34148,3178280.html
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The reader interested in an in-depth, yet accessible presentation of the reasoning

and tools used in the discovery of the accelerated Universe should turn to the SNAP

probe presentation (http://online.itp.ucsb.edu/online/cmb02/linder/).

Figure 7.12: Comparison of the latest observational measurements of the temperature uctua-

tions in the CMB with several theoretical models. Three of the models (cosmic strings, open

universe and inationary model without Dark Energy (Λ), are now de�nitively ruled out. The

temperature pattern on the sky is expanded in multipoles (i.e., spherical harmonics), and the

intensity is plotted as a function of the multipole number `. Roughly speaking, each multipole

` corresponds to ripples with an angular wavelength of 360◦/`. Note the discrepancy for the

quadrupole (` = 2), where predictions seem to be much larger than the observed value.

What it the current best estimate of the composition of the Universe, taking into

account the CMB and supernova observations? The current `mainstream' model has

been given the name ΛCDM.43 Its agreement with most of the observations is very

good, but the conclusions are quite far from what could be imagined, say, forty years

43Where Λ stands for non-zero cosmological constant and CDM denotes Cold Dark Matter

http://online.itp.ucsb.edu/online/cmb02/linder/
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ago. Figure 7.13 shows the relative constituents of the energy-matter density of Universe

at present time. Forty years ago there was very little evidence for Dark Matter, and no

evidence for Dark Energy at all. Dark Matter | i.e. matter than can not be observed by

`normal' means, but found necessary to explain some observed features has a relatively

long history. The �rst to provide evidence and infer the existence of a phenomenon that

has come to be called `dark matter' was Swiss astrophysicist Fritz Zwicky, in 1933. He

has applied classical mechanics principles to the observed movement of stars in Coma

cluster of galaxies and obtained evidence of unseen mass. Galactic rotation curves,

which illustrate the velocity of rotation versus the distance from the galactic centre,

cannot be explained by only the visible matter. Assuming that the visible material

makes up only a small part of the cluster is the most straightforward way of accounting

for this. Galaxies show signs of being composed largely of a roughly spherical halo of

dark matter with the visible matter concentrated in a disc at the centre. Today, the

status of dark matter is interesting: most astronomers believe in its existence, from both

local (galaxy-sized) and cosmological arguments, but there are many, many hypotheses

as to the actual composition and constituents of dark matter. Among the proposed

candidates for dark matter | and the key here is the `proposed' status | are:

Unobserved ‘normal’ (i.e. baryonic) matter. This should constitute about 90% of baryons

in the Universe, the rest is the visible matter of stars. The existence of the dark

maryonic matter is rather well con�rmed in rich galactic clusters, where it takes

the form of hot gas within a cluster. But these clusters contain only a few percent

of all the observed baryons, so where is the rest of the baryons? Is it in intergalac-

tic gas? In small dark objects? In MACHO's (Massive Astrophysical Compact

Halo Objects) | dark objects too small to emit light?44

Neutrinos. There is some discussion regarding the role of the neutrinos. While to

obtain the agreement with experiment it can not be greater than 5%, there are

numerous estimates varying between 0.1% and more.

Axions, which are a very light hypothetical particles, with mass in the range of 10−6eV,

weakly interacting with photons.

Heavy supersymmetry particles, such as neutralino, for which the predicted mass is

in the range of hundreds GeV (i.e. 1016 times more massive then the axion!).

There are more candidates, but as we can see, the astrophysicists are literally groping

in the dark. For examples of discussions see Bertone et al. (2005); Bekenstein (2004);

Carroll (2005b,a); Cohen (2003); Ellis (2003); Lineweaver (1999); Milgrom (1994); Os-

triker and Steinhardt (2003); Seljak (2001); Turner (2002) and many others. . . Other

interesting resources on dark matter include, for example, the Dark Matter Portal of

Fr�ed�eric Mayet (http://lpsc.in2p3.fr/mayet/dm.html).

44Recently there has been some direct evidence for such objects, but what is their number remains an

open issue.

http://lpsc.in2p3.fr/mayet/dm.html
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The `classical' Dark Matter, as explanation of the rotational properties of galaxies

does have a contender, in the form of Modi�ed Newtonian Dynamics (MOND), see

Milgrom (1983, 1994, 2001, 2002) or Sanders and McGaugh (2002); Sanders (2005).

This is a topic worthy longer discussion, alas, there is no time and place now.

Figure 7.13: Composition of the Universe in the ΛCDM model. Source: NASA, http://www.
lbl.gov/Science-Articles/Archive/Phys-HST-supernovae-sidebar1.html

The comparison of results of the measurements of CMB anisotropy with the pre-
dictions of the inationary ΛCDM model presented in Figure 7.12 looks impressive. If
everything is as good as it looks, what are the cosmologists doing today? Few people
notice that for the lowest multipoles (` = 2, 4) there is signi�cant discrepancy. This
seems to be no artefact. For example Copi et al. (2006b,a, 2004) point out to nonstatis-
tical correlations of the observed data at lowest multipoles. In particular, they show that the
planes of the quadrupole and the octopole are unexpectedly aligned. Moreover, the combined
quadrupole plus octopole is surprisingly aligned with the geometry and direction of motion of
the solar system: the plane they define is perpendicular to the ecliptic plane and to the plane
defined by the dipole direction, and the ecliptic plane carefully separates stronger from weaker
extrema. The conclusion of the article (Copi et al., 2006b) is especially interesting:

The astute reader will note that we have persisted in our failure to offer either a
satisfactory possible explanation for an ecliptic-correlated foreground45 (especially
one apparently concentrated in a plane perpendicular to the ecliptic) or a predictionPage 444

that can be convincingly tested. Both are failings which we intend to remedy in the near

45See remark on the ` = 2 discrepancy to Figure 7.12

http://www.lbl.gov/Science-Articles/Archive/Phys-HST-supernovae-sidebar1.html
http://www.lbl.gov/Science-Articles/Archive/Phys-HST-supernovae-sidebar1.html
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future. However, we note that should indeed the low-` microwave background prove
to be dominated by a new foreground, this would imply that, barring an unexpected
foreground alignment, the power in the underlying cosmic contribution at these multi-
poles is likely to be suppressed below even the currently observed too-low value. It is
at least amusing to note that the scale on which the lack of large scale correlations is
then manifested is comparable to the horizon scale at the onset of cosmic acceleration.
At the least this profound lack of large-angle correlations would further challenge
generic inflationary models, maybe even general relativity on the scale of the
observable universe will need to be reconsidered.

Figure 7.14: Flow of reasoning in derivation why is the Universe accelerating (after Carroll

(2004); Bean et al. (2005)). Note that there are quite a few open issues left. . .

There are still more such serious issues with the current state of our understanding
of the Universe. Carroll (2004) aptly sums the situation:

Recent astronomical observations have provided strong evidence that we live in an accel-
erating universe. By itself, acceleration is easy to understand in the context of general
relativity and quantum field theory; however, the very small but nonzero energy scale
seemingly implied by the observations is completely perplexing. In trying to understand
the universe in which we apparently live, we are faced with a problem, a puzzle, and
a scandal:

The cosmological constant problem: why is the energy of the vacuum so much
smaller than we estimate it should be?

The dark energy puzzle: what is the nature of the smoothly-distributed, persistent
energy density which appears to dominate the universe?
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The coincidence scandal: why is the dark energy density approximately equal to the
matter density today?]

Any one of these issues would represent a serious challenge to physicists and as-
tronomers; taken together, they serve to remind us how far away we are from un-
derstanding one of the most basic features of the universe.

Lets start with the puzzle. It would be great to be able to compare the observed ΩΛ

and the density of dark energy with some theoretical predictions. While we are not sure
about the nature of dark energy we could at least look for some likely candidates. One
of the most natural candidates is the quantum zero-point energy also called vacuum
energy. In fact it is an almost perfect candidate: its density is constant, it would
have negative pressure, it is predicted by quantum theory. Zero-point energy the lowest
possible energy that a quantum mechanical physical system may possess; it is the energy
of the ground state of the system. All quantum mechanical systems have a zero point
energy. To quote again from Carroll (2004)

As we know from elementary quantum mechanics, the ground-state or zero-point energy
of an harmonic oscillator with potential V (x) = 1

2ω
2x2 is E0 = 1

2~ω. Thus, each mode
of a quantum field contributes to the vacuum energy, and the net result should be an
integral over all of the modes. Unfortunately this integral diverges, so the vacuum energy
appears to be infinite. However, the infinity arises from the contribution of modes with
very small wavelengths; perhaps it was a mistake to include such modes, since we don’t
really know what might happen at such scales. To account for our ignorance, we could
introduce a cutoff energy, above which we ignore any potential contributions, and hope
that a more complete theory will eventually provide a physical justification for doing so.
If this cutoff is at the Planck scale, we recover the estimate

ρguessvacuum ∼M4
Pl ∼ (1018GeV)4 ∼ 10112erg/cm3

However, the observed value of the dark energy density ρobsvacuum is much, much lower

ρobsvacuum ∼ (10−3eV)4 ∼ 10−8erg/cm3, (7.10)

so that

ρobsvacuum ∼ 10−120ρguessvacuum (7.11)

The discrepancy in unimaginably huge. 120 orders of magnitude di�erence is so large,
that in almost any branch of science it would be considered an absurd number. And
a theory that di�ers from experimental result by such a factor would be thrown away
immediately. So, what is the nature of the problem here? How can we solve it? At
the moment, there is no accepted solution. Cohn (1998) provides the following list of
possible explanation directions:

There are several arguments, none as yet compelling, setting Λ to zero or a very small
number. These include:

• Set the cosmological constant to its current value by fiat.
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• Say that there are many possible universes with different values of Λ, but that
any measurement we make has as the prior condition that we exist. This prior
condition can be restated in terms of galaxies existing or other objects. Some
references for these anthropic arguments are given in CPT. Recent developments
include astrophysical versions producing ΩΛ of similar size to ΩM and refinements
of the probability measure for eternal inflation.

• Wormholes (nucleation of baby universes) might provide a dynamical potential
which forces Λ to zero, although the arguments haven’t worked so far.

• Some symmetry that isn’t obvious might set Λ to zero, for example a string
theoretic symmetry of the partition function or a symmetry of some spacetime
related to our spacetime via stringy symmetries. Some modification, perhaps a
small breaking of these symmetries, would be necessary to produce a small Λ 6= 0.

• A small value of Λ may appear from the ratio of two numbers of very different
size (hierarchy) already present in particle physics. An example of a small ratio is
the mass of a very light particle over the Planck mass, nonperturbative effects in
particle theory also can provide small numbers of the form e−const/α with α the
coupling.

• The vacuum energy predicted above was found by counting the degrees of freedom
in the context of field theory. In this case the number of modes is determined by
the volume of space. This is in contrast to string theory, a candidate for combining
gravity and quantum field theory, where the holographic hypothesis states that a
volume can be described by properties of its boundary. The number of degrees
of freedom is then limited by the area of the boundary, not the volume of the
space contained within. An estimate of ρvac via a similar argument (using limits
on black hole entropy to reduce the number of degrees of freedom) has also been
given.

Padmanabhan (2003) presents a very extended review of the approaches to the
cosmological constant. Another, more recent review is Straumann (2006). But with
so many proposed yet mutually exclusive explanations we can immediately see that
the physicists are indeed in a deep problem. And this leads immediately to the puzzle
that Carroll mentions: we simply do not know what is the nature of the dark energy.
Perhaps the coming years would bring the solution to this puzzle. I would be very much
interested to see it. Although I have read quite a lot of `hard SF' novels I have not
found anything even approaching the deepness of the mystery that our own Universe
has provided us with. Dark matter that is �ve times more numerous than what we
know of and are able to observe; even more enigmatical dark energy that constitutes
70% of the Universe | it is as if the dream of a very imaginative writer would come true.
Understanding these mysteries is one of the tasks that are deemed the most challenging.
The key is as much in the hands of the theoreticians as in the new observations, pushing
the limits of accuracy much further. And because they do require a lot of funding, no
wonder that the prominent acientists are drawing attention to the importance of the
issues. For example Steven Weinberg has published an appeal:

Importance of Discovering the Nature of Dark Energy The task of discovering
the nature of the dark energy is of obvious importance to cosmology. The apparent
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acceleration of the expansion of the universe is attributed to a dark energy residing
in space itself, which also balances the kinetic energy of the expansion so as to give
the universe zero spatial curvature, as observed in mapping fluctuations in the cosmic
microwave radiation background. If the dark energy is a constant (the so-called cos-
mological constant) or growing then the fate of the universe is sealed: it will continue
expanding forever. If the dark energy is decreasing (as in some quintessence theories)
then it was even more important in the past, and may have played a part in limiting
the formation of the largest gravitationally bound structures. In any case, through its
effect on the expansion of the universe, the dark energy affects all observations of as-
tronomical objects at large red-shift. The problem of the dark energy is also central to
today’s physics. Our best attempts at a fundamental theory suggest the presence of
a cosmological constant that is many (perhaps as many as 120) orders of magnitude
greater than the upper bound set by astronomical observations. For decades the prob-
lem seemed to be to find a symmetry or cancellation mechanism of some sort that would
make the cosmological constant precisely zero. The single greatest failure of our most
promising theories (such as string theories) is that they do not satisfy this requirement.
Now that a dark energy has apparently been found, the problem is even harder: not just
to explain why the dark energy is so tiny compared with what would have been expected
theoretically, but also to explain why it happens to be of the same order of magnitude
(roughly twice) as the energy in matter at the present moment in the history of the
universe. It is difficult for physicists to attack this problem without knowing just what
it is that needs to be explained (a cosmological constant or a dark energy that changes
with time as the universe evolves) and for this they must rely on new observations by
astronomers. Until it is solved, the problem of the dark energy will be a roadblock on
our path to a comprehensive fundamental physical theory46.

7.5.1 Questions: coincidences, multipoles, quintessence and other ideas

Last, but not least, we come back to the `coincidence scandal' | term coined by Carroll.

The ratio of 3 : 7 of the matter (including dark matter) and dark energy could be

treated as just one of Nature's numbers. But if we recall that the ratio evolves rather

signi�cantly in time (with the density of dark energy being approximately constant and

the matter-energy density decreasing as a3 as the Universe expands), such situation

becomes somewhat suspicious. As can be seen from Figure 7.15 there is (on the loga-

rithmic scale) just a very brief period when the two densities are comparable. And this

is exactly the period of our existence, give or take a few billions of years. Carroll (2004)

states: `at early times the vacuum energy was negligible in comparison to matter and radia-
tion, while at late times matter and radiation are negligible. There is only a brief epoch of the
universe’s history during which it would be possible to witness the transition from domination
by one type of component to another.' As Carroll notes, if we look at it on the logarithmic

scale | natural for fast expansion | there is maybe 1% chance that an observer living

in randomly selected logarithmic expansion interval (which correlates with time epoch)

46 http://supernova.lbl.gov/~evlinder/weinberg.pdf

http://supernova.lbl.gov/~evlinder/weinberg.pdf
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Figure 7.15: Density parameters Ωi for radiation (R), matter (M), and vacuum (Λ), as a function
of the scale factor a, in a universe with ΩΛ = 0.7, ΩM0 = 0.3, ΩR0 = 5× 10−5 (index 0 denotes

values at present time). Scale factors corresponding to the Planck era, electroweak symmetry

breaking (EW), and Big Bang nucleosynthesis (BBN) are indicated, as well as the present day.

(Carroll, 2004)

would see the ratio between ΩΛ and ΩM between 0.1 and 10. This shows that, for some

reason, we are in a priviledged position. The question `did we just get lucky?'47 remains

unanswered, although some answers are based on the `quintessence ' idea: dark energy

that has some real dynamical mechanisms, that would allow it to follow the matter

density and thus avoid the scandalous coincidence. There are quite a few problems

with this approach, as we will shortly see. Again the reason I am bringing this subject

here is not to give a complete coverage, but to show, how much the scientists do not

know, how much is there to discover, check, correct.
In his review of Dark Energy Cosmology, Baccigalupi (2003) provides some ideas

47Title of one of the sections in Carroll (2004)
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regarding the quintessence.

The dark energy is often associated to the concept of a new force. It can indeed conve-
niently described as a scalar field, the minimal theoretical generalization of a constant
vacuum energy, known as Quintessence. The latter can be coherently described in the
framework of the linear cosmological perturbation theory, admitting an umperturbed
background evolution and spatial fluctuations.

We recognize the concepts that have led to the ination: scalar �eld, uctuations,
accelerated expansion. But there is a huge di�erence in the strength of his �eld. While
in the early Universe regime of ination we were talking about �eld energies comparable
to Planck's mass, here most of the quintessence models put the energies on the scale
of 10−33eV, absurdly small in the modern elementary particle theories. Simply put, we
do not know what Dark Energy is. Kirshner (2003) concludes his report in prestigious
Science, by stating that

Theorists may be wary of the coincidence between the present and the onset of cosmic
acceleration. Observers are delighted by this coincidence and by the coincidence between
our own brief lives and the instant when technology has made these measurements
possible.

The range of explanations covers a very wide range of proposals, where it is almost
impossible to pick the realistic from crazy. The solutions range from Variable Speed of
Light proposals of Bassett et al. (2000)48, to ideas of Cohen (2003), who explains his
view in a language that I �nd somewhat cryptic:

Our basic hypothesis is then that ordinary matter, dark matter and dark energy are
made of the same stuff. Particles whose world lines are geodesics inside the null cone
in the manifold along the imaginary direction of t would be considered ordinary matter.
Particles whose world lines are geodesics inside any of the null cones in the manifolds
along the imaginary directions of x, y and z would be considered dark matter. Particles
whose world lines are geodesics outside any of the null cones of the four manifolds would
be considered dark energy.

As a result, Cohen obtains simple, closed expressions for the density ratios: ΩM =

1/(1 + 3/
√

2) ≈ 0.32 and ΩΛ = 1/(1 +
√

2/3) ≈ 0.68. The �t to the currently accepted

data for present day Universe is astonishing. Perhaps there is deep physics there. But

Cohen's result seems to be time independent. So how can we use it for times earlier

than today, where the ratios of ΩΛ,ΩM ,ΩR were di�erent (see Figure 7.15)? Is it pure

numerology? I'd lean to such a conclusion, but who knows? For more sources and

recent reviews on Dark Energy see also Sahni and Starobinsky (2000); Sahni (2002);

Sahni and Starobinsky (2006), the latter showing a comprehensible list of possible

solutions of the puzzle, and the need for more detailed observations. One thing should

be mentioned here: the list of literature related to accelerating Universe in the recent

48I must admit that I do not understand this work, but judging by appearances, it has been published

in a renowned journal, cited (by August 2006) over 100 times, so perhaps it is possible to deny Einstein's

relativity theories (both!) and still be respectable scientist?
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years is enormous, so, even though this chapter is probably the most concrete and

elaborate, it is far from being even a �rst approximation to the broadness of the subject.
But to end the section on a more positive note, that we are not in a realm of pure

speculations without any experimental or observational checks, let me �nish with a
quote from Bean et al. (2005):

Collectively, quintessence potentials predict that the Dark Energy density dynamically
evolve in time, in contrast to the cosmological constant. Similar to a cosmological con-
stant, however, the scalar field is expected to have no significant density perturbations
within the causal horizon, so that they contribute little to the evolution of the clustering
of matter in large-scale structure.

The reconstruction of an effective quintessence potential can be determined by mea-
surement of red-shift evolution of kinematical observables (those sensitive to the bulk
expansion of the Universe): the luminosity distance, measured by supernovae; the an-
gular diameter of the sound horizon at baryon-photon decoupling, measured today by
the CMB acoustic peaks, and at earlier epochs via acoustic baryon oscillations in large
scale structure correlations; and the linear growth factor inferred from large scale sur-
veys, ratios of weak lensing observables, and cross correlation of CMB/ galaxy and weak
lensing / galaxy power spectra.

The work continues, with recent discoveries getting data on the acceleration at times

as far back as 8 to 10 billion years ago, when the �rst stars and galaxies have formed.

This strongly supports the `straightforward' Dark Energy as cosmological constant, a

model in which the energy of the vacuum that does not dilute itself as the universe

expands, driving an exponential growth of the universe. What is also interesting in the

report (Riess et al., 2007), is that the supernovae of so early period of the Universe

(when the general composition of galaxies was very di�erent), seem to follow the same

cycle, have roughly the same brightness and relative abundances of elements as the

much younger type Ia Supernovae studied so far.

To come back to Kirshner (2003), the good point is that `We are incredibly lucky to
be working just at the moment when the pieces of the cosmic jigsaw puzzle are falling into
place, locking together, and revealing the outline of the pieces yet to come. Dark energy is
the biggest missing piece and a place where astronomical observations point to a gaping hole
in present knowledge of fundamental physics.' To which I, an interested outside observer,

wholeheartedly subscribe.
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7.6 Anthropic principle and other universes

Many people are aware of the weak and strong anthropic principle.
The weak one says, basically, that is was jolly amazing of the universe

to be constructed in such a way that humans could evolve
to a point where they make a living in, for example, universities,

while the strong one says that, on the contrary,
the whole point of the universe was that humans should not only work in universities

but also write for huge sums books with words like ’Cosmic’ and ’Chaos’ in the titles.49

Terry Pratchett

What is exactly the anthropic principle? It is an attempt to explain the ob-
served fact that the fundamental constants of physics and chemistry are just

right or �ne-tuned to allow the universe and life at we know it to exist. Wikipedia
gives the following de�nition:

The Anthropic Principle represents an effort by physicists to explain the structure of
the universe from the fact that the forces are coincidentally balanced in a manner that
constrains it to evolve to a point that it produces carbon-based-life at a specific time
and location in history the universe, in dramatic contrast to what is indicated by any
practical model of turbulance driven structuring that should result from our big bang.

The �rst known occurrence of the phrase `anthropic principle' appears to have been

by the theoretical astrophysicist Brandon Carter, in his contribution to a 1973 sym-

posium titled `Confrontation of Cosmological Theories with Observational Data '
honouring Copernicus's 500th birthday. His article (Carter, 1974) articulated the an-

thropic principle as an ecological correction of what has come to be called the Coper-

nican Cosmological Principle.Pages 415–419

Following the Wikipedia again, there are two main versions of the anthropic princi-

ple:

Weak anthropic principle (WAP): `The observed values of all physical and cosmolog-

ical quantities are not equally probable but they take on values restricted by the

requirement that there exist sites where carbon-based life can evolve and by the

requirements that the Universe be old enough for it to have already done so.'50

Strong anthropic principle (SAP): The version of SAP held by Barrow and Tipler is

that `The Universe must have those properties which allow life to develop within

it at some stage in its history'. Another version of `the strong anthropic principle

is simply the classic design argument dressed in the modern garb of cosmology. It

implies that the production of life is part of the intent of the universe, with the

laws of nature and their fundamental constants set to ensure the development of

life as we know it'.
49And they are correct. The universe clearly operates for the benefit of humanity. This can be readily seen

from the way the sun comes up in the morning, when people are ready to start the day. (Hogfather)
50De�ned by John D. Barrow and Frank J. Tipler, The Anthropic Cosmological Principle, 1986
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The reference to Barrow and Tipler (1988) points to probably the most widely known

book on the anthropic principle. As I have not read the book, I can hardly comment

on the points it makes.51 In what follows I'll concentrate on the comments related

to the astrophysical part of the Principle (there are rather lengthy discussions of the

biological and even sociological consequences). I note here with interest the language

used in de�nitions of WAP: `values of all physical and cosmological quantities are not equally
probable'. This raises a question: how is `probability' de�ned for a one-time event such

as our singular Universe? Probability in what sense? Or, perhaps, we are appealing not

to mathematical de�nitions, but to our in-built aesthetical (or is it political?) feelings

that all values should have been given `equal chances'?

What are the actual positions on the anthropic principle within the cosmologist

community? The answer is | it depends. But the notion is today seriously discussed.
One of the most curious predictions of the chaotic ination scenario is that the

Universe we know may be just a fragment of enormously larger Super-Universe. For
all we know we might be surrounded by still exponentially growing sea of expanding
space, where the scalar potential φ has not reached the minimum and the ination
continues. This `sea' expands exponentially, separating the `bubbles' (or if one prefers
more poetic imagery, islands): regions where the ination has already ended. The
separating spaces still expand exponentially, cutting o� any communication between
islands. This scenario, brought up by Linde (2002) allows that the islands might exit
the inationary era in slightly di�erent states, resulting in very di�erent properties:

This means that even if we will be able to find the final theory of everything, we will
be unable to uniquely determine properties of elementary particles in our universe; the
universe may consist of different exponentially large domains where the properties of
elementary particles may be different. This is an important step towards the justification
of the anthropic principle. A further step can be made if one takes into account quantum
fluctuations produced during inflation.

These `parallel' Universes, unreachable and unobservable in any normal way might

be well di�erent from ours. Which begs a question: why is our Universe as it is?

And for some researchers the real meaning of this question is a choice `are we, more

or less accidental, results of some possibilities of our Universe?' or `is our Universe in

such a state because we are here, today?'. Perhaps the question should be reversed,

concentrating on spectrum of possible Universes in which we could have appeared?
Hogan (2000) has titled his review, published in one of the best renowned physics

journals,Why the universe is just so. The question that has been considered de�nitely
unscienti�c has now regained much of the status. The name Anthropic Principle has
stopped being a total taboo among scientists. For many it is still a very suspicious and
controversial topic, for example Banks et al. (2001) quotes Weinberg as saying that

[. . . ] a physicist talking about the anthropic principle runs the same risk as a cleric
talking about pornography: no matter how much you say you’re against it, some people
will think you’re a little too interested.

51Judging by the history of further publications and the table of contents, I should add this to my

purchase list. . .
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But there are others who openly defend the status of the anthropic principle, for
example Linde (2002):

Until very recently, many scientists were ashamed of using the anthropic principle
in their research. A typical attitude was expressed in the book ‘The Early Universe’ by
Kolb and Turner: ‘It is unclear to one of the authors how a concept as lame as the
“anthropic idea” was ever elevated to the status of a principle’.

This critical attitude is quite healthy. It is much better to find a simple physical
resolution of the problem rather that speculate that we can live only in the universes
where the problem does not exist. There is always a risk that the anthropic principle
does not cure the problem, but acts like a painkiller.

On the other hand, this principle can help us to understand that some of the most
complicated and fundamental problems may become nearly trivial if one looks at them
from a different perspective. Instead of denying the anthropic principle or uncriti-
cally embracing it, one should take a more patient approach and check whether
it is really helpful or not in each particular case.

Carroll (2004) describes the attitude toward anthropic principle as follows:

The idea of understanding the vacuum energy as a consequence of environmental se-
lection often goes under the name of the ‘anthropic principle’, and has an unsavory
reputation in some circles. There are many bad reasons to be skeptical of this ap-
proach, and at least one good reason. The bad reasons generally centre around the
idea that it is somehow an abrogation of our scientific responsibilities to give up on
calculating something as fundamental as the vacuum energy, or that the existence of
many unseen domains in the universe is a metaphysical construct without any testable
consequences, and hence unscientific. The problem with these objections is that they
say nothing about whether environmental selection actually happens; they are only dec-
larations that we hope it doesn’t happen, or it would be difficult for us to prove once
and for all that it does. The good reason to be skeptical is that environmental selec-
tion only works under certain special circumstances, and we are far from understanding
whether those conditions hold in our universe. In particular, we need to show that there
can be a huge number of different domains with slightly different values of the vacuum
energy, and that the domains can be big enough that our entire observable universe is a
single domain, and that the possible variation of other physical quantities from domain
to domain is consistent with what we observe in ours.

To be able to speak about the anthropic principle at all, we must either admit that:

� we (the inhabitants of the Universe)52 were astonishingly lucky because the pa-

rameters of the Universe were tuned to such a precision to allow our existence,

which really begs the question who did tune them for our bene�t; or

52This opens another question: we know of just one `life family' | the one on Earth. And we know

of only one species intelligent enough to do scienti�c research on the Universe: us. The issue of `tuning

the parameters', if considered seriously, must take into account the conditions favourable to rise and

existence of humanity. But if there are somewhere some other intelligent life forms, was the Universe

tuned for them as well?
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� assume that our existence is quite normal and expected.

In some aspect the �rst proposition is easier to swallow for many: it brings back the

well known supernatural causes, with which our study of the Universe has started. On

the other hand, to understand that the constants of nature and the composition of the

Universe, and the dynamics of its development | all the factors that are crucial for our

existence | are `nothing special', it takes a great e�ort. One of the solutions is that

in fact, what we see around us is but one of multitude of multitudes of possible, nay,

existing Universes. That the conditions we observe are not necessary and unique ones,

but an example from an enormous palette available for the Multiverse. We have already

met such multiple Universe approach when discussing the Many Worlds interpretations

of Quantum Mechanics, but the worlds there did share the common physical laws and

parameters. A `real' Multiverse may be derived from the problems than string theorists

have, when they try to simplify the possible con�gurations of the variants of branes

and manifolds, to obtain our known physical laws that there are perhaps 10500 possible

con�gurations. This has became known as `string theory landscape', landscape of pos-

sible worlds (Greene, 1999). For a recent analysis of the state of string theory, which is

a very controversial branch of physics, see Chalmers (2007). Why is string theory con-

troversial? Because despite nearly forty years of gigantic e�ort by numerous physicists,

there are very few (some people say none) experimentally veri�able predictions that

string theory o�ers. It seems to hang in an universe of its own: di�cult but beautiful

mathematically, but unconnected to physical world, and therefore unfalsi�able.
To continue the analysis of Carroll (2004):

Recent work in string theory has lent some support to the idea that there are a wide
variety of possible vacuum states rather than a unique one [. . . ]

String theorists have been investigating novel ways to compactify extra dimensions, in
which crucial roles are played by branes and gauge fields. By taking different combi-
nations of extra-dimensional geometries, brane configurations, and gauge-field fluxes, it
seems plausible that a wide variety of states may be constructed, with different local
values of the vacuum energy and other physical parameters.

From the point of view of a four-dimensional observer, the compactifications that have
small values of the cosmological constant would appear to be exactly the states alluded
to in the previous section, where one begins with a supersymmetric state with a negative
vacuum energy, to which supersymmetry breaking adds just the right amount of positive
vacuum energy to give a small overall value. The necessary fine-tuning is accomplished
simply by imagining that there are many (more than 10100) such states, so that even
very unlikely things will sometimes occur.

When we couple these predictions with the chaotic, eternal ination, in which
post-inationary fragments of the Universe, accessible to observation (such as what
we call our Universe) are separated by ination regions, where continuously new post-
inationary regions are born, the picture becomes `palatable'. Because the initial con-
ditions are in the high energy, Planck regime, where the physical laws we know are
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probably no longer valid, the di�erent `Universes' might have di�erent properties. And
the fact that we observe fortuitous con�guration of physical constants that `allows our
existence' is a result that we `happen' to live in such part of the Multiverse. Now, is
this a scienti�c attitude or mythology? Let's turn again to Carroll:

Nevertheless, it seems extravagant to imagine a fantastic number of separate regions
of the universe, outside the boundary of what we can ever possibly observe, just so
that we may understand the value of the vacuum energy in our region. But again, this
doesn’t mean it isn’t true. To decide once and for all will be extremely difficult, and will
at the least require a much better understanding of how both string theory (or some
alternative) and inflation operate – an understanding that we will undoubtedly require
a great deal of experimental input to achieve.

On the other end of the spectrum, Kane et al. (2002) starts his paper The Beginning
of the End of the Anthropic Principle with the following bold statement

We argue that if string theory as an approach to the fundamental laws of nature is
correct, then there is almost no room for anthropic arguments in cosmology.

and concludes

We have argued that the usual anthropic arguments cannot be relevant to understanding
our world if string theory is the right approach to understanding the law(s) of nature
and the origins of the universe. Our arguments are predicated on this hypothesis. If the
type of unification found in string theory is not an appropriate description of nature,
then we are back to the beginning in trying to understand why the universe has been
kind enough to us to allow us to live here. If any parameters such as force strengths or
quark masses or the electron mass must be somehow adjustable and not fixed by the
theory in order to understand why the universe is ‘just so’, then string theory cannot
be correct. We discuss various ways consistent with string theory in which different
universes with different parameters could arise, so that the apparent ‘just so’ nature of
a number of parameters can be understood.

Perhaps there is more to anthropic principle. The original formulations were based

on a simple and unquestioned observation that we (the sentient observers, whose ex-

istence is based on carbon biochemistry, located on a small size planet, warmed by

a mid sized star. . . ) exist. But is it a place to revisit the questions of relationships

between the Universe as such and the possibility of mathematical description of its

properties? Could this property be a result of environmental selection as well? Linde

(2002) certainly suggests so.

My own attitude of `facts �rst' clearly calls for acceptance of some form of environ-

mental selection. Whether the `values of all physical and cosmological quantities' should be

`equally probable' depends on the de�nition of probability. When we take into account

that traditional de�nitions of probability clearly allow di�erent probability distribu-

tions for observers who have di�ering knowledge of the system it is sure that we are

in a privileged position. We know that carbon-based life is possible. At least here,
where `here' means the part of Multiverse we are able to observe. The big question
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becomes if this is the only Universe that exists? And, if we believe what I would call

meta-physical53 theories (such as the string theory landscape), if the various conditions

allow just `insigni�cantly di�erent variants' or really lead to fruitful environments. For

a thorough yet accessible review of the possible consequences of the string theory see

Susskind (2005).

Once we started talking about other universes it is worth to point to popular but very

entertaining works of Tegmark (2003a,b). He considers four possible sources (levels) of

separation for our own Universe54.

Level 1: regions beyond our cosmic horizon. Introducing this level Tegmark remarks

that:

`The farthest you can observe is the distance that light has been able to travel during
the 14 billion years since the big-bang expansion began. The most distant visible objects
are now about 4× 1026 meters away, and a sphere of this radius defines our observable
universe, also called our Hubble volume, our horizon volume or simply our universe.
Likewise, the universe of your above-mentioned twin is a sphere of the same size centered
over there, none of which we can see or have any causal contact with yet. This is the
simplest (but far from the only) example of parallel universes.'

For Tegmark this way of thinking of `other Universes' is the least controversial:

all it requires is assumption that the space is in�nite and the distribution of

matter is su�ciently uniform on large scales. The important thing is that is such

other Universes the laws of physics are the same (including the nature constants),

the only thing that varies are the locally accessible initial conditions. In my

opinion it would perhaps be a bit too strong to give those inaccessible parts of our

`bigger Universe' a separate status. But Tegmark gives a quite convincing physico-

psychological argument. Our observable Universe contains a �nite (although very

large) number of particles. They can be connected in a �nite (but exponentially

very large) number of con�gurations. If the space is in�nite then there must be

regions in which a particular con�guration is repeated. There should be a copy

(many near copies, in fact) of you, reading this book (or a slight variant of it).

Tegmark even gives estimates of how far such `copies' can be:

`A crude estimate suggests that the closest identical copy of you is about ∼ 101029
m

away. About ∼ 101091
m away, there should be a sphere of radius 100 light-years identical

to the one centered here, so all perceptions that we have during the next century will be
identical to those of our counterparts over there. About ∼ 1010115

m away, there should
be an entire Hubble volume identical to ours'.

Now, these are really, really large numbers. So large that some quite serious

mathematicians say that they do not exist, even in pure mathematical sense.

53In the sense of extending beyond the everyday physics and allowing other values of physical constants,

initial conditions etc.
54All quotes from Tegmark (2003a)
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Level 2: separate post-inflation bubbles. This level is directly related to the topics

discussed before in this Chapter. The Level 2 Multiverse is composed of an in-

�nite family of regions in the chaotic ination picture that have ended the in-

ationary phase. Because the starting and exit conditions can be very di�erent

for the di�erent bubbles, physical properties may vary much more than in the

Level 1 Multiverse. Basic equations would perhaps be the same, but physical

constants, particles and even the dimensionality55 might be di�erent. And while

`fundamental' level of equations would be similar, the changes in relative strength

of interactions, dimensionality or types of allowed particles would lead to very

di�erent Universes indeed. Tegmark states:

`Although the fundamental equations of physics are the same throughout the Level 2
multiverse, the approximate effective equations governing the low-energy world that we
observe will differ. For instance, moving from a three-dimensional to a four-dimensional
(non-compactified) space changes the observed gravitational force equation from an
inverse square law to an inverse cube law. Likewise, breaking the underlying symmetries
of particle physics differently will change the lineup of elementary particles and the
effective equations that describe them.'

A very interesting consequence of even assuming that Level 2 Universes are pos-

sible is described in the closing part of the relevant section of Tegmark's article:

`The standard model of particle physics has 28 of free parameters, and cosmology may
introduce additional independent ones. If we really do live in a Level 2 multiverse, then
for those parameters that vary between the parallel universes, we will never be able
to predict our measured values from first principles. We can merely compute
probability distributions for what we should expect to find, taking selection effects
into account. We should expect to find everything that can vary across the ensemble to
be as generic as is consistent with our existence.'

Level 3: the many worlds of quantum mechanics. While for the Level 1 Universes we

would have to travel very, very far, the quantum mechanical worlds are somewhere,

somehow, just here. They are direct result of the Many Worlds interpretation of

Quantum Mechanics, introduced by Hugh Everett III. Whenever a quantum eventSee Section 6.4
Page 320

appears to have a random outcome, all outcomes in fact occur, one in each branch

of the Universe. The explanation given by Tegmark goes as follows:

`Quantum theory predicted that one classical reality would gradually split into superpo-
sitions of many. He showed that observers would subjectively experience this splitting
merely as a slight randomness. This superposition of classical worlds is the Level 3
multiverse. Everett’s work had left two crucial questions unanswered: first of all, if the
world actually contains bizarre macrosuperpositions, then why don’t we perceive them?
The answer came in 1970, when Dieter Zeh showed that the Schrödinger equation itself

55For example the sizes of the extra dimensions predicted by string theory might be very di�erent,

giving a di�erent e�ective spacetime than the 3 + 1 we observe.
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gives rise to a type of censorship effect. This effect became known as decoherence, and
was worked out in great detail by Wojciech Zurek, Zeh and others over the following
decades. Coherent quantum superpositions were found to persist only as long as they See Section 6.4.2

Page 352

were kept secret from the rest of the world. A single collision with a snooping photon
or air molecule is sufficient to ensure that our friends in Figure 5 can never be aware
of their counterparts in the parallel storyline. A second unanswered question in the
Everett picture was more subtle but equally important: what physical mechanism picks
out approximately classical states (with each object in only one place, etc.) as special
in the bewilderingly large Hilbert space? Decoherence answered this question as well,
showing that classical states are simply those that are most robust against decoherence.
In summary, decoherence both identifies the Level III parallel universes in Hilbert space
and delimits them from one another. Decoherence is now quite uncontroversial and
has been experimentally measured in a wide range of circumstances. Since decoherence
for all practical purposes mimics wavefunction collapse, it has eliminated much of the
original motivation for nonunitary quantum mechanics and made the Everett’s socalled
many worlds interpretation increasingly popular.'

Level 4: other mathematical structures. Here Tegmark considers the possibility that

the physical world is a mathematical structure. This view is by far the strangest,

referring directly to what we have already mentioned in Chapter 2.3. By mathe- Page 52

matical structure Tegmark understands formal structures. He considers a possibil-

ity of other mathematical structures than the one we use to describe out Universe.

The next step | and the most di�cult to make | is to believe in a real link be-

tween mathematical structure and physical existence:

`Given a mathematical structure, we will say that it has physical existence if any self-
aware substructure (SAS) within it subjectively, from its frog perspective, perceives
itself as living in a physically real world.'. Then Tegmark proposes a `mathematical

democracy' rule: it is not just a few (we know of one) mathematical structures

that correspond to physical Universes, but all of them!

In other words, this particular mathematical structure enjoys not only mathematical ex-
istence, but physical existence as well. What about all the other boxes in the tree? Do
they too enjoy physical existence? If not, there would be a fundamental, unexplained
ontological asymmetry built into the very heart of reality, splitting mathematical struc-
tures into two classes: those with and without physical existence. As a way out of
this philosophical conundrum, I have suggested that complete mathematical democracy
holds: that mathematical existence and physical existence are equivalent, so that all
mathematical structures exist physically as well. This is the Level 4 multiverse. It can
be viewed as a form of radical Platonism, asserting that the mathematical structures in
Plato’s realm of ideas, exist ‘out there’ in a physical sense.

Now, this is what I call imaginary landscape! Of course other mathematical struc-

tures have di�erent fundamental equations of physics, so that these Universes can
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be very di�erent from our own. If the link between mathematical structure and

physical universe holds and is bidirectional, we would be forbidden to even think

of concrete examples. On the other hand if the link is unidirectional (to our

`frog perspective' a particular mathematical perspective manifests as our physi-

cal Universe, but we are able to think about and develop other mathematical
structures) the situation is even more bizarre. Does a mathematician developing a

non-standard version of mathematics in a sense discover or perhaps create another

physical world?

Figure 7.16: Why we should not be surprised to �nd ourselves living in (3 + 1)-dimensional

spacetime. When the partial di�erential equations of nature are elliptic or ultrahyperbolic,

physics has no predictive power for an observer. In the remaining (hyperbolic) cases, n > 3
admits no stable atoms and n < 3 may lack su�cient complexity for observers (no gravitational

attraction, topological problems). Source: Tegmark (1997)

In fact, Tegmark thinks that it is exactly so. In a couple of papers Shut up and
calculate and The Mathematical Universe (Tegmark (2007b,a), one short and ded-
icated even to laymen, the other much longer and technical exposition) he presents a
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rather radical hypothesis: The universe itself is a mathematical structure, or rather
multiple mathematical structures. As usual, Tegmark combines his expertise and witty
language with courage to pick pretty unusual (for mainstream science) topics. Although
he openly admits that he is not the �rst to propose the ideas, the way they are presented
is quite interesting. The proposal is based on two hypotheses. The �rst of these is close
to my heart, while the other one, is, hmmm, courageous. What are the two hypotheses?

External Reality Hypothesis (ERH): There exists an external physical reality com-
pletely independent of us humans.

Mathematical Universe Hypothesis (MUH): Our external physical reality is a math-
ematical structure.

ERH seems to be quite widely accepted, although in the light of Quantum Mechanics

results we must remember that the external physical reality might be very di�erent from

our intuitions. It might be nonlocal, unreal, quantum | pick the name you prefer. The

key point, which I hold dear, is `independent of us humans'.
Now, the aim of the papers is to argue for the necessity of MUH. There are great

reasons for this: it would solve the mystery of why is the Universe, in so many of its
aspects, so well describable by mathematics. It could also change our perspective on
the Theory of Everything and science:

If the mathematical universe hypothesis is true, then it is great news for science, allowing
the possibility that an elegant unification of physics and mathematics will one day allow
us to understand reality more deeply than most dreamed possible. Indeed, I think the
mathematical cosmos with its multiverse is the best theory of everything that we could
hope for, because it would mean that no aspect of reality is off-limits from our scientific
quest to uncover regularities and make quantitative predictions.

However, it is even more di�cult to break the bounds of our limited imagination

and intuitions and perceive our universe as some mathematical structure, which is

`by definition an abstract, immutable entity existing outside of space and time'. What is

`mathematical structure' anyway? Set of abstract objects and rules that connect them?

How complex should that structure be to describe the seemingly in�nite variety of our

observations, the probable complexity of the Universe? Most people, even physicists

and mathematicians, would not venture into this abstract space at all.
But | why not? Our human perspective is rather limited and inadequate. Even

for `almost normal' phenomena. It suggests that Sun circles the Earth when we observe
it moving across the sky. It does not help us in understanding how a light bulb works,
or a hard disk in our computer. Why should our intuitions be more usable when we
talk about the question of ultimate reality? Tegmark even uses our inadequacy as a
`proof' of the Mathematical Universe hypothesis (although I detect some measure of
tongue-in-cheek there):

Ultimately, why should we believe the mathematical universe hypothesis? Perhaps the
most compelling objection is that it feels counter-intuitive and disturbing. I personally
dismiss this as a failure to appreciate Darwinian evolution. Evolution endowed us with
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intuition only for those aspects of physics that had survival value for our distant ances-
tors, such as the parabolic trajectories of flying rocks. Darwin’s theory thus makes
the testable prediction that whenever we look beyond the human scale, our
evolved intuition should break down.

We have repeatedly tested this prediction, and the results overwhelmingly support it:
our intuition breaks down at high speeds, where time slows down; on small scales,
where particles can be in two places at once; and at high temperatures, where colliding
particles change identity. To me, an electron colliding with a positron and turning into
a Z-boson feels about as intuitive as two colliding cars turning into a cruise ship. The
point is that if we dismiss seemingly weird theories out of hand, we risk dismissing the
correct theory of everything, whatever it may turn out to be.

It is like saying `it must be true because I do not understand it'. Well, perhaps it

is worthwhile to remember our limitations and to be sure that we do not dismiss some

possible solutions because of these limitations.
When one considers the possibilities described by Tegmark, all the space opera

fantasies become mundane and boring in comparison. The last appetizer is Figure 7.16
taken from Tegmark (1997) and repeated in Tegmark (2003a), showing the anthropic
principle applied to dimensionality of space time. He shows that all but the (3 +
1)-dimensional one might correspond to `dead worlds', devoid of observers. In some
combinations it is not the reality that is `wrong', but the mathematical structure of its
description (at least how we envisage it) that has no predictive power, ant therefore
renders the Universe uninhabitable | to physicists. . . . It is rather funny to compare
the words of Tegmark with a statement of Carl Sagan, who has written (Sagan, 1974)

For myself, I like a universe that includes much that is unknown and, at the same
time, much that is knowable. A universe in which everything is known would be static
and dull, as boring as the heaven of some weak-minded theologians. A universe that
is unknowable is no fit place for a thinking being. The ideal universe for me is one
very much like the universe we inhabit. And I guess that this is not really much of a
coincidence.

So, it seems that Voltaire's Professor Pangloss, who specialized in metaphysico-
theologico-cosmolo-nigology, was right when he proved admirably that this is the best
of all possible worlds.

It is demonstrable that things cannot be otherwise than as they are; for all being created
for an end, all is necessarily for the best end. Observe, that the nose has been formed
to bear spectacles — thus we have spectacles. Legs are visibly designed for stockings
— and we have stockings.56

Space is designed to be warped | and we have space. Time is designed to ow |

and we have time. They both are designed to be studied | and we have physicists. . .

56Voltaire, Candide, http://www.gutenberg.org/files/19942/19942-h/19942-h.htm

http://www.gutenberg.org/files/19942/19942-h/19942-h.htm
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7.7 Arrow of time

It was a new day yesterday
But it’s an old day now

Jethro Tull

Time is an illusion. Lunchtime doubly so.
Douglas Adams57

It turns out the inflationary and expanding Universe seems to be tied very
closely to something that we all (almost) treat as so obvious as to escape our atten-

tion: time. Time, perceived psychologically | as we clearly distinguish between the
past, the future and some form of present. So much obvious that St Augustine has
written

What then is time? If no one asks me, I know what it is. If I wish to explain it to him
who asks, I do not know.

This widely known quote does indeed encapsulate the problem that time poses to

scienti�c research58. We `feel' the passing time, we easily distinguish the past from the

present and the future (or so we think); we clearly know that time is di�erent from

the spatial dimensions. Now, when we turn to physics, it is as if the theorists were,

out of pure masochism, trying to counter all that we intuitively know. Physical time is

just one of general dimensions. The world exists `complete', unchanging in its entirety.

Fundamental equations are symmetric in time variable, so no basic di�erence between

the past and the future should exist. In Quantum Mechanics time is a parameter, as-
sumed to coincide with our classical perception of time, but it is rather di�cult to prove

this connection (see for example Briggs and Rost (2000, 2001)). These discrepancies

between our perceptions and theories, and between di�erent branches of physics, are

very deep and multifaceted. When we talk about the direction of time, there are quite

a few separate topics. The list includes:

The psychological/perceptual arrow of time. This is perhaps the most familiar arrow

of time in human experience. We remember the past but not the future. It is

interesting that Suddendorf and Corballis (1997) presents an argument that the

human ability to mentally change the perspective in time constitutes a discontinu-

ity between ourselves and other animals and is one of the most important factors

in the origin of human intelligence and society, a topic discussed in more detail in

Chapter 9.3.1. Page 642

57The Hitchhiker's Guide to the Galaxy
58The other topic equally di�cult is the consciousness | for similar reasons.
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The thermodynamic arrow of time. The thermodynamic arrow of time is provided by

the Second Law of Thermodynamics, which says that in an isolated system entropy

will only increase with time; it will not decrease with time. Entropy can be

thought of as a measure of disorder; thus the Second Law implies that time is

asymmetrical with respect to the amount of order in an isolated system: as time

increases, a system will always become more disordered. This asymmetry can

be used empirically to distinguish between future and past. All we need is to

compare the disorder. But to compare one must `remember' or to have access to

both `instants'?

The Second Law does not hold with strict universality: any system can uctuate

to a state of lower entropy (see the Poincar�e recurrence theorem). However, the

Second Law seems accurately to describe the overall trend in real systems toward

higher entropy.

This arrow of time seems to be related to all other arrows of time and arguably

underlies some of them, with the exception of the weak arrow of time (see below).59

The cosmological arrow of time. The cosmological arrow of time points in the direc-

tion of the universe's expansion. It may be linked to the thermodynamic arrow.

there are two possible sub variants of this arrow: the arrow of time of the approx-

imately uniform expansion of the universe and the arrow of time supplied by the

growth of inhomogeneity in the expanding universe.

The radiative arrow of time. Waves, from radio waves to sound waves to those on a

pond from throwing a stone, expand outward from their source, even though the

wave equations allow for solutions of convergent waves as well as radiative ones.

This arrow has been reversed in carefully worked experiments which have created

convergent waves, so this arrow probably follows from the thermodynamic arrow

in that meeting the conditions to produce a convergent wave requires more order

than the conditions for a radiative wave. Put di�erently, the probability for initial

conditions that produce a convergent wave is much lower than the probability for

initial conditions that produce a radiative wave. In fact, normally a radiative wave

increases entropy.

The causal arrow of time. This is the most `philosophical' of the arrows. Causes are

ordinarily thought to precede e�ects. The future can be controlled, but not the

past. But who de�nes cause? Who de�nes e�ect | when we look beyond classical

time ow concepts?

The weak arrow of time. Certain subatomic interactions involving the weak nuclear

force violate the conservation of parity, but only very rarely. According to the

CPT Theorem, this means they should also be time irreversible, and so establish

59There is a short and lovely discussion of entropy in Lebowitz and Maes (2003).
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an arrow of time. Such processes should be responsible for matter creation in the

early universe.

This arrow is not linked to any other arrow by any proposed mechanism, and if it

would have pointed to the opposite time direction, the only di�erence would have

been that our universe would be made of anti-matter rather than from matter.

More accurately, the de�nitions of matter and anti-matter would just be reversed.

That parity is broken so rarely means that this arrow only `barely' points in one

direction, setting it apart from the other arrows whose direction is much more

obvious (see for example Cronin (1981)).

The quantum arrow of time. In the Copenhagen interpretation, quantum evolution

is governed by the Schr�odinger or Dirac equations, which are time-symmetric,

and by wave function collapse, which is time irreversible. As the mechanism of

wave function collapse is still obscure, it's not known how this arrow links to

the others. While at the microscopic level, collapse seems to show no favour to

increasing or decreasing entropy, some believe there is a bias which shows up

on macroscopic scales as the thermodynamic arrow. According to the theory of

quantum decoherence, and assuming that the wave function collapse is merely

apparent, the quantum arrow of time is a consequence of the thermodynamic

arrow of time

All of these time asymmetries could arise from time-symmetric dynamical laws solved

with time-asymmetric boundary conditions. The thermodynamic arrow of time, for

example, is implied by an initial condition in which the progenitors of today's approx-

imately isolated systems were all far from equilibrium at an initial time.

The topic was discussed at length in Price (1996); Zeh (1999) and in Penrose (1989,

2004). Separate analyses have appeared in Gell-Mann and Hartle (1994); Hawking et al.

(1993); Lebowitz (1993, 2000); Kent (1999); Castagnino et al. (2003). Several new and

interesting papers that have caught my attention are, for example, Albrecht (2003,

2004); Carroll and Chen (2004); Wald (2005); Carroll (2005b); Veneziano (1999). But is

the topic `solved'? I think that even today, modern physicists taken collectively are in

no better position than St Augustine. When used in an `everyday' manner, appropriate

to the context the time is a useful variable, connecting the theories, experiments and

our own observations, both external and introspective. Of course many of us would

have problems with real understanding of Einstenian concepts | already a hundred

years old | as our intuition is squarely Newtonian. But these relativistic space-time

manipulations are but a mathematical tool. It is only when one looks really close, as

for example Penrose or Hawking, deeper problems appear.

It is very well summarised in the upcoming review Time in Quantum Theory, Zeh
(2007), written for the Compendium of Quantum Physics. The author | who is con-
sidered to be the authority on the subject presents some very very curious statements.
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These are important because we know that Quantum Mechanics is not only a hard-
working tool in calculating many of the intricacies of everyday phenomena. It o�ers a
philosophical viewpoint with conceptual conclusions much di�erent from our classical
intuitions and classical physics, as proven by Bell-type theorems and experiments. So,
the words of Zeh may be found especially disturbing. First: time seems to be classical:

In general, time is used in quantum theory as an external (’classical’) concept. So it is
assumed, as in classical physics, to exist as a controller of all motion – either as absolute
time or in the form of proper times defined by a classical spacetime metric. In the latter
case it is applicable to local quantum systems along their world lines. According to this
assumption, time can be read from appropriate classical or quasi-classical ’clocks’. [. . . ]

In non-relativistic quantum mechanics, the time parameter t that appears in the Schrödinger
wave function Ψ(g, t) is identified with Newton’s absolute time. So it is presumed to
exist regardless of how or whether it is measured.

So we put a classical concept in, untouched by all the quantum weirdness. This
makes it di�erent from space, where position has been turned from a number60 to an
operator, and in a way decoupled from the traditional meaning. In the post-Einsteinian
physics such di�erent treatment is already suspicious. But there are more problems.
Most of the physicists assume that the two main ways of using Quantum Mechanics,
called the Schr�odinger and Heisenberg representations are equivalent as to the expec-
tation values of any measurements. But it seems that the role of time in the two
representations is deeply di�erent. So, in the Heisenberg representation:

quantum states were not regarded as dynamical objects. Observables would assume
definite values only in appropriate measurements or discrete ’quantum events’ [. . . ].
Time durations are here often defined operationally by means of pairs of such events –
not according to the Schrödinger dynamics.

This classical time in QM has, therefore somewhat arti�cial status. The way it
is de�ned depends on the representation, but the representations are thought to give
equivalent results. Interesting point arises when we consider `almost isolated' systems,
described within QM with reference to external environment. Then it is possible to
de�ne some measured properties that would correspond to our classical intuitions of
time. Not surprisingly this is connected to the decoherence. As a result we even obtain
the time arrow asymmetry:

This extremely fast and in practice irreversible process describes a dislocalization of
quantum superpositions. It thereby mimics quantum jumps (events): their components
which represent different macroscopic properties (such as different pointer positions or
different registration times of a detector) are almost immediately dynamically decoupled
from one another – though none of them is selected as the only existing one. Pauli, when
arguing in terms of the Heisenberg picture, regarded such events as occurring ’outside
the laws of physics’, since they withstood all attempts of a local dynamical description.
In the global Schrödinger picture, the time-asymmetry of this dynamical decoupling of
components (’branching’) can be explained in terms of the time-symmetric dynamics by

60Actually 3 numbers.
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means of an appropriate initial condition for the wave function of the universe – the same
condition that may also explain thermodynamical and related time asymmetries (’arrows
of time’). In essence, this initial condition requires that no non-local entanglement did
exist just after the big bang, and therefore has to form dynamically (’causally’). The
resulting asymmetry in time may give rise to the impression of a direction of time.

But the last straw comes from consideration of the ultimate quantum border |
the yet non-existent uni�cation of Quantum Mechanics and gravity. The concepts of
quantization of time at Planck's scale is one of these strange ideas. But the really
strange one comes from considering QM applied to the whole closed Universe. Then

As this consequence seems to remain valid for all unified theories that contain quantum
gravity, one has to conclude that there is no time on a fundamental level; all
dynamics is encoded in the static entanglement described by Ψ61

Time stands for everyone. It is an illusion. And such statements are still part

mainstream physics. So what do you get when you go beyond this border?

61The Wavefunction of the Universe
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7.8 How strange can it get?

There is more stupidity than hydrogen in the universe, and it has a longer shelf life
Frank Zappa

As I have mentioned, the current cosmological model has very peculiar status:

the two main currently accepted ideas, ination and dark energy have relatively

weak foundations, the �rst due to lack of direct observations, the second because it is in

conict with the basic theories. Moreover, to understand the observed behaviour of the

Universe and individual galaxies, physicists �rst had to postulate unknown, unobserved

Dark Matter62 (roughly 5 times more numerous than our own ordinary matter) and

then the Dark Energy, which amounts to almost 70% of the Universe. And to boot,

to observe the arrow of time pointing to our `normal' direction we have to postulate

extremely special, low entropy starting conditions for the Universe. It looks as Deus ex
machina, for sure. It seems just a short matter of time until creationists or intelligent

design advocates would point to this as a perfect example of Science allowing `unknown

causes' explanations in physics (!), so why disallow them from the origin of species and

life? If normal, mainstream science is indeed so inconsistent and strange, than how

strange may be the o�beat ideas?

The answer is: ideas are not really stranger, but the people are. The cosmol-

ogy has attracted a lot of out-of-ordinary ideas. The topic is grand, well publicized,

electronic archives allow to access current data and theories, so the number of expla-

nations is indeed very big, from almost mainstream to quite crazy. But what is not-

mainstream if Dark Energy is normal? For the reader that is interested in �nding out,

�rst, the well trodden paths (or at least the accepted paths) is advised to look at (for

example) Norbury (1998, 1997), Peebles and Ratra (2003); Ellis (2003); Cohn (1998);

Carroll et al. (1992); Liddle (1999b); Guth (1997), Carrol (2001) or Ned Wright's Cos-

mology Tutorial http://www.astro.ucla.edu/~wright/cosmolog.htm, The Hot Big

Bang Model , by the Cambridge Cosmology Group (http://www.damtp.cam.ac.uk/

user/gr/public/bb_home.html). Recently Andrei Linde has decided to put his 1990

book Particle Physics and Inationary Cosmology (Linde, 1990) on the WEB at

http://arxiv.org/pdf/hep-th/0503203.
Among examples of o�-mainstream cosmology is Ekpyrotic Universe (Khoury et al.,

2001), which is based on

the idea that our hot big bang universe was created from the collision of two three-
dimensional worlds moving along a hidden, extra dimension. The two three-dimensional
worlds collide and ‘stick’, the kinetic energy in the collision is converted the quarks,

62A news release of NASA, published on August 21st, 2006, carries a bold title NASA Finds Direct

Proof of Dark Matter. Indeed the observations using the Chandra X-ray Observatory and other tele-

scopes have shown direct evidence for the existence of dark matter. So, perhaps, at least this element of

the puzzle is no longer speculation. (http://www.nasa.gov/centers/marshall/news/news/releases/
2006/06-096.html)

http://www.astro.ucla.edu/~wright/cosmolog.htm
http://www.damtp.cam.ac.uk/user/gr/public/bb_home.html
http://www.damtp.cam.ac.uk/user/gr/public/bb_home.html
http://arxiv.org/pdf/hep-th/0503203
http://www.nasa.gov/centers/marshall/news/news/releases/2006/06-096.html
http://www.nasa.gov/centers/marshall/news/news/releases/2006/06-096.html
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electrons, photons, etc., that are confined to move along three dimensions. The resulting
temperature is finite, so the hot big bang phase begins without a singularity. The
universe is homogeneous because the collision and initiation of the big bang phase
occurs nearly simultaneously everywhere. The energetically preferred geometry for the
two worlds is flat, so their collision produces a flat big bang universe. According to
Einstein’s equations, this means that the total energy density of the Universe is equal to
the critical density. Massive magnetic monopoles, which are overabundantly produced
in the standard big bang theory, are not produced at all in this scenario because the
temperature after collision is far too small to produce any of these massive particles

Sounds strange? As of mid-May 2005 the work has been cited about 350 times. So
it is in a midst of a hot debate. It is controversial, out of the inationary mainstream,
but it is still considered solid science. Why? Perhaps it is worth to cite here, before we
go for the more exotic examples, the closing words of one of the authors of the model,
Paul J. Steinhardt:

As a final remark, we feel that it is important to realize that inflationary theory is based
on quantum field theory, a well-established theoretical framework, and the model has
been carefully studied and vetted for twenty years. Our proposal is based on unproven
ideas in string theory and is brand new. While we appreciate the enthusiasm and
interest with which the paper has been received, we would suggest some patience
before promulgating these ideas in order to leave time for us to produce some
follow-up papers that introduce additional elements and to allow fellow theorists
time for criticism and sober judgement63.

Perhaps it is the humility that is important. . .

A word of warning before reading on: I am here just a spectator with only basic

physics background. Thus I admit I have not enough knowledge to tell correct from

incorrect, to point to detailed discrepancies. I might be utterly wrong in classi�cation

of the theories, quite possibly what I deem to be dreamworld is solid physics, or vice

versa.

After the warning I might now return to my �ndings from the WEB.

An example of the o�-mainstream theories is provided by Irving Ezra Segal, pro-
fessor of Mathematics at MIT till he died on August 30 1998, who thought that the

universe is static and eternal as Albert Einstein had �rst suggested in 1917.

Segal was a very knowledgeable mathematician, member of the National Academy

of Science of the USA, and author of many mathematical and physics papers and books.

In particular, he has authored a treatise on mathematical extragalactic astronomy. His

63http://wwwphy.princeton.edu/~steinh/npr/

http://wwwphy.princeton.edu/~steinh/npr/
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numerous e�orts at demonstrating the truth of his cosmological thesis, though well

documented and truly scienti�c, have been met with scorn and indi�erence.

Segal has developed a cosmological theory incorporating the Cosmological Principle,

known as Chronometric Cosmology (CC) which is based on Einstein's original 1917

model for the universe and in which the red-shift appears as a consequence of the

curvature of space. Einstein abandoned his model after the expansion of the universe

had been largely recognized. Segal argues that the acceptance was premature. In CC

model, the red-shift-distance relationship is given by z = K tan2(r), which becomes

quadratic for moderate values of z, z = Kr2, instead of being linear.

Beginning in the 1970s, Segal together with a few collaborators published several
articles that presented rigorous statistical analyses of all available and reliable astro-
nomical data they could get hold of (for example Segal (1975, 1976, 1997)). The the-
oretical basis for chronometric cosmology is developed from general physical principles
of causality, cosmic uniformity, and quantum phenomenology and the papers concluded
in favour of the quadratic Hubble law and found the linear law to be untenable. The
papers were published in peer reviewed journals despite the fact that they were very
far from the mainstream explanations. In spite of this { or perhaps because of it, these
studies remained largely ignored by the astronomical community, with few exceptions
when some scientists took the trouble to point out the apparent errors and discrepancies
with observations. Ned Wright has published an analysis of Segal's work, concluding
that Segal is wrong on the CMB, wrong on the source counts, and wrong on the red-shift-
magnitude law64. Segal has been very active in countering these analyses, claiming, in
turn, that they were themselves defective. As we have seen the recent measurements
support very well the linear Hubble Law, not quadratic. It is quite interesting to look
at the human side of this story, as described on the web page of John Baez65 who was
a student of Segal. Baez concludes his memoir of Segal by writing:

I cannot judge his analysis of the data, but I thought long and hard about his
derivation of the quadratic red-shift-distance law from his theory, and it never seemed
right to me. At first I hoped I was making a mistake, so I tried to get him to explain this
derivation. His explanation did not convince me. Later I tried to explain what I thought
was his error. He became quite angry. When I realized we would never see eye-to-eye
on this subject, I tried to avoid it. But this was very difficult, since cosmology became
ever more the centre of his work as the years went by. Our relationship became even
more strained when I finally started working on my real interest: quantum gravity. Since
he didn’t really believe in quantum gravity, and I didn’t believe in his cosmology, and
neither of us was very good at small talk, it was hard to know what to say. I’m sad to
say that I eventually wound up avoiding him.

Despite this, I remain very fond of Segal, because he had a real passion for under-
standing the universe. He did not believe in God and was suspicious of all forms of
organized religion. The quest for perfection which some express through religion, he
expressed through mathematical physics.

64http://www.astro.ucla.edu/~wright/segal_errors.html
65http://math.ucr.edu/home/baez/segal.html

http://www.astro.ucla.edu/~wright/segal_errors.html
http://math.ucr.edu/home/baez/segal.html
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Similar arguments come from Eric J. Lerner site http://bigbangneverhappened.
org/index1.htm. Lerner is the author of Big Bang Never Happened book (Vintage,
1991), where he argues that `the Big Bang theory was contradicted by observations and
that another approach, plasma cosmology, which hypothesized a universe without begin or
end, far better explained what we know of the cosmos.' As I have no access to the book
itself, it is rather di�cult to judge it's merits and aws. Nevertheless, the contents
of Lerner's WEB page are very technically oriented and it has no direct extra-science
references. While I do believe the Big Bang approach, I would judge the Lerner's page
as an appropriate example of the academic freedom. In fact, as the history of many
ideas in physics (and other sciences as well) clearly shows, without controversy and
debate there would be no progress. As Kip Thorne remarks (Thorne, 1994), discussing
the Michelson-Morley experiments, many extremely controversial experimental results
are due to errors or unrecognised inuences and can be explained in the `traditional'
way. Yet, the few that pass through the sieve of checking and double checking move
science so much further on. The theories, which have less direct relationship to nature
have to rely on predictive power, accuracy and, �nally, elegance. It is at the same time
easier to be a revolutionary in theory (one needs not to discover something outrageously
at odds with past experiments), but at the same time more di�cult: theories are used
to explain observations and experiments and plan for the new. As a result, the shift to
new theories is gradual and slow | exactly as has been described in the Copernican
case, or the Big Bang case. Thus, perhaps we are too early to really judge the complaint
of Lerner as only self-centered bitterness:

All the basic predictions of the Big Bang theory have been repeatedly refuted by
observation. The theory is now cluttered with a multiplying collection of ad-hoc hy-
potheses, such as the existence of dark, or non-baryonic matter and dark energy, for
which there is no empirical evidence. . .

In many cases, every effort is made to either attack or manipulate the data so as
to reduce the contradiction with theory. . . When data manipulation failed, even the
most blunt contradictions of theory and observation are viewed by Big Bang advocates
as, at most, the indications of ‘new physics’, new parameters. For example, Pebbles,
in considering the void phenomenon, admits that there is an ‘apparent inconsistency
between theory and observation’, but does not conclude that theory is in any way
imperiled, rather only that an ‘adjustment of the model’ may be necessary. Similarly,
Cyburt et al conclude that there are ‘clear contradictions’ between BBN predictions
and light element abundances, but conclude that ‘systematic uncertainties have been
underestimated ’, not that the theory is wrong’

Where all else fails, new arbitrary concepts and parameters are introduced, such as
dark matter and dark energy. Consistently new observations have led to new parameters,
so that the number of adjustable parameters in cosmological theories has increased
exponentially with time, approximately doubling each decade.

The plasma cosmology approach has been supported by thousands of times less
resources than has the Big Bang, but it has presented alternative explanations for many
of the basic phenomena of the universe, has predicted new phenomena, and has not been
contradicted by any evidence. Yet the Big Bang remains by far the domain cosmological
model. It is appropriate to ask why this is so.

http://bigbangneverhappened.org/index1.htm
http://bigbangneverhappened.org/index1.htm
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Four hundred years ago, a similar situation existed, at least in Catholic countries.
Sixty year after the formulation of Copernican hypothesis, the Ptolemaic view of the solar
system remained the dominant one among Continental astronomers. Galileo’s elegant
comparison of the Copernican and Ptolemaic systems, his Dialogue Concerning the Two
Chief World Systems66, should have ended any scientific doubt as to the validity of the
Copernican approach. Yet many additional decades would past before the Copernican
system, already accepted at that time in England, would be accepted in the Catholic
areas of Europe.

There is no mystery as to why this was so in the sixteenth century. The Ptolemaic
theory was a state-supported scientific theory. The Catholic Church’s advocacy of this
theory would not have much mattered if the Catholic states had not given the Church
the power to enforce, with state backing, its ideological edicts. Galileo, for his pro-
Copernican writing, was subject to a civil penalty – house arrest – and famously forced
to recant under threat of far worse penalties.

Today, the situation is similar, although the penalties for dissent are milder:
loss of funding rather than loss of liberty or life. The Big Bang survives not
because of its scientific merits, but overwhelmingly because it is a state-supported theory.
Funds for astronomical research and time on astronomical satellites are allocated almost
exclusively by various governmental bodies, such as NSF and NASA in the United States.
It is no secret that today, no one who pursues research that questions the Big Bang,
who develops alternatives to the Big Bang, or, for the most part, who even investigates
evidence that contradicts the Big Bang, will receive funding. The review committees
that allocate these funds are controlled tightly by advocates of the Big Bang theory who
refuse to fund anything that calls their work into question.

As a result, with very few exceptions, those who want to make a career in cosmology
are constrained to work within the Big Bang framework – to do otherwise is to risk being
cut off from funding, and, if a junior researcher, from tenure.

The claim that the Big Bang cosmology (and the ination and ΛCDM enhancements)

dominance comes not from the capability to explain and predict but rather from political

powerplay and state support is for me quite astonishing. But even this is expressed in

a relatively restrained manner in the Lerner's presentation on the WEB (again, I have

not read the book, so I can not judge its tone).

This stands in contrast with the claims of Frank D. (Tony) Smith, Jr. We have
already met him and his VoDou Physics in Chapter 5.6.3. On his page67 SmithPage 251

describes his explanation of the observed ratios of ordinary matter, Dark Matter and
Dark Energy:

In the D4-D5-E6-E7-E8 VoDou Physics model, Gravity and the Cosmological Con-
stant come from the MacDowell-Mansouri Mechanism and the 15-dimensional Spin(2,4)
= SU(2,2) Conformal Group, which is made up of:
3 Rotations;
3 Boosts;

66http://webexhibits.org/calendars/year-text-Galileo.html
67http://www.valdostamuseum.org/hamsmith/cosconsensus.html#grvphtncc

http://webexhibits.org/calendars/year-text-Galileo.html
http://www.valdostamuseum.org/hamsmith/cosconsensus.html#grvphtncc
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4 Translations;
4 Special Conformal transformations; and
1 Dilatation.

Since the Cosmological Constant comes from the 10 Rotation, Boost, and Special
Conformal generators of the Conformal Group Spin(2,4) = SU(2,2), the fractional part
of our Universe of the Cosmological Constant should be about 10/15 = 67%.

Since Black Holes, including Dark Matter Primordial Black Holes, are curvature sin-
gularities in our 4-dimensional physical spacetime, and since Einstein-Hilbert curvature
comes from the 4 Translations of the 15-dimensional Conformal Group Spin(2,4) =
SU(2,2) through the MacDowell-Mansouri Mechanism (in which the generators corre-
sponding to the 3 Rotations and 3 Boosts do not propagate), the fractional part of our
Universe of Dark Matter Primordial Black Holes should be about 4/15 = 27%.

Since Ordinary Matter gets mass from the Higgs mechanism which is related to the
1 Scale Dilatation of the 15-dimensional Conformal Group Spin(2,4) = SU(2,2), the
fractional part of our universe of Ordinary Matter should be about 1/15 = 6%.

Looking at how perfectly this �ts the new cosmology parameters from simple argu-

ments I am astounded. By far too perfect. Yet, there are quite accepted arguments in

physics (for example elementary particle physics) coming from a similar `numerology'.

The question is: how can we tell that using Dark Matter is reasonable, that using Dark

Energy that di�ers by 120 (or 55) orders of magnitude from expected theoretical result

is not crazy? But as Smith seems to accept the fact that the Universe is evolving, See page 450

he has also to explain selfconsistently, that is within his own theory, that the ratios

of di�erent forms of matter energy: Dark Matter, baryon and Dark Energy (ΩDM , ΩB

and ΩΛ) evolve in time (see Carroll (2001)). Would this mean that the mechanisms

described above would also change? Would the symmetries evolve to keep the ratios

current with what is observed as time goes by?

Let's move on, in this quest for strangeness and complete solutions. We turn now
to Eugene Savov from Bulgaria, author of the Theory of Interaction.

The accessible universe is like a cloud of galaxies that moves around its source like
an atmospheric cloud that drifts around the centre of its planet. Our Galaxy is like
a huge atom whose nucleus is orbited by much smaller ones seen as stars. Similarly,
the electrons move around the nucleus of their atom. The solar system also resembles
an atom with the Sun taking the role of nucleus and planets rotating around it. The
universe is like a hyper huge atom whose nucleus, the centre of Eugene Savov’s ‘firework
universe’, ejected the nuclei of the smaller atomic like structures that similarly did the
same. So a universe made of multiscale nuclei, i.e. cores of 3D-spirally contracting and
expanding sources of interaction, is created. The huge nuclei eject smaller ones that do
the same. Thus the underlying structure unfolds in something like universal turbulence
that accounts in the simplest way for what we see. In this way a universe made of
multiscale nuclei is created. So the ‘firework universe’ had a sudden lumpy beginning,
which is consistent with the big bang burying discoveries of normal galaxies at the
outskirts of the observable universe. Savov’s universe also accounts for the mysterious
dark matter, which is found to be created from huge 3D-spiral swirls of basic matter
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that drive around the smaller ones. The universe is made of 3D-spiral swirls of basic
matter that create smaller ones in their structure rather than from seen as elementary
particles, born from mysterious matter-antimatter asymmetry in even more uncertain
big bang universe beginning. We see only the inner parts of the 3D-spiral swirls of basic
matter because they move faster and so become denser and visible to us. . .

We are made of atomic size stars, born from the innermost core of the Earth. The
planet we walk on is a cooled small star.

The discovered universe unfolding is a key to the understanding of life, mind,
the cause of cancer and the other health problems. The real understanding stems
from proper understanding of the universe. This qualitatively knew knowledge
is the long sought truth that will set us free by improving all aspects of life68.

This is clearly beyond the borders of science, by any measure we may apply.
Next in line is W. Jim Jastrzebski author of the `Illusion of Expanding Universe '

(http://www.geocities.com/wlodekj/sci/illusion.htm). Jastrzebski makes no ex-
traordinary claims connecting cosmology to cancer cures. In fact, his web page starts
with simple statements:

The site’s purpose [is to] publish results that lead to a conclusion that the observed
expansion of the universe is an illusion caused by certain relativistic feature of gravity
called here ‘general time dilation’.

If the results are wrong, to create an opportunity to find the error. Since
1985 the results have been examined by several editors and referees of scientific journals
(Nature, Phys. Rev. Lett., Science, Astrophysical Journal, etc.).

Abstract:
It is shown that the principle of conservation of energy implies that gik tensor of space-
time must have an antisymmetric component (postulated in 1950 by Einstein, for a
different reason). The resulting metric red-shift simulates expansion of the universe
with Hubble’s constant H0 = c/R, where c is speed of light and R is Einstein’s ra-
dius of the universe. When translated from Einsteinian gravity to Newtonian the effect
simulates a Newtonian drag, acting on any moving object in the universe, equal c2/R,
which, when applied to photons, simulates ‘tired light effect’. If the entire observed
expansion of the universe is apparent and Hubble’s constant is ≈ 70 km/s/Mpc, then
some of the testable results are: (i) that the mass density of the universe is ≈ 6×10−27

kg/m3,
(ii) that there should be a lower limit on dynamic friction acting on any moving object
in the universe of ≈ 7× 10−10 m/s2,
(iii) that the apparent expansion of the universe should look as if it were accelerating
with acceleration dH/dt at t = 0 [equal approximately] ≈ 2.5× 10−36 s−2,
(iv) that the cosmic background radiation is thermal radiation of the non luminous
matter of the universe heated by the red-shifted starlight,
(v) that the average size of chunks of non luminous matter is about 1m if their specific
density is ≈ 103 kg/m3.

We see a reasonable statement with numerical predictions. There are no grandiose

claims, and one might note that the criticism for the scienti�c world that has rejected

68http://www.world-mysteries.com/toi_esavov.htm

http://www.geocities.com/wlodekj/sci/illusion.htm
http://www.world-mysteries.com/toi_esavov.htm
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the ideas since 1985 is rather mild. Possible the only remark that might be classi�ed

as `symptom of pathological physics' is the rhetorical question at the end of the WEB

page: `Were Einstein and Jim insane when they insisted (for different reasons) that the metric
of the spacetime must be non symmetric?', comparing Jastrzebski with Einstein. The logic

is somewhat awed: If Einstein and Jastrzebski insisted for different reasons that the

metric of time must be asymmetric, what does this tell about the possibility that one

of them would be insane, and the other not, for different reasons?
In fact, the problem with the explanation comes �rst with unusual assumption of

antisymmetric component of gik, which one might question, but which is an allowed
assumption if the results have predictive power and consistency. I lack the knowledge to
look into what might be other than red-shift (`tired light') e�ects of such antisymmetric
component. My own objections are centered around the statements explaining the
origin of the Cosmic Microwave Background (CMB):

This radiation cannot be just the red-shifted starlight since then it could not have the
black body spectrum that it has. It seems therefore that it has to be the radiation from
non-luminous matter that is in thermal equilibrium with the red-shifted starlight.

Instead of, as is in the standard model, the CMB resulting from recombination of

electrons and nuclei, we have here a quite complicated process in which starlight (with

initial temperatures of ca. 104K gets red-shifted as it moves along, and then heats the

assumed 1m sized chunks of matter (of Earth-like density of 103 kg/m3). In a static

Universe there are no guidelines as to the distribution of such non-luminous matter

(one might assume they correspond to MACHO's of standard theory). Perhaps they

are distributed around galaxies resembling the halos? In any case there are now three

issues:

1. The non-luminous matter is heated not only by distant, red-shifted starlight but by

much closer stars as well. For the closer stars, the red-shift, which is proportional

to the travelled distance, would be much smaller. As a result the non-luminous

matter would have to be in thermal equilibrium (we assume static universe!) with

whole range of sources. The simple calculation presented in the Jastrzebski paper

does not take into account possible di�erences in the local density of non-luminous

matter and its correlations (or lack of correlations) with non-uniform, local den-
sities of light-emitting stars (of which we are sure, because we observe them as

Galaxies, clusters of Galaxies etc.). Assuming, as author does, uniform distribu-

tion of the non-luminous chunks of matter, and that almost the whole matter of

the universe is composed of such obstacles, we should observe uctuations in the

temperature of CMB strongly correlated with density uctuations of observable

matter (galaxies, clusters of galaxies). To my knowledge no such correlation has

been observed. On the other hand the recent success of the ΛCDM theory rests

on successful prediction of the spectrum of very small variations of the CMB
radiation, as well as on the observations of the distant Supernovae. The two tests

are independent.
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2. If, as the author states, `almost the whole matter of the universe is composed of

such obstacles' these objects, composed of ordinary matter (gravitationally and

electromagnetically interacting), their e�ect should be visible in observations on

the dynamics of matter.

3. Last, but not least, as we know, the Universe is quite full of high-energy quanta.

If the non-luminous matter is as dense as to provide CMB radiation, we should

observe equally detectable e�ects of, say, gamma rays hitting the chunks of matter.

Such events would not produce thermal equilibrium radiation but rather complex

secondary e�ects. Again, I am not aware of any such observations.

Yet, as I said, on the scale of quirkiness, Jastrzebski seems almost mainstream.

Peter James Carroll is the author of the hypothesis of Three-Dimensional Time,
who describes his work as69:

A decade ago I became convinced, from my researches in another field, that time
must have a richer structure than that offered by the single dimension that we commonly
ascribe to it.

Thus I went looking for evidence of 3 dimensional time concealed in the data of
fundamental physics. I think that I may have found it. I present my findings under the
title of the ’Hyperwarp 6 Dimensional hypothesis, or H6D’.

In this hypothesis time has the same dimensionality of 3 as space.
The overwhelming majority of alternative theories in physics attack only a limited

number of the interpretations of observations which constitute the paradigm of the
Standard Models of Cosmology and Particle Physics.

H6D attempts to challenge the entire foundation of the Standard Models
with a coherent alternative which remains unfalsified by experimental and observational
data at the time of writing.

The first paper on this site, ’H6D vs. Standard Models’ provides a summary of most
of the hypotheses on the other pages.

Whilst the hypothesis of 3 dimensional time remains unfalsified, I intend to devote
my time to exploring its implications in parapsychology and starship design,
neither of which have much of a chance within the standard models.

Here the symptoms of pseudoscience, discussed in Chapters 1.3.2 and 5.6.4, are in
full visibility. For concrete cosmological prediction we have, for example:Pages 37, 257

H6D asserts that the CMBR originates from relatively local intergalactic gas at a
temperature of 2.7 Kelvin rather than from a primeval fireball. Deep space has a poor
transparency to microwaves, tending to reabsorb and re-emit them and to scatter them.
The so-called ‘cosmic’ microwaves have thus not travelled anything like 14 billion light
years to reach us. They have come from relatively local intergalactic space without
appreciable red-shift.

69http://specularium.org/

http://specularium.org/


7.8. How strange can it get? 479 Draft, January 2, 2008

We are left again with the question of the correlation (or rather lack of correlation)
of the CMB with our local environment. Moreover, as the author states himself:

H6D does make two controversial predictions. In contradiction to Standard Models, H6D
predicts that neutrinos can annihilate each other and it predicts that matter compressed
to extreme levels will start to emit leptoquark bosons. If this occurs, black holes and
singularities will not form, as excess matter falling into neutron stars will escape back
into space as energy which will decay back into matter, creating fresh interstellar and
intergalactic hydrogen.

One of the particular successes of the Hot Big bang model is the calculation of the

ratio of hydrogen to heavier elements. How would H6D explain this?

Robert S. Fritzius writes about long term electrical charge variations that may
account for cosmological red-shift70.

Galactic density dependent electrical charge.
If galaxies are condensates from a primordial soup, then their material densities

should be increasing with time. We hypothesize that the unit electrical charge is
proportional to the ‘local’ galactic material density. That is, the electrical charge
of any given electron or proton is related to the total number of other protons, elec-
trons, etc., that are close enough to influence it via direct electrodynamic elementary
interactions. A distance of five light years may suffice for our estimated limit for direct
electrodynamic influences. This figure is adapted from the extinction theorem wherein
charged particles in an intervening medium absorb and re-radiate electromagnetic energy
thus extinguishing the original energy.

We propose that, if the unit electrical charge within galaxies has been increasing
down through cosmological ages, then the strength of electrical interactions between
their constituent atomic nuclei and their atomic electrons has also been increasing. The
sizes of atoms should have been decreasing and the energies of their electrons in orbit
should have been increasing as side effects of the basic galactic condensation process.

According to this approach, the orbital electrons in the atoms of stellar atmospheres
back in our earlier universe, would have been less energetic than those of electrons of
the same present-day atoms. The energy differences between their electron shells would
have also been smaller in comparison to those of present day. Thus, photons emitted
by stars, made up of the less energetic atoms of long ago, would have carried away
smaller amounts of energy and would have had longer wavelengths than those emitted
by corresponding present day atoms in this corner of our galaxy.

red-shifts associated with increasingly distant galaxies may not be related to an ever-
increasing speed of recession, with respect to us, or to a gravitational energy loss, or to
‘tired light.’ The light may have simply been emitted at longer wavelengths. According
to this viewpoint, red-shift may still be used, in general, as an indirect measure of
distance but it should be considered as a galactic material density effect. The redder
shifted the light the younger the source at the time of emission.

70http://www.ebicom.net/~rsf1/cosmo_rs.htm

http://www.ebicom.net/~rsf1/cosmo_rs.htm
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I wonder through what mechanism the charge is proportional to the density? And

on what scale? Should it be comparable, for example, to galactic nuclei (which are

after all rather big)? If so, we should observe di�erences in atomic spectra coming from

denser and less dense parts of galaxies. . .

There are many more examples of New Cosmology, too numerous to list them all.
With so much e�ort directed at contradicting the expanding Universe approach, would
the Reader �nd it surprising that a formal Open Letter to the Scienti�c Community
has been published in New Scientist, May 22, 200471, urging for

. . . What is more, the big bang theory can boast of no quantitative predictions
that have subsequently been validated by observation. The successes claimed by the
theory’s supporters consist of its ability to retrospectively fit observations with a steadily
increasing array of adjustable parameters, just as the old Earth-centred cosmology
of Ptolemy needed layer upon layer of epicycles72.

. . . those agencies that fund work in cosmology to set aside a significant fraction
of their funding for investigations into alternative theories and observational
contradictions of the big bang. To avoid bias, the peer review committee that
allocates such funds could be composed of astronomers and physicists from outside the
field of cosmology.

Allocating funding to investigations into the big bang’s validity, and its alternatives,
would allow the scientific process to determine our most accurate model of the history
of the universe73.

The list of signatures is a real trove of sources for all the types of alternative Uni-

verses.

One more remark on the scienti�c versus pseudo-scienti�c process. The cosmology is

alive with both. Yet, a careful reading of the true science works (or popular books such

as Guth account of the ination, or accounts of debates) shows how much of checking

and cross checking between the individual scholars takes place. No scientist is an island,

even the most famous ones have their results checked, doubted and improved. Thus,

should you have doubts as to whether the result or the work is valuable, check its

impact, and look as well for the signs of defence against the possible critics.

71http://www.cosmologystatement.org/
72To which Sean Carroll, well known General relativity expert replies: `Really? How about acoustic peaks

in the power spectrum of temperature fluctuations in the cosmic microwave background? And the polarization
signal, and its spectrum? And the baryon density as deduced from light-element abundances agreeing with
that deduced from the CMB? And baryon fluctuations in the power spectrum of large-scale structure? And
the transition from acceleration to deceleration in the Hubble diagram of high-red-shift supernovae? And the
relativistic time delay in supernova light curves? These are just the very quantitative predictions that have come
true in the last few years; the Big Bang has had a long history of many observational successes. (This is a very
incomplete list; usually one doesn’t pay much attention to straightforward tests of the Big Bang framework,
since they are taken for granted.)'. He also points to NedWright's explanation of what is wrong with various

proposed alternatives to the big bang scenario (http://www.astro.ucla.edu/~wright/errors.html).
73The letter bears uncanny a resemblance to the calls of Creation Science or Intelligent Design cam-

paigners. Science must be an universal conspiracy, it seems.

http://www.cosmologystatement.org/
http://www.astro.ucla.edu/~wright/errors.html
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I think it is quite appropriate to summarize the Chapter dealing with our under-
standing (and misunderstanding) of the Universe with the quote from Peebles and Ratra
(2003):

We cannot demonstrate that there is not some other physics, applied to some other
cosmology, that equally well agrees with the cosmological tests. The same applies to the
whole enterprise of physical science, of course. Parts of physics are so densely checked
as to be quite convincing approximations to the way the world really is. The web of
tests is much less dense in cosmology, but, we have tried to demonstrate, by no means
negligible, and growing tighter. . .

A decade ago the high energy physics community had a well-defined challenge: show
why the dark energy density vanishes. Now there seems to be a new challenge and clue:
show why the dark energy density is exceedingly small but not zero. The present state
of ideas can be compared to the state of research on structure formation a decade ago:
in both situations there are many lines of thought but not a clear picture of which is the
best direction to take. The big difference is that a decade ago we could be reasonably
sure that observations in progress would guide us to a better understanding of how
structure formed. Untangling the physics of dark matter and dark energy and their
role in gravity physics is a much more subtle challenge, but, we may hope, will also be
guided by advances in the exploration of the phenomenology. Perhaps in another ten
years that will include detection of evolution of the dark energy, and maybe detection
of the gravitational response of the dark energy distribution to the large-scale mass
distribution. There may be three unrelated phenomena to deal with: dark energy, dark
matter, and a vanishing sum of zero-point energies and whatever goes with them. Or the
phenomena may be related. Because our only evidence of dark matter and dark energy
is from their gravity it is a natural and efficient first step to suppose their properties are
as simple as allowed by the phenomenology. But it makes sense to watch for hints of
more complex physics within the dark sector. The past eight decades have seen steady
advances in the technology of application of the cosmological tests, from telescopes
to computers; advances in the theoretical concepts underlying the tests; and progress
through the learning curves on how to apply the concepts and technology. We see the
results: the basis for cosmology is much firmer than a decade ago. And the basis surely
will be a lot more solid a decade from now. . .

Though this much is clear, we see no basis for a prediction of whether the standard
cosmology a decade from now will be a straightforward elaboration of ΛCDM, or whether
there will be more substantial changes of direction.

And this is a statement of hope, not despair.
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CHAPTER

EIGHT

EVOLVING LIFE

To my imagination it is far more satisfactory to look at such instincts
as the young cuckoo ejecting its foster-brothers,

ants making slaves, the larvae of ichneumonidae feeding within the live bodies of caterpillars,
not as specially endowed or created instincts,
but as small consequences of one general law,

leading to the advancement of all organic beings,
namely, multiply, vary, let the strongest live and the weakest die.

Charles Darwin1

A curious aspect of the theory of evolution is that everybody thinks he understands it.
Jacques Monod

1The Origin of Species - 6th Edition, Chapter 8
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8.1 Why do I care about biology?

Ignorance more frequently begets confidence than does knowledge:
it is those who know little, not those who know much,

who so positively assert that this or that problem will never be solved by science
Charles Darwin2

Iam a physicist. At least I was. So, my interest in biology is a bit selective. While

sometimes I watch (with my kids) the Animal Planet TV shows (cheetahs running,

birds performing almost impossible ying manoeuvres, complex courtship rituals of

deep sea �sh and other wonderful, colourful images), I was never a fan of the biology

as the way of merely depicting the almost in�nite variety of life. In school I was frus-

trated with my inability to tell beech from hornbeam or gold�nch from sparrow, and,

as a consequence, considered the matter trivial and boring. Descriptive presentation

of the disciplines of systematics and taxonomy, botany and zoology that have formed

most of the material in grades 5 to 10, while perhaps necessary for a future botanist

or zoologist, did not seem worth the e�ort of memorizing. It was only when we have

reached the molecular biology I have found what really interested me: the link between

the inanimate, physical, atomic world and the richness of life. Despite the fact that

the depth of the usual treatment given to biochemistry at 11th and 12th grades was of

course very shallow and the fact that molecular biology was still a very new subject,

the implications were astonishing. The discovery that all living things shared the same

carbon based chemistry, in all the details! The intricacy of these processes, for example

the Krebs cycle (we had to learn the cycle by heart, and as far as I remember very

few of us understood each of the reactions or the reasons why they do have to occur in

the appropriate sequence). How could it be that within a living cell `something' ma-

nipulated the chemical compounds, segregated them, carried necessary ingredients to

proper places in proper mixtures and with orchestrated timing? What guides the cell,

better than any laboratory, when all processes apparently happen `all by themselves',

in a proper order? It was the �rst inkling that biology is more than a catalogue of

characteristics of species3. Modern biology clearly counters Lord Rutherford's derog-

ative remark that all sciences but physics being just stamp collecting. The richness

of phenomena and the need for explanation is unimaginable. The biology curriculum

in Polish schools in the 1970s culminated with human anatomy and physiology, where

another topic that caught my interest: the nervous system. One should remember:

these were the times before MRI or PET scans: no one knew how the brain functions

and very little was known about functioning of neurons themselves. So, again, I was

enticed by the apparent mystery of how `merely chemical' reactions of neurons could

2The Descent of Man (1871)
3By retrospection, should we have been presented with taxonomy in the context of evolution, looking

for changes and similarities, following, for example Darwin's study of �nches on the Galapagos Islands,

I might have been more interested. . .
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transform to thinking and consciousness.4

Consider, for example, the spectrum of ways that living organisms react to environ-

mental changes. From `purely mechanical' changes in chemical composition, growth,

or simple movements5; through unsophisticated regulatory mechanisms of controlling

whole chains of reactions within living cells to the teleological behaviour of animals.

And the latter has just as broad a spectrum in itself: from simple, mindless tropisms

to instinctive behaviours driven by genetic pre-programming and then to the pinnacle

of learned behaviours. Learned by the organism itself (during its lifetime) or learned

through cultural transmission, based on the treasure of experience of the social group.

Now, all these `responses' to the changes in environment may be ordered in an almost

continuous fashion, showing how much is our thinking (the pinnacle of control mecha-

nisms) related to much simpler methods. And what a surprise for me was to discover

that the same mechanism could lead to our scienti�c description of all nature, includ-

ing aspects that are so far away from `biologically useful' as astrophysics or quantum

mechanics (to name two of my favourite examples).

Another example of a puzzle that made biology a special topic for me was the study

of the capabilities of human brain. Its ability to perceive and remember a complex

world view, to recognize rules and to reason and predict the behaviour of the world

outside (as well as our own internal workings) | using `only' physical tools of neurons,

with their electrical and chemical signal transmitters | was something of a miracle.

How perfectly suited is the brain to the task of mapping the raw input of the senses to

a complete and coherent world. Even the mistakes, faults and general defects of this

mapping are interesting, as insights into the underlying mechanisms and capabilities.

For example the popularity of astrology tells (which completely fails its stated purpose,

that is prediction of the future or of general personal traits from the birth date, see for

example (Kelly, 1997; Dean and Kelly, 2003)) tells us probably as much about human

brain/mind as the fact that mathematics (even in its most esoteric and abstract forms)

turns out to be so e�ective.

In other words, my interest in biology was spurred by coincidence of some apparently

separate issues:

� How it is possible that purely physical6 laws and phenomena may lead to the

dynamical complexity of living organisms?

4Signi�cantly, one of the topics that are now main themes of biology teaching at schools was almost

totally absent in Poland in the seventies. This was ecology. I guess there were two reasons for this: �rst,

globally, ecology was yet to get its mindshare. And secondly, even in the most obvious aspect of direct

pollution (which was of course known and feared), political reasons and censorship resulted in hushing all

issues that might put the communist reliance on heavy industry in bad light. As Poland build more and

more steelworks and lignite power stations, environmental problems were hidden or ridiculed. Today,

the situation (and the content of the schoolbooks) has moved to the other extreme: it is hard to �nd

physiology or taxonomy topics in the midst of the environmental woe Litany. But this is another story,

as they say in the fairytales. . .
5Which, as it usually turns out, are far from simple.
6After all, chemistry is but a specialized branch of physics, isn't it?
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� How it is possible that biological mechanisms may lead to structures capable of

abstract thinking, capable, for example, of constructing physical theories?

� How does it all �t together, and can we understand it? Are there any real (physical

and biological) mechanisms that allow or facilitate real understanding of ourselves

and our environment (physical, biological and mental)? Are there any mechanisms

that prohibit such understanding or make it impractically di�cult?

The interest focused when I have joined the above threads with another, dominant

one: evolution. This has allowed to ask questions about the relation of simple basic

structures (molecules, cells, chemical processes) and high order phenomena: emergence

of physiological and behavioural characteristics, mechanisms governing perception and

thinking, social structures. The speci�c questions `How does it work? ' (as applied

to, for example energy mechanisms of a cell, or to a short term memory within the

brain) have to be expanded by questions `How did it come about? '. The ability to

answer such questions, within the rigour of the scienti�c method is the key element of

the Darwinian theory of evolution. And the fact that the theory provides a lot of well

documented answers, without referring to any supernatural beings or phenomena is the

reason why evolution is under such strong attacks.

Now, for me, personally, the fact that it is possible to get a glimpse of understanding

of where our capabilities (such as the capability to do scienti�c research or, on the other

hand capability and predisposition for religious beliefs) come from is far greater miracle

than any found in holy texts. But it seems that my view is that of a minority, and the

greater part of the people in the world think that evolution is simply wrong and unholy.
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8.2 So, what’s wrong with evolution?

We do not know how the Creator created, what processes He used,
for He used processes which are not now operating anywhere in the natural universe.

This is why we refer to creation as special creation.
We cannot discover by scientific investigations

anything about the creative processes used by the Creator.
Duane Gish

All things dull and ugly
All creatures short and squat

All things rude and nasty,
The Lord God made the lot.

Each little snake that poisons,
Each little wasp that stings.

He made their brutish venom,
He made their horrid wings.

All things sick and cancerous,
All evil great and small

All things foul and dangerous
The Lord God made them all.

Monty Python

Nothing in biology makes sense except in the light of evolution. [. . . ]
Evolution is God’s, or Nature’s method of creation.

Theodosius Dobzhansky7

In November 2004 National Geographic magazine has run a main feature titled

`Was Darwin Wrong? '8. My Polish edition had the title question printed in one

inch sized font on the cover, and even larger on the title page of the feature. One had to

turn the page to see the answer, printed in letters two-inch high: `NO. The evidence
for the Evolution is overwhelming '. The sensational nature is even more evident

on the openly accessed web page, where only the opening question is accessible. One

has to read the small print below to discover the sobering truth: in today's America 45

percent of responding U.S. adults agreed that `God created human beings pretty much

in their present form at one time within the last 10,000 years or so.' | which leaves no

room for Evolution. For cosmology and physics as well. 45% of adult Americans believe

in special creation and 37% of those who believe in evolution believe God guides the
process. Only 12% do believe that humans evolved from other life-forms without any

7Dobzhansky (1973)
8http://magma.nationalgeographic.com/ngm/0411/feature1/index.html

http://magma.nationalgeographic.com/ngm/0411/feature1/index.html
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involvement of any god. And most disquieting is that these proportions did not change

signi�cantly in many decades.
What's wrong with Evolution? Quite simply | nothing. As Daniel Dennet has

stated:

If I were to give a prize for the single best idea anybody ever had, I’d give it to Darwin
for the idea of natural selection — ahead of Newton, ahead of Einstein. Because his
idea unites the two most disparate features of our universe: The world of purposeless,
meaningless matter-in-motion, on the one side, and the world of meaning, and purpose,
and design on the other. He understood that what he was proposing was a truly
revolutionary idea.

Evolution, as a concept underlying the whole set of biological sciences today is a

healthy and perfectly normal scienti�c discipline. Alive means that there are controver-

sies, progress, debates. More and more observations are explained using the evolutionary

framework, both on microscopical, genetic level and in macroscopic behavioural studies.

As we shall learn there are controversies, even very deep ones, but they are a signal of

health, not decay. In some topics, we are still far from complete understanding, mainly

because what we have at our disposal is limited information on a subject so vastly

complex | life and its mechanisms. It would require, however, either total ignorance

of the scienti�c methodology or plain ill will to turn research controversies into tabloid

titles `Evolution Disproved!!! Darwin found wrong by Scientists!!! '.
The recent verbal battle around `Evolution is just a theory' is rightly laughed at, for

example by National Geographic: every theory in science is `just a theory'. There are no

divine, absolute truths in science, unless you count as such the dogmas of Marxism and

its `scienti�c' o�shoots (such as Lysenkoism) in the old Soviet empire, made absolute

by NKWD and KGB inquisitors.

But this viewpoint, shared by most scientists9 is by no means the dominant one

in general public. In fact, the free nature of the information (and misinformation)

ow in the Internet results in exactly opposite bias. A quick search on the Google

search engine with keywords: [Evolution, Theory, Darwin, Refuted] gives 29,100

web pages. Similar search with [Creation Science] gives 20,100,000 hits!10 And the

general public is strongly anti-evolutionist, despite the e�orts of scientists. The most

popular example of this US, where various statistics show how many people believe in

things that are absurd from the point of view of science. My own observations in Poland

con�rm this. I guess it is the same in Muslim countries, but as I can not read Arabic I

can only rely on second hand accounts.
Somehow, the more is religion present in social and state regulations, the smaller is

the universal laymen acceptance of evolutionary theory. But even the religious stance
may vary considerable. Lets start with the Catholic Church, using the words of the late
Pope John Paul II:

9For a recent nicely written summary see Ayala (2007), Darwin's greatest discovery: Design without

designer
10In April 2004

Google
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Taking into account the state of scientific research and the time as well as of the
requirements of theology, the Encyclical Humani generis considered the doctrine of
’evolutionism’ a serious hypothesis, worthy of investigation and in-depth study equal to
that of the opposite hypothesis. Pius XII added two methodological conditions: that
this opinion should not be adopted as though it were a certain, proven doctrine as
though one could totally prescind from Revelation with regard to the questions it raises.
He also spelled out the condition on which this opinion would be compatible with the
Christian faith, a point to which I will return.

Today, almost half a century after the publication of the Encyclical, new
knowledge has led to the recognition in the theory of evolution of more than
a hypothesis. It is indeed remarkable that this theory has been progressively
accepted by researchers, following a series of discoveries in various fields of
knowledge. The convergence, neither sought nor fabricated, of the results of
work that was conducted independently is in itself a significant argument in
favour of this theory.

What is the significance of such a theory? To address this question is to enter the
field of epistemology. A theory is a metascientific elaboration, distinct from the results
of observation but consistent with them. By means of it a series of independent data
and facts can be related and interpreted in a unified explanation. A theory’s validity
depends on whether or not it can be verified; it is constantly tested against the facts;
whenever it can no longer explain the latter, it shows its limitations and unsuitability.
It must then be rethought.

Furthermore, while the formulation of a theory like that of evolution complies with
the need for consistency with the observed data, it borrows certain notions from natural
philosophy.

And to tell the truth, rather than the theory of evolution, we should speak of several
theories of evolution. On the one hand, this plurality has to do with the different
explanations advanced for the mechanism of evolution, and on the other, with the various
philosophies on which it is based. Hence the existence of materialist, reductionist, and
spiritualist interpretations. What is to be decided here is the true role of philosophy
and, beyond it, of theology.11

Compare this with an example of US Luteran statement, from the heart of the `Bible
belt':

We would also be making a very serious error simply to accept the theories
of science without question12. Many aspects of evolutionary theory are directly
contradictory to God’s Word. Evolution cannot be ‘baptized’ to make it compatible with
the Christian faith.Those who attempt inevitably wind up watering down the teachings

11Message to Ponti�cal Academy of Sciences, 1996 (http://www.cin.org/users/james/files/
message.htm)

12Mind it: any scienti�c theory, not just evolution { which is a very correct approach. Science is

based on doubt and checking of statements and claims. And promoting doubt, in any form, is dangerous.

But. . . such should be the approach of any worldview, including the religious ones. Otherwise the meaning

of the quoted statement is to brand science as secondary knowledge, subject, by �at to supremacy of

religion.

http://www.cin.org/users/james/files/message.htm
http://www.cin.org/users/james/files/message.htm
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of the Bible. Christians have no need to fear the findings of science, nor do they have
any reason to give ‘science’ more credence than they give the Word of God.13

But even the relatively positive stance of the Catholic Church at the times of John
Paul II, is by no means clear. Shortly after the Pope's death, in Finding Design in
Nature, published on the op-ed page of the July 7, 2005, issue of The New York
Times, Austrian Cardinal Christoph Sch�onborn, who was one of the main editors of
the Catechism of the Catholic Church criticized unnamed `neo-Darwinian' scientists
as claiming that `an unguided, unplanned process of random variation and natural selection'
is acceptable in Catholic teaching. Deprecating Pope John Paul II's 1996 letter to the
Ponti�cal Academy of Sciences as `rather vague and unimportant', Sch�onborn instead
cited statements from John Paul II and Benedict XVI that endorse divine providence
as opposed to materialistic philosophy as evidence that the Catholic Church opposes
`neo-Darwinism.'

Any evolutionary position that denies the overwhelming evidence for design in biology
is ideology, not science and incompatible with Catholic teaching.

The Catholic Church, while leaving to science many details about the history of life on
earth, proclaims that by the light of reason the human intellect can readily and clearly
discern purpose and design in the natural world, including the world of living things.

Faced with scientific claims like neo-Darwinism and the multiverse hypothesis in cos-
mology invented to avoid the overwhelming evidence for purpose and design found in
modern science, the Catholic Church will again defend human reason by proclaiming
that the immanent design evident in nature is real.

The Cardinal also said that although he thinks that students should be taught

that evolution is just one of many theories, the Vatican's Congregation for Catholic

Education had no plans to issue new guidance about evolution to teachers in Catholic

schools.

Sch�onborn's letter was investigated by Cornelia Dean and Laurie Goodstein, whose

Leading Cardinal Rede�nes Church's View on Evolution appeared in the July 9,

2005, issue of the Times. According to the article, the Discovery Institute's Mark

Ryland took credit for urging Sch�onborn to write the op-ed, and it was submitted to

the Times by the Discovery Institute's public relations �rm. And for those who do

not know, the Discovery Institute is the US leading public policy centre that defends

`teaching the controversy' about the strengths and weaknesses of Darwinian evolution.

The centre has launched a national campaign to defend the rights of scientists, teachers,

and students who are being threatened because they dare to raise critical questions

about evolution (http://www.discovery.org/).

To leave the world of Christianity, here are two statements from Islamic teaching:

It is of vital importance for people of faith to be alert and cautious against the
ideological systems committed to struggle against God and religion. For 150 years,

13Dr. A. L. Barry, President, The Lutheran Church|Missouri Synod (http://www.lcms.org/
graphics/assets/media/LCMS/wa_creation-evolution.pdf)

http://www.discovery.org/
http://www.lcms.org/graphics/assets/media/LCMS/wa_creation-evolution.pdf)
http://www.lcms.org/graphics/assets/media/LCMS/wa_creation-evolution.pdf)
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Darwinism provided a so-called scientific ground for all anti-religionist ideologies that
caused misery for mankind, such as fascism, communism, and imperialism and legit-
imised the merciless practises of those who adopted these philosophies. Hence, it would
not be right to ignore the inner truth and the real purpose of such a theory. For each
believer, be Muslim or Christian, of conscience, it is a major responsibility to disprove
every anti-religious ideology rejecting the existence of God with a thought struggle, to
demolish falsehood with truth and warn people.14

First of all, the claim that the Quran contains an account of creation compatible
with the theory of evolution is incorrect. As Harun Yahya has established in considerable
detail in his book Why Darwinism is Incompatible with the Quran, the Quran contains
no account of living things evolving from one another in an evolutionary process. On
the contrary, the Almighty Allah reveals that He created living things with the command
‘Be!’ in other words in a miraculous manner (Quran, 16:40). In the verse ‘Allah created
every animal from water.’ (Quran, 24:45), it is revealed that living species did not
emerge by evolving from one another, but that Allah created them all from water. It is
furthermore revealed in the Qur’an that man is not descended from another creature,
but that Allah created him, in a miraculous manner, from clay (Quran, 15:26).15

As we can see the controversy is very strong. One of key focal points for the con-

troversy was the 1981 court case in Little Rock, Arkansas (McLean v. Arkansas Board

of Education), in which several plainti�s argued that Governor of Arkansas signed into

law Act 590 signed by the Governor of Arkansas, entitled `Balanced Treatment for
Creation-Science and Evolution-Science Act ' is unconstitutional. The Act 590 es-

sential mandate is stated in its �rst sentence: `Public schools within this State shall give
balanced treatment to creation-science and to evolution-science.'

There were three charges for unconstitutionality of the Act. First, it was contended

that Act 590 constituted an establishment of religion prohibited by the First Amend-

ment to the US Constitution, which is made applicable to the states by the Fourteenth

Amendment. Second, the plainti�s argued the Act violated a right to academic freedom

which they say is guaranteed to students and teachers by the Free Speech Clause of the

First Amendment. Third, plainti�s alleged the Act is impermissibly vague and thereby

violates the Due Process Clause of the Fourteenth Amendment.
To understand what is the `science' component of the Act 590 it is useful to quote

the de�nitions of creation-science and evolution-science contained therein:

(a) ‘Creation-science’ means the scientific evidences for creation and inferences from
those scientific evidences. Creation-science includes the scientific evidences and related
inferences that indicate: (1) Sudden creation of the universe, energy, and life from
nothing; (2) The insufficiency of mutation and natural selection in bringing about de-
velopment of all living kinds from a single organism; (3) Changes only within fixed limits
of originally created kinds of plants and animals; (4) Separate ancestry for man and apes;

14Harun Yahaya, WHY DOES DARWIN'S THEORY OF EVOLUTION CONTRADICT WITH RE-

LIGION? (http://www.jamiat.org.za/harun/darwin1.html)
15http://www.darwinism-watch.com/response_to_haidar_bagir.php

http://www.jamiat.org.za/harun/darwin1.html
http://www.darwinism- watch.com/response_to_haidar_bagir.php
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(5) Explanation of the earth’s geology by catastrophism, including the occurrence of a
worldwide flood; and (6) A relatively recent inception of the earth and living kinds.

(b) ‘Evolution-science’ means the scientific evidences for evolution and inferences
from those scientific evidences. Evolution-science includes the scientific evidences and
related inferences that indicate: (1) Emergence by naturalistic processes of the universe
from disordered matter and emergence of life from nonlife; (2) The sufficiency of mu-
tation and natural selection in bringing about development of present living kinds from
simple earlier kinds; (3) Emergence by mutation and natural selection of present living
kinds from simple earlier kinds; (4) Emergence of man from a common ancestor with
apes; (5) Explanation of the earth’s geology and the evolutionary sequence by unifor-
mitarianism; and (6) An inception several billion years ago of the earth and somewhat
later of life.

While the motives for Act 590 were de�nitely religious (as was clearly discovered
during the trial) the list of the plainti�s was very interesting:

The individual plaintiffs include the resident Arkansas Bishops of the United Methodist,
Episcopal, Roman Catholic and African Methodist Episcopal Churches, the principal
official of the Presbyterian Churches in Arkansas, other United Methodist, Southern
Baptist and Presbyterian clergy, as well as several persons who sue as parents and next
friends of minor children attending Arkansas public schools. One plaintiff is a high school
biology teacher. All are also Arkansas taxpayers. Among the organizational plaintiffs
are the American Jewish Congress, the Union of American Hebrew Congregations, the
American Jewish Committee, the Arkansas Education Association, the National Associ-
ation of Biology Teachers and the national Coalition for Public Education and Religious
Liberty, all of which sue on behalf of members living in Arkansas.16

TheMemorandum of Opinion accompanying the Court decision permanently pro-
hibiting enforcement of Act 590 is worth reading in whole. In fact, Science journal has
printed it in its full form in 1982. Some of the excerpts are provided below.

The religious movement known as Fundamentalism began in nineteenth century
America as part of evangelical Protestantism’s response to social changes, new religious
thought and Darwinism. Fundamentalists viewed these developments as attacks on the
Bible and as responsible for a decline in traditional values.

The various manifestations of Fundamentalism have had a number of common char-
acteristics, but a central premise has always been a literal interpretation of the Bible
and a belief in the inerrancy of the Scriptures. Following World War I, there was again
a perceived decline in traditional morality, and Fundamentalism focused on evolution as
responsible for the decline. One aspect of their efforts, particularly in the south, was
the promotion of statutes prohibiting the teaching of evolution in public schools. In
Arkansas, this resulted in the adoption of Initiated Act 1 of 1929.

Between the 1920’s and early 1960’s, anti-evolutionary sentiment had a subtle but
pervasive influence on the teaching of biology in public schools. Generally, textbooks
avoided the topic of evolution and did not mention the name of Darwin. Following the

16Quoted after Judge William R. Overton Memorandum Opinion http://www.talkorigins.org/
faqs/mclean-v-arkansas.html

http://www.talkorigins.org/faqs/mclean-v-arkansas.html
http://www.talkorigins.org/faqs/mclean-v-arkansas.html
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launch of the Sputnik satellite by the Soviet Union in 1957, the National Science Foun-
dation funded several programs designed to modernize the teaching of science in the
nation’s schools. The biological Sciences Curriculum Study (BSCS), a nonprofit orga-
nization, was among those receiving grants for curriculum study and revision. Working
with scientists and teachers, BSCS developed a series of biology texts which, although
emphasizing different aspects of biology, incorporated the theory of evolution as a major
theme. The success of the BSCS effort is shown by the fact that fifty percent of Ameri-
can school children currently use BSCS books directly and the curriculum is incorporated
indirectly in virtually all biology texts. (Testimony of Mayer; Nelkin, Px 1).

In the early 1960’s, there was again a resurgence of concern among Fundamentalists
about the loss of traditional values and a fear of growing secularism in society. The
Fundamentalist movement became more active and has steadily grown in numbers and
political influence. There is an emphasis among current Fundamentalists on the literal
interpretation of the Bible and the Book of Genesis as the sole source of knowledge
about origins.

The term ‘scientific creationism’ first gained currency around 1965 following publi-
cation of The Genesis Flood in 1961 by Whitcomb and Morris. There is undoubtedly
some connection between the appearance of the BSCS texts emphasizing evolutionary
thought and efforts of Fundamentalist to attach the theory. (Mayer)

In the 1960’s and early 1970’s, several Fundamentalist organizations were formed to
promote the idea that the Book of Genesis was supported by scientific data. The terms
‘creation science’ and ‘scientific creationism’ have been adopted by these Fundamental-
ists as descriptive of their study of creation and the origins of man. Perhaps the leading
creationist organization is the Institute for Creation Research (ICR), which is affiliated
with the Christian heritage College and supported by the Scott Memorial Baptist Church
in San Diego, California. The ICR, through the Creation-Life Publishing Company, is
the leading publisher of creation science material. other creation science organizations
include the Creation Science Research Center (CSRC) of San Diego and the Bible Sci-
ence Association of Minneapolis, Minnesota. In 1963, the Creation Research Society
(CRS) was formed from a schism in the American Scientific Affiliation (ASA). It is an
organization of literal Fundamentalists who have the equivalent of a master’s degree in
some recognized area of science. A purpose of the organization is ‘to reach all people
with the vital message of the scientific and historical truth about creation’ (Nelkin, The
Science Textbook Controversies and the Politics of Equal Time). Similarly, the CSRC
was formed in 1970 from a split in the CRS. Its aim has been ‘to reach the 63 million
children of the United States with the scientific teaching of Biblical creationism.’

Among creationist writers who are recognized as authorities in the field by other
creationists are Henry M. Morris, Duane Gish, G. E. Parker, Harold S. Slusher, Richard
B. Bliss, John W. Moore, Martin E. Clark, W. L. Wysong, Robert E. Kofahl, and
Kelly L. Segraves. Morris is Director of ICR, Gish is Associate Director and Segraves is
associated with CSRC.

Creationists view evolution as a source of society’s ills, and the writings of Morris
and Clark are typical expressions of that view.

‘Evolution is thus not only anti-Biblical and anti-Christian, but it is utterly unscien-
tific and impossible as well. But it has served effectively as the pseudo-scientific basis
of atheism, agnosticism, socialism, fascism, and numerous other false and dangerous
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philosophies over the past century. [Morris and Clark, The Bible Has The Answer] ’

. . .

In efforts to establish ‘evidence’ in support of creation science, the defendants relied
upon the same false premise as the two model approach, i.e., all evidence which crit-
icized evolutionary theory was proof in support of creation science. For example, the
defendants established that the mathematical probability of a chance chemical combina-
tion resulting in life from non-life is as remote that such an occurrence is almost beyond
imagination. Those mathematical facts, the defendants argue, are scientific evidences
that life was the product of a creator. While the statistical figures may be impressive ev-
idence against the theory of chance chemical combinations as an explanation of origins,
it requires a leap of faith to interpret those figures so as to support a complex doctrine
which includes a sudden creation from nothing, a worldwide flood, separate ancestry of
man and apes, and a young earth.

. . .

The defendants argue in their brief that evolution is, in effect, a religion, and that
by teaching a religion which is contrary to some students’ religious views, the State
is infringing upon the student’s free exercise rights under the First Amendment. Mr.
Ellwanger’s legislative findings, which were adopted as a finding of fact by the Arkansas
Legislature in Act 590, provides:

Evolution-science is contrary to the religious convictions or moral values or philo-
sophical beliefs of many students and parents, including individuals of many different
religious faiths and with diverse moral and philosophical beliefs.

The defendants argue that the teaching of evolution alone presents both a free ex-
ercise problem and an establishment problem which can only be redressed by giving
balanced treatment to creation science, which is admittedly consistent with some reli-
gious beliefs. If creation science is, in fact, science and not religion, as the defendants
claim, it is difficult to see how the teaching of such a science could ‘neutralize’ the
religious nature of evolution.

Assuming for the purposes of argument, however, that evolution is a religion or
religious tenet, the remedy is to stop the teaching of evolution, not establish another
religion in opposition to it. Yet it is clearly established in the case law, and perhaps
also in common sense, that evolution is not a religion.

8.2.1 Intelligent approach: Intelligent Design

The religious based attacks on evolutionary approach have not ended with Little Rock
suit nor are limited to `woodenheaded' literalism of Quran or Bible. As `Creationist
Science' has been disreputed, the proponents have adopted a new name: Intelligent
Design. And a new approach: we are scientists using scienti�c method. The opposition
is not between Science and Religion, it is between `naturalism' or `materialism' and
`intelligent design'. Let me quote an analysis Stiing Intellectual Inquiry placed at
Discovery Institute WEB page17 by Richard John Neuhaus on April 30, 2005:

17http://www.discovery.org/scripts/viewDB/index.php?command=view&id=2523&program=
CSC-ViewsandNews

http://www.discovery.org/scripts/viewDB/index.php?command=view&id=2523&program=CSC - Views and News
http://www.discovery.org/scripts/viewDB/index.php?command=view&id=2523&program=CSC - Views and News
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Theories are proposed principles or narratives that are both arrived at and tested
by their explanatory force relative to what are taken to be known facts. To simply
equate evolutionary theory with science is a form of dogmatism that has no place in
the pursuit of truth. The problems with that approach are multiplied by the fact that
there are such starkly conflicting versions of what is meant by evolution. The resistance
to the theory is almost inevitable when it is propounded, as it often is, in an atheistic
and materialistic form. Atheism and materialism are not science but ideologies that
most people of all times and places, not just ‘red state’ Americans, deem to be false.
Proponents of ‘intelligent design’ and other approaches, who are frequently well-certified
scientists, contend that their theories possess greater explanatory power.

If someone claims the theory of evolution is false because it contradicts their un-
derstanding of what the Bible says, that is not a scientific argument in the ordinary
meaning of science. It is an argument from the authority of the Bible, or at least from
a certain interpretation of the Bible. One may make that argument in an eminently
rational way, although in a way that will not be convincing to many people. Just as
the theory of evolution is not convincing to many people. That is the way it is with
arguments. The proponents of intelligent design, however, are not making their argu-
ment from the authority of the Bible but from what they are persuaded is the scientific
evidence. Their opponents contend that their argument is discredited because most of
them are Christian believers. Turnaround being fair play, one might answer that the
more aggressive proponents of evolution are discredited because they are typically ide-
ological atheists and materialists. These are religio-philosophical disputations of a low
and ad hominem sort and have no place in what is, or should be, scientific methodology.

The great question of the origin and development of life in the cosmos is endlessly
fascinating. Intellectual freedom and integrity require that all pertinent evidence and
lines of reasoning be taken into account in forming speculations, hypotheses, and theories
regarding that great question. It is a historical fact that evolutionary theory, variously
construed, has achieved a status as ‘the truth’ among most scientists in the century
past. It has also had its very eloquent dissenters. For the past decade, we have had the
scientific proponents of ‘intelligent design’ sometimes frontally challenging and at other
times offering significant modifications of the theory of evolution.

Another explanation of what is meant by `intelligent design' can be provided by an
excerpt from http://www.intelligentdesignnetwork.org/:

The theory of intelligent design (ID) holds that certain features of the universe and
of living things are best explained by an intelligent cause rather than an undirected
process such as natural selection. ID is thus a scientific disagreement with the core
claim of evolutionary theory that the apparent design of living systems is an illusion.

In a broader sense, Intelligent Design is simply the science of design detection – how
to recognize patterns arranged by an intelligent cause for a purpose. Design detection is
used in a number of scientific fields, including anthropology, forensic sciences that seek
to explain the cause of events such as a death or fire, cryptanalysis and the search for
extraterrestrial intelligence (SETI). An inference that certain biological information may
be the product of an intelligent cause can be tested or evaluated in the same manner
as scientists daily test for design in other sciences.

http://www.intelligentdesignnetwork.org/
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ID is controversial because of the implications of its evidence, rather than the sig-
nificant weight of its evidence. ID proponents believe science should be conducted
objectively, without regard to the implications of its findings. This is particularly nec-
essary in origins science because of its historical (and thus very subjective) nature, and
because it is a science that unavoidably impacts religion.

Positive evidence of design in living systems consists of the semantic, meaningful or
functional nature of biological information, the lack of any known law that can explain
the sequence of symbols that carry the ‘messages’ and statistical and experimental
evidence that tends to rule out chance as a plausible explanation. Other evidence
challenges the adequacy of natural or material causes to explain both the origin and
diversity of life.

Intelligent Design is an intellectual movement that includes a scientific research
program for investigating intelligent causes and that challenges naturalistic explanations
of origins which currently drive science education and research.

Lofty words, indeed. With the appeal for scienti�c fairness and openness and no
mention of theistic arguments or religion at all. `Intelligent Cause' is a very neutral
wording, similar to what Richard Dawkins refers to as `God in this sophisticated, physicist’s
sense [that] bears no resemblance to the God of the Bible or any other religion'. TheSee page 159

Intelligent Design is presented as wholly di�erent from creationism. For example Harris
and Calvert (2003) de�nes the two as:

Creation science seeks to validate a literal interpretation of creation as contained
in the book of Genesis in the Bible. Creation science was defined in a statute that
was litigated in a 1982 Arkansas case. In that case, the district court found that, as
defined, the teaching of ‘creation science’ was unconstitutional because it was, in effect,
a restatement of the Genesis account of origins, and that teaching this material would
have the effect of promoting that particular religious view. . .

Intelligent Design is not creation science. ID is simply an hypothesis about the
direct cause of certain past events based on an observation and analysis of data. ID
does not arise from any religious text, nor does it seek to validate any scriptural
account of origins. An ID proponent recognizes that ID theory may be disproved by
new evidence. ID is like a large tent under which many religious and nonreligious origins
theories may find a home. ID proposes nothing more than that life and its diversity were
the product of an intelligence with power to manipulate matter and energy. Period. This
is not inconsistent with ‘literal Biblical creationism’, nor Islamic, American Indian, or
any religious heritage that invokes a Creator. ID simply does not address the specifics of
creation—the why and who—not because ID theorists are protecting a hidden agenda
but because the data do not compel firm answers to those questions. ID addresses one
question only: is life the product of a guided or an unguided process? Did it arise from
a mind or from the meaningless meandering of molecules in mindless motion? . . .

Furthermore, a design inference does not seek to advance a particular religious belief
system and does not have a clergy, a set of ethics and morals, religious texts or any of
the other trappings of recognized religions.

At the same time he de�nes `naturalism' as:
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Naturalism is the doctrine that the laws of cause and effect (as in chemistry and
physics) are adequate to account for all phenomena, and that design or teleological
conceptions of nature are invalid.

While I can readily agree with the �rst part of the sentence, the second part is, in

my opinion, added without any justi�cation. Science allows teleological explanations,

if the `actors' are capable of intelligent actions. No one would say that statement `nest

building by birds is an activity which has a purpose and design' is unscienti�c. Nor are

human actions such as striving for power, for example by promoting your own religious

views in education system (highly teleological activity) exempted from scienti�c study

and description. Naturalism simply states that in phenomena that do not involve known
intelligent agents (such as physics or chemistry or molecular biology) laws of cause and

e�ect are adequate to account for all phenomena. Of course the Intelligent Design stance

might be that we simply do not know yet the intelligent agents hidden `behind' physics

or chemistry. This might be the case, but the success of the explanations that do not

refer to the supernatural, intelligent agents and Occam's Razor principle point out to

the lack of the need for `cette hypothèse'. Page 218

The meaning of the word explained, as used by the ID proponents goes back to

Aristotelian e�cient cause and �nal cause. Looking for | or invoking | an intelligent

agent that would explain the observed relationships and situations can only provide and

answer in the form of `John did it'. Even with such mundane issues as our everyday

encounters with other people we easily �nd how inadequate are answers of that kind.

The big question of `why did he do it' remains elusive. The richness of human life,

uniqueness of our experiences and di�erences in psyche result in such complexity that

we intuitively know that most of the explanations are shallow. It takes a great literary

talent to describe coherently the causes of our own deeds. How can we hope for an

explanation of the reasons of an intelligent Creator? Thus, ID is a form of surrender,

not inquiry.

But Intelligent Design has not only philosophical problems. Direct analysis of the

arguments used in this approach is also quite damaging. And, we all have to remember

that by applying for scienti�c theory status the proponents if ID must accept the rigour

and sometimes damaging results of scienti�c method. For a quite detailed analysis of

the problems wit ID one can loot to Young and Edis (2006), Why Intelligent Design
Fails18, which is a collection of articles devoted to careful analysis of ID claims and

arguments. I will not follow all the arguments from the book in their detail and entirety,

but it is worthy reading19.

One of the most widely used arguments in the discussions for Creationism or intel-
ligent design the new formulations concentrate on the `information increase' (assumed

18See also interesting Matt Young presentation at http://www.mines.edu/~mmyoung/DesnConf.pdf.
19Another interesting and short resource would be http://www.actionbioscience.org/evolution/
nhmag.html. But there are many, many more, including quite detailed Wikipedia site http://en.
wikipedia.org/wiki/Intelligent_design.

http://www.mines.edu/~mmyoung/DesnConf.pdf
http://www.actionbioscience.org/evolution/nhmag.html
http://www.actionbioscience.org/evolution/nhmag.html
http://en.wikipedia.org/wiki/Intelligent_design
http://en.wikipedia.org/wiki/Intelligent_design
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to be impossible via `natural' processes. This key phrase is used several times in the
Answers in Genesis WEB site. It also appears in Harris and Calvert (2003):

Living systems are characterized by the presence of vast amounts of information (e.g.,
DNA). There is no known physical or chemical law or process that can produce infor-
mation that has a semantic charateristic; complexity, yes, but not information. The
semantic or meaningful quality does not flow from matter or energy alone. The only
force in our experience known to produce meaning is a mind. For example, the letter
sequence ‘SGIDNE’ conveys no meaning. However the same letters rearranged into
‘DESIGN’ have something new—meaning, information derived from a mind—but no
more matter.

The change of the stress in language serves only as temporary defence of creation-

ism, especially for those who do not follow molecular genetics closely. The problem is

with the de�nition of the information increase, in fact with quantifying of information.

Mutation processes, such as substitution of some nucleic acids in the DNA sequence,

leading to coding of entirely new proteins may be de�nitely counted as increasing in-

formation.20

To use the example given by Harris and Calvert: SGIDNE may have no meaning
in the coding scheme of English. Perhaps the word is meaningful in one of the many
languages of Earth. But in molecular biology based on nucleic acids and proteins the
meanings of nucleic acid sequences are given by their physical e�ect, not by convention.
Some new sequences might code new proteins, some might slow down or inhibit other
coding resulting in di�erent timing of activities. The meaning of the DNA code is
not dictated by us ascribing letters to the alphabet, but by physical and chemical
processes in very complex environment of living organisms. The claim this complexity
does not produce `semantic information' is a pure play on words and mixing of levels
of understanding. Mutation that produces an new protein, or inuences the rates
of expression of other genes has a `meaning ' apart from any convention we might
apply. And we can easily imagine that such changes might produce some e�ects that
are novel and useful for the mutated organism. One of the best descriptions of the
inherent interleaving of the message and action in DNA/protein environment is Douglas
Hofstadter chapter title `Self-Ref and Self-Rep' (Hofstadter, 1980). The analogies of
human languages and letter sequences with DNA bases and genomic information are
very shallow, and their illustrative power is dangerous. It may easily lead, via `armchair
philosophy' reasoning, to false conclusions. For example one of the leading proponents
of the Intelligent Design research describes the situation as follows (Meyer, 2004)

Since the 1960s, some biologists have thought functional proteins to be rare among
the set of possible amino acid sequences. Some have used an analogy with human
language to illustrate why this should be the case. Denton (1986), for example, has
shown that meaningful words and sentences are extremely rare among the set of possible
combinations of English letters, especially as sequence length grows. . .
Further, Denton shows that most meaningful sentences are highly isolated from one
another in the space of possible combinations, so that random substitutions of letters

20For an interesting analysis see Godfrey-Smith (2001).



8.2. So, what's wrong with evolution? 499 Draft, January 2, 2008

will, after a very few changes, inevitably degrade meaning. Apart from a few closely
clustered sentences accessible by random substitution, the overwhelming majority of
meaningful sentences lie, probabilistically speaking, beyond the reach of random search.

Now, this linguistic analysis is used to bu� up the arguments for biological structures:

Cassette mutagenesis experiments performed during the early 1990s suggest that the
probability of attaining (at random) the correct sequencing for a short protein 100 amino
acids long is about 1 in 1065. This result agreed closely with earlier calculations that
Yockey (1978) had performed based upon the known sequence variability of cytochrome
c in different species and other theoretical considerations. More recent mutagenesis
research has provided additional support for the conclusion that functional proteins
are exceedingly rare among possible amino acid sequences. Axe (2004) has performed
site directed mutagenesis experiments on a 150-residue protein-folding domain within
a B-lactamase enzyme. His experimental method improves upon earlier mutagenesis
techniques and corrects for several sources of possible estimation error inherent in them.
On the basis of these experiments, Axe has estimated the ratio of (a) proteins of typical
size (150 residues) that perform a specified function via any folded structure to (b) the
whole set of possible amino acids sequences of that size. Based on his experiments, Axe
has estimated his ratio to be 1 to 1077. Thus, the probability of finding a functional
protein among the possible amino acid sequences corresponding to a 150-residue protein
is similarly 1 in 1077. . .

Reasonable extrapolation from mutagenesis experiments done on shorter protein
molecules suggests that the probability of producing functionally sequenced proteins of
this length at random is so small as to make appeals to chance absurd, even granting
the duration of the entire universe.

The odds seem to be so improbable that we are forced to conclude the existence of a

designer. By comparison, the `probability' of intelligent designer existence seems almost

sure. But the way the odds were calculated is the week point of the reasoning. The

computations did not take into account the nature of actual biological processes, which,

in addition to randomness, contain positive and negative feedback processes. More-

over, microchemistry allows some steps to accumulate into single, almost macroscopic,

actions. Such as when large segments of molecules (say DNA) are copied, replicated,

reversed, translated. Some actions, such as protein folding, happen almost `by them-

selves', and need not to be programmed in each little detail. As a result the overall

number of steps necessary to arrive at some combination may be much smaller than the

estimates used by ID proponents. And the probabilities get much more realistic. . .

While the quoted Meyer paper appears to be within the `peer reviewed' mainstream

scienti�c �eld (complete with references etc.) it is interesting to have a look at the

document in more detail. Usually reliable Google Scholar lists only one reference to

Mayers work, by William A. Dembski, titled `In Defense of Intelligent Design ' and
published by Center for Science and Theology Southern Baptist Theological Seminary

in Louisville, Kentucky.
Before we move further I would like to recall a document that was leaked from

the anti-evolutionary Discovery Institute and known as `The Wedge ' (Center for the
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Renewal of Science and Culture). The document, which is an internal memo describing
plans and goals of the movement, is very revealing as to the purposes of the Intelligent
Design (so much that the Discovery Institute has published an o�cial answer to it21).
Among the statements of the goals of the Institute are:

Governing Goals

• To defeat scientific materialism and its destructive moral, cultural and political
legacies.

• To replace materialistic explanations with the theistic understanding that nature
and human beings are created by God.

Five Year Goals

• To see intelligent design theory as an accepted alternative in the sciences and
scientific research being done from the perspective of design theory.

• To see the beginning of the influence of design theory in spheres other than natural
science.

• To see major new debates in education, life issues, legal and personal responsibility
pushed to the front of the national agenda.

Twenty Year Goals

• To see intelligent design theory as the dominant perspective in science.

• To see design theory application in specific fields, including molecular biology,
biochemistry, paleontology, physics and cosmology in the natural sciences, psy-
chology, ethics, politics, theology and philosophy in the humanities; to see its
innuence [sic!] in the fine arts.

• To see design theory permeate our religious, cultural, moral and political life.

Discovery Institute’s Center for the Renewal of Science and Culture seeks nothing
less than the overthrow of materialism and its cultural legacies.

But what is relavant to our discussion of Meyer's argument is that the list of activities
included in the Wedge document includes, as one of focal activities:

Front line research funding at the ‘pressure points’ (e.g., Paul Chien’s Chengjiang
Cambrian Fossil Find in paleontology, and Doug Axe’s research laboratory in molecular
biology)

This is the same Axe that Mayer quotes. And, perhaps not really surprisingly,

Stephen Meyer was the director of Discovery Institute's Center for the Renewal of

Science and Culture at the time The Wedge was written.

So, what we might think of as peer review turns out to be closed circle of collabo-

rators working for a common set of stated goals, religious or political (depending on

how you place them). This is far from scienti�c objectivity and process.

21The Wedge Document: So what?, http://www.discovery.org/scripts/viewDB/
filesDB-download.php?id=349

http://www.discovery.org/scripts/viewDB/filesDB-download.php?id=349
http://www.discovery.org/scripts/viewDB/filesDB-download.php?id=349
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To put the discussion on less personal and more scienti�c grounds let us turn to

more concrete examples. An insight of how new information may appear in biological

structures might be provided by the `nylon eating' bacteria. While life is known to

ourish using almost any naturally found substance, nylon is not found in nature.

Its arti�cial creation in 1935 casts some doubt on the hypothesis that there would be

bacteria ready do congest nylon when it appeared. Indeed, not only is the nylon polymer

not found in nature, neither are the linkages that bind the subunits together. By

1975, bacteria capable of hydrolysing nylon were found in wastewater from nylon plants

(Kinoshita et al., 1981; Ohno, 1984). These bacteria had speci�c proteins able to digest

nylon, nylonases, that are exquisitely speci�c, act on no known amide bond other than

the nylon beta amide bond, and have no relationship to any known protease (protein

digesting enzyme). Thus the genes that direct such useful activity would be something

exactly characterised by the `meaningful, functional nature of biological information'.
The response of the Creationist circles to the `nylon bug' discovery varied from

serious to irrelevant. The less serious category would contain attempts to describe the
discovery as no discovery at all, as the gene sequence was found in plasmids within the
bacteria and not in their main genome. Some Creationists claimed that this was hidden
by the Japanese discoverers { which is entirely untrue, Ohno's paper clearly draws
attention to speci�c plasmids. Such tactics of throwing mud in quantity, with the
hope that some of it would stick, is well known, though hardly considered honourable.
The more serious attempts at disarming the bomb under the hypothesis that natural
mutations can not produce new information were based on probability of mutations
and di�erence between the evolutionist's random mutations and creationist's directed
mutations. Lee Spetner, author of Not By Chance22 writes that

I must point out that the debate here is whether random mutations in the nylon bug
generated the information that permitted it to metabolize the nylon waste or was there
something nonrandom about it. By the latter I mean that either the correct mutations
were induced by the environment or else the new adaptation was already built
into the organism so that random mutations that would be likely to occur within
the population could trigger the change.23

Hmm, the ghost of Lamarck would be very satis�ed with the statement. Envi-

ronmentally induced correct mutation! Just like longer and longer necks of gira�es.

The ow of meaningful information and intention from the environment to organism

to genome/DNA as proposed by Spetner stands in contrast with �ndings of modern

biology and is, indeed, truly Lamarckian24

The discovery of really new and useful mutation that is bene�cial and in which it can

easily be shown, by chemical analysis, that relatively simple change of the genome (so

called frame shift) can result in appearance of completely new protein is a wonderful ex-

ample how semantic analogies used by ID believers are simply misleading. Introducing

22For review see http://home.wxs.nl/~gkorthof/kortho36.htm
23http://members.tripod.com/aslodge/id133.htm
24For much more technical discussion of the topic see http://www.nmsr.org/nylon.htm and http:
//www.talkorigins.org/origins/postmonth/apr04.html.

http://home.wxs.nl/~gkorthof/kortho36.htm
http://www.nmsr.org/nylon.htm
http://www.talkorigins.org/origins/postmonth/apr04.html
http://www.talkorigins.org/origins/postmonth/apr04.html
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one letter into a sentence can not have such result as introduction of one nucleotide into

DNA sequence, which shifted a long chain of amino acids, leading to completely new

protein with di�erent properties. And when the only recourse seems to be claim that

`yes, the mutation does have bene�cial e�ects, but then it must be purposefully intro-

duced' is just wishful thinking. Nonrandom mutations are contrary to the great body

of accumulated experimental evidence, which essentially points to statistical, random

nature of the nano-chemistry within living organisms.

In fact one might suppose that the calls for `scienti�c debate' and giving equal
footing to the Intelligent Design and naturalism is just a way to hide the real issue of
promoting religion. For some people Intelligent Design scienti�c, objective formulation
is de�nitely seen as the means to promote religion | as seen from the already cited
remarks of William Harris at the Evolution hearings in Kansas in May 2005:

School science classes are teaching children that life evolved naturally and randomly. . .
This was in conflict with Biblical teachings that God created life. They are offering
an answer that may be in conflict with religious views. Part of our overall goal is to
remove the bias against religion that is currently in schools. This is a scientific
controversy that has powerful religious implications.

Thus, the legal debate turns to be about Bible, not scienti�c objectivity. The change

of the way of presenting the arguments by the Intelligent Design proponents is intelligent

indeed. Such obfuscation has been a tool in politics since ancient times, and in the

current social landscape it might have much better chances of success. After all, the

public would say, isn't science living with and by doubt and controversy?

For example, US President, George W. Bush has stated that he favours `equal treat-

ment' of evolution and Intelligent Design in schools. In some US states this has been

actually done by the school authorities. The 2005 trial in Harrisburg, called Kitzmiller

v. Dover Area School District, was �led by the American Civil Liberties Union (ACLU)

on behalf of concerned parents after Dover school board o�cials voted 6-3 last October

to require that 9th graders be read a short statement about intelligent design before bi-

ology lessons on evolution. Students were also referred to an intelligent design textbook

to learn more information about the controversial idea.

The Dover school district earlier this month attempted to prevent the lawsuit from

going forward, but a federal judge ruled last week that the trial would proceed as

scheduled.

The lawsuit argues that intelligent design is an inherently religious argument and

a violation of the First Amendment that forbids state-sponsored schools from funding

religious activities.

`Although it may not require a literal reading of Genesis, [ID] is creationism because it
requires that an intelligent designer started or created and intervened in a natural process.
ID is trying to drag science into the supernatural and redefine what science is and isn’t' said
Alan Leshner, the CEO of the American Association for the Advancement of Science

(AAAS) and executive publisher of the journal Science.
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Several expert witnesses have provided statements aimed at analysis if ID can indeed
be considered a scienti�c theory25. For example Scott Minnich, Associate Professor of
Microbiology, University of Idaho, a witness for the defendants (pro-ID) has stressed
that the reason for looking for the intelligent creator of the subcellular structures is
that they look as complicated as man made. Minnich quotes an opening excerpt from
the Cell journal devoted to subcellular units that invokes imagery of machines as proof
of their `arti�ciality' He then criticizes mainstream science

By our admission the cell is comprised with essential components having the appearance
of machines, in fact they are even more sophisticated than man-made machines; yet we
will not allow consideration that the origin of these machines arose from intelligence26

Thus, the proposed `scienti�c' approach of the ID is that if we look at something

(a thing, phenomenon, a living being) that we are incapable of understanding or repro-

ducing ourselves, we should invoke an external agent with intelligence to design it. On

a slightly jocular side, this would mean that the amount of things created by intelligent

designers has steadily decreased in the past centuries, as we found natural explanations

of more and more phenomena. In fact it agrees with the decline in mythology in ev-

eryday life. For the proponents of ID, life certainly still is gift of the gods. But let us

remember that not so long ago, we thought the same of �re. Today no one (I hope)

claims that �re is something more than just physical/chemical process.
As for the explanatory power of the Intelligent Design and its relation to religions

one might quote another witness for the defendants, Michael Behe, Professor of Bio-
chemistry, Lehigh University27.

Intelligent design theory focuses exclusively on the question of whether biological sys-
tems, such as the molecular machinery found in cells, exhibit features consistent with
the actual intelligent design. As interesting as they may be, the topics of when such
designing happened, why it was done, how it was done, and so forth, are further addi-
tional questions — beyond the basic question of whether there is design present — for
which the scientific evidence is yet insufficient to draw firm conclusion.

Thus, once a scientist decides that a phenomenon or an organ was created, the

research enters into shaky ground. The nature of this ground is very well exposed

by one of the most prominent ID books: Of Pandas and People, by Percival Davis

and Dean H. Kenyon. The book argues that when an intelligent design is found the

answers to questions related to its nature are inherently theological. If the nature is

to be `explained' by `a designer' whose nature can not be discerned by science, such

approach is, indeed, a death of science.
Yet, while I am personally very troubled by the fact that religious beliefs are again

inuencing the science (especially education), I did check the Dover Area School District
Curriculum for biology for the 9th grade, that is the reason for the trial. And what

25The statements can be found at http://www2.ncseweb.org/wp/?page_id=12
26http://www2.ncseweb.org/kvd/experts/minnich.pdf
27http://www2.ncseweb.org/kvd/experts/behe.pdf

http://www2.ncseweb.org/wp/?page_id=12
http://www2.ncseweb.org/kvd/experts/minnich.pdf
http://www2.ncseweb.org/kvd/experts/behe.pdf
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I have found is quite surprising. The part that relates to evolution is scheduled for
training 19 days, and includes instructions, lectures, labs and discussions related to:

Chapter 10 – Natural Selection; Chapter 11 – The Mechanism of Evolution;
Chapter 12 – The Origins of Biodiversity

Students will be able to discuss Darwin’s observations of the living world. Students
will be able to discuss the variability found in nature (1 day, lecture and mini lab)

Students will be able to describe biomes and list the adaptations that organisms
have to survive in this environment (2 days, research, student reports)

Students will be able to determine how limiting factors work to limit population sizes
(1 day, lecture, student activity)

Students will be able to define the types of competition and how they relate to
population size (1 day, lecture, video)

Students will be able to list evidences used to support Darwin’s theory of the Origin
of Species (1 day, lecture, lab)

Students will be made aware of gaps/problems in Darwin’s Theory and of
other theories of evolution including, but not limited to Intelligent Design (1
day, lecture)

Students will be able to make a time line that demonstrates evolutionary changes
during history of Earth (3 days, lab)

Students will be able to define natural selection and artificial selection and demon-
strate the process (1 day, lecture, lab)

Students will be able to design a species placed under climactic pressure. Students
will be able to differentiate between disruptive, directional and stabilizing selection (1
day, lecture, student activity)

Students will be able to graph the types of selection using human height (1 day,
student activity)

Students will be able to describe how speciation takes place using Darwin’s finches
as an example (1 day, lecture, lab)

Students will be able to list how species change due to reproductive isolation (1 day,
video and discussion)

Students will be able to differentiate between adaptive radiation and convergent
evolution (1 day, lecture, student activity)

Students will be able to discuss the importance of biodiversity and list reasons why
organisms have become extinct (3 days, lecture, student research and activity)28

This part of the courses is preceded by 12 days devoted to genetics and human

inheritance and 9 days for DNA. Out of this whole sequence just one day is anti-

Darwinian and the omission of the study of the origin of life is also signi�cant. But,

my feeling is that if the students were really able to master the remaining topics, I
would be quite happy, as an evolutionist.

Of course, as I know very well from my own and my children's experiences, the

written curricula have often very little in common with reality, which depends on the

28Unfortunately after I have downloaded the document cited above it has vanished from the WEB.

But in any case I �nd this very educational.
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individual teacher's capabilities and prejudices. And from the testimonial at court

religious motivation and activities were very much present in the Dover district schools.

But | as I show in Chapter 11 | the state of education is worrying probably as much

as the religious propaganda at science lessons.
Moreover, the complaint focused on the motivation of the inclusion of ID into the

Curriculum:

On November 19, 2004, the defendant Dover Area School District announced that
teachers would be required to read a statement to students in the ninth grade biology
class at Dover High School that includes the following language:
Because Darwin’s Theory is a theory, it is still being tested as new evidence is discovered.
The Theory is not a fact. Gaps in the Theory exist for which there is no evidence. A
theory is defined as a well-tested explanation that unifies a broad range of observations.
Intelligent design is an explanation of the origin of life that differs from Darwin’s view.
The reference book, Of Pandas and People is available for students to see if they would
like to explore this view in an effort to gain an understanding of what intelligent design
actually involves. As is true with any theory, students are encouraged to keep an open
mind.

Thus, the Dover Area School District intends to teach students that there are gaps and
problems in the scientific theory of evolution and present “intelligent design” to students
in public school science class as an alternative to the scientific theory of evolution.
Intelligent design is a non-scientific argument or assertion, made in opposition to the
scientific theory of evolution, that an intelligent, supernatural actor has intervened in
the history of life, and that life ‘owes its origin to a master intellect’.

I agree that allowing such supernatural explanations into scienti�c classroom is dan-

gerous. And I am glad of the outcome of the trial. But I would be even more glad

if I were sure that the pro-scienti�c part of the curriculum gets into the minds of the

children. Somehow I doubt it. But let's go back to the trial.

It has ended in December 2005, with a verdict that `Intelligent design' is a particular

religious belief, not a valid scienti�c theory, and teaching it in public school science

classrooms violates the US Constitution. The verdict is accompanied with thorough

analysis | it is almost 140 pages long and it documents both the school Board intentions

(which are clearly religious, and not scholarly at all) and the religious background

and on-scienti�c nature of the Intelligent Design approach (the verdict, because of its

importance is available at many WEB sites, for example, http://msnbcmedia.msn.com/

i/msnbc/sections/news/051220_kitzmiller_342.pdf). Some of the statements are so

well written that I �nd the document a necessary reading for all who are interested in

the Intelligent Design. The discussion nature of scienti�c research and what constitutes

it, and the clear exposition of motives of proponents of ID has, to a certain extent,

shaken my faith that legalese in an incomprehensible language. Fortunately for us, this

time it is more than understandable. But I do not believe this is the last we hear from

fundamentalists denying evolution.

http://msnbcmedia.msn.com/i/msnbc/sections/news/051220_kitzmiller_342.pdf
http://msnbcmedia.msn.com/i/msnbc/sections/news/051220_kitzmiller_342.pdf
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Nota bene, the phenomenon is not restricted to US. In Poland, in 2006, the Deputy

Minister of Education openly stated that evolution should not be taught at schools,

and one of leaders of governing coalition said that `dinosaurs have lived on Earth at the

same time as humans' quoting as proof a fable of `Wawel's Dragon'29. Well, so much

for the future of biology education in Poland.
So, while one battle in the �ght against creationism or Intelligent Design has been

won, the war is by no means over. A short commentary by Michael Ruse and J. Scott
Turner, titled Who won the Intelligent Design debate? 30 points out that the victory
is far away. Turner writes

It is tempting to answer this question with yes, and yes, the debate was won about 150
years ago. Intelligent design theory, at least if one takes its core texts at face value,
is essentially modernized Natural Theology: William Paley equipped with a computer
and electron microscope. Charles Darwin and Alfred Russel Wallace decisively put paid
to that idea, and thankfully so: by the mid-19th century, Natural Theology and the
centuries of Platonic obscurantism it engendered had nearly choked natural history to
death. It’s hard to imagine why anyone would want to bring it back.

And yet, here we are, a century-and-a-half later, and some want to do precisely that.
So it seems the debate is not as over as we might wish. The signs are everywhere:
the Discovery Institute is alive and well; Intelligent Design and Evolution Awareness
clubs are springing up on campuses worldwide; ID conferences are being organized; its
advocates buzz away in a busy corner of the blogosphere; Michael Behe’s Darwin’s Black
Box has an amazon.com sales rank that’s better than mine!

So, the really interesting question is not so much is the debate over, but why isn’t
it over? This new question evokes another dangerously tempting answer: what else

29Smok Wawelski, also known as The Dragon of Wawel Hill or simply The Wawel Dragon, is a famous

dragon in Polish folklore. He laired in a cave under Wawel Hill on the banks of the Vistula river. In

some stories the dragon lived before the founding of the city, when the area was inhabited by farmers.

The Wawel Cathedral features a statue of Smok Wawelski and a plaque commemorating his defeat by

Krakus, a Polish prince who, according to the plaque, founded the city and his palace over the slain

dragon's lair. The dragon's cave under the castle is now a popular tourist stop. Another version of Smok

Wawelski's tale takes place in Kraków during the reign of King Krak, the city's legendary founder. Each

day the evil dragon would beat a path of destruction across the countryside, killing the civilians, pillaging

their homes and devouring their livestock. In many versions of this story, the dragon especially enjoyed

eating young girls, and could only be appeased if the townfolk would leave a young girl in front of its

cave once a month. (This seems to be a typical for all dragons. For detailed analysis of the phenomenon

seeDo Virgins Taste Better by Brobdingnagian Bards (http://www.thebards.net/music/lyrics/Do_
Virgins_Taste_Better.shtml)). The King certainly wanted to put a stop to the dragon, but his bravest

knights fell to its �ery breath. In the versions involving the sacri�ce of young girls, every girl in the city

was eventually sacri�ced except one, the King's daughter Wanda. In desperation, the King promised his

beautiful daughter's hand in marriage to anybody who could defeat the dragon. Great warriors from near

and far fought for the prize and failed. One day, a poor cobbler's apprentice named Dratewka accepted

the challenge. He stu�ed a lamb with sulphur and set it outside the dragon's cave. The dragon ate it and

soon became incredibly thirsty. No amount of drinking could quell his stomach ache, and after swelling up

from drinking half of the Vistula river, he exploded. Dratewka married the King's daughter as promised

and they lived happily ever after. (After http://en.wikipedia.org/wiki/Wawel#The_Wawel_Dragon)
30http://harvardpress.typepad.com/off_the_page/2007/04/who_won_the_int.html

http://www.thebards.net/music/lyrics/Do_Virgins_Taste_Better.shtml
http://www.thebards.net/music/lyrics/Do_Virgins_Taste_Better.shtml
http://en.wikipedia.org/wiki/Wawel#The_Wawel_Dragon
http://harvardpress.typepad.com/off_the_page/2007/04/who_won_the_int.html
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could it be but recalcitrant stupidity or political cynicism, mere ‘stealth creationism?’
It’s imperative that we not yield to that tempting answer, though. Not only is it
demonstrably wrong, but relying on it as our only answer to the ID challenge will make
it very likely that we evolutionists will lose the debate.

We are in danger of losing because the well-founded confidence in Darwinism’s truth
has led us to imagine that we scientists are the sole owners of the issue. We are not:
Darwinism is more than just a well-established scientific principle; it is also a radical
philosophy of nature. To many, this philosophy’s most troubling aspect is its seeming
denial of the living world’ most obvious trait–its apparent design and purposefulness.
Natural theology, despite its many problems, was attractive because it seemed to provide
a reasonable explanation for these attributes. It seems to still, as attested by the
persistence of ideas such as Intelligent Design. Arguably, we have not made the case as
well as we think we have, and until we do, the issue will not go away.

Very similar, pessimistic view is expressed by Edward O. Wilson in Consilience
(Wilson, 1998). He devotes extensive part of the book to comparison between teleo-

logical, theological approach to understanding the world o�ered by religions and the

contrasting view o�ered by science. And | despite the practical success of science

| the general public prefers the softer and kinder messages of religion, as they give

the world much more expected sense. So, being right, in the scienti�c sense is not

enough. Even when a non-scienti�c and impartial institution, such as court, shows

clear conclusions, it is still not enough. And probably it will never be.

8.2.2 Attack from the left

While the attacks on evolutionary theory from religious point of view might be deemed

understandable and even expected | after all the evolutionary biology openly contra-

dicts the holy scriptures of many religions | it is surprising to realise how hotly some

aspects of the theory are attacked from Marxist, or more generally leftist, directions.

And here the attacks often come from well known scientists, respected practitioners of

biology. Instead of the dry, cool debate be�tting the rare�ed atmosphere at the heights

of the ivory tower of science we �nd here acts of verbal and physical violence, staged

mass protests, accusations of misconduct bordering on crimes against humanity. Why

is it so? What is the reason for such amount of emotion? Why, for example, the debate

on the intricacies of quantum mechanics, which as we have seen is full of controversies

and quite heated scienti�cally and philosophically, does not involve so much unrest?

My own convictions, which are squarely within the camp that attributes a lot of

human qualities, abilities and behaviour to biological, evolutionary origins, are along

the following lines:

1. The capability to e�ectively deal with social situations is a trait that has been

under selective pressure in pre-human species. Even before the emergence of lan-

guage and culture, the social dynamics and group `politics', hierarchy, cooperation

and competition within groups were signi�cant factors determining the success of
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individuals. Thus I believe that at least some, probably quite a few, of our so-

cial capabilities and modes of operation are results of evolutionary selection, are

adaptations.

2. Among these traits are emotional reactions. We will return to the subject in more

detail shortly, but here let me describe a recent documentary seen at the Animal

Planet channel. I have watched in awe �lmed sequences from the life of a group

of chimpanzees. Despite the lack of language and culture, the animals were able

to communicate such a wide range of emotions: curiosity, fear, distrust, need for

comfort, friendliness and irritation. Not only had they been able to understand

each other, the emotions were so clear that I had no trouble to see them for what

they were without any prompt from the �lm commentary. Cautious approaches,

huddles, grimaces and shouts, the whole group seemed full of communication |

without a single word being passed. . .Well, anyone who has lived with a dog knows

that language and culture are not necessary for the show and understanding of

emotions. They do play incredibly important role in binding the societies and

groups, establishing cooperation and order.

3. And one of the most important uses of emotions is strengthening of our social

nature, working to upkeep the social order and defend cooperative tendencies.

Anger at miscreants, fear of being ostracised, shame and guilt are well known

examples of society's glue. There are many evolutionary and psychological anal-

yses of the phenomena, for example Frank (1988). In many cases such emotional

reactions take precedence over intellectual analysis. We feel revulsion or admira-

tion, sometimes not even bothering to think clearly about their possible origins.

Even when we do think about it, our minds often `adjust' the way of reasoning

to follow the instinct, to give intellectual justi�cation to the `gut feeling'. It is

especially frequent when we deal with other people, because emotions are selected

for this particular purpose! They provide the easiest, fastest and in many cases

reliable way to assess other people's intentions and prepare for action, often much

better that an intellectual analysis | because the latter requires a lot of detailed

information that we usually do not and could not have.

4. With this in mind, it is no wonder to see the amount of emotions in biology.

Because the statements that encompass humans ans human societies within the

evolutionary framework do have signi�cant impact on how we see other people |

and ourselves. Any discrepancy between the logical results and our preconceived

view of the humanity `as it should be' is bound to stir the emotional conict. Such

understanding of our nature might stand in contradiction to our wishes, goals

or visions of perfect society. Consequently, such contradictions evoke emotional

response, the urge to defend our view, to shun the opponents, the appeal to `higher

values'. Discussion becomes highly emotional, it has to, as our own status and
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success of our own worldview is at stake. For these reasons, atoms and quanta are

much less emotional.

With such high tension modern biology, especially in �elds touching, however obliquely,

human origins and behaviour, is a discipline extremely interesting to watch.
The most common ground for attacks is incompatibility of biological understanding,

including the understanding of human biology, with the ideological approach to how
human life should be. In The Seville Statement on Violence31, published in 1986,
several scientists have expressed their dissatisfaction with results of biological studies
| clearly stating the reasons for such dissatisfaction:

We challenge a number of alleged biological findings that have been used, even by
some in our disciplines, to justify violence and war. Because the alleged findings have
contributed to an atmosphere of pessimism in our time, we submit that the open, con-
sidered rejection of these misstatements can contribute significantly to the International
Year of Peace.

The speci�c charges brought by the Statement include:

• It is scientifically incorrect to say that war or any other violent behavior is genet-
ically programmed into our human nature. While genes are involved at all levels
of nervous system function, they provide a developmental potential that can be
actualized only in conjunction with the ecological and social environment. While
individuals vary in their predispositions to be affected by their experience, it is
the interaction between their genetic endowment and conditions of nurturance
that determines their personalities. Except for rare pathologies, the genes do not
produce individuals necessarily predisposed to violence. Neither do they determine
the opposite. While genes are co-involved in establishing our behavioral capacities,
they do not by themselves specify the outcome.

• It is scientifically incorrect to say that in the course of human evolution there has
been a selection for aggressive behavior more than for other kinds of behavior. In all
well studied species, status within the group is achieved by the ability to cooperate
and to fulfill social functions relevant to the structure of that group. ‘Dominance’
involves social bondings and affiliations; it is not simply a matter of the possession
and use of superior physical power, although it does involve aggressive behaviors.
Where genetic selection for aggressive behavior has been artificially instituted in
animals, it has rapidly succeeded in producing hyper-aggressive individuals; this
indicates that aggression was not maximally selected under natural conditions.
When such experimentally-created hyper-aggressive animals are present in a social
group, they either disrupt its social structure or are driven out. Violence is neither
in our evolutionary legacy nor in our genes.

• It is scientifically incorrect to say that humans have a ‘violent brain’. While we
do have the neural apparatus to act violently, it is not automatically activated by
internal or external stimuli. Like higher primates and unlike other animals, our

31Republished byAmerican Psychologist, October 1990 (http://www.lrainc.com/swtaboo/taboos/
seville1.html)

http://www.lrainc.com/swtaboo/taboos/seville1.html
http://www.lrainc.com/swtaboo/taboos/seville1.html
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higher neural processes filter such stimuli before they can be acted upon. How we
act is shaped by how we have been conditioned and socialized. There is nothing
in our neurophysiology that compels us to react violently.

For example, let's consider possible meanings of the phrase `violent behaviour is ge-
netically programmed into human nature'. Does this mean that we must, mindlessly,

automatically resort to violence in all situations? Obviously no. Does this mean that

all of us have the same level of predisposition to violence? Also obviously no. But,

does this mean that violence is an option that often (say { naturally) `comes to mind'?

Even in situation where objectively it is not the `best' solution? Sadly, but truly, yes.

Should we close our eyes to the fact? Should we avert the studies of the origin of the

propensity, just for the sake of belief that it would go away if we do not mention it? I

�nd it very intriguing that the statement refers to `incorrect scienti�c thinking' without

giving any concrete examples of such proposals.

I suspect that this is a kind of a straw man attack, aimed at stigmatizing any research

that is close to the topics of violence and its biological roots in human societies. Yes, I

would also be very happy if we all were peaceful at heart. If | by whatever decree and

social custom | we could eradicate violence, greed and power plays from our midst.

But I am afraid that wishful thinking is not the correct way to plan our future.

While I can agree with the statement that the aggressive behaviour is not the only

evolutionary option, and that our societies are based on social bondings and a�liations

there is more to the topic. All our societies have some measure of violence. It is a part

of our internal (not just nurtured) makeup. Violence is our evolutionary legacy { in a

straight sense that is is evolutionary stable strategy for at least some members of the

population. While it is true that hyper-aggresiveness may disrupt the social structure,

it may still be bene�cial to the hyper-aggressive population members themselves. And

evolution is not aimed at the bene�t of the majority but competition of individual

strategies and characteristics.

As studies of evolutionary models, such as Hawk-Dove and its derivatives show coop-

eration (as opposed to violence) evolves through intricate interplay of self-interests and

strategies. In many circumstances cooperation does allow some fraction of anti-social be-

haviour. or, in more precise words: cooperating agents must su�er the presence of some

`parasitic', non-cooperative free riders. The cost of getting rid of them and ensuring

purity of cooperation is simply too high. The books by Robert Axelrod (Axelrod, 1984,

1997) describe the complexity of such interplay. From my own amateur studies of the

computer based modelling of the emergence of cooperation (Sobkowicz, 2003b,a) I have

strengthened my suspicion that to `eradicate' antisocial behaviour one must prepare

very un-human conditions. Such as those found in social insects, where intra-society

violence is absent and level of `devotion to community' and altruism reaches unparal-

leled peaks. It is no wonder that the gradual growth of Edward O. Wilson study, from

the insect societies to sociobiology has met with the most furious attacks.

Coming back to the Seville Statement, picked as example of direct attack on certain
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biology studies as unscienti�c, merely because the results do not conform to the ide-

ological worldview of the signatories, there are other half-truths and half-accusations.

While it is certainly true that `the genes do not produce individuals necessarily predisposed
to violence. Neither do they determine the opposite. While genes are co-involved in establish-
ing our behavioural capacities, they do not by themselves specify the outcome', the statement

is signi�cantly omitting the fact that the behavioural genes may shift the balance and

determine the preference for certain types of behaviour. Preferences that may be di�er-

ent for di�erent society members. Studies of apes in their natural habitats show, that

while our closes biological cousins lack what may be termed `culture' they do show the

range of social behaviour so very close to our own that it is almost stunning. Struggles

for power and reproductive rights, alliances, attacks and threats, stable and ickering

alliances | they are all present. Thus, looking at similarities between us and apes, if

we agree with the Statement authors that `how we act is shaped by how we have been
conditioned and socialized' we must conclude that apes do have a culture. This raises the
question on how it is transmitted without language. . . Or we have to admit that some

traits do have biological, not only cultural roots.

The di�erence between the religious opposition to evolutionary biology and the

attacks from the left wing result from the di�erence of the perceived danger to the posi-

tions of the respective opponents. In the case of religions the danger is due discrepancy

between exact formulations of the holy writings and doctrines and scienti�c results,

and the defence takes for in denial of these �ndings. Sometimes more subtle, sometimes

straightforward and blunt.

In the case of the `progressive' ideologies most of the basic �ndings of biology are not

challenged. The problems starts at the place where such analysis should be stopped.

Proponents of radical ideology put an enormous chasm dividing human (social) condi-

tion and the animal kingdom32. According to this view we are shaped by culture and

culture only. This is a necessary condition for the humanist intellectuals and leftist

gurus, who use words to show directions and formulate utopias. Words do have power

within culture similar to genes in biology (as Richard Dawkins noted introducing the

notion of a meme)33. But, outside the realm of magic, incantations and treatises do

not have power over natural phenomena. This is why it is so important for the lit-crit
crowd to make sure that people do not believe in our biological heritage. Because any

biological limitation of our preferences or capabilities would limit the presumed power

of `humanist' tools of indoctrination and conditioning. And limit the power available to

progressive ideologists. A simple sel�sh threat of the loss of power is | in my opinion

| behind the most vehement attacks on research into biological part of our behaviour,

32Which is in fact quite close to the modern Catholic Church stand, where evolution seems to be

reluctantly accepted, but the chasm has a di�erent name: immortal soul and God's touch which takes

us above the merely biological creatures.
33Although I am very sceptical as to the strength of the analogy. Some notions of biological, Darwinian

evolution seem simply inappropriate to cultural development and the gene-meme parallel is, I would say,

pretty stretched.
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individual and social.
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8.3 For the good of the. . .

We have since defined Gaia as a complex entity
involving the Earth’s biosphere, atmosphere, oceans, and soil;

the totality constituting a feedback or cybernetic system
which seeks an optimal physical and chemical environment for life on this planet.

James Lovelock

In almost no scientific discipline we �nd one man's name so deeply interwoven

with the whole �eld, so that it is almost synonymous as with evolution and Darwin.

Even the legacies of Newton or Einstein are less prominent. And as we have seen in

the discussion of the attacks on evolutionary biology, almost everybody speaks of Dar-
winism. Initially I have found this as a sort of `cult of personality'. Akin to Stalinism,

Leninism, Marxism and all other -isms. And as in those cases the name is often used

more as rallying sign than to represent the wealth of work behind it. More often than

not, the layman opponents know more about the -ism, at least super�cially, that the

non-professional believers. This was evidently true for communism - the works of Marx

and Lenin (and the banned Trotski) were studied more in the capitalist West than by

the working class or even intelligentsia in the Soviet block. The same applies to Dar-

winism. In my scienti�c career and later in commercial life I have met only one person

who, while not being a biologist, was able to discuss topics of evolution using modern

concepts, such as Dawkins' extended phenotype, or microbiological rates of mutations.

The level of understanding rarely exceeds the Discovery Channel language, and even

this is an achievement.

Later I have found how often the modern evolutionary texts (popular and semi-

professional) quote passages from Darwin that seem to prove his almost extraordinary

powers of deduction and depth of the vision. Taking into account the society and general

state of scienti�c knowledge in mid-XIX Century, this has seemed somewhat suspicious

to me. Surely, no one could predict so much, without any errors. Then I have started

to go through Darwin's original works by myself (Darwin, 1859, 1872b,a, 1882), fortu-

nately available on the Web34. It turns out that the power of insight and the strength of

the ideas that Darwin has introduced is, indeed, astonishing. Especially when one takes

into account that he could not use any of the XXth Century microbiology discoveries.

But, fortunately for Science, he was no religious prophet at all | there is doubt, and

errors, changes and corrections and clear indication for the room for improvement. A

recently opened WEB site dedicated to his work at http://darwin-online.org.uk/

provides not only his published works but manuscripts and notes as well. And the works

of his `competitors' like Alfred Russel Wallace or predecessors, like the William Paley,

famous for his watch argument for the purpose and creation in Natural Theology: or,

34http://pages.britishlibrary.net/charles.darwin3/darwin_biblio.htm or http:
//www.literature.org/authors/darwin-charles/the-origin-of-species/

http://darwin-online.org.uk/
http://pages.britishlibrary.net/charles.darwin3/darwin_biblio.htm
http://www.literature.org/authors/darwin-charles/the-origin-of-species/
http://www.literature.org/authors/darwin-charles/the-origin-of-species/
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Evidences of the Existence and Attributes of the Deity. And quite a few other texts,

giving the atmosphere of the XIXth Century science and society.

Understanding evolution is not easy. As we have to discover the processes that

have happened in the past, we get confused not only by the lack of direct observations.

Our teleological language, full of verbs designating intentions and goals, is not suited

for natural processes. Even in physics we have seen examples of describing physical

phenomena in animistic terms. It is much worse in biology. We lapse very easily into

explanations based on purposes and improvements, such as the famous long neck of

gira�es which exists for the purpose of eating leaves of tall trees.

Lack of precise yet widely accepted language often leads to controversies and mis-

understandings. An good example of such situation in both scienti�c and popular un-

derstanding of evolutionary processes is the question at which level selection operates

in nature. In other words: what is the level that bene�ts from the natural selection?

For many of my acquaintances the phrase which is stuck in their minds is `for the

good of the species'. My guess is that it may be tracked to some popular imagery

which stresses the role of species as a biological unit. When I innocently asked my

daughter, who can sit entranced in from of Animal Planet TV channel, `with whom

lions compete?' she has resolutely answered `with the antelopes and zebras: they run

and hide better and better and lions hunt and chase better and better. This is like a

race.' And this is rather common understanding of the evolution: species competing

with each other. Within this view it is possible to see the `reason of evolution': process

of moving whole species to better and better �tness (whatever it is). This agrees quite

well with what we want to feel: humanity is at the apex of the evolutionary process,

its highest achievement. Every species present today is somewhat better than the

ones preceding it. This gives a sense to the `human condition', conciliates some of the

`scienti�c view of the world' with traditional, even religious outlook.

But such sanitized evolution is simply not true. For lions, antelopes and zebras

are part of the environmental, evolutionary landscape. The real competition is among

the lions! A perfect example is provided by the Lion King movie: it is the `top lion'

who not only survives, but has the chance to have descendants. The �ght is within

the species. The real competition is between individuals, single organisms of the same

species.

Such approach is hard to swallow for many. We refer to higher feelings and positive

emotions in human societies, where duty and propriety call for culling and hiding such

brutal competition. And we project the same moral outlook to animals, especially

the `nice' ones: mammals (especially cuddly), some other `friendly' and `respected'

ones. We are told about perfect social cooperation within beehive and an anthill. Such

view is even present in fables dating back some hundreds of years. So, we know that

some animals do cooperate, do act for the bene�t of a group, and we extrapolate these

observations to all, or to majority of living organisms35. So, we lump in all cats, all

35Curiously enough I have not heard general remarks about viruses or bacteria acting `for the bene�t
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lions, all eagles and all lemmings and think that they would, by default act in a way

that would be the best for the general position of the whole species.
Such thinking is not limited to popular understanding. What most people know

about Darwin does con�rm the view of progress, concentrating on species. In the
Origin of the Species (Darwin, 1859, 1882), he writes

It may be said that natural selection is daily and hourly scrutinising, throughout the
world, every variation, even the slightest; rejecting that which is bad, preserving and
adding up all that is good; silently and insensibly working, whenever and wherever
opportunity offers, at the improvement of each organic being in relation to its organic
and inorganic conditions of life.

However, when one reads Darwin carefully | which is a great pleasure, the language

is clear and ow of thinking is very well presented | one �nds that Darwin writes about

individuals and the `survival of the �ttest'36. Yet the species-improvement image has

survived. It sounds nice. It �ts our expectations. Moreover: even though die-hard

creationists would deny evolution in its entirety, for some milder religious philosophies

this `species' view is more acceptable. I guess that this is because in relation to humanity

it treats us as a single entity, one species struggling as a whole in the hostile world.

Struggle inside human species is thus seen as an aberration, something against `natural

law'.
The `species' view has been popularised by Austrian ethologist Konrad Lorentz, who

received the 1973 Nobel Prize in Physiology or Medicine `for discoveries in individual
and social behaviour patterns'. A very high authority, indeed. In Lorenz (1983) we
�nd two interesting chains of thought. The �rst one calls our attention to the lack
of direction in the evolutionary process. The second it the opposition of the selection
driven by conditions external to the species, which Lorenz postulates as providing new
information and increasing the �tness, and selection within species, which he describes
as adaptations leading no �tness improvement. He writes

‘Purposefulness’ of the body and behaviour of each living organism is directed – which
can be proven – only to producing the highest number of descendants, that is the
survival of the species – and nothing more. The question ‘what for are the long
claws that a cat has?’, and the answer ‘to catch the mice’ is but a shorthand for a
question which particular capabilities, helping the survival of the species were pressed
for by natural selection, which has resulted in long claws in cats.37

Later on Lorentz contrasts the selection by the pressures of environment from that
due to internal competition.

Natural selection does not confer privileges to what might be beneficial to a species in
the long run, but blindly rewards all that increases the reproduction in a given moment.

of the species'. Perhaps it is because we hardly recognize that they are indeed divided into species. What

we cannot see, we do not appreciate. . .
36The term was not present in the �rst edition, while it become a part of the title of the chapter

Natural Selection and the Survival of the Fittest in the 6th Edition.
37My own translation from a Polish version of the book.
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This blindness is especially visible in cases, when the benefit does not depend on the
conditions of environment beyond the species, but by interactions of organisms within
the species. Selection within the species can produce strangest results, contradictory
to the benefit of the species. [. . . ] [Intraspecies] selection acts on things that ensure,
in a given moment and given conditions, the highest number of descendants, and not
on things which could be beneficial to the species in the long run, and in this sense
teleonomic.

So while the �rst selection mechanism is given high status and positive connotation,

being `beneficial to the species in the long run', the internal competition is dismissed as

bringing no value to the species, only bizarre, even negative e�ects. Here again I see a

clear example of a conict between what we think the world should look like and what

we actually �nd on close observation. Wishful thinking gas a guide to science. To be

honest I should note that while Lorentz certainly does not like individual selection and

its results that are `contradictory to the bene�t of the species', he is candid enough to

admit its existence.
Historically a lot of my biology education was through books of Dawkins and Wilson,

so I have accepted mentally a wholly di�erent image: genes are the true replicators, in
the sense that it is their unchanged survival, through the use of `survival machines' |
organisms, colonies, groups | which undergo the process of selection. I thought that
the issue is rather simple and virtually closed: so much logic, and so much coherent
observations within the natural world, which con�rm the qualitative and quantitative
predictions of the view. Not to mention that molecular biology seems to force us to
regard the genetic material as the source and bene�ciary of all selection process. For
this reason I thought the arguments following the `for the good of the species' rather
silly. After all, I compete with other members of my own species, I thought. As in
the old, but very signi�cant joke about two travellers lost in the African savannah.
Spotting a lion chasing them they start to run. One of the unfortunate travellers drops
the rucksack, and puts every e�ort in outrunning the other. The one being left behind
gasps `Do you think you can outrun the lion?' `No,' { replies the faster one { `all I have
to do is to outrun you!'38. This was the essence of my thinking about selection. Be
good enough versus the environment, but be better, when compared to my own species.
Faster, smarter, more lucky. And, in general, I was following the original approach of
Darwin, who had insisted on the individual character of the selection process, stating
that the Struggle for life [is] most severe between individuals and varieties of the same species;
often severe between species of the same genus (Darwin, 1872b):

Owing to this struggle, variations, however slight and from whatever cause proceeding, if
they be in any degree profitable to the individuals of a species, in their infinitely complex
relations to other organic beings and to their physical conditions of life, will tend to the
preservation of such individuals, and will generally be inherited by the offspring. The
offspring, also, will thus have a better chance of surviving, for, of the many individuals
of any species which are periodically born, but a small number can survive. I have called
this principle, by which each slight variation, if useful, is preserved, by the term natural
selection, in order to mark its relation to man’s power of selection.

38What is the general moral sentiment we feel when we imagine the situation? Why?
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In some cases, Darwin has recognized the group of animals as possible unit of selec-

tion, but he thought it rather rare. And when one looks at the current literature this

view is most likely to be correct.

As I have mentioned, my early guide to the matter was not Darwin, but the books

of Richard Dawkins (Dawkins, 1977, 1982, 1986). At the time I was captivated by

the simplicity of the reasoning. As I have learned more I realised that Life is more

complicated then I imagined | and that small details do matter. It was a surprise

to discover how complex the Nature is, and how complex Science becomes, trying to

unravel Nature's workings. But it is exactly the nature of Science, that there is always

more to study, more to consider. So, neither the views of Dawkins are as simple as

presented above, nor are they universally accepted. I have found more and more fun

discovering (and trying to follow) the disputes and controversies39.

One of the starting points on this new path was the article in Stanford Encyclopedia
of Philosophy40, Lloyd (2005). From there on I have followed the trail of the most active

participants of the debate Hull et al. (2001); Hull (2001); Mayr (1997); Okasha (2003,

2004, 2006); Wilson (2006); Griesemer (2001); Godfrey-Smith (2000); Wilson (1975a);

Wilson and Sober (1994); Laland et al. (2000); Darden and Cain (1989)41.

I �nd the discussion on the units of selection especially interesting, even from the

point of view of a layman, because it shows a strange contradiction. The last �fty

years have brought continuous improvement of our understanding of the details of the

processes involved in selection, from the microscopic mechanisms to population dynam-

ics. We know more and more about DNA, RNA, transcription machinery, origins of

mutations, regulatory mechanisms etc. We know how the changes propagate through

populations. The growth in the minutiae is unimaginable. Yet, at the same time, the

very basic philosophical understanding of process, even to the meaning of the concepts

is questioned and discussed. It is as if we had an oversupply of bricks, but still no idea

of what we want to build. Of course, all the mainstream biologists (for example all the

authors mentioned above) do agree that the building should be `Darwinian'. But the

di�erences in the concepts, for example between Lewontin and Dawkins are enormous.

Let me start with listing of the key terms used today in talking about the levels of

selection. This is rather revealing, as it shows the di�culty in assessing what do we mean

about the selection in evolution. Some terms on the list are somewhat abstracted from

the physical distinctions between chromosomes, organisms, groups or species, being

more `philosophical'. I have noted with a bit of surprise that quite a few of the leading

39Unfortunately, here again the level of accessibility of literature for an independent observer, without

access to institutional subscriptions is very limited. Physicists and physical journals are much more open

and preprints are available quite often. In sciences related to biology and medicine getting free access to

an important paper is an exception, not a rule.
40http://plato.stanford.edu/
41This list does not include some of the key papers, such as Lewontin (1970); Hull (1980); Griesemer

(2000), which I have not reached nor read, but which are mentioned as crucial in the papers that I could
reach.

http://plato.stanford.edu/


Draft, January 2, 2008 518 Chapter 8. Evolving life

authors on the subject are philosophers | and that they are not only accepted but

actually referred to by the hard core biologists. It is as if the biologists needed the

philosophers to tell them what is the `big picture'. This situation stands in contrast to

physics, where the usual stance of an active physicist to a philosopher is condescending

or even negative. Of course, the traditional notions or gene, organism and species play

an important role in selection, but when discussing the units that the selection process

acts on, it has turned out necessary to consider more philosophical and functional

distinctions.

Replicator. Term owing its popularity to Dawkins (1977). A replicator is an entity that

can be copied with reasonably high degree of accuracy. Not too accurately, as
there would not be any variation, but accurately enough to preserve its identi�ca-

tion in the replication process. Dawkins' original replicators were the individual

genes42, but he has introduced some other examples of replicators, most notably

the idea of a meme, a cultural equivalent of the gene. One should also note an

interesting distinction between the active replicators and the dead-end, passive

ones: for example the genes hidden in the cells of the skin of your �ngers have no

means to replicate to future generations. Some of them are never even expressed,

because they are not needed in a particular cell or tissue. The only generative

replicators, with future ahead of them, are the ones in the egg or sperm. But no

one can deny that the developmental and phenotypic characteristics driven by the

DNA blueprints in each cell are vitally important for its capability to live. In this

sense the eggs and spermatozoa depend on the functionality of �ngers. The notion

of replicator has been also used (and modi�ed) by Hull (1980), who has stressed

the duality of the evolutionary process - replication and interaction. The roles of

the same physical elements in the two parts of the process may be di�erent.

Vehicles is the second term introduced by Dawkins (1977), which he describes as a

relatively discrete entity, which houses replicators, and which can be regarded as

a machine programmed to preserve and propagate the replicators that ride inside

it. Coupled with the title of the book, The Sel�sh Gene, such portrayal was a

de�nite provocation. We are the vehicles for our genes, and no more, it suggests.

However the key point was that it is the vehicles that survive and reproduce. They

are the necessary machinery for the replicators. And the selection acts directly

on the vehicles, not the replicators.

Interactors have been introduced by Hull (1980). Their description is di�erent than

Dawkins' vehicles, due to the stress on the role they play in the second part of

42This has caused a lot of political and almost-scienti�c attacks. While Dawkins has been very careful

to mention that the notion of an individual gene de�ned as coding a single trait (physical or behavioural)

is a simpli�cation, there were quite a few opponents accusing him of extreme biological determinism. But

when one reads without a bias Dawkins (1977) or Dawkins (1982) one can see that the author takes great

pains to explain that genes do not operate individually, to point out the complex relationships within

each organism.
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the dual evolutionary process. Hull de�nes interactor as an entity that interacts

as a cohesive whole with its environment in such a way that this interaction

causes replication to be di�erential. In the original paper (Hull, 1980) he uses the

phrase `interacts directly', but in later publication this condition of `directness'

is dropped. It is worth noting, that in contrast to replicator{vehicle opposition,

the replicator and interactor may be actually the same physical entity. Even gene

might be not only a replicator but an interactor, if, for example, it inuences the

way other genes are expressed or the replication process itself.

Beneficiary of the process is an entity that, due to selection process, becomes more and

more represented in the future generations. This is again a rather philosophical

category, property that can be possessed by di�erent physical units.

Manifestor of an adaptation is a similar category: these are entities that express spe-

ci�c traits which are results of selection process. Here again many physical levels

may be considered manifestors. To avoid confusion, Elisabeth Lloyd, who has

introduced the term, calls for applying it to the lowest level only.

Gene is one of the most di�cult concepts. For one thing we have been accustomed via

the popular culture to the notions of `gene for'. High school biology rarely goes

beyond Mandelian genetics, with single gene{single e�ect descriptions. But the

world is much, much more complicated than this. A di�erence in a single gene can

lead to many phenotypic di�erences, and sometimes these e�ects depend on other

alleles present in the genome. And on the the whole cellular mechanism or on the

environment as well. Also, di�erent genes, often located in di�erent parts of the

genome may have to be combined to produce an e�ect. While Dawkins, writing

The Sel�sh Gene was obviously well aware of this complexity (and stressing

it within the book), many of the readers or spectators have remembered only

the title. . . Dawkins (1977, 1982) presented the idea that the gene is the only

replicator in living systems. This means that only genes transmit their structure

largely intact and are potentially immortal in the form of copies. So, genes should

be the unit of selection. But this required some re-engineering of the de�nition

of the word gene, away from the microbiological unit of DNA that codes for a

speci�c, functional RNA in a controlled manner. Moreover, the reality of multiple

`genes' acting together and inuencing each other to obtain most of the phenotypic

traits imposes another limit on the usability of the term. Perhaps we should talk

about the whole genotype? But then the condition of being replicated intact

from generation to generation becomes false, especially for sexually reproducing

organisms, where the whole genotype changes from generation to generation due

to recombination of genotypes of parents.

Organism. As already mentioned this is the oldest and most widely recognized `unit
of selection' concept. But is this because there is fundamental biological reason,
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or simply because for (pre)historical reasons we are best programmed mentally to
recognize the importance of organisms, especially humans and reasonably large
animals? Robert A. Wilson remarks that we often take organisms for granted as
the principal interactors in natural selection. But more interesting is the ques-
tion whether the organisms are replicators. Most scientists reject the notion for
sexually reproducing organisms, because due to recombination the children are
de�nitely not identical to their parents, thus failing the �rst condition of replica-
tion. But it all depends on how closely you look. Wilson (2006) describes this
dilemma of the level of detail recognition clearly:

Although it is also common to dismiss the idea that sexually reproducing organ-
isms are replicators, this idea deserves closer scrutiny. The reasons for rejecting
organisms as replicators include appeals to facts about genetic recombination, the
non-identity of parents and offspring at the phenotypic level, and the ‘indirectness’
of the reproduction of organisms through sexual means (where directness is under-
stood in terms of the notion of independence). These, in turn, serve as the basis
for arguments that genes are special as agents in natural selection because they are
permanent, or the only entities that are inherited across generations. But none of
the basic appeals are very good reasons for denying that organisms are replicators,
given the characterization of a replicator. Whether organisms are replicators turns
largely on at how fine-grained a level we individuate structures, for there
is a clear sense in which many phenotypic structures are passed on across
generations, even ‘directly’. If we individuate them relatively coarsely, many are
transmitted through sexual reproduction and their genetic heritability is relatively
high, but that is not strictly required by the definition of a replicator. Philosophers
and biologists have been too quick to dismiss the idea that organisms themselves
are replicators.

Groups of organisms, colonies may act as a cohesive whole, and thus form the basis

for the replicator or, quite frequently, interactor. This has been sometimes dubbed

`superorganism'. Because what are multicellular organisms, but cohesive groups

of di�erentiated cells acting as a whole? Even high-school biology teaches us

enough to wonder at a question: what makes all the cells in our body give up

their individual identity and `right to reproduce' in favour of some `group value'

of the whole organism?

Species. We �nally come to the grandest `physical' category. In many cases species lack

the characteristic of acting as cohesive wholes, but at least for some descriptions

may be used sensibly. For example, species may be considered as bene�ciaries,

when we talk about the whole habitats | this point of view is probably behind

the popular understanding of `for the good of the species' statement.

Obviously the �eld of study, which I have considered trivial and closed ages ago, is

not only active, but full of genuine controversies.
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Lets go through various remarks in the levels of selection debate. Wilson (2006)
starts with a good example of how much even most modern biologists rely on Darwin's
insights:

It is true that in several often quoted passages, Darwin also entertained the idea that
groups of organisms could also serve these roles, but it is clear that Darwin appealed
primarily to individual selection and only rarely to group selection as the mechanism
through which patterns of descent with modification were established in the natural
world.

But perhaps it is better to check �rst what do we mean by evolution, selection and

all that jazz? In Darwinian view, there are some basic premises that have to be present

to allow Darwinian process of evolution by selection. First, there must be variation

in a population of entities to be selected with respect to some trait (typically it is a

population of organisms, and the traits are phenotypical43). Second, there must be some

degree of correlation between this variation and the capability of the entities to survive

and replicate (usually described as �tness). Third, there must be some heritability

of this variation across generations. The roles of interactors and replicators are quite

clearly visible in this process, but it does not mean that they have to be separated

entities! And the entities might be built from multiple physical components. Usually

they are! It all depends on how closely we look. Organelles are built from molecules,

cells from organelles, organisms are built from cells, groups and colonies from individual

organisms. In many cases we take for granted the whole hierarchy mentioned above.

But the emergence of such hierarchy is a problem in itself. As Maynard Smith has

observed `selection can occur only at the level of entities which are capable of being units
of selection'44 Thus, sometimes it is quite di�cult to put a dividing line between what

forms a compact entity | it may depend on function. And our concepts of functions in

biology change with the detail of observations. So, in di�erent approaches, the hierarchy

I have listed above may be treated di�erently. It may be treated as the central concept,

a framework necessary for any sensible description. Or, the hierarchical ladder may be

considered just a tool, language prop, to allow us to describe proper functions, with

these functions playing central role. Typical human divide and conquer strategy.
Dawkins provides the following rationale for his introduction of the replicator/vehicle

characteristics of organisms (Dawkins, 1994)

Far from championing the organism, The Extended Phenotype is best seen as an attack
on the organism and this should be music to Wilson’s and Sober’s ears. I coined the
vehicle not to praise it but to bury it. This is, paradoxically, why vehicle is a better name
than Hull’s interactor. Interactor comes too close to the (messy) truth and therefore
doesn’t merit a helpfully decisive burial.

Should we concentrate on the smallest possible units capable of replication, we can

avoid the `messiness', present at the level of organism or group. This is partially what

43Perhaps in the extended sense of Dawkins, which includes behaviour and some traits external to the

population in question, for example characteristics of host organisms manipulated by parasites.
44Quoted after Griesemer (2001).
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Dawkins suggests. But it is not so simple. Let me make a short trip to my own

discipline, physics. There is some similarity: there are physicists concentrating on the

`smallest units', elementary particles and fundamental interactions. There are also those

who, while accepting the existence of these ingredients, and accepting that the larger

scale properties do, somehow45, come from the basic microscopic constituents still look

at, say, solid state without mentioning them at all. And in truth most of the properties

of silicon can be described very well without referring to quarks or quantum gravity.

Similarly, physiology of water transport in trees, or details bees' dances need not be

described using micromolecular language. But there is a di�erence: the life originated,

at least in the current mainstream view, from micromolecular stages. And the process

of getting more and more complicated structures has been driven by replication and

selection. This is di�erent than physics. Quartz crystals form from silicon and oxygen

atoms without any competition and selection. In right conditions that have to form.

This is not true of the major elements of biological hierarchy and processes: cells,

separate chromosomes and nuclei in cells, multicellular organisms, sexual reproduction

etc. At each of these points we must be able to answer a question: why was such more

complex process or entity selected for? Why the selective pressures and multiplication

capabilities on the level below were suppressed, sometimes to the point that most of the

constituents of the larger, more complex whole are not able to replicate independently?

This is not an issue in physics, no one asks why silicon atoms attach to the forming

quartz crystal: if they are at the right place, in right physical conditions (temperature,

chemical mixture etc.) they have no choice. Of course, we can not apply the notion of

conscious `choice' to life molecules or organelles or cells. But we must be able to see what

was the mechanism that drove the change from one-cell organisms to multicellular ones,

process that introduced and supported sexual reproduction over simple cell divisions.

And we should not forget that in biology such `transitions' are not excluding the `old

ways'. There are both one and many cell organisms today. The reproduction via sexual

and asexual mechanisms is present everywhere. One can not say this or that is `better'.

Better at what? We only need to know why this or that transition was `good enough' to

survive and thrive. Discussion of this topic in one of the most active in current biology.
But let's come back to the topic of the units of selection. Quite recently, Griesemer

(2001, 2002) has introduced another viewpoint. He stresses the di�erence between the
process of copying, which is a kind of multiplication that does not distinguish material
from abstract cases and the biological multiplication processes. In the latter, there is
strong material dependence:

Multiplication is the process by which more entities are produced. This too is vague.
First, biological multiplication is of material objects. Second, the relation between
parents and offspring is not merely one of resemblance, but rather is one of material
overlap. Offspring are made from parts of the parents, they are not merely similar objects
made from wholly distinct materials. Otherwise, copying would be the appropriate
concept for biology rather than multiplication. Copying, however, fails as an appropriate

45This little `somehow' is far from obvious.
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analysis of biological multiplication.

For these reasons Griesemer introduces more `philosophical' categories of the objects
within the selection process. These are reproducers. The key di�erentiator seems to be
requirement to put together the capacity to multiply (maent as making more of roughly
the same entities) and develop. As Griesemer (2001) observes:

The process of reproduction can be analyzed as multiplication of material overlapping
propagules that confer the capacity to develop, specified in terms of the minimum
notion of development as acquisition of the capacity to reproduce. The interlocking
of developmental and reproductive capacities is recursive. The realization of a repro-
duction process entails the realization of a developmental process. The realization of
development entails reproduction. The recursion bottoms out in a condition of null
development.

An example of reproduction with null development is chemical autocatalysis. Auto-
catalytic molecules just have the capacity of autocatalysis; they need not acquire it
through development. Moreover, heredity is likely to be exact whenever development
is null. Variation emerges in the developmental process of acquiring the capacity to
reproduce. Null developers need not acquire reproductive capacity, so the opportunity
for variation which nevertheless leads to reproductive capacity is absent. Chemical auto-
catalysis probably formed the basis for the origin of living systems from non-reproductive
chemical systems. Theories of the origin of life must explain the transition from exact
to inexact heredity and from autocatalysis with null development to reproduction with
development.

What I �nd surprising here is that these statements are considered to be a break-

through. Perhaps I am naive, but for me it is quite obvious that reproduction or

replication, whatever is the name, involves material factors and that it is linked with

development. In fact the Griesemer (2002) devotes a lot of space (and visual imagery)

to press this point. Why? Are the biologists really so narrow minded as to deny this?

Or perhaps we are only now reaching the level of scienti�c capacity, whether conceptual,

empirical or modelling that we can not start to tackle the issues in their full complexity,

and thus the calls for serious, all-embracing approach?

Perhaps. If we go back twenty �ve years to Extended Phenotype (Dawkins, 1982),

we can see that there are quite a few topics hotly debated. For me, the book is the

most important one by Dawkins, more important than the Sel�sh Gene, because while
the ideas presented in the latter had the air of freshness and simplicity, the Extended
Phenotype has dug deeper into speci�c examples of situations and their analysis, adding

so much more reality to the same ideas. So, what is the extended phenotype? It is,

in its simplest form, a research approach that includes in evolutionary descriptions all

the e�ects of a gene upon the world. Not just the way the genes are expressed by

the organism, but many of the external e�ects. But not any external e�ects. A stone

may a�ect things beyond its physical extent | for example by being a key element

in a cathedral arch. But we would never speak about stone's extended phenotype,

simply because it is not living. It does not participate in evolution, in the struggle of
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life. Dawkins stresses this competitive aspect: for him the extended phenotype should

always be viewed by comparing di�erent outcomes of di�erent replicators. In such

a view, the active and generative replicator, which for Dawkins is a part of genetic

setup of an organism (more speci�cally of its reproductive cells) may express itself

not only through the direct phenotypic traits of a resulting next generation organism,

but through all the associated changes in the environment. When one thinks how

frequent are situations when various organisms are intimately linked to each other

(either benevolently or as parasites or invaders) we see that the ability to manipulate the

characteristics of the other organism must be present in multitudes of organisms. The

examples of such links, and of resulting arms races between various replicators given

by Dawkins have opened my eyes to the complexity of the biological world around me.

Can one species have in its DNA recipes for tools that allow manipulation of other

organism physical characteristics (for example for rendering the defense mechanisms

ine�cient)? Of course. Can it have genes (in the broader sense of replicators) that

enable phenotypic traits which in their turn inuence high level behaviour of another

organism? Yes. And what would be the reaction of the `attacked' organisms? This

question is quite tricky as it turns out. In the case of an `attack' by a well prepared

invader (for example parasite) the individual organism can use only the tools that

are already prepared. Sometimes adequate, sometimes not. This depends not on the

organism, but on its own replicators, its own ability not only to survive the attack,

but to pass on this ability to the next generation. For example a resistance to certain

poisons acquired `somehow' | by accident or environmental exposure | by a spider,

which might enable the spider to withstand an attack by a wasp but if the spider can not

pass this to the next generation the ability will be lost. So, the competition is, in fact,

between the replicators, to be more precise between the active, generative replicators

of the wasp and the spider.

Genetically determined traits that extend beyond the classical phenotype, i.e. be-

yond individual organism are in many cases obvious. Organisms do inuence their

environments, change it either as byproduct of their existence or in what we may call

more purposeful way. A perfect example of such activity are dams build by beavers.

They change the ecology of the river in a dramatic way, creating a niche suited for the

beavers (and, incidentally, for a lot of other species. . . ). If we are used to think in a

language where organisms occupy certain niches in the environment and adapt to these

niches we see something strange here: instead of adapting to the niche, beavers adapt

the environment to suit them. So, at much grander scale, does humanity.

Some may think this than beaver's dams are quite unique, and are thus an excep-

tion rather than an example of some widespread phenomenon. But let's think for a

moment: every bird's nest is a similar manipulation of environment to create a niche

more suitable for egg laying. Every sting of a mosquito is accompanied by a small dose

of anaesthetic changing the biochemistry of the environment (namely, my biochemistry,

so that I may not notice the sting. . . ). So we readily see that living things do change
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their environments, extending the reach of their organisms (phenotypes). But do such

changes deserve the grand name of extended phenotype?

There is an interesting discussion on the topic of the model involving several authors,

including Turner, Jablonka, Laland and Dawkins himself (Jablonka and Lamb (2002,

2006); Turner (2004a); Laland et al. (2000); Dawkins (2004a) and quite a few others).

The discussion is very illuminating because it shows how possible ways to enhance our

understanding of biological phenomena, while sometimes seemingly at odds with each

other combine to form a broader view. And in contrast to the works at the forefront

of mathematics or physics, or even biochemistry, these papers are easy to read and

understand.
Summarizing the discussion, Dawkins calls for a very precise and careful use of

the extended phenotype idea. Not all e�ects of the organism actions on environment
should be called extended phenotype. Some are just e�ects of actions, depending on
the random environment conditions, such as the shape of the stub of the tree felled
by beavers to make a dam, or the particular origin of a twig in a bird's nest. It is
important to distinguish these random, environmental parts of the new niches from
heritable and genetically variable aspects. The ability to build better nests or dams, to
manipulate host organisms by parasites | these may be traced down to a genetic base.
The di�erences in these abilities inuence the reproductive success. They become part
of the selection process. As Dawkins (2004a) notes

The beaver’s dam is as much an adaptation as the beaver’s tail. In neither case have
we done the necessary research to show that it results from gene selection. In both, we
have strong plausibility grounds to think it is.

When we look at the problem from this perspective it ceases to be a problem. Of
course, if there are variations in replicators that cause variations in environmental

impact of an organism they must be included in evolutionary analysis. It's simple, isn't

it?
Well, perhaps it is too simple, after all. To understand each such case we must

look very carefully to be sure of the causal link between replicators and the e�ects. As
Turner (2004a) states

By the very act of living, organisms alter the environments in which they live. Extended
physiology is inevitable.

But this does not mean that extended phenotype is inevitable. It is not the same
as physiology. Observed coincidences or even correlations that suggest a link between
replicators and changes in environment have to be checked. From my materialist (even
physicalist) viewpoint there must be a mechanism that links the genetic instructions
and their variations to phenotype extensions. Because quite often it is not easy to
�nd such links the extended phenotype concept gets extended `too much'. Or is used
too narrowly. Most of the debate between Dawkins and Laland, Turner and Jablonka
concerns the need for the precise use of the term:

J. Scott Turner and Kevin Laland both, in their different ways, want to go further than
me in extending the phenotype. Or so they see it. I am not so sure that further is the



Draft, January 2, 2008 526 Chapter 8. Evolving life

right word. Progress implies movement in a useful direction, whereas their extensions –
of the organism, and into niche creation — occasionally reminded me of Stephen Lea-
cock’s knight who jumped on his horse and galloped off in all directions. I don’t intend
that flippantly or disrespectfully. The relevant point about the extended phenotype is
that it is a disciplined extension. There are lots of other tempting ‘extensions’, which
sound similar but take us off in misleading directions. I have always fought shy of mis-
applying the phrase to a profligate range of apparently plausible extensions. (Dawkins,
2004a)

And when we look at how the above mentioned authors see the concept it is quite
clear that Dawkins may have some causes for alarm. For example here is how Turner
(2004a) introduces the extended phenotype:

In retrospect, what makes The Extended Phenotype a truly inspired work was not
its robust defense of the supremacy of genes in evolution, but how it breached what
is probably the brightest of biology’s bright lines: the distinction between organism
(vehicle, if you wish) and the environment in which it functions. This idea opened up
eyes everywhere to an entirely new way of thinking about adaptation and evolution, but
it also, I would argue, contained at its heart a contradiction that undermined the very
point Richard Dawkins strove so eloquently to make. If the fate of great ideas is to be
wrong in a fruitful way, The Extended Phenotype stands out as one of biology’s greatest
ideas.

The contradiction is rooted in the notion that organisms are embedded in environments,
to which they and their progeny either adapt or die. In this sense, the environment is
like a sieve, through which each generation’s multifarious candidates for selection either
pass or are blocked: ‘the organism proposes, and the environment disposes’, to quote
Stephen Jay Gould . The Extended Phenotype turns this conventional Darwinian
dogma on its head. When organisms can modify environments to beneficial ends, they
are liberated from being simply slaves at the mercy of the environment, and become,
in a profound sense, its masters. And therein lies the contradiction. If adaptation
is the progressively harmonious fit between organism and its environment, and if the
environment is part of the organism’s phenotype, where does this leave George William’s
famous assertion of another bit of Darwinist conventional wisdom: ‘organisms always
adapt to their environments, never the other way around’? In blurring the bright
line that divides organism from environment, Dawkins made it possible to think, even
embrace, what was unthinkable to George Williams: that environments can adapt to
organisms, that environments can have fitness, and that environments can even evolve.

The Dawkins response, explanation of what he did have in mind is simple: there is
no blurring intended in the explanation, nor there is one in nature. Speaking of beaver
dams, Dawkins states:

A beaver dam, and the lake it creates, are true extended phenotypes insofar as they are
adaptations for the benefit of replicators (presumably alleles but conceivably something
else) that statistically have a causal influence on their construction. What crucially
matters is that variations in replicators have a causal link to variations in dams such
that, over generations, replicators associated with good dams survive in the replicator
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pool at the expense of rival replicators associated with bad dams. Note what a stringent
requirement this is.

So the view is very strictly conventional for Dawkins: replicators use vehicles, even

if parts of these vehicles are external to organisms.

And it is easy to see the error in Turner's argument. There is no such single thing

as `the environment'. Yes, an organism (or the replicators using an organism) may

modify the part of it for its bene�t. Sometimes a small part, sometimes larger. But

still the environment acts as a sieve. Still the replicators are selected for their �tness

to a particular environment. To state that `it is the environment that can adapt to or-
ganisms, that environments can have fitness, and that environments can even evolve' seems

to me preposterous. Environments get changed, for sure, but not selected. There's no

heritability, no succession of generations. No wonder Dawkins felt compelled to answer

his critics.

But the unwarranted extensions of the notion of extended phenotype, which form the

major part of the debate (the title of Dawkins (2004a) paper is `Extended Phenotype
{ But Not Too Extended ') are not the only contentious points.

The quote from Turner has already mentioned the `Central Dogma' of modern biol-
ogy. In fact, Turner (2004a) writes that `as we have come to know more about how cells
actually work, we are now coming to see the central dogma as fallacious' and `most would
agree that the central dogma is essentially dead'. But what is this mysterious dogma?
Turner's formulation is rather poetic

Genes’ capabilities were defined by the central dogma, which asserted that function
radiated like light from the central sun of DNA.

Umm, perhaps too poetic for me. Especially for determining if it may be dead.
When we look into the origin of the Central Dogma idea, we can �nd that the notion
was introduced by Francis Crick. Wikipedia de�nes it as follows:

The central dogma of molecular biology was first enunciated by Francis Crick in 1958
and re-stated in a Nature paper published in 197046:

The central dogma of molecular biology deals with the detailed residue-by-residue trans-
fer of sequential information. It states that such information cannot be transferred back
from protein to either protein or nucleic acid.

In other words, ’once information gets into protein, it can’t flow back to nucleic acid.’

Is this what Turner had in mind? It is a bit hard to con�rm, but let me follow

the more precise trail here. is the statement that once the information has passed into

protein, it can't ow back to nucleic acid really dead today?
of course, the discoveries since 1970's have brought to light many new phenomena.

As the Wikipedia article says, biologists distinguish today three types of conformation

46Crick (1970)
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transfers: general transfers (believed to occur normally in most cells), special trans-
fers (known to occur, but only under abnormal conditions), and unknown transfers
(believed to never occur). The general transfers describe the normal ow of biological
information: DNA can be copied to DNA (DNA replication), DNA information can be
copied into mRNA, (transcription), and proteins can be synthesized using the infor-
mation in mRNA as a template (translation). This is what the original formulation
had described. The special transfers which involve RNA−→DNA, RNA−→RNA and
DNA−→protein happen only in special circumstances | reverse transcription and RNA
replication. The direct translation from DNA to protein has been demonstrated in a
test tube but not in a living cell. The last three types, protein−→DNA, protein−→RNA
and protein−→protein were never observed.47 Dawkins is quite con�dent that

In this version the central dogma has never been violated and my bet is that it never
will. The genetic code, whereby nucleotide sequences are translated into amino acid
sequences, is irreversible.

The discussions of the foundations of molecular biology and its relationship with

evolutionary processes are surprisingly intense. They are not limited to scienti�c press.

For those preferring more `modern' technology than books and articles, there is a very

interesting video of Richard Lewontin's Hitchcock Lecture: Gene, Organism and En-
vironment: Bad Metaphors and Good Biology48. It was quite interesting for me to

watch `live' some of the traits that Lewontin is accused of. While he ostensibly �ghts

`bad metaphors' and wrong conclusions derived from such metaphors, he is attacking a

straw man. At least as far as it concerns anyone with more than basic knowledge of bi-

ology. For example when he claims that `DNA is not a self-replicating molecule, because it
needs the whole machinery of the cell to do so' he is stating the obvious: DNA is obviously

not replicating by itself. Yet, there is a lot of time-delayed self-reliance, because the

machinery is built (previously in the `old' cell and subsequently in the new one) using

instructions of which a lot of reside in the DNA code. Of course it is a complicated

sequence, but such is life. And I would say that probably every serious biologist knows

this. But, on the other hand, maybe Lewontin is attacking the myths and misconcep-

tions in the general public. The understanding of the genetic mechanisms of an average

layman is abysmally low, I agree. Yet then, the tone of the lecture, stressing the role of

the environment is suggesting a political agenda. The wonderful example of the cloned

plants49 which despite their identical genetic structure may grow to di�erent heights,

followed by the story about separate lives of genetically identical quintuplets suggests

the decisive role of the environment, and malleability of organisms. Yet it seems worth-

while to check the common features of the discussed cases, to devote as much of the

47Prions, which are sometimes used as an example for the last of the `unknown' transfers are only

replications of protein form, not its chemical composition.
48http://video.google.com/videoplay?docid=7320126698292379909
49As Lewontin remarks it is very easy to clone many plants | simply by cutting them into pieces and

cultivating each of those separately. Each of the pieces is genetically identical! So, almost every gardener

is involved in the nasty practices of cloning, so much despised as unnatural.

http://video.google.com/videoplay?docid=7320126698292379909
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attention to the similarities as to the di�erences. Why would this issue of malleability

so important? For the reasons I have touched in Section 8.2.2. But despite the hidden

agenda, the lecture was a pleasure to watch.

As I have already noted, Darwin has allowed possibility of group selection. The ups

and downs of standard evolutionary theory have been bringing this in and out of favour.

The �rst major push for group selection came from the work of Scottish ecologist V.C.

Wynne-Edwards, who has observed that birds sometimes sacri�ced their reproductive

privileges to keep their ock from starvation and concluded that they acted for the

group bene�t and that the interests of the group overrode those of the individual geese.

Similar altruistic examples were used to promote the point of view. However, later

studies of alternate explanations, based on kin selection, reciprocal altruism and other

individual mechanisms have pushed group selection into deep defensive. For a time the

organism and later the gene were triumphant units of selection.
However, the topic of group selection in speci�c environments and situations seems

to be returning. Not displacing the `lower levels', but adding a higher level in speci�c
situations. There are researchers who push for such a multi-level selectionism, for
example Wilson (1975a); Wilson and Sober (1994), Slatkin and Wade (1978), Bergstrom
(2002). The original group selection hypothesis failed, primarily because the processes
that maintain group di�erences and select between groups are typically weak compared
with the individual di�erences and individual selection. But there are situations where
cohesive forces within a group are strong enough to allow such approach to be valid.
Especially when one thinks about groups being vehicles that are selected di�erentially
rather than replicators. That requires a high cohesiveness of the groups, overcoming
the disruptive interests of the individuals. It is worth noting that group selection is
called upon more frequently when it comes to human (and cultural) evolution. Perhaps
it is because the direct Darwinian selection process is less applicable. Even if cultural
ideas struggle for existence, the situation is di�erent from the biological competition
for reproductive rights. It is much more di�cult to de�ne the replicators at the group
level. What binds the members of a group or a species so closely together that the
competition among groups is stronger than any competition within the group? While
there are, from time to time, revivals of group selection within biology proper, today
they must answer such questions �rst and foremost. It is found only in very special
cases. A recent paper by David Sloan Wilson and Edward O. Wilson in New Scientist50

bears an intriguing title Evolution: Survival of the seless. The quote that New
Scientist emphasized in a coloured box states

It’s heresy to view groups as organisms, yet today’s organisms are yesterday’s groups.

Indeed, this is a good rallying call. But the two giants of the modern evolutionary
theory succinctly describe the consensus today in the paper conclusion:

It is difficult to revisit an important decision that has been made and acted upon, but
that is precisely what needs to be done in the case of the rejection of group selection in

50New Scientist, November 3rd, 2007, http://www.newscientist.com/channel/being-human/
mg19626281.500-evolution-survival-of-the-selfless.html

http://www.newscientist.com/channel/being-human/mg19626281.500-evolution-survival-of-the-selfless.html
http://www.newscientist.com/channel/being-human/mg19626281.500-evolution-survival-of-the-selfless.html
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the 1960s. This is not a return to the sort of naive group selectionism that interprets
all traits as ‘for the good of the group’.

On the contrary, modern multilevel selection theory affirms key parts of the 1960s
consensus, including the idea that group-level adaptations require group-level selection
and tend to be undermined by lower levels of selection. It is only the categorical rejection
of group selection that must be reconsidered.

Which makes biology more and more interesting. Revisiting old paradigms in the

light of new �ndings and deeper understanding is, for me, exactly the spirit of science.

8.3.1 . . . all living things

While the discussion on the selection levels and bene�ciaries of the adaptations is con-

sidered fully within scienti�c realm, there are proposals that may seem as going beyond

it. The proponents of gene, organism or group as the selected entity may �nd speci�c

examples that support their claims. It is a bit more di�cult with the whole species.

But there are proposals that go far beyond these levels. I am referring to the `Gaia

hypothesis'. This hypothesis has long ago extended well beyond the realm of science.

The idea that the totality of living things on Earth would somehow act in unison to

protect and stabilize the environment, that there is a single global organism, planning

and watching the environment has caught attention of mystics, new-age gurus and of

course environmentalists. For the purpose of this book it is interesting to check if

there is anything within the Gaia hypothesis that would fall within bounds imposed by

scienti�c method and if there is any basis for the hypothesis.

But �rst we must look into what Gaia theory is. The notion has been introduced

and popularised by James Lovelock. The �rst publications were directed at home-

ostatic properties of combined biosphere-atmosphere system. Lovelock, at that time

(1960-1970s) has been recognized expert on atmospheric phenomena. So there are solid

scienti�c roots of the hypothesis. How, then, did it become a fertilizer for new-age

mysticism?
I guess that the reason is the way Gaia has been introduced to general public.

Lovelock (1979) has opened his popular book Gaia. A new Look at Life on Earth
with the following description of the goal of his research:

The quest for Gaia is an attempt to find the largest living creature on Earth.

Sixteen years later, writing a preface to the third edition of the same book, Lovelock

(1995) has complained that the scientists have criticised the �rst edition of the book,

missing the fact that `Gaia is only a metaphor'. Well, metaphors have to be used

cautiously, because their power can be very misleading. And if one reads Lovelock (1979)

carefully, one �nds a lot of places where the author uses such teleological arguments very

seriously. Where the language really suggests a single, thinking and planning organism,

more than 3.5 billion years old, and with huge experience in making the conditions at

Earth's surface optimal for life.
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Should there be only the Lovelock book(s), Gaia would probably never enter the

pure science domain. But in parallel to the misleading language of purpose there are

phenomena described within the hypothesis that warrant a close look. So a science of

Gaia has been born and grew, thanks to Lovelock persistence and to help from others,

such as Lynn Margulis, famous for her concept of endosymbiotic theory|which is now

generally accepted for how certain organelles were formed. Requesting ‘Gaia theory’

at Google returns more than 1.5 million hits, so how to tell good sites from bad? Perhaps

the best way to understand the original thinking of the proponents of Gaia is to look at

Lovelock and Margulis WEB sites, http://www.mountainman.com.au/gaia.html and

http://www.ecolo.org/lovelock/.

But to see if there is active scienti�c work on Gaia today and to get the avour of

the debate, lets have a look at a few publications, chosen mainly for their availability on

the WEB, Lenton (1998); Lenton and van Oijen (2002); Lenton and Wilkinson (2003);

Kirchner (2002, 2003) as well as an interesting article by Turner (2004b), whom we have

already mentioned before. Kirchner is one of the most widely recognized critics of Gaia

| recognized for his contributions into clari�cation of what is real and what is just a

metaphor. Lenton is, on the other hand, one of the most widely known proponents of

the approach. So the debate is a very revealing one.
Kirchner (2003) starts his paper with a list of topics where he agrees with the

proponents of the Gaia hypothesis:

Particularly because I have been a vocal critic of the Gaia hypothesis, it is important
to make clear that I substantially agree with many of its central themes. I agree with
Gaia, in the sense that I think that no view of the Earth system can be complete – or
even approximately correct – without accounting for the pervasive influence of biological
processes on Earth’s surface chemistry and climate. I agree that coupling between the
atmosphere and biosphere should naturally give rise to feedback. I also agree that
coupled feedback systems can exhibit ‘emergent’ behaviours, including self-regulation.
And most importantly, I agree that it is essential to understand the Earth system as a
system, rather than as a set of disconnected components.

Lenton and van Oijen (2002) describe the major task of the proponents of Gaia as
follows

A challenge for Gaia theory is to find principles that explain how regulation can emerge
at the global scale from natural selection of environment-altering traits at the individual
level.

Even when we look back to the early criticisms of the Gaia theory by Kirchner

(Kirchner, 1989, 1991) we can see that the aim was to distinguish the reality from a

dream. For example he provides the classi�cation of the variants of the hypothesis,

based on the application range.

Influential Gaia is the weakest form of the hypothesis, which states that living or-

ganisms (biota) have a substantial inuence over certain aspects of the abiotic

http://www.mountainman.com.au/gaia.html
http://www.ecolo.org/lovelock/
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(nonliving) world. Well, I think that it would be really hard to �nd anyone who

would deny this statement. But does it really bring any new paradigm to life?

Co-evolutionary Gaia. The biota inuences the abiotic environment, and the latter in-

uences the evolution of the biota by Darwinian processes. Again, there are cases

when we can directly show such inuences. But there is no statement here about

whether they are positive or negative. In fact, a lot of examples show that the

e�ects of the living organisms on nonliving environment may act against at least

some of the organisms. I would think that this version of the hypothesis is, there-

fore, widely accepted in scienti�c community, but not in a way that corresponds

to the intentions of Lovelock.

Homeostatic Gaia is, probably, the most `popular' among today's proponents: the

interplay between biota and environment is characterized by stabilizing negative

feedback loops. Examples of such negative feedback are real. But there are a

lot of examples of positive feedbacks as well. And such positive feedbacks have

destructive e�ect on the biota-environment system, driving it away from initial

state, away from equilibrium. Of course due to limited size of the planet there

are really no runaway processes, but such a positive feedback may drive the whole

system from one state to another { completely di�erent, for example one in which

the organisms `responsible' for the process are not longer dominant or even present.

At best, we can say that `Homeostatic Gaia' has a debated status in scienti�c

community.

Teleologic Gaia follows the original formulation rather closely: the atmosphere is kept

in homeostasis not just by the biosphere, but in some sense for the biosphere.
Gaia takes care of her children. This approach has even weaker standing than the

previous one, and there are no hard proofs of such phenomena. The best that

the proponents provide are simple models of Daisyworld | extremely simpli�ed

system of a planet and one species of daisies; model that does show homeostasis

which may be seen as bene�cial to the daisies. But in real life, with competing

organisms and interrelated species the statement that the homeostatic mechanisms

and negative feedback mechanisms have appeared for the bene�t of living things

is really far fetched.

Optimizing Gaia is the strongest form of the hypothesis: the biota manipulates its

environment for the purpose of creating biologically favourable conditions for it-

self. It considers the whole biological environment to act with a purpose, as a

single entity and being capable of manipulations | just a step shy from con-

sciousness. In fact some of the less scienti�c supporters of Gaia do claim that it

has a consciousness of its own.

The strati�cation of the hypotheses has been recognized by the scientists who be-

lieve in the validity of Gaia theory, and today they concentrate on the more `realistic'
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levels, showing how the accepted evolutionary mechanisms could have led to stabilizing

interplay between biological and abiological environments.
In Lenton and van Oijen (2002) we �nd that the Gaia theory replaced the original Gaia

hypothesis of atmospheric homeostasis by and for the biota. So, the current thinking is no
longer simply telological.

[It] takes a larger whole system perspective, viewing self-regulation as a key emergent
property of the system, with models to demonstrate how such behaviour can arise
automatically.

The de�nition of Gaia used by Lenton is very general, and does not have any refer-
ence to `living organism' or `purposefulness' | this has already changed from the early
Lovelock books.

We define Gaia as the thermodynamically open system at the Earth’s surface comprising
life (the biota), atmosphere, hydrosphere (ocean, ice, freshwater), dead organic matter,
soils, sediments and that part of the lithosphere (crust) that interacts with surface
processes (including sedimentary rocks and rocks subject to weathering). The upper
boundary of the system is at the top of the atmosphere, with outer space. The inner
boundary is harder to de. ne and can be taken to depend on the time-scale of processes
under consideration. For timescales longer than the recycling of the crust (ca. 108 years)
the line may be drawn between the crust and the mantle. For processes that can
approach steady state rapidly (in less than 103 years) the outer surface of the crust may
be considered the boundary of the system.

But I wonder if this de�nition is really useful. Its scope is so large, so complex that

we can not hope, in the forseable future, to be able to understand and model all its

aspects. I guess that the reason for such all-encompassing de�nition comes from aversion

to traditional `reductionist' models. It is what some people call `systems science', aiming

at grokking how large, complicated environments function without taking them apart

into manageable pieces. Taking into account that we still fail to understand fully many

of small scale components of Gaia, I am worried that such systems approach can not

bring concrete results. But Lenton and van Oijen (2002) certainly do hope for such

breakthrough, using the notion of complex adaptive system (CAS) as something easily

understood. And Gaia is, in their opinion, a clear example of a CAS.
Lenton and Wilkinson (2003) provide a classi�cation of their own: it lists possible

causes of the fact that there is life on Earth, and that life has survived and multiplied
for the past 3.5 billion years.

Pure luck. Life on Earth has survived by chance alone. Earth possesses no regulatory
feedback mechanisms.

Lucky Gaia. The persistence of life is due in part to the existence of regulatory feed-
backs, but it was good luck that the coupling between life and its planetary envi-
ronment turned out to be regulatory.

Probable Gaia. There is something about the behaviour of planets with abundant life
that leads one to expect regulatory feedbacks to predominate (at least statistically,
if not in every case).
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[. . . ]

We associate the Gaia theory with ‘Probable Gaia’ and think this is nearest to being
the correct explanation. But let us stress that if ‘Probable Gaia’ is proved wrong and
‘Lucky Gaia’ turns out to be the case, it is still important.

Lenton and Wilkinson (2003) paper is a response to critique, by Kirchner and others,
and as such it does contain, fortunately for me, a lot introductions and clari�cations of
basic notions. For example there is a simple exposition of what is Gaia theory based
on:

The Gaia theory is based on four basic tenets:

1. Life alters its environment.

2. Life forms grow and reproduce.

3. The environment constrains life.

4. Natural selection occurs.

One might say: its obvious! It is. The problems start when we try to connect these

points in a way that would allow understanding of real life phenomena on real Earth. In

a sense we come back to the question: On what level does the selection occur? Normally

we consider the selection to occur between `life forms', especially intraspecies, between

competing individuals. Growth of life forms may alter the environment (biotic and

abiotic) and thus shift the criteria for selection, but this is nothing new or revolutionary.

Question is: would such individual or even group selection favour global stabilizing
environmental feedback? Would such feedback favour certain selection criteria, pro-
life?

One of the problems that scientists have with Gaia theory is that the language used
in it development is laden with emotional connotations. Pro-life, pro-Gaian and their
opposition, anti-Gaian | are used not just to signify speci�c types of processes, they
invoke our feelings. In fact the original image of Gaia as a `caring mother' just adds
to this psychological construction. This point has been raised by Kirchner and Lenton
and Wilkinson agree with the need to be very careful in invoking `good' versus `bad'
imagery in scienti�c analysis.

Kirchner notes that: ‘in the Gaia literature, mechanisms linking organisms to their
environment are generally termed “Gaian” only if they create negative feedbacks, and
only if they are beneficial to the organisms involved, or to the biota as a whole’ whereas
‘Positive feedbacks, or those that seem detrimental, are typically referred to as “non-
Gaian” or “anti-Gaian” mechanisms’. The association of negative feedback with ‘Gaia’
and positive feedback with ‘non-Gaia’ or ‘anti-Gaia’ is wrong and is not widespread in the
literature.[. . . ] The association of beneficial effects with ‘Gaia’ and detrimental
effects with ‘non-Gaia’ or ‘anti-Gaia’ is flawed and we have both been guilty of
this error. Consider, for example, that detrimental environmental effects can generate
negative feedback. Furthermore, if one is talking of Gaia as the name for a system,
then the term ‘anti-Gaian’ applied to things within that system makes little sense, and
the term ‘Gaian’ takes on a different, all-encompassing meaning. We suggest that in
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future the terms ‘Gaian’, ‘non-Gaian’ and ‘anti-Gaian’, be avoided as descriptors of
environmental effects or feedbacks.

I �nd this readiness to admit ones own `guilt' quite extraordinary, even in scienti�c
literature. People are often rather quiet about their errors. Or even that someone else
is right. And Lenton and Wilkinson are very openminded: just a few paragraphs later
they write

Kirchner and Volk are particularly sceptical about the possibility of feedback involving
natural selection. We agree that it is not valid to generalise that ‘Life enhancing effects
would be favoured by natural selection’ [phrase used by Kleidon]. However, it may be
true in specific cases, when carriers of the responsible traits benefit more from those
‘life-enhancing effects’ than non-carriers.

Which leads me from discussing the behaviour of scientists involved to the issues
being discussed. I this case we must consider the comparative bene�ts between com-
petitive organisms. Lenton and Wilkinson use the example of nitrogen-�xing plants ant
their possible role | for themselves and for the entire environment. Selection between
�xers and non-�xers (to simplify the language) within a species would result in some
�xing capability | e�cient enough on the organism level but not too costly. It is in-
teresting to note here that the feedback on many individual traits subject to natural
selection is a negative one, namely cost vs pro�t. And this is stabilizing many evolu-
tionary tendencies in exactly the `cybernetic' manner favoured by Gaia theorists, but
on a much lower hierarchy level. But the competition is on e�ective use of nitrogen for
the use of the �xer itself. The use of leakage by other species, which may have really
fundamental results , enabling some species to exist, is not even a by-product. It is a
tendency that is selected against in �xers, because allowing a lot of leakage acts against
them. Thus the tendency to improve the environment is very di�cult to arrive at via
Darwinian selection. In a response to Lenton and Wilkinson (2003), Kirchner (2003)
writes:

The environment is, by definition, that which is shared among organisms. To the
extent that a trait improves or degrades the environment, it will affect its carriers and
its non-carriers equally. For a trait to spread via natural selection, it must give its
carriers an advantage over its non-carriers. Therefore, to the extent a trait improves the
environment rather than the individual, and thus benefits its carriers and its non-carriers
equally, natural selection will have no effect on it.

This fact may offend our sense of fairness, but it is an inevitable result of how natural
selection works. If a trait benefits individuals, its carriers will fare better than its non-
carriers and produce more offspring. As a result, that trait will become more common
in each successive generation. By contrast, if a trait benefits the shared environment, it
will benefit its carriers and non-carriers alike and they will both produce equal numbers
of offspring. Thus that trait will not become more common in the gene pool over time.
Therefore, natural selection will generally favor traits that benefit individuals, whether
they enhance the environment or degrade it. [. . . ]

Traits that benefit the individual may also degrade the environment; for example, many
organisms are highly evolved to sequester resources for themselves, even at the cost of
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impoverishing their environments. Natural selection will promote the spread of such
traits if they are beneficial for individuals, even though their end result is ‘biotic plun-
der’ and widespread resource depletion. In human affairs, the counterpart to this phe-
nomenon is termed the ‘tragedy of the commons’.

It is important to remember here simple truth: it is the organisms (living entities,

genes, replicators | we may use di�erent names) that are subject to replication ans

selection. Environments may be a�ected by living things, and may be signi�cantly

changed by them (even to the point of certain environments vanishing from Earth)

but are not replicating. Therefore there is no selection of environments, they are not

selected for or against.
Coming back to Lenton and Wilkinson (2003) I found a passage with very signi�cant

meaning. It refers to the history of acceptance of the Gaia hypothesis in more than thirty
years that have passed since Lovelock original proposal.

It is often parodied that a scientific theory goes through three phases towards accep-
tance: first ‘it is obviously wrong’, later there is a begrudging acceptance that ‘there
may be something in it’, and finally it is ignored because ‘we have known it all along’.
(The whole process typically takes the order of 40 years.) Reactions to Gaia are shifting
gradually through this sequence. Over the last decade, biological scientists (especially
evolutionary theorists and ecologists) have recognised that Gaia is worthy of serious
thought because there are remarkable things to be explained. Meanwhile some more
Earth-orientated scientists have gone a stage further. Kirchner claims: ‘If Gaia meant
only that organisms influence their environment, and that these interactions may give
rise to interesting system-level behaviours, then Gaia would add little – apart from dif-
ferent language and different metaphors to the general consensus of the biogeochemical
community’.

The use of the parody is highly suspect. When we look to modern science there

are many crucial theories that did not go through the described cycle. In physics,

Quantum Mechanics or relativity are perfect examples. Both were immediately included

in research curriculum, with a body of results increasing very rapidly and con�rming

them. And no-one claimed `we knew it all along'. . . In biology the central dogma of

molecular biology or Darwinian selection itself have the same status. So why do Lenton

and Wilkinson invoke the parody? My guess is because it gives twisted credence to

Gaia hypothesis51. Being told that you are wrong does not mean you are right. Perhaps

there is a reverse mechanism at work: Gaian theorists slowly withdraw from the original

`superorganism' claims, to much more vague `complex system' just in order to achieve

stage three of the parody, that is get back into respected scienti�c community even at

the cost of being accused of `we knew it all along'. Kirchner (2003) actually gives a lot

of examples of approaches to the whole-Earth biology pre-dating Gaia hypothesis.

The `response-to-response' by Kirchner (2003) adds a few more questions regarding

Gaia theory viability. For example, Kirchner recalls hos own simulations using the

51It reminds me of `they laughed at Wright brothers too' joke by Michael Shermer (see page 239).
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agship model of evolution of planetary stability from individual organism selection,

so called Daisyworld (Kirchner, 1989). The model, introduced by Lovelock in 1983,

considers a model planet covered with white and black daisies. The reecting properties

of daisies are di�erent and the percentage of cover by white or black type determines the

temperature of the planet. In the original model the black daisies increased the planet's

temperature, but were more sensitive to the temperature themselves, they thrived in

lower temperatures than the white daisies.

The model was used to show that natural process of selection between white and

black daisies can stabilize planet's temperature over broad range of energies coming

from Sun. The stabilisation happens without external regulation or purpose, and the

selection is at the single organism level. Thus Daisyworld became standard example

that Gaia theory works.
In Kirchner (1989) he has proven that simply by changing one of the input parame-

ters, namely the preferred range of temperatures of black daisies to one higher than for
the white ones, the predictions of the model are dramatically changed:

This simple parameter adjustment converts Daisyworld into a bi-stable system that
strictly avoids the biological optimum. [. . . ] What is most interesting about this al-
ternative Daisyworld is that when subject to perturbations, its climate would undergo
unstable, positive-feedback transitions between its two end-member states, which is at
least qualitatively consistent with the ice core data.

This simple example of the possibility of radically di�erent results coming from sim-
pli�ed models, which question the explanatory power of the model is further elaborated
by Kirchner (2003)

But instead Daisyworld has, perhaps inadvertently, been configured to be pathologically
stable. Daisyworld is a one-feedback model; there is only one environmental variable and
it is regulated by extremely strong feedback with the simplest possible biosphere. Such a
simple model necessarily exhibits simple behavior. By contrast, on the real Earth many
different environmental variables are coupled simultaneously, through many different
feedback relationships, with a highly complex biosphere composed of organisms with
diverse (and often incompatible) environmental requirements. Such a complex system
can exhibit many kinds of behavior that a simple Daisyworld model cannot. I fully
understand the reasons for making highly simplified models, but the first rule of model-
building is to preserve the core features of the system that one is trying to study. The
problem is that Daisyworld is intended to explore the stability properties of hypothetical
atmosphere-biosphere systems, but the stability properties of a one-feedback system like
Daisyworld are fundamentally different from those of more complex systems, let alone
realistically complex systems.

So, even a very simple model can lead to deep controversies. And Earth is anything

but simple. The environment on Earth is very diverse, and we �nd life almost every-

where (from real deserts to oceans and lakes, from −60 degrees to boiling water, with

atmospheric pressures and acidity di�ering by orders of magnitude). The diversity of

life is even greater, as it depends not only on variations in abiotic environment but in
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the living world as well. To understand what is happening, what has happened in the

past is very important. Not just from curiosity, but because our own impact on the

planet has grown out of proportions. Today, many of the e�ects of humanity are clearly

on the positive feedback side, driving the environment away from previous equilibrium.

They may be checked eventually with the negative feedback of the limit of supply, or

when we manage to eradicate humanity from Earth, but I guess this is not the balance

we would wish for. So to achieve stability we must study the phenomena in their full

complexity, with the aim of understanding how things really are.

To me, the concept of Gaia as a superorganism, purposefully preserving conditions

optimal for life is not scienti�c. I guess it would be very di�cult to �nd a hard-core

scientist who believes in it, even James Lovelock. But this does not mean that the

concept is dead, on the contrary it has tremendous power in environmentalist or New

Age communities. Here again I have to remind myself that the e�ort to grasp the real

scienti�c issues and problems, the necessary level of knowledge is beyond the reach of

most people. We do not teach and we do not encourage going su�ciently deep into the

matters. Oversimpli�ed answers are the most prized by societies.
On the other hand the verdict on Gaia theory as a convenient name for general

studies of Earth as a global system is still open. The amount of insights and new
discoveries so far is not overwhelming, but there is no doubt that Earth and its biosphere
has to be studied not only in isolated details but as a connected system. Kirchner,
despite his criticism of particular aspects of Gaia theory, is very vocal in expressing this
need.

Science is a process, a journey toward a better collective understanding. It is not a
mere contest, in which all one needs to do is to declare a winner and a loser. Thus the
most useful answer to a question such as, ‘Do biological feedbacks increase the Earth
system’s resistance to perturbation?’ is neither ‘Yes, they do’ nor ‘No, they don’t’. The
most useful answer instead is, ‘These mechanisms do, and those mechanisms don’t, and
here are their implications for how the system functions. And here are all the other
things we need to figure out as a consequence’. [. . . ]

Gaia has helped to raise interest in the whole-system view of Earth, and that is all for
the good. It has helped to introduce systems concepts like feedback and emergence
to a wider audience, and that is an important contribution as well. Yet Gaia remains
marginalized. One reason is certainly Gaia’s New Age connotations, but I believe that
a larger problem is that many are put off by the tone – simultaneously defensive and
self-congratulatory – of much of the Gaia literature. Here too, however, there appears
to be recent progress. The new generation of Gaia supporters appears to be less eager
to antagonize the rest of the community, and I hope that this heralds the beginning of
a new trend.

Finally, it is important to stay focused on the things that matter. It should not matter
whether the current version of Gaia theory survives intact. It should not matter whether
the Gaia label endures. It certainly should not matter who is perceived to have
‘won’ the Gaia ‘debate’; as I said early in this essay, science is a journey of exploration,
not a paltry contest. What should matter is that we all keep moving forward,
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toward a clearer understanding of how the Earth system works.
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8.4 Network of genes, net of patents

We claim:
A sealed crustless sandwich, comprising:

a first bread layer having a first perimeter surface coplanar to a contact surface;
at least one filling of an edible food juxtaposed to said contact surface;

a second bread layer juxtaposed to said at least one filling opposite of said first bread layer,
wherein said second bread layer includes a second perimeter surface similar to said first perimeter surface;

a crimped edge directly between said first perimeter surface and said second perimeter surface
for sealing said at least one filling between said first bread layer and said second bread layer;

wherein a crust portion of said first bread layer and said second bread layer has been removed.
Len Kretchman and David Geske, US Patent No. 6,004,596, 1999

In a curious twist of coincidence, as I was working on the units of selection sec-
tion, during a business trip to France in a hotel lobby I have chanced upon an

International Herald Tribune52 where I found a longish article by Denise Caruso in
the business section: Biotech industry rocked as theories change. This change of
theories is described as

challenging the traditional view of our genetic blueprint as a tidy collection of indepen-
dent genes, pointing instead to a complex network in which genes, along with regulatory
elements and other types of DNA sequences that do not code for proteins, interact in
overlapping ways not yet fully understood.

My curiosity has led me to the original work that has prompted the piece: The

ENCODE Project Consortium (2007), and some of the associated works, Gerstein

et al. (2007); Gingeras (2007). And indeed, the works seem to indicate | on the basis

of extensive experimental research | that the way the information encoded in DNA is

used by living organisms is far from simple.
In fact, after reading the articles it looks like Gregor Mendel, in his studies of

inheritance of traits in pea plants has been incredibly lucky to �nd mechanisms that
are describable by simple one-to-one correspondence between some cause and the e�ect.
Gerstein et al. (2007) gives a short but comprehensive history of the concept of the
gene, as the unit of hereditary information, starting from Mendel's times up to the
modern operational de�nitions. The path leads from unknown unit of inheritance of
given phenotypic traits53 through recognition of genes as speci�c places (loci) in some
unknown linear structure to the connection between genes and proteins (one gene, one
protein view). Later steps come with the identi�cation of the physical molecule carrying
this information (DNA) and deciphering of the genetic code as well as the DNA/RNA
transcription mechanisms. But as the tools used by the scientists have become better
and better, the understanding of the picture brought more details, and the picture has
become more and more complicated. According to the modern de�nition by Human
genome Nomenclature Organisation, gene is

52July 4th, 2007
53There is a strong analogy between historical role of genes and atoms, as concepts initially driven

purely by theory. Physical existence and identi�cation in both cases came much later.
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a DNA segment that contributes to phenotype/function. In the absence of demonstrated
function a gene may be characterized by sequence, transcription or homology.54

The article even gave the `computer metaphor' for the gene

Insofar as the nucleotides of the genome are put together into a code that is executed
through the process of transcription and translation, the genome can be thought of as
an operating system for a living being. Genes are then individual subroutines in this
overall system that are repetitively called in the process of transcription.

In the age of computer geeks such metaphors can carry a lot of meaning through.
But what is this revolution that the IHT article was referring to? It comes from the
summary of more than 200 experiments by 35 research groups worldwide, published by
The ENCODE Project Consortium (2007). This work, while covering only 1% of the
human genome (which means 29 998 000 nucleic bases of the DNA) has given the �rst
view of how the whole system might look like. Opening their paper, the authors remind
about the complexity of the task:

The human genome is an elegant but cryptic store of information. The roughly three
billion bases encode, either directly or indirectly, the instructions for synthesizing nearly
all the molecules that form each human cell, tissue and organ. [. . . ] At present, we have
an incomplete understanding of the protein-coding portions of the genome, and markedly
less understanding of both non-protein-coding transcripts and genomic elements that
temporally and spatially regulate gene expression. To understand the human genome,
and by extension the biological processes it orchestrates and the ways in which its defects
can give rise to disease, we need a more transparent view of the information it encodes.

The choice of the parts of the genome that were analysed was large enough and
unbiased, so that we can expect that the results might tell us a lot about the whole
genome. This is in contrast to many previous studies, which have concentrated on the
functioning of single fragments of DNA, responsible for a given trait, function or with
given sequence, conveniently called `single genes'. Now, while the ENCODE work has
con�rmed the current mechanistic models in many cases and has improved the ability
to predict gene activity there were some unexpected results, summed up by the authors
in conclusion of the article:

We also uncovered some surprises that challenge the current dogma on biological mecha-
nisms. The generation of numerous intercalated transcripts spanning the majority of the
genome has been repeatedly suggested, but this phenomenon has been met with mixed
opinions about the biological importance of these transcripts. Our analyses of numer-
ous orthogonal data sets firmly establish the presence of these transcripts, and thus the
simple view of the genome as having a defined set of isolated loci transcribed
independently does not seem to be accurate. Perhaps the genome encodes a
network of transcripts, many of which are linked to protein-coding transcripts and to
the majority of which we cannot (yet) assign a biological role.

Moreover, the discoveries pose some serious questions with respect to the evolution-
ary mechanisms of selection:

54http://www.gene.ucl.ac.uk/nomenclature/guidelines.html#Introduction

http://www.gene.ucl.ac.uk/nomenclature/guidelines.html#Introduction
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We have also encountered a remarkable excess of experimentally identified functional
elements lacking evolutionary constraint, and these cannot be dismissed for technical
reasons. This is perhaps the biggest surprise of the pilot phase of the ENCODE Project,
and suggests that we take a more ‘neutral’ view of many of the functions conferred by
the genome.

No wonder that the results of the work are treated with so much attention. Coming
back to Gerstein et al. (2007), we �nd a reworked computer metaphor that may be used
to summarize the current, post-ENCODE status of the gene

The execution of the genomic OS does not have as neat a quality as this idea of repeti-
tive calls to a discrete subroutine in a normal computer OS. However, the framework of
describing the genome as executed code still has some merit. That is, one can still un-
derstand gene transcription in terms of parallel threads of execution, with the caveat that
these threads do not follow canonical, modular subroutine structure. Rather, threads of
execution are intertwined in a rather ‘higgledy-piggledy’ fashion, very much like what
would be described as a sloppy, unstructured computer program code with lots of GOTO
statements zipping in and out of loops and other constructs.

Are we made of spaghetti code?

Now, the results of the ENCODE Project do not surprise me. On the contrary. I

am surprised that so many things can be and were successfully explained by `single

gene' models. That it was possible to isolate single causes and mechanistic cause-e�ect

chains. My own �eld was solid state physics, and even there with the regularity of

crystalline lattices, with the simplicity of Bloch wavefunctions and the fact that all

electrons are intrinsically identical it is sometimes very, very hard to get the causes

lined up with the e�ects. Just think how slow is the progress on the topic of high

temperature superconductors, despite the money that went into this subject. How

could it be easier for the living organisms, with their messiness, uniqueness, constant

change and unpredictability. When small changes in the environment have huge e�ects

on the internal works of living cells. I am not surprised by the discovery that genes form

an interacting network. This is what I expected | if the is to make any progress in this

direction. And I guess that while the authors use words like `surprised' or `unexpected'

they should not be. We can attempt to comprehend this complex phenomenon of life

thanks to its complexity, this very complexity which is a part of our humanity. . .

But let me go back to the IHT article. It has only briey mentioned the scienti�c

part of the discovery. No hard biological abbreviations. The question that Caruso has

considered was: if the genome is not a collection of tidily stacked individual genes,

each coding for a particular protein of function (such as predisposition to heart attack),

then what about all those 4000 human genes already patented in the US? One of

the quoted experts de�nes `industrial gene' as one that `can be defined, owned, tracked,
proven acceptably safe, proven to have uniform effect, sold and recalled'. Well, if the genes

are really an intricate network, how can one patent a part that o�ers no real hope

of being isolated from the e�ects of other genes? What happens if some other gene
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(natural or arti�cially introduced) changes the function of the patented one? Who is

legally responsible?

The ENCODE results show just how premature the whole idea of patenting our own

biology was. Like the patent for a sandwich | but on a much grander scale. The race

for the pro�ts, understandable in our commercialized world, has in many cases led to

forgetting of the scienti�c standards, such as peer review or double checking. Hazards

introduced by newly engineered genes are only partially understood, we do not know

the network e�ects in most cases. Caruso calls the biotech industry to re-examine the

more subtle e�ects of its products and to share the results with the regulators and other

scientists.

I have read and re-read the article several times, each time getting more scared. The

analogy to the carcinogenic e�ects of cigarettes and the role of tobacco industry comes

to mind easily. But even worse is the question about the legality of putting patents

on natural phenomena. And the genome, even the single genes are part of the natural

world. While I can readily believe in the validity of getting intellectual property rights

to, say, gene splicing techniques, I can not be persuaded that the expression of a gene

could and should be patented. After all, there is an enormous `natural machinery' of

the cell required for this gene to get transcribed and to work its e�ects. And I can

not imagine anyone with understanding of this machinery, especially with a unique,

self-derived knowledge, that seems necessary for patent rights.
I am no expert in biotech industry, nor in US Patent Law. But I guess I am not alone

in thinking patenting natural phenomena is stupid and dangerous. Let me quote here
Barbara A. Caul�eld, who wrote Why We Hate Gene Patents.55 She writes of the
research consequences of issuing patents on naturally occurring gene sequences, being
issued by The U.S. Patent and Trademark O�ce.

In other research and development efforts, someone can invent around a patent – find
another way of doing the same process that doesn’t infringe on the original invention.
Scientists, however, shouldn’t have to research around a discovery.

Some researchers may ignore these letters under the theory that as long as the research
is nonprofit in nature, there is a de facto research exemption in the United States to
protect the researcher. However, the exemption is really a gentleperson’s agreement –
it exists only as long as the patent holder chooses to be gentle.

But curbing scienti�c free access to Nature is not the only result of a patent. It is
bad for the industry because `licensing is as difficult for research and development compa-
nies as for scientists working in a university setting. Protective patent litigation is draining
and expensive. Considering both the expense and the risks of bringing new technologies and
therapeutics to market, we have to ask if these licensing and litigation costs are an efficient al-
location of the research and development sector’s resources’. And �nally we should consider
that

the human genome also presents us with profound ethical questions. Some people
believe that you can’t assign ownership or exclusionary rights to something as central

55Law.com, 2002, http://www.law.com/jsp/article.jsp?id=1039054490790

http://www.law.com/jsp/article.jsp?id=1039054490790
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to life as the human genome. Others believe you should not be able to commoditize
and monetize part of the human body. Still others believe that genes are part of the
common heritage of humankind, and thus owned by all of us. Creating exclusionary
rights in a few companies or countries will inevitably lead to a disparity between those
that can and cannot afford the advances that are emerging from genomics research.

I wholeheartedly agree. It may happen that, without knowing it (who would!) I

carry some DNA sequences already patented in the US. And I know for sure that I will

be making sandwiches with at least one �lling of edible food on a bread surface, and

perhaps another layer of bread juxtaposed on it. And I do not care. But we should |

no, we must | care about laws that stie not only innovation but our safety as well,

such as gene patents. There is no excuse for not acting.
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8.5 Social biology

We share the same biology
regardless of ideology

Sting56

Just because you do not take an interest in politics
doesn’t mean politics won’t take an interest in you

Pericles

One of the crucial aspects of biology is the existence and strength of social

arrangements. Even animals that have really very little brainpower, such as ants,

termites or bees, form elaborate social structures, stronger and more adapted than

any of the individual components. For �sh, birds, or mammals these structures are

strengthened by the increased individual capabilities of the society members, who are

also much more individualistic. This forms a tension, between the pro�ts of being

within a society, and pro�ts for each member | tension so visible in our own societies.

For this reason, the biological study of animal societies has been so interesting and

providing a temptation to extrapolate the results to humans. In fact since Aesop, we

have mixed animal and human qualities in fables, to derive moral lessons that are easily

understandable. Sly foxes, powerful bears, royal lions and cowardly hares, hard working

beavers | are they just a metaphor for our qualities or do they genuinely share some

of the qualities with us? Can we go beyond just-so-stories when we search for common

traits and di�erences? Can we learn something important and valuable? Or, as I have

noted in Section 8.2.2, is the topic too much loaded with political issues, and should be

avoided?

8.5.1 Keeping biology on a leash

While studying patterns on buttery wings or the workings of a root systems of trees

hardly ever causes political debate, some other, apparently innocent topics, such as

studying behaviour of ants and bees may lead to being accused of leading to the estab-

lishment of gas chambers, resembling the ones in Nazi Germany57. Are you surprised,

Dear Reader? If yes, that clearly shows that you have not followed the `sociobiology

wars' that have started in 1970-ies and which, as is the case of many conicts in our

modern society, have lost their place in the front pages of newspapers but still claim

some casualties, and no signs of reconciliation. I would not attempt here to trace the

entire controversy. First of all, my knowledge is derived mostly from the books re-

counting the story in which I have not participated. I direct the Reader to the original

accounts: they are not only very readable, in the sense of human story. They are also

56The Russians
57See Allen et al. (1975)
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very good introductions to the complex scienti�c issues. For those interested in more

detailed description of the eventual acceptance of sociobiology (still far from �nal, de-

spite the triumphant title of the book) I recommend Alcock (2001). But by far the

most complete (and hugely entertaining to boot) is the account of Segerstr�ale (2000),

Defenders of the Truth, which is one of the books that I heartily recommend even to

those who are not interested in the intricacies of biology. You can see how thoroughly

human activity science is.

What I can do is to provide the links to the early papers as well as some general

discussions, introducing the sociobiology (and related approaches) as scienti�c disci-

plines: Hamilton (1964); Trivers (1971); Wilson (1971, 1975c, 1978); Dawkins (1977,

1982, 1986); Axelrod (1984, 1986, 1997). Some of those are very clear and readable.

They look at, from Darwinian perspective, various puzzling aspects of behaviour of an-

imals. For example altruism, which seems to be the very contradiction of the `struggle

for the survival of the �ttest'. Yet we observe examples of altruism in Nature in ways

that are apparently suicidal | as is the case of stinging bees, defending their beehive.

The explanations o�ered by Hamilton, Trivers, Wilson and Axelrod did not only pro-

vide the understanding of the selection mechanisms leading to such apparently strange

behaviour, but also led to testable predictions, con�rmed by observations. Should the

biologists stayed with bees and ants, there probably would not be a lot of trouble. But

altruism and other `non-evolutionary' behaviours are found in humans. And thus, the

biologists have started to dream about a uni�ed theory, which would combine sociology,

psychology and biology into one science: sociobiology. This was the original dream of

Wilson, stated in the closing chapter of the Insect Societies (Wilson, 1971). With

the publication of Sociobiology he hoped to turn this dream to reality. What he has

achieved, however, was something di�erent. While for some scientists the publication

has opened new and interesting avenues of research, changing, eventually the whole

�eld of study of animal behaviour (and to some extent the study of human behaviour

as well), for others it was sheer blasphemy. Biology as foundation of human studies?

Not only impossible, it was considered abomination! And attacks came from quite a

few directions.

The war of `false statements and accusations'58 has started with an attack on the

Sociobiology (Wilson, 1975c) by a group of activists, published as a review in The
New York Review of Books (Allen et al., 1975). Wilson's response was published

shortly after (Wilson, 1975b). These were the opening salvoes in the history of war

described fully by Segerstr�ale (2000) and Alcock (2001). This particular war, based

on deep convictions of moral nature, emotional stances that often overshadow scienti�c

arguments has been analysed from many points of view. I would like to concentrate

here on these opening shots, because they show how `unscienti�c' science can be.

The review of Allen et al. (1975) has been prepared | using the very words of the

authors | by `a group of university faculty and scientists, high school teachers, doctors, and

58Wilson (1975b)
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students who work in the Boston area'. The �rst author, to whom naturally all references

go, was Elizabeth Allen, pre-medical student at Brandeis University. But there were

quite a few big names on the list, among them famous evolutionists: Richard Lewontin

and Stephen J. Gould.
The �rst question is: why would a review of an academic publication be signed

by such a mixture of people? Were all of the signatories of the review competent to
provide criticism and remarks? The answer is stated clearly in the closing statement of
the review

From what we have seen of the social and political impact of such theories in
the past, we feel strongly that we should speak out against them. We must take
Sociobiology seriously, then, not because we feel that it provides a scientific basis for its
discussion of human behavior, but because it appears to signal a new wave of biological
determinist theories.

So, the reason of the attack is not the new scienti�c synthesis that Wilson has aimed

for, but the need to speak against politically resonant theories, which contradict the

views of the authors. That, certainly, requires much less competence than scienti�c

critique.

What are particular reasons for the fears of the reviewers? The �rst was the outrage

at the use of genetic theory and, in general, evolutionary paradigm to explain most

important characteristics of human behaviour. Several names are mentioned, among

them Konrad Lorenz and, of course, Wilson himself. Authors directly connect such

explanations with `restrictive immigration laws by the United States between 1910 and 1930
and also for the eugenics policies which led to the establishment of gas chambers in Nazi
Germany.'

As for the scienti�c debate, the more than �ve hundred pages of Sociobiology are
introduced using the following arguments:

Each time these ideas have resurfaced the claim has been made that they were based
on new scientific information. Yet each time, even though strong scientific arguments
have been presented to show the absurdity of these theories, they have not died. The
reason for the survival of these recurrent determinist theories is that they consistently
tend to provide a genetic justification of the status quo and of existing privileges for
certain groups according to class, race or sex. Historically, powerful countries or ruling
groups within them have drawn support for the maintenance or extension of their power
from these products of the scientific community.

Some of the arguments used against Wilson are based, in my opinion, purely on
exploiting negative connotations. Consider, for example the following statement:

For instance, in insect populations, Wilson applies the traditional metaphors of ‘slavery ’
and ‘caste’, ‘specialists’ and ‘generalists’ in order to establish a descriptive framework.
Thus, he promotes the analogy between human and animal societies and leads one to
believe that behavior patterns in the two have the same basis. Also, institutions such as
slavery are made to seem natural in human societies because of their ‘universal’
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existence in the biological kingdom. But metaphor and presumed analogy cannot be
allowed to mask the absence of evidence.

Because Wilson (a well renowned specialist in insect societies) uses the language
containing terms which are considered abominable to the reviewers, such as slavery, he
is charged with making slavery in human societies look natural! When you have not
read the book, such accusation, coming from very respectable scholars is very serious
indeed, especially in the US. But | `metaphor and presumed analogy cannot be allowed to
mask the absence of evidence' ! Nowhere in the Wilson's book would one �nd any apology
for slavery in human societies. Indeed, in his response to the review (Wilson, 1975b),
he writes:

The letter signers, for example, allege that I make institutions such as slavery “seem
natural in human societies because of their ’universal’ existence in the biological king-
dom.” I have done no such thing. In the book slavery is stated to occur only in ants
and men, and the many distinctions between its practice in the two groups are made
clear. In my June 1975 Scientific American article on the subject, where I felt freer to
editorialize, I went so far as to put the matter as follows:
‘Does ant slavery hold any lesson for our own species? Probably not. Human slavery
is an unstable social institution that runs strongly counter to the moral systems of the
great majority of human societies. Ant slavery is a genetic adaptation found in particular
species that cannot be judged to be more or less successful than their non-slave-making
counterparts. The slave-making ants offer a clear and interesting case of behavioral
evolution, but the analogies with human behavior are much too remote to allow us to
find in them any moral or political lesson.’

How can one misrepresent author's intentions so grossly? The answer is easy: when

such misrepresentations serve particular purposes. And when the fear of detection is

small. Why was it considered small? Because while the readers of The New York
Review of Books are highly inuential, very few of them would be expected to read

Sociobiology in it entirety (see comments by Ullica Segerstr�ale below).
Similar tactics of elision, misrepresentation and quoting out of context permeate the

Allen et al. (1975) review. The reasons are the same. As Wilson (1975b) summarizes
his defense

I invite the reader to check all of the other pronouncements in the letter by Allen et al.
against the actual statements in my book, in the true context in which the statements
were made. I suggest that they will encounter very little correspondence, and I am
confident that they will be left with no doubt as to my true meaning.

The claims of the absurdity of sociobiological explanations, in the light of more

than thirty years of subsequent research seem themselves unfounded. But it took a

better part of a decade to get the e�ects of the political war subside to allow serious

investigations and discussion based on research, not politics.
While the political struggle was raging in the West, in Poland we heard only faint

echoes, �ltered via double, crossed polarisers. On one hand the o�cial communist
stance, with its Marxist roots, pointed to the ultimate supremacy of society and culture
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in driving and directing the changes in mentality of people, needed for the ultimate
goal of making a new `communist/socialist man', �t to live in the perfect commu-
nist/socialist59 society (obviously, the `normal man' was too resistant, causing too much
trouble). On the other hand, there was the deep catholic tradition and surprisingly60

strong position of philosophy based on Christianity, with the supreme position of the
soul, an agent believed to be totally free of any biological roots and processes. Those
two �lters have distorted the reports of nascent sociobiology and the debate around it.
The initial descriptions were overwhelmingly negative, albeit from the two totally dif-
ferent perspectives. There was also one more crucial di�erence from the state of a�airs
in the US or Britain. This was the availability (or rather the lack of it) of the original
text. In the West a scientist | or even an interested layman | could read the original
work of Wilson, at least theoretically. As Segerstr�ale (2000, page 14) dryly notes

Instead of checking for themselves, however, it seems that many academics rather took
the critics’ interpretation at face value. The price of $25 for the big book may have
been unattractive, and the prospect of reading it even more daunting for someone who
had no interest in evolutionary biology as such. In the prevailing academic climate many
simply assumed that the critics had done a fair job of singling out the offensive parts of
the book and subjecting it to justified political criticism.

Well, the situation was even worse in Poland. $25 was not just unattractive, it

was clearly prohibitive cost for normal people (average monthly salary was equivalent

to perhaps $20); moreover, to buy foreign language books one needed special permit

from the Censors O�ce. The libraries were equally poor. In 1978 I was able to locate

just two copies in Warsaw: the �rst at the Warsaw University library (on loan to some

professor at the biology department, and totally inaccessible for me due to the system

of priorities | at the time I was a physics student, so why should I take interest in

a biology textbook. . . ). The second copy was at the American Embassy library, and I

�nally managed to read the book. But, judging by my own problems, I dare say that

most of the people who participated in the early debates on sociobiology in Poland had

only second hand knowledge of the subject.

The Polish translation of Sociobiology has �nally appeared in print in 2001 (a

year after Segerstr�ale has summarised the a�air in her book), funnily enough with

a `Worldwide bestseller' note on the cover. On Human Nature (Wilson, 1978) had

slightly faster schedule | the Polish translation has appeared only 10 years after the

original, in 1988. The Sel�sh Gene (Dawkins, 1977) has fared no better, the Polish

translation has appeared in 1996. And in a recent review `A book for summer 2005 '61

it is described as provocative example of scientism { the scienti�c religion. But overall

I think that the intensity of the debate, as well as the topics covered were highly

59It is quite interesting, in retrospect, to observe the gradual change in propaganda language during

my childhood and youth. The original goals were communist man and communist society. Somehow this

has been softened to `only' socialist goals.
60Surprising, because its strength, in the academia, endured all the e�orts of the communist regime.
61http://www.kosciol.pl/article.php/20051002114939482, the web page is devoted to the church,

religion and ecumenism.

http://www.kosciol.pl/article.php/20051002114939482
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dampened by the cultural and political barriers. Even today Alcock's declaration of

the Triumph of Sociobiology as scienti�c discipline and explanatory paradigm hardly

applies here. Understanding genes, as sources of some behavioural traits is limited to

a small circle of scientists, and quite absent from the thinking of even the intellectual

elite.

8.5.2 Games organisms play
The use of mathematic tools of game theory in biology is now quite old. Some of the
methods date back to Ronald Fisher derivation of the 1:1 sexual ratio in 193062 and an
early paper of Lewontin (1961). The widespread use has started with John Maynard
Smith works (Maynard Smith and Price, 1973; Maynard Smith, 1982). Today, the
language of Evolutionary Stable Strategies, Nash equilibria and the models of Prisoners
Dilemma or hawk-dove game are found in multitude of biology papers. One of the most
active researchers in the �eld, Gintis (2003b) in his introductory paper describes the
situation as follows:

• Game theory provides a transdisciplinary behavioral lexicon for communication
and model-building. For many years it was widely thought that game theory
presupposes methodological individualism and a high level of cognitive functioning
on the part of subjects. Were this the case, game theory would be inapplicable
to settings where emotion, traditional, and heuristic behaviors are prominent, and
where group-level processes and dynamic interactions are common. Contemporary
evolutionary and behavioral game theory, however, extends classical game theory
to cover such settings.

• Evolutionary biology underlies all behavioral disciplines because Homo sapiens is
an evolved species whose major characteristics are the product of its particular
evolutionary history.

• Evolutionary and behavioral game theory provides the substantive framework for
the biology of human behavior.

In my discussion there are two threads that are of interest. The �rst involves the

results of the existence of phenomena describable within the game theory, especially

the emergence of global properties, such as cooperation. In this aspect, I am not really

interested whether the participants in the game are aware of its nature. In fact, in

many cases they might be totally unaware that there is any game. The tug of war

between siblings, or between parents and o�spring is no less real if we realise that the

participants do not recognize it as such | even humans. Moreover, in many cases, we

deal with organisms that are incapable of consciousness, even of thinking. The fact that

game theory can be used to analyse the behaviour of unthinking organisms, to describe

some general properties of the process of natural selection in the face of conicting aims

is, for me, a clear example that the process, though dependent on random events, is not

random in itself.

62http://www.blackwellpublishing.com/ridley/classictexts/fisher2.pdf

http://www.blackwellpublishing.com/ridley/classictexts/fisher2.pdf
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The second thread is the description of situations where there is some knowledge

about the existence of the game, situation that may be found in humans and some

animals. I �nd it fascinating to study the complex knot of `I know you know that I

know' strategies.

Sometimes these two lines of enquiry get connected, especially when the evolu-

tionary base for the behaviour is augmented (or contradicted) by individual thinking.

Such crossover of biological/mental mechanisms is especially interesting in analysing

the behaviour of human societies, but studies of animal behaviour often provide crucial

insights. In this way we may meaningfully connect the social structure and biological

origins. And when we speak about the behaviour modelled by the theory of games,

most applications are for intraspecies behaviour: games organisms play within their

own groups. We are thus led to the biological insights on basic morality tenets.

To be expanded
Social structure from biological origins — mod-
ern discussions

The catchy phrase of moral animal has been the subject of quite a few books, for

example Wright (1994); Diamond (1992) and Tooby and Cosmides (1990, 1992)63. But,

as often happens, despite the fact that these works are well documented and contain

some rather obvious statements and are rather softspoken, the phrase itself, the implied

connection between morality and our `animal nature' has earned a lot of attacks. Yet,

despite these attacks I think the topic is very interesting, just as research topic. If our

motivations, tendencies, reasoning in social situations really do come from some deeply

ingrained `relics' resulting from evolutionary selection rather than by reasoned solutions

to speci�c situations, then we must take such tendencies into account in social policies.

As we see, the topic sits squarely in the middle of the most dangerous crossroads of

politics (with its notoriously narrow minded and short term focus), religion (which is

supposed to be the authority on moral issues, regardless of the historical track record),

and �ght between natural sciences and humanities (which claim unique perspective on

our individual and social activities). No wonder that the list of controversies is long,

and the quarrels are incredibly vehement.

But the game theory applied to biological behaviour grows despite these attacks. De-

tailed models and examples of recent general articles are provided by Fehr and Schmidt

(1999); Fehr and Fischbacher (2003); Fehr and Gintis (2004); Bowles and Gintis (1998,

2002, 2003, 2004); Gintis et al. (2001, 2003); Gintis (2003b, 2004); Darcet and Sornette

(2006)
Strong reciprocal cooperation (Gintis, 2000)

however great the net benefits of cooperation, if groups disband with high probability,
then cooperation among self-interested agents cannot be sustained

63I will come back to the work of Tooby and Cosmides in Chapter 9.3.2.
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In contrast to the self-interested agents assumed in Theorem 1, a strong reciprocator
cooperates and punishes noncooperators without considering the value of ä; i.e., even
when the probability of future interactions is low. As we shall see, when ä is low, the
presence of strong reciprocators can allow the group to secure the benefits of coop-
eration. However strong reciprocators are altruists, since they bear surveillance and
punishment costs not borne by self-interested group members, so they can persist in
equilibrium only if certain conditions, which we develop below, are satisfied.

But then, as Gintis argues that strong reciprocation is present 64, the question shifts

how did it evolve? What were the selection criteria?

8.5.3 Animal culture

Quite recently a series of articles caught my attention. One of those was Mercader et al.
(2007) who describe the �rst prehistoric evidence of chimpanzee technology, adding
credence to the theory that some of humanity's behavioural hallmarks were actually
inherited by both humans and great apes from a common ancestor. For me this dis-
covery of the `stone age' culture of chimpanzees, extending over many generations has
shown that the evolutionary way of looking at origins of human intelligence, culture
and society are not just so stories: we have a `real time' observation of the phenomenon
in statu nascendi. The original article is restricted access only, but there is an excel-
lent WEB site of one of the authors, http://www.eva.mpg.de/primat/staff/boesch/
press.html. Science Daily provides the following account of the discovery65

“It’s not clear whether we hominins invented this kind of stone technology, or whether
both humans and the great apes inherited it from a common forebear,” says Mercader,
also a Canada Research Chair in Tropical Archaeology. “There weren’t any farmers
living in this region 4,300 years ago, so it is unlikely that chimpanzees picked it up by
imitating villagers, like some scientists used to claim.”

The stone hammers that the team discovered, essentially irregularly shaped rocks about
the size of cantaloupes – with distinctive patterns of wear – were used to crack the shells
of nuts. The research demonstrates conclusively that the artifacts couldn’t have been
the result of natural erosion or used by humans. The stones are too large for humans to
use easily and they also have the starch residue from several nuts known to be staples
in the chimpanzee diet, but not the human diet.

Using so-called ‘percussive technology’ to free the edible parts of nuts is more com-
plicated than it sounds. “We know that modern chimpanzee behaviour regarding nut-
cracking is socially transmitted and takes up to seven years to learn,” Mercader says.
“Some of the nuts require a compression force of more than a thousand kilograms to
crack. And the idea is to crack the shell but not smash it – it’s not a simple technique.”

64‘Public goods experiments, however, show that only a fraction of subjects conform to the self-interested
model, contributing nothing to the common account. Rather, subjects begin by contributing on average about
half of their endowment to the public account.'

65http://www.sciencedaily.com/releases/2007/02/070212184608.htm

http://www.eva.mpg.de/primat/staff/boesch/press.html
http://www.eva.mpg.de/primat/staff/boesch/press.html
http://www.sciencedaily.com/releases/2007/02/070212184608.htm
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The discovery suggests that a ’chimpanzee stone age’ reaches well back to ancient
times. “Chimpanzee material culture has a long prehistory whose deep roots are only
beginning to be uncovered,” the authors write.

Although it’s difficult to prove whether the technology was adopted through imitation,
another possibility is convergence – that is, both humans and great apes arrived at the
technique independently.

“We used to think that culture and, above anything else, technology was the exclu-
sive domain of humans, but this is not the case,” Mercader says. Previous research
that Mercader published in the journal Science in May 2002 has paved the way for
the new sub-discipline of chimpanzee archaeology, which combines archaeology, paleo-
anthropology and primatology.

Of course, the social life and intelligence of of apes has been known since long time
(the name of Jane Goodall is probably known to everyone who has kids and cable TV
running Animal Planet). But the news of Mercader work have been followed within a
week by another article, Pruetz and Bertolani (2007), which describes the use of hunting
spears by chimps. Here, the authors comment:

Although tool use is known to occur in species ranging from naked mole rats to owls,
chimpanzees are the most accomplished tool users. The modification and use of tools
during hunting, however, is still considered to be a uniquely human trait among primates.
Here, we report the first account of habitual tool use during vertebrate hunting by
nonhumans. At the Fongoli site in Senegal, we observed ten different chimpanzees use
tools to hunt prosimian prey in 22 bouts. This includes immature chimpanzees and
females, members of age-sex classes not normally characterized by extensive hunting
behavior. Chimpanzees made 26 different tools, and we were able to recover and analyze
12 of these. Tool construction entailed up to five steps, including trimming the tool tip
to a point. Tools were used in the manner of a spear, rather than a probe or rousing
tool. This new information on chimpanzee tool use has important implications for the
evolution of tool use and construction for hunting in the earliest hominids, especially
given our observations that females and immature chimpanzees exhibited this behavior
more frequently than adult males.

Moreover, it is not just the chimpanzees. There is scienti�c evidence of culture in

orangutans (even claimed to date down fourteen millions of years (van Schaik et al.,

2003) or dolphins (Krutzen et al., 2005). Personally I am not only thrilled about the

discoveries: I am at the same time hopeful that perhaps we, as humanity, would someday

be able to `uplift' the chimpanzees or dolphins to fully intelligent partners | with all

respect to the ideas of David Brin . But I am also worried that the spread of human

culture would kill the nascent micro-societies of chimpanzee cultures. In any case, the

discoveries point out to the continuity between the animal and human worlds, a topic

that will become more clear as we shall dig into the discussion of consciousness and

intelligence in the following Chapter.
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8.6 Little mysteries: how does it work?

Naming is the origin
of all particular things.

Free from desire, you realize the mystery.
Lao Zi

Wherever you look
in the white clouds, in the stars in the night, in the flowers, in a flowing river

wherever you look , look for the mystery.
Osho

As I have written, my personal interest in biology is mainly through the

general question `how did it came about?', applied �ltered mostly through the

sieve of evolutionary paradigm is very important. Although there are people who op-

pose the evolutionists of telling `just-so-stories', most of the people subscribe to the

statement of Theodosius Dobzhansky. But the search of ultimate causes does notPage 487

mean that the parts of biology dealing with the issues of `how does it work?' are any

less interesting. Of course, as my knowledge here is much smaller and naive than in

the case of physics or astronomy, I can only spot some of the interesting issues. I still

remember what a surprise for me was to discover that plants may perhaps be even more

interesting than animals!66

When the popular press announces that the current, XXIst Century is going to be

the Century of Biology, the reference is not usually to the triumph of evolutionary the-

ory (either taken for granted or dismissed as too controversial for the readers) but the

concrete developments of speci�c branches of microbiology, medicine or biotechnology.

The number of practical uses of the knowledge we now posses is growing at astonish-

ing speed. The new techniques are available today, which would be hard to imagine

ten years ago. We may be certain that the same would be true ten years from now.

Theoretical understanding of many phenomena, especially in the realm of microbiology

and ecological systems is growing at similar speed. Practical uses are not only widely

known | they form the basis of some of the hottest social controversies, such as the

GM food or cloning. Biology is the foundation of medicine. So, there are many topics

that fall into the category of how does it really work? Let's see a few of them in more

datail.

8.6.1 Beyond DNA and RNA

One of the basic messages of current biology, one of its paradigms is the circular ow of

information and selection, in which DNA (in some cases RNA) carries the information,

which directs development and some aspects of operation of organisms. These organisms

66See http://en.wikipedia.org/wiki/The_Private_Life_of_Plants.

http://en.wikipedia.org/wiki/The_Private_Life_of_Plants
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then compete, cooperate, coexist; and as result of selective events, pass (or fail to pass)

their DNA to their descendants. The ow of information from nucleic acids to the main

building blocks of organisms | proteins, is unidirectional. Of course when we look at

the processes more carefully we see that proteins themselves are not only products of

the genetic code translation, but heavily inuence the process. They make the process

possible, may speed it, slow it down, inuence what gets translated. But in general this

cycle: `DNA → RNA → proteins (complete organism) → survival and reproduction' is

seen as basic and universally true rule.

The discovery of prions (and the subsequent fame of this discovery related to the

`mad cow' disease and its relation to Creutzfeldt{Jakob disease in humans) has shown

that there might be very interesting exceptions. For me it has been exactly this sort of

an exception that makes it necessary to have a deeper look at the rule itself.
I have found a short, but very readable article summarizing this subject, Bussard

(2005). The title is very suggestive: A scienti�c revolution? The prion anomaly
may challenge the central dogma of molecular biology. The main line of reasoning
is not the existence of prions, but the fact that in some cases, relevant information may
be stored and transmitted between generations not via DNA or RNA, but via proteins:

recent discovery of prions as genetic elements that store and transmit information in
various organisms, mainly yeast, the fungi Podospora and the sea hare Aplysia

How is it possible? How does it work? The �rst evidence came from studying yeast,
where evidences of non-mendelian transmission of phenotypic traits were found in late
1960's. As Bussard describes the situation:

Much of this evidence relies on Lindquist’s work on yeast prions. Not only did she show
that prion domains in some proteins act as molecular switches that activate or deactivate
the protein, she also showed that prions are non-mendelian genetic elements that have
an important evolutionary role by producing new phenotypes, which are often beneficial.
Her work on sup35 revealed that the protein switches to its prion state [PS1+] when the
environmental conditions for yeast deteriorate, which decreases translation fidelity and
causes the ribosome to read beyond nonsense codons. This in turn enables the expression
of formerly silent genes and gene variants, and creates new phenotypes. [PS1+] is
passed on to daughter cells in which it self-replicates by imposing its conformation
on normal sup35 proteins, until a new phenotype eventually emerges that is
better adapted to the new environment. In another elegant experiment, Li and
Lindquist showed the generality of this mechanism for controlling protein activity by
fusing a yeast prion domain to a rat protein.

For more detailed informations see, for example, True and Lindquist (2000); Li and

Lindquist (2000); Lindquist et al. (2001).

When we start to think how really complex the molecular biology of life is, when

we take into account the myriad of interactions and inuences, then we may begin to

believe in wonderful nature of life | and, at least for me, in the wonderful nature of

the study of life, of discovering the links and relationships, between various elements.
There is a very signi�cant message that Bussard emphasizes:
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Biologists need to get used to the idea that there is no end in sight when it comes
to new insights and scientific breakthroughs; this idea has long been abandoned by
physicists who are subject to regular scientific revolutions. I wonder if knowledge is, like
the Universe, basically endless and in constant expansion, just as the complexity of life
itself is also expanding infinitely.

And this is exactly what I believe myself.

8.6.2 For all the SF fans

One can not dispute the basic premise of the weak anthropic principle, namely the factPage 454

that we exist in the Universe. No matter how cold and lonesome and unfriendly the

Universe pretends to be, it has allowed us to exist (at least for a while). Now this does

not tell anything certain neither about our hypothetical extraterrestrial counterparts nor

about the capability of the human race to colonize67 other planets and other habitats.

Science �ction, at least the `hard core' variety, could not exist without either ugly

aliens coming to Earth (which implies their existence) or brave Earthmen travelling

to other worlds, be it in our Solar system or somewhere far away. Now, while fun

is fun, and adventures are the key to readability, some authors do delve quite deeply

into physics of space and planetary systems, and even to sociological implications of

unearthly habitats. The latter e�orts are usually failed (in my opinion), because of

the requirements of the publishers: a SF novel must be readable to an average US

teenager, therefore must describe a society he (or less frequently she) can place himself

in, which forces extreme simpli�cations and absurd copying of modern US society or

some `typical' environments: slavery, Wild West etc. Thus social aspects are quite

often rather ridiculous. On the other hand the physical analyses are sometimes quite

deep and follow the developments of physics or astronomy. They do pass the sieve

of the publisher through a simple loophole: of course the average US kid would not

understand the details of the tides in a closely coupled double planet system. But this

is a science �ction novel after all. He would simply `suspend his disbelief' and allow

such descriptions the same imaginary status as the aliens and other dreamt up stu�. For

such a reader real physics and imaginary constructs are equally beyond understanding.

There are quite a few authors that o�er a slightly better educated reader the chance to

look for astrophysics turned to plot devices and scenery. Among my personal favourites

are Larry Niven, David Brin (professor of physics), Gregory Benford (physicist who

is on the faculty of the Department of Physics and Astronomy at the University of

California, Irvine), Robert Lull Forward (PhD in physics), Stephen Baxter (who has

degrees in mathematics and engineering); well this becomes rather monotone. . .

Now, what I have found missing is the same level of e�ort going into biology of SF

novels. Discussion of extraterrestrial life and possibility of humanity migrating to other

planets usually tacitly assumes that it is possible. But this is deeply questionable |

67Ouch, what a politically incorrect word.
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and to certain extent answerable. Consider, for example the conditions necessary for

colonization of other worlds.

� First, humans must �nd a way to travel for very long time through space.68 There

are two usual methods proposed for this task:

– Hibernation, which is biologically known in some small organisms and in

some form (winter sleep) in some mammals. The `deep freeze' hibernation

of multicellular organisms is highly questionable. And there are so many

questions regarding the `winter sleep' (for example induced by drugs) that it

is a bit impractical. Would it serve for a 50 year journey?

– Travelling in a habitat that allows `normal' life cycle, with assumption that

only kids or even grand-grand-grand children of the original astronauts reach

the destination.

� Now comes the question which type of habitat (apart from the Earth) would allow

humans to live for long periods. Again, there are several possibilities

– Arti�cial environments (enormous space stations, spaceships big and small

etc.) This category includes also habitats on dead planets that are completely

isolated from the environment. Such environments would hardly provide the

growth space for millions of people, so it can hardly count as colonization.

– Earth-like (in size, energy inux, rotation etc.) but lifeless planets that are

`terraformed', that is adjusted in terms of atmosphere content and other

properties to provide minimum environment for open human life.

– Earth-like planets that are full of life69 before human arrival. The humans

would have to carve out some sort of niche for themselves.

– Not-Earth like places, where it would not be the planet we adjust to humans,

but rather the `humans' would adjust to the new world.

In all the cases presented above we touch deep biological questions, that are subject

to active research today:

� Is hibernation possible? Are there ways to slow down the life processes, especially

for humans?

� What is the optimal composition of a small habitat? Are we able to survive for

long periods taken out of the bath of the whole Earth biodiversity? What are

68Remember, we are talking biology now, so no short cuts of superluminal travel or tunnels in hyper-

space. . .
69Life has a tendency to �ll almost every available niche once it appears. Well, at least the life we know

on Earth. The evolving and reproducing kind. Perhaps it is possible to imagine a life based on chemicals

that would have such a strong barrier against mutations, that the slowed down speed of evolution would

force this life to remain in a limited niche.
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consequences of prolonged life in a sterilized or oversimpli�ed environment? Can

we construct a minimal self-supporting mix of organisms, including humans?

� What would be the path of evolution of hypothetical `terraforming' microbes,

designed to turn raw minerals in lifeless planets into a basis suitable for intro-

duction of higher lifeforms `imported' from Earth? Would such terraforming be

controllable and would it provide suitable ground for colonization?

� What would be the interactions of two very di�erent (but still say, carbon-hydrogen-

nitrogen-oxygen based) biological worlds? Is there room for hybridisation? Would

it result in competition or cooptation or cohabitation?

There are a few novels that use biology as narrative vehicle and environment, but

not many. Moreover, even those fail to stir up the interest in the `real thing' | for

a couple of reasons. First is that we are reasonably certain about applicability of our

physics to other worlds: mass, momentum, gravitations, entropy | all these notions

are universal, for us and for the ET's. On the other hand, what kind of universal

biological principles can we think of? Can we be sure of them? Secondly, physics has

been blessed with a few �gureheads, such as Einstein, and more than a few buzzwords

and concepts: relativity, quantum, Schr�odinger Cat etc. Some aspects of physics, even

the proverbial rocket science are, in fact, rather simple. It is otherwise with biology.

Going beyond observational biology (the Animal Planet level) puts us in very complex

world, much less known than physics. To boot, unfortunately, biology is much less

`public domain' discipline than physics or astronomy. Most of the publications are not

available through the WEB. Worse: quite a few discoveries have proprietary nature (for

example being connected to development of the new pharmaceuticals). It is much more

di�cult to �nd interesting works | but still possible. For example see Orgel (1998);

Nisbet and Sleep (2001); Line (2002); Hedges (2002); Orgel (2000); Leach et al. (2006);

Shapiro (2007). These papers are reviews of the current status of knowledge of the

origin of life on Earth. As far as I could judge from citation levels they are considered

very serious works, in fact in biological science, publications in Nature seem to carry

the highest weight. And | for all of you SF fans | among the topics discussed are:

� Possible origin of life within the outer solar system

� Possible origin of life within the galaxy

In The enigma of the origin of life and its timing, Line (2002) concludes his review
of the current knowledge with

If Earth was the cradle for life, the time interval between its origin and the existence
of the LCC70 appears incomprehensibly short. In view of the apparent complexity of
the LCC, particularly in terms of biochemistry, it would be reasonable to allow perhaps
4 gigayears for its evolution from the primordial cell. Acceptance of such an extended

70Last common community.
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period of evolution must however lead to the conclusion of an extra-terrestrial origin for
life on Earth. Unfortunately, examination of other planets or moons of our solar system
as potential cradles for life provides very little comfort since the time extension thereby
obtained is minimal. The remaining possibility for consideration is an origin beyond our
solar system via directed or undirected panspermia. The following significant constraints
would tend to minimize the likelihood of directed (relative to undirected) panspermia
being the option that applied to Earth.

1. Our failure to detect non-natural radio signals indicates intelligent life to be at
most rare in the galaxy. This contrasts with the potential for lithopanspermia,
since planetary systems are demonstrably common and clearly undergo a lot of
splashing.

2. If Earth was deliberately seeded with extra-terrestrial bacteria it took 4 gigayears of
further evolution to produce a lifeform capable of sending a spacecraft to another
star. Adding a ‘comfortable’ 8 gigayears for the evolution from a primordial cell
to the human equivalent elsewhere, takes us to the first generation of stars in
our galaxy. Therefore only a very small fraction of the habitable galaxy would
be seeded in this manner to the present time, again contrasting with undirected
panspermia which in the scenario described would have had a 4 gigayear lead-time
for galactic colonization.

3. If Earth was deliberately seeded, it is odd that it was only with microbes. Although
the transport of macroorganisms such as ourselves may never be possible over
interstellar distances, we foresee the time when robust, intelligent, self-replicating
machines will be capable of a trip taking a million years or more. The time-span
between our capacity for achieving directed panspermia using microbes (now) to
that when we might provide the seed for both life and machine-intelligence is
probably less than 200 years, a very small time-span in galactic terms.

Nisbet and Sleep (2001) discuss at length the possibilities of life origination on Mars

and Venus. Such text would hardly be surprising in a hard core SF novel. But what

is most important, at least for me, is the detailed analysis of the conditions for life

4,500{3,500 millions of years ago. It seems to be as active and full of questions �eld

as cosmology, and the only reason I could not devote as much space to it here is my

lack of knowledge. Topics such as the role of the ribosomes and the early enzymes,

the emergence of the �rst cell, the origin of Eucaryota and details of the life's early

environment are worth digging into.

The interested reader could also have a look at an interesting article by a physicists

Paul Davies that describes the estimates that the life appeared on Earth more than

one time. After all, if it was probable enough to appear once, why not twice or more?

(Davies and Lineweaver, 2005)
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CHAPTER

NINE

THINKING ABOUT THINKING

Cogito, ergo sum
René Descartes

Cogito cogito, ergo cogito sum
Ambrose Bierce
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9.1 Starting point

The mind is not a vessel to be filled, but a fire to be kindled
Plutarch

I think, therefore I want to know how I do it. While this challenge seems for

many people unnecessary, for many others it seems near impossible. For the same

reason actually: our own existence as persons is so subjective that it seems hardly suited

to be studied with scienti�c rigour and impartiality. Yet, many of the greatest minds

in the history of philosophy have grappled with the issue, with results as varying and

confusing as it is possible. During the obligatory philosophy course I have found this

endless philosophical regression of who has commented what on who's comments on

what someone said about someone's interpretation of some writings so confusing that I

have left the topic alone for many years. It was probably with a special issue of Scienti�c
American in 1979, read in the American Embassy library in Warsaw (as the journal was

virtually unavailable in communist Poland) that has made me thinking that we might

sometime understand thinking. Subsequent reading of Douglas R. Hofstadter's G�odel,
Escher, Bach (Hofstadter, 1980) and Aaron Sloman's The Computer Revolution in
Philosophy1 (Sloman, 1978), both of which still form a lot of the backbone of my

understanding of consciousness and related problems, has strengthened the hope.

And for someone like me, who wants to understand the world, it is necessary to close

the circular path of science (as mental activity) by applying it to top mental activities as

well. My distrust to philosophers has remained, however, very strong, so in my readings

I have skipped most of the classical `armchair philosophy'2 books. Instead I have tried to

understand what could be said about mind, consciousness and intelligence by biologists

(who are the closest `physical' scientists) and by the proponents of Arti�cial Intelligence

(whose aim to reproduce the features of mind in programs and silicon hardware might

give inklings on how human mind might work). While neither of these groups can

safely claim success comparable to our understanding of, say, continental drift or DNA

replication, there has been a lot of progress in our understanding of understanding.

1The personal history of the books is quite revealing. I have found Sloman's on a shelf in the British

Institute Library, managed to read it, and returned. When I wanted to re-read it about a year later, the

librarian has told me that it had been stolen. Pity. Years later, I tried to hunt it down in Amazon, where

it was unavailable. Then, as if by miracle, the whole book became available on the Internet. And I think

it is largely as fresh and innovative as it was almost thirty years ago. As for Hofstadter { I have his book

in my personal collection thanks to another miracle. During communist times, as a part of `international

public relations', each year Warsaw hosted an International Book Fair: exposition of new and interesting

publications. But it was something like Springsteen's song, You can look, but you better not touch.

Polish citizens could not order or buy the books. Except by miracle. Sometimes the publishers considered

it cheaper to sell the displayed copies than to transport them back to their countries. And such miracle

has happened. Though the price of the book was about one third of the monthly salary, I have decided

on the spot, and have never regretted it. In today's world of global trade and Internet this is like a story

from Middle Ages. But sometimes it is worth remembering. . .
2See http://www.artnet.com/artwork/424218716/677/john-barber-armchair-philosophers.

html

http://www.artnet.com/artwork/424218716/677/john-barber-armchair-philosophers.html
http://www.artnet.com/artwork/424218716/677/john-barber-armchair-philosophers.html
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In biology the progress has been rather straightforward, due to new experimental

techniques allowing us to see more accurately into the brain and see activities of parts

of it, down to single neurons, while the person studied is actually conscious and doing

mental tasks. Coupled with increased microscopic knowledge of neurons themselves

and their structure { internal and connected { there is a great progress in recent years.

On the other hand, the Arti�cial Intelligence (AI) community seems to be moving

from failure to failure, unable to keep the lofty promises of the 1970's. Yet, for me there

is so much to be learnt from the AI failures, because it simply tests model after model

| in practice. And regardless of the theoretical rumblings about in�nite possibilities

of self-programming programs, abstract Turing machines and computational models,

our human brain and our human mind are very concrete, practical, robust and reacting

surprisingly fast to such a variety of phenomena. All this built with the use of rather

slow individual components. They work. So we know it can be done, which makes the

puzzle at least a bit easier.
In general, I think that the science of the mind would be the one that would be the

leading one in XXI century. And I wholeheartedly agree with the following statement
by one of the most renown opponents of `strong AI', John Rogers Searle, when he
encourages the scientific e�ort in these directions:

What I am arguing here is that we can have an epistemically objective science of a
domain that is ontologically subjective,3

even though I disagree some of his other arguments against reductionism. Yes,

science of the mind is possible.

The mind is the most subjective topic than can be imagined. But does this mean

that there are no objective, scienti�c tools to study our minds? That thinking about

thinking is forever limited to subjective musings and introspection? Of course not. In

addition to obvious misuses, modern science, including mathematics, does have quite
a lot to say about mind. Indeed, our understanding of how the mind works has
been tremendously enriched in the past 50 years, from many angles of attack, many

converging approaches. While there are many controversies, the real scienti�c research

on mental capabilities, such as intelligence, its origin and limitations, language, brain

development and functioning is quite successful. Although this domain is far away

from my original physical `entry point' to science, it is also one of the most fascinating,

touching a lot of humanity key issues. And it is quite fortunate that at least some of the

literature of the subject is written in a way that fosters understanding and curiosity.

3Searle (1993)
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9.2 Brain and Mind - path to objective theory of subjective phe-
nomena

The mind is what the brain does
Marvin Minsky

It is intriguing how various results of different sciences seem to intertwine

and unexpectedly correlate when one digs down diligently. This is, at least for me,

much more fantastic than any SF novel. Let me mention just a few examples of topics

that might be important to understand the mind from theoretical point of view.

� Is mind computational? Is it, in some sense, a biological computer, and therefore

is is equivalent to an universal Turing machine? Or is it, in some way, di�erent

from the Turing machines and therefore not an object of their limitations, such

as G�odel Theorem? If so, what constitutes the di�erence? Do limitations of

mathematics reect on limitations of the mind? Also, if, as some philosophers

and mathematicians claim, our mathematical constructions are only reections of

Platonic world, is there a link between this world and some sort of (also Platonic?)

mind template?

� Going further, what are the consequences of the Church{Turing thesis which can

be stated as \Every function which would naturally be regarded as computable

can be computed by a Turing machine" or its physical variant \Every function

that can be physically computed can be computed by a Turing machine"? In the

chapter devoted to physics we have discussed some approaches that deal with the

basic nature of the world using the framework of arti�cial automata. One can

then ask if such Universe would be equivalent to a Turing machine (and thus,

computing non-recursive functions is physically impossible). If so, is our mind

unnatural | or do we only dream of us exceeding the limitations of Turing and

G�odel?

� Is there some immaterial `something' that constitutes the mind? If yes, how is it

related to the physical structure of conscious subjects (our brains, for example, or,

if we assume possibility of consciousness of machines, their `processors')? Could

this mysterious immaterial mind be described scienti�cally, more than becoming

another name for `soul'. For example it could it be some quantum correlation,

speci�c for consciousness? While these questions might seem to lead us away

from scienti�c debate (materialistic and experiment based) they are vigorously

discussed. Mind (brain) presents a very di�cult target for research, on the very

fundamental level: we try to grasp the thing with itself. . .

� Which brings us into the debate of the basics of Quantum Mechanics, namely

de�nitions of observer and event. Is the human brain, as physical object, special
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in any way that would allow it to act as the superior catalyst, collapsing wave-

functions and splitting the `Universe trousers'? What (if any) is the relationship

between basics of QM and conscious capabilities of our brains? As we remem-

ber from our discussion of Quantum Mechanics, the standard interpretation of

QM assigns a very, very special position to conscious (human?) observers. This

confounds the issue further into chicken and egg problem: we need the mind to

describe the quantum, and we need the quantum to describe the mind. . .

� But there are practical results of the QM approach: would `quantum computers'

| i.e. computers using quantum superposition have better chance in attaining

consciousness than the traditional ones (which are equivalent to Turing Machines,

and therefore have the same limitations)?4 Is the brain a quantum computer, as

opposed to classical one? Can such statement be physically tested? Is Universe

a quantum computer itself? Are there quantum computers that are formed by

parts of the Universe that we would normally not associate with life, such as black

holes?5

� When we say `conscious observers', we obviously mean human, at least `some

human observers'. But does this capability to link QM becoming reality and

observers extend to other beings? Perhaps chimpanzees (who are clearly conscious

of themselves and of the world)? Other animals? Amoebas? Or, going in the

opposite direction, some pan-universal SuperObserver?

� How can we understand the perceived time ow that we experience continually

in the light of physical concepts of time? The symmetry of time in basic physical

theories (both classical and quantum) stands in contrast with our perceptions,

which requires a careful study (see, for example, Price (1996, 2004)). On the

other hand, should one follow the models which postulate that on the Planck

scale time is not continuous, how can we understand the apparent continuity of

our consciousness?

� Last, but not least, how does it come that we are so much alike and at the same

time so much di�erent? Is the perceived unity and continuity of our experience and

persona only an illusion? How surely can we deem other people to be as conscious

as ourselves? And, given that the structures of our brains are microscopically very

di�erent, how can it be that we think so much alike?6

The topic of thinking, intelligence and consciousness is not limited to scienti�c de-

bates. Attempts to explain how and why we think, why are we as we are range from

internal self-observation to institutionalized religions. A very good popular review of

4Deutsch (1985); Penrose (1989)
5Ng and van Dam (2005); Lloyd and Ng (2004)
6Just imagine the task of programmers if each computer processor would be so di�erent from others

as human brains are.
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the topic has recently appeared in U.S News and World Report, hardly a scienti�c

publication (Tolson, 2006).

A word of apology is in place here. So far I have been using the terms such as

consciousness, intelligence or mind rather carelessly. Quite frankly, this has been done

on purpose. While connected, these terms denote di�erent phenomena, and even in

the scienti�c or philosophical literature there are misunderstandings as to the validity

of the terms and their meaning. On the other hand, the strength of their connection,

resulting from our internal subjective experiences is such that I doubt if there would be,

for example, a scienti�c explanation of what we usually mean by intelligence without

explaining consciousness, or vice versa7. As my purpose here is not to dig deeply with

speci�c issues but rather point out to what I personally have found interesting in the

topic, I will continue to be careless.

9.2.1 Can your laptop become conscious?

Pounding on the keys of the laptop's keyboard to record these sentences on the hard

disk I do not think of the laptop any more conscious than a hammer. Yet, perhaps,

should I get rid of the current operating system (whatever it is), and install some

esoteric software, my laptop would start to think, feel and become conscious? Perhaps

not today, but some twenty years from now? Is it possible | or are there fundamental

barriers to achieve sentient status of silicon machines? If there are such barriers, why

are they present for programmable pieces of semiconductors and not for the protein and

DNA based multicellular organisms, such as me? Is there some fundamental di�erence

between the atoms; protons, neutrons and electrons that comprise them? A soul?

This leads straight to the middle of one of the most heated debates: is mind just8 a
‘compute(r) program ’ running on the ‘hardware’ of the brain? Had this been true,

it would open the way to the so called `hard Arti�cial Intelligence', ability to reproduce

or even surpass all the aspects of human mind in some computer program and hardware.

While such hypothesis is the topic of countless Science Fiction stories (some of them

good, some of them ridiculous), no one has moved close to such target in the 40 years

since ELIZA has been written by Weizenbaum in 1965. Is this only because the best

programmers have since then shifted to writing GUI shells or MP3 encoders, and not

enough brainpower has been directed at the problem? Or are there more signi�cant

barriers, such as our inability to understand how our intelligence works and therefore

misdirection of the e�ort (as suggested by Hawkins and Blakeslee (2004)) or even more

formidable reason, that the brain is not a computer with `mind' program running on

it, after all.
The latter point has been raised particularly strongly by John R. Searle, author of

7The second situation, of consciousness without intelligence is entertained by some religious and

philosophical schools, even some scientists, but I �nd it rather unlikely.
8There is probably no greater misnomer as this little word `just'. If this model is true, what a program

it is!
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the famous `Chinese Room Argument (Searle, 1980). Since its publication the Chinese
Room Argument has attracted a lot of admiration and criticism. To understand it, let
me quote from the original paper Searle (1980):

Let us apply [. . . ] the following Gedankenexperiment. Suppose that I’m locked in a
room and given a large batch of Chinese writing. Suppose furthermore (as is indeed the
case) that I know no Chinese, either written or spoken, and that I’m not even confident
that I could recognize Chinese writing as Chinese writing distinct from, say, Japanese
writing or meaningless squiggles. To me, Chinese writing is just so many meaningless
squiggles.

Now suppose further that after this first batch of Chinese writing I am given a
second batch of Chinese script together with a set of rules for correlating the second
batch with the first batch. The rules are in English, and I understand these rules as well
as any other native speaker of English. They enable me to correlate one set of formal
symbols with another set of formal symbols, and all that ’formal’ means here is that I
can identify the symbols entirely by their shapes. Now suppose also that I am given a
third batch of Chinese symbols together with some instructions, again in English, that
enable me to correlate elements of this third batch with the first two batches, and these
rules instruct me how to give back certain Chinese symbols with certain sorts of shapes
in response to certain sorts of shapes given me in the third batch. Unknown to me, the
people who are giving me all of these symbols call the first batch a script, they call the
second batch a story, and they call the third batch questions. Furthermore, they call
the symbols I give them back in response to the third batch answers to the questions,
and the set of rules in English that they gave me, they call the program.

Now just to complicate the story a little, imagine that these people also give me
stories in English, which I understand, and they then ask me questions in English about
these stories, and I give them back answers in English. Suppose also that after a while I
get so good at following the instructions for manipulating the Chinese symbols and the
programmers get so good at writing the programs that from the external point of view
that is, from the point of view of somebody outside the room in which I am locked – my
answers to the questions are absolutely indistinguishable from those of native Chinese
speakers. Nobody just looking at my answers can tell that I don’t speak a word of
Chinese.

Let us also suppose that my answers to the English questions are, as they no doubt
would be, indistinguishable from those of other native English speakers, for the simple
reason that I am a native English speaker. From the external point of view – from the
point of view of someone reading my answers – the answers to the Chinese questions
and the English questions are equally good. But in the Chinese case, unlike the English
case, I produce the answers by manipulating uninterpreted formal symbols. As far as
the Chinese is concerned, I simply behave like a computer; I perform computational
operations on formally specified elements. For the purposes of the Chinese, I am simply
an instantiation of the computer program.

Does the `program' understand Chinese? Does it understand the `story'? Searle
answers:

It seems to me quite obvious in the example that I do not understand a word of the
Chinese stories. I have inputs and outputs that are indistinguishable from those of the
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native Chinese speaker, and I can have any formal program you like, but I still understand
nothing.

But, as with most of the thought experiments the devil lies in the details. On �rst

reading of the Chinese Room Argument, some ten years ago, my own thoughts were:

`Oh, the set of instructions would have to be enormous to allow to correlate the symbols

of the various batches in general case'. Of course, for a given story, set of questions

and set of prepared answers one can write relatively short instruction book, but then

there would be no point in the exercise. A simple one-to-one correspondence makes

no pretence of intelligent behaviour. On the other hand, should the instruction book

be prepared to correlate any story with any set of questions it would have to be, well,

intelligent. After all, even in our native language we can not answer all the questions

and understand all the stories. Our intelligence is, thus, also not a perfect instruction

set. But let us suppose that by gargantuan e�ort one puts together an enormous set

if correlations between symbols and groups of symbols, in multitude of combinations.

And that application of these rules does give `correct and sensible' answers to Chinese

questions about Chinese stories, even though the `operator' of the instruction book

does not understand Chinese. Would we say then the the inanimate instruction book,

or perhaps the combination of the `operator' and the instruction book9 knows Chinese?
My view is that the answer is yes | if such a rule book could be written. Which I

doubt, because of sheer complexity. But as I have no doubt that there are people that do

understand Chinese (although perhaps not `perfectly') perhaps it would be possible. . .

One of the most vocal critics of Searle, Stevan Harnad , defends computationalism,
a position (unlike `Strong AI') that is actually held my many thinkers, and hence one
worth considering using more advanced arguments. In Harnad's work the `hard AI' or
`strong AI' is de�ned as (Harnad, 1989, 2001):

1* The mind is a computer program.

2* The brain is irrelevant.

3* The Turing Test is decisive10.

The di�erence between strong AI and computationalism is best summarized as
`Computationalism is the theory that cognition is computation, that mental states are just
computational states'. Thus reformulated list of postulates would be (Harnad, 2001):

1 Mental states are just implementations of (the right) computer program(s)

2 Computational states are implementation-independent. (Software is hardware-independent).

9Which may probably be a computer, without any human actor at all.
10The Turing test is a proposal for a test of a machine's capability to perform human-like conversation.

Described by Alan Turing in the 1950 paper Computing machinery and intelligence (Turing, 1950),

it proceeds as follows: a human judge engages in a natural language conversation with two other parties,

one a human and the other a machine; if the judge cannot reliably tell which is which, then the machine

is said to pass the test. For more analysis see Harnad (2004)
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3 There is no stronger empirical test for the presence of mental states than Turing-
Indistinguishability; hence the Turing Test is the decisive test for a computation-
alist theory of mental states.

. . .
If we combine (1) and (2) we get: Mental states are just implementation-independent
implementations of computer programs. This is not self-contradictory. The computer
program has to be physically implemented as a dynamical system in order to become
the corresponding computational state, but the physical details of the implementation
are irrelevant to the computational state that they implement – except that there has
to be some form of physical implementation. Radically different physical systems can
all be implementing one and the same computational system.
. . .
[Statement (3)] does not imply that passing the Turing Test (TT) is a guarantor of
having a mind or that failing it is a guarantor of lacking one. It just means that we cannot
do any better than the TT, empirically speaking. Whatever cognition actually turns out
to be – whether just computation, or something more, or something else – cognitive
science can only ever be a form of reverse engineering and reverse-engineering has
only two kinds of empirical data to go by: structure and function (the latter including
all performance capacities). Because of tenet (2), computationalism has eschewed
structure; that leaves only function. And the TT simply calls for functional equivalence
(indeed, total functional indistinguishability) between the reverse-engineered candidate
and the real thing.

Harnad ends his critique with the following statement

Has Searle’s contribution been only negative? In showing that the purely computational
road would not lead to London, did he leave us as uncertain as before about where the
right road to London might be? I think not, for his critique has helped open up the vistas
that are now called embodied cognition and situated robotics, and they have certainly
impelled me toward the hybrid road of grounding symbol systems in the sensorimotor
world with neural nets.

Searle's arguments were also criticized by Steven Pinker in his book How The Mind
Works (Pinker, 1997). Pinker goes beyond gentle criticism, in fact he ridicules Searle's
argument. He points out that Searle is `merely exploiting facts about the English word
understand ':

Searle has slowed down the mental computation to a range in which we humans no
longer think of it as understanding (since understanding is ordinarily much faster). But
if a speeded-up version of Searle’s preposterous story could come true, and we met
a person11 who seemed to converse intelligently in Chinese but was really deploying
millions of memorized rules in fractions of a second, it is not so clear that we would
deny that he understood Chinese.12

11Or contacted `something', in the spirit of the Turing Test.
12In fact Hawkins and Blakeslee (2004) model of intelligence seems to be just this: fast recognition of

memorized situations, which are represented in suitably invariant manner, to allow instant recognition

and fast manipulation even though presented in changing situations and ways. For more discussion see

also http://www.stanford.edu/~dil/cortex_main/cortex_main.html

http://www.stanford.edu/~dil/cortex_main/cortex_main.html
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So, do I �nd anything interesting in Searle's standpoint? De�nitely yes. Even if I
do not agree with the Chinese Room Argument I think that in the past 25 years Searle
has been pointing to some issues that do have a lot of meaning. As an example let me
quote some excerpts from Searle (1993). First, he is a avid proponent of materialist
approach to mind understanding and applicability of science to mind phenomena:

This leaves us with the question, what is the ontology, what is the form of existence,
of these conscious processes? More pointedly, does the claim that there is a causal
relation between brain and consciousness commit us to a dualism of ‘physical ’ things
and ‘mental ’ things? The answer is a definite no. Brain processes cause consciousness
but the consciousness they cause is not some extra substance or entity. It is just a higher
level feature of the whole system. The two crucial relationships between consciousness
and the brain, then, can be summarized as follows: lower level neuronal processes in
the brain cause consciousness and consciousness is simply a higher level feature of the
system that is made up of the lower level neuronal elements.

If a human brain can do it, without any `extra substance or entity', then there is no
proof that no other material objects of su�cient complexity are incapable of mental
processes.

First, I want to argue that we simply know as a matter of fact that brain processes
cause conscious states. We don’t know the details about how it works and it may well
be a long time before we understand the details involved. Furthermore, it seems to
me an understanding of how exactly brain processes cause conscious states may require
a revolution in neurobiology. Given our present explanatory apparatus, it is not at
all obvious how, within that apparatus, we can account for the causal character of the
relation between neuron firings and conscious states. But, at present, from the fact that
we do not know how it occurs, it does not follow that we do not know that it occurs.
Many people who object to my solution (or dissolution) of the mind-body problem,
object on the grounds that we have no idea how neurobiological processes could cause
conscious phenomena. But that does not seem to me a conceptual or logical problem.
That is an empirical/theoretical issue for the biological sciences. The problem is to
figure out exactly how the system works to produce consciousness, and since we know
that in fact it does produce consciousness, we have good reason to suppose that are
specific neurobiological mechanisms by way of which it works.

This is indeed a positive, scienti�c approach. Moreover, the same approach may
apply to AI, perhaps also requiring `a revolution', with one not-so-small di�erence: we
do not know that such-and-such program in this-or-that hardware would produce con-
sciousness, as we have never constructed such combination. Searle himself is very opti-
mistic as to the applicability of science in consciousness research. Yet his remarks point
out to the importance of semantic layer in understanding of mental phenomena. There
is a di�erence in study of consciousness or intelligence, or even the di�erence between
physics and computable `understanding' (modelling) of physical phenomena.

The natural sciences describe features of reality that are intrinsic to the world as it
exists independently of any observers. Thus, gravitational attraction, photosynthesis,
and electromagnetism are all subjects of the natural sciences because they describe
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intrinsic features of reality. But such features such as being a bathtub, being a nice
day for a picnic, being a five dollar bill or being a chair, are not subjects of the natural
sciences because they are not intrinsic features of reality. All the phenomena I named
– bathtubs, etc. – are physical objects and as physical objects have features that are
intrinsic to reality. But the feature of being a bathtub or a five dollar bill exists only
relative to observers and users.

Absolutely essential, then, to understanding the nature of the natural sciences is the
distinction between those features of reality that are intrinsic and those that are observer-
relative. Gravitational attraction is intrinsic. Being a five dollar bill is observer-relative.
Now, the really deep objection to computational theories of the mind can be stated
quite clearly. Computation does not name an intrinsic feature of reality but is observer-
relative and this is because computation is defined in terms of symbol manipulation, but
the notion of a ‘symbol’ is not a notion of physics or chemistry. Something is a symbol
only if it is used, treated or regarded as a symbol. The Chinese Room Argument showed
that semantics is not intrinsic to syntax. But what this argument shows is that syntax
is not intrinsic to physics. There are no purely physical properties that zeros and ones or
symbols in general have that determine that they are symbols. Something is a symbol
only relative to some observer, user or agent who assigns a symbolic interpretation to
it. So the question, ‘Is consciousness a computer program?’, lacks a clear sense. If
it asks, ‘Can you assign a computational interpretation to those brain processes which
are characteristic of consciousness?’ the answer is: you can assign a computational
interpretation to anything. But if the question asks, ‘Is consciousness intrinsically com-
putational?’ the answer is: nothing is intrinsically computational. Computation exists
only relative to some agent or observer who imposes a computational interpretation on
some phenomenon. This is an obvious point. I should have seen it ten years ago but I
did not.

And, while probably the author thought of these sentences as �nishing the discussion

once and for all, I remind that we did already �nd examples of physical theories that

state that at su�ciently deep level all physics is computational. One needs to point out

to Wolfram's cellular automata or Wheeler's It from Bit (Wheeler, 1992) approach.

It is quite interesting how the various disciplines seem to converge on the same set of

issues. Let us examine briey the brain side of the mind/brain relationship.

9.2.2 Back to reality: neurons, neurons, neurons

To discuss what is interesting and controversial in our understanding of the brain and

its functioning I must �rst recall the basics of what we know and accept. As I am

no expert in neurosciences, the best way to get the introductory information here, that

would enable to discuss various theories is, again, to turn to Wikipedia:

Anatomy of human brain
The normal adult human brain typically weighs between 1 and 1.5 kg (three pounds)

and has an average volume of 1,600 cm3. On average, the male brain has approximately
4% more brain cells and 100 grams more brain tissue than a female brain. However, both
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have similar brain weight to body weight ratios. Thus, a male brain would be, contrary
to popular misconception, about the same size as an equivalent female brain.[1] The
mature brain consumes some 20% of the energy used by the body, while the developing
brain of an infant consumes around 60%. Such heavy energy usage generates large
quantities of heat, which must be continually removed to prevent brain damage.

A bulbous cerebral cortex is composed of convoluted grey matter internally supported
by deep brain white matter and separated by a prominent central fissure. A well-
developed cerebellum is visible at the back of the brain. Brain stem structures are
almost completely enveloped by the cerebellum and telencephalon, with only the medulla
oblongata visible as it merges with the spinal cord.

The blood supply to the brain involves several arteries that enter the brain and
communicate in a circle called the circle of Willis. Blood is then drained from the brain
through a network of sinuses that drain into the right and left internal jugular veins.

The brain is suspended in cerebrospinal fluid (CSF) which also fills spaces called
ventricles inside it. The dense fluid protects the brain and spinal cord from shock; a
brain that weighs 1,500 g in air weighs only 50 g when suspended in CSF. (Livingston,
1965). Fluid movement within the brain is limited by the blood-brain barrier, brain-
cerebrospinal fluid barrier and the blood-cerebrospinal fluid barrier.

The brain is easily damaged by compression, so the fluid surrounding the central
nervous system must be maintained at a constant volume. Humans are estimated to
produce about 500 ml or more of cerebrospinal fluid each day, with only about 15 percent
of the body’s estimated 150 ml of CSF at any given time located in the ventricles of
the brain. The remainder fills the subarachnoid space which separates the soft tissues
of the brain and spinal cord from the hard surrounding bones (skull and vertebrae).
Elevated levels of CSF are associated with traumatic brain injuries and a paediatric
disease known as hydrocephalus. Increased fluid pressure can result in permanent brain
injury and death.

The exceptional size of the human brain resulted in some anatomical compromises.
At birth, an infant’s skull is as large as it can be without causing undue peril to the
mother and child. However, prior to the intervention of modern medicine, childbirth was
a dangerous event that frequently resulted in the death of the mother. The difficulty
experienced by humans in giving birth is nearly unique in the animal kingdom. Female
humans have large pelvic openings to accommodate the birth of large-headed children,
but the larger this opening, the more the ability of the mother to run is compromised.

At birth, the human skull is rather soft, and it deforms somewhat during its passage
through the birth canal, then recovers its shape. This allows it to expand to make room
for the brain, which continues to grow, at the same rate as that of an unborn fetus, for
an additional year. In all other animals, the growth rate of the brain slows significantly
at birth.13

The most interesting structure of the human brain is the cerebral cortex:

The cerebral cortex is a brain structure in vertebrates, including humans. It is the
outermost layer of the cerebrum and has a grey color. (Hence the name ‘grey matter’.
Grey matter is formed by neurons and their fibers, and white matter below the grey

13http://en.wikipedia.org/wiki/Human_brain

http://en.wikipedia.org/wiki/Human_brain
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matter of the cortex is formed predominantly by nerve fibers interconnecting cortical
areas with each other and with subcortical structures.) The human cerebral cortex is
2-4 mm (0.08-0.16 inches) thick and is folded.

The cerebral cortex receives input from the thalamus. This input includes sensory
information that originates from many different sensory organs eg: eyes, ears, etc. and
processes the information. Areas that receive that particular information are called
sensory areas. The two hemispheres receive the information from the opposite sides of
the body. Parts of the cortex that receive sensory inputs from the thalamus are called
primary sensory areas. Other areas receive impulses from the primary sensory areas and
integrate the information coming in from different types of receptors (i.e., modalities).
These are often called association areas and make up a great deal of the cortex in all
primates, humans included. Thus, the cortex is commonly described as comprised of
the primary sensory areas, the motor areas and the association areas.

Association areas can be grouped the following way:

1. in the parietal, temporal and occipital lobes. It is involved in producing our per-
ceptions resulting from what our eyes see, ears hear and other sensory organs tell
us about the position of different parts of our body and relate them to the position
of other objects in the environment

2. in the frontal lobe. Called prefrontal association complex and involved in planning
actions and movement, as well as abstract thought

3. in the limbic association area. Involved in emotion and memory

In humans, the association areas of the left hemisphere, especially the parietal-
temporal-occipital complex are responsible for our understanding and use of language.

The motor areas are located in both hemispheres of the cortex. They are shaped
like a pair of headphones stretching from ear to ear. The motor areas are very closely
related to the control of voluntary movements, especially fine fragmented movements
performed by the hand. The right half of the motor area controls the left side of your
body and vice versa.

Cortex has relatively well de�ned laminar structure, that may have signi�cant role
in the way human brain performs `higher' activities, such as thinking and conscious
processes:

Laminar pattern
The standard areas of cortex (isocortex) is characterized as having six distinct layers.

From outside inward:

1. Molecular layer

2. External granular layer

3. External pyramidal layer

4. Internal granular layer

5. Internal pyramidal layer

6. Multiform layer
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After migration (interestingly, the inner layers are formed first during development),
neurons form efferents and receive afferent connections characteristic of its layer.

• The molecular layer I contains few scattered neurons and consists mainly of exten-
sions of apical dendrites and horizontally oriented axons, and some Cajal-Retzius
and spiny stellate neurons can be found.

• The external granular layer II contains small pyramidal neurons and numerous
stellate neurons.

• The external pyramidal layer III contains predominantly small and medium sized
pyramidal neurons, as well as non-pyramidal neurons with vertically oriented intra-
cortical axons. Layers I–III are the main target of interhemispheric corticocortical
afferents, and layer III is the principal source of corticocortical efferents.

• The internal granular layer IV contains different types of stellate and pyramidal
neurons, and is the main target of thalamocortical afferents as well as intra-
hemispheric corticocortical afferents.

• The internal pyramidal layer V contains large pyramidal neurons (as the Betz cells
in the primary motor cortex) as well as interneurons, and it is the principal source
of efferent for all the motor-related subcortical structures.

• The multiform layer VI contains few large pyramidal and many small spindle-
like pyramidal and multiform neurons. The layer VI sends efferent fibres to the
thalamus establishing a very precise reciprocal interconnection between the cortex
and the thalamus.

The cortical layers are not simply stacked one over the other, they develop char-
acteristic connections between different layers, which define the basic structure of the
cortical columns in the mature cortex (Mountcastle, 1997).14

As in the case of almost practically every topic touched in this book, I have nei-

ther the specialized knowledge nor ambitions to `explain' the enormous wealth of the

accumulated research on brain structure, neurons and the structures that are thought

to participate in the mental processes. There are excellent resources available, for

example a general review of Albright et al. (2000) or the whole brain atlas http:

//www.med.harvard.edu/AANLIB/home.html. David Chalmers has compiled a huge di-

rectory of online papers on consciousness and related topics15 | at the moment of

writing there were more than 2500 papers in the collection. Most the papers are by

academic philosophers or scientists, and freely accessible. Some of the topics touched

below are based on papers from this repository, but their sheer number overwhelms my

capacity to read and understand.

So, if the Reader was patient enough to read the excerpts above (and to expand

them with the more detailed sources), he may form an image of a rather rich body of

knowledge. Indeed, we know a lot about the neurons, the cortex and the brain as a

whole. Yet, do we understand it?

14http://en.wikipedia.org/wiki/Cerebral_cortex
15http://consc.net/online.html

http://www.med.harvard.edu/AANLIB/home.html
http://www.med.harvard.edu/AANLIB/home.html
http://en.wikipedia.org/wiki/Cerebral_cortex
http://consc.net/online.html
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9.2.3 In all directions

Well, so far it seems that while we use our brains everyday, even the best thinkers have

failed to put it all together. Not only philosophers (for whom, as the reader already

noticed, I have little respect) but the champions if `real science'. The topic has attracted

many of the best scientists, all looking for understanding of the issues of intelligence,

consciousness, mind and brain. In the forthcoming account I will refer to some of these

works. I think it is worth noting that some of the people are the recognized giants of

science: Francis Crick has been awarded Nobel Prize for DNA discovery, John Eccles

has been awarded Nobel Price for research on nerve cell membrane, Gerald Edelman

has won his Nobel Prize for work on the immune system. All of them were drawn by

the grand mystery of how the brain works | and the directions they followed were

strikingly di�erent. And they were by no means alone | the �eld attracts enormous

number of researchers and thinkers, some very serious and some incredibly unscienti�c.

What's the problem? Simply put human brain is the most complicated object that

we know of. And we try to understand it using a part of its own powers, part of our

formal, communicative intelligence. Such task looks inherently futile: how can we hope

to grasp the whole object in its little part? Yet, what all the researchers hope for is

not the minute, neuron-by-neuron understanding but divining the general principles,

the grand scheme of how the brain works. The principle or principles (if there is more

than one, which is also possible. Some speci�c applications of the principle(s). Perhaps

this is achievable. But for certain we are far from this target today. But perhaps we

are getting closer as there seems to be much work and progress, however which path is

the correct one?

Let me start with the works of Gerald Edelman. This is because the approach used

is probably the most `traditional'. My main source was Edelman and Tononi (2000)

Consciousness: How Matter Becomes Imagination, but there are quite a few related

resources available on the WEB, for example: Tononi and Edelman (1998); Tononi et al.

(1998); Sporns et al. (2000), as well as a recent popular book Edelman (2004).

The authors describe their strategy as

. . . to characterize the kinds of neural processes that might account for key properties of
conscious experience. We emphasize two properties: conscious experience is integrated
(each conscious scene is unified) and at the same time it is highly differentiated (within
a short time, one can experience any of a huge number of different conscious states).

By integration the authors mean the fact that each conscious state is indivisible,

complete and experienced from a single point of view. This has particular importance

for our ability | or rather inability | to perform simultaneously multiple conscious

tasks. Of course it is possible to perform many mental tasks at the same time, provided

that they are highly automatic, but for conscious actions and decisions we are limited

to a single stream of consciousness. Another consequence of integration is that conscious
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experience is private, that is, it is always experienced from a particular point of view and
cannot fully be shared.

The second cornerstone property, differentiation of conscious experiences is related
to the notion of the stream of consciousness. Yes, we experience the single point of
view, but it changes with passing moments, owing through an enormous variety of
states and feelings and perceptions. The speed and the exibility of these transitions
reects the complexity of human mind. Not only we experience innumerable scenes
within a fraction of a second, but we are able to overcome the limitations imposed
by external realities and our senses observing it by referring to our imagination. The
mechanism behind these changes is extremely powerful and very fast | considering the
sheer amount of possible choices:

More generally, the occurrence of a given conscious state implies an extremely rapid
selection among a repertoire of possible conscious states that is, in fact, as large as
one’s experience and imagination. Differentiation among a repertoire of possibilities
constitutes information, in the specific sense of reduction of uncertainty. Although
this is often taken for granted, the occurrence of one particular conscious state over
billions of others therefore constitutes a correspondingly large amount of information.
Furthermore, it is information that makes a difference, in that it may lead to different
consequences in terms of either thought or action.16

These two properties are analysed taking into account the fact that consciousness
is a process, with a characteristic time scale of hundreds if milliseconds. Therefore,
looking for a neural correlate of consciousness (NCC) does not only involve digging
deep into already complex structure of the brain, but also taking into account the
subtle and fast changes within it as time passes. The tools that researchers have at
their disposal today are still very, very primitive, allowing only gross viewpoint and
resolution. Yet, it has become possible to recognize at least some of the phenomena
related to consciousness, and therefore to put this ultimate `subjective' phenomenon
under some `objective' scrutiny. The long term goal of Edelman and his co-workers
from the Neurosciences Institute is to:

provide tools for measuring integration (called functional clustering) and differentiation
(called neural complexity) that are applicable to actual neural processes. This leads
us to formulate operational criteria for determining whether the activity of a group
of neurons contributes to conscious experience. These criteria are incorporated into
the dynamic core hypothesis, a testable proposal concerning the neural substrate of
conscious experience.

Edelman and his associates ascribe consciousness not to localized regions of the

brain (as we shall see, some authors propose extremely localized explanations, even

down to a single neuron scale) but to activation and deactivation of widely distributed

brain areas. The integration of conscious experiences is thus a result of the process

16Careful Reader may observe the similarity between this image of choice, this reduction of uncertainty
that is so reminiscent to the quantum measurement in the classical interpretation of Quantum Mechanics.

Yet, to their credit, the authors do not mention QM at all, and similarity is left to the Reader to

discover. . .
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of `reentry' de�ned as `ongoing, recursive, highly parallel signalling within and among brain
areas'. Without such recursiveness, the authors claim, there would be no possibility to

form the single, integrated perspective that we experience internally. But is there any

proof of it?

The methods used to support these postulates range from direct experimental stud-

ies to abstract theoretical models. While magnetoencephalography seems quite e�ective

to observe and point out correlations between excitations of various, large scale brain

structures which can be related to conscious experiences of the human subjects it is on

the other hand far from perfect. For example it lacks the resolution, both spatial and

temporal. We can hope that the quality of experiments would increase in future |

because this is needed to close the loop of improvement typical for science, loop con-

necting theoretical concepts and experimental evidence. Today, we are limited to rather

crude tools and struggle without a central theoretical framework. In fact, the works

that I picked up for this review all aim at exactly this: providing, or at least pointing to,

such general, uni�ed framework to understand brain/mind issues. Understand within

scienti�c regime, beyond the free oating philosophical tradition.
Edelman claims that the even today's imperfect techniques can point to certain

generalisations (Tononi and Edelman, 1998)

A change in the degree to which neural activity is distributed within the brain may
accompany the transition between conscious, controlled performance and unconscious,
automated performance. When tasks are novel, brain activation related to the task is
widely distributed; when the task has become automatic, activation is more localized
and may shift to a different set of areas. [. . . ]

After habituation sets in (a time when humans report that stimuli tend to fade from
consciousness), the same stimuli evoke neural activity exclusively along their specific
sensory pathways. These observations suggest that when tasks are automatic and require
little or no conscious control, the spread of signals that influence the performance of a
task involves a more restricted and dedicated set of circuits that become ‘functionally
insulated’. This produces a gain in speed and precision, but a loss in context-sensitivity,
accessibility, and flexibility. [. . . ]

Activation and deactivation of distributed neural populations in the thalamocortical
system are not sufficient bases for conscious experience unless the activity of the neuronal
groups involved is integrated rapidly and effectively. We have suggested that such rapid
integration is achieved through the process of reentry—the ongoing, recursive, highly
parallel signaling within and among brain areas. [. . . ]

The requirement for fast, strong, and distributed neural interactions may explain why
stimuli that are feeble, degraded, or shortlasting, often fail to be consciously perceived.
Although such stimuli may produce a behavioral response (perception without aware-
ness), they are unlikely to ignite neural activity of sufficient strength or duration to
support fast distributed interactions. [. . . ] Experimental findings are consistent with
this idea. High-frequency somatosensory stimuli delivered to the thalamus require about
500 ms for the production of a conscious sensory experience, while less than 150 ms are
sufficient for sensory detection without awareness.
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But observations and traditional theory building are not the only tools at the dis-
posal of neuroscientists. They begin to use, more and more, computer simulations. In
fact some of the observations mentioned above are con�rmed by this method:

Large-scale computer simulations have shown that reentry can achieve the rapid inte-
gration or ‘binding’ of distributed, functionally specialized neuronal groups dynamically,
that is, in a unified neural process rather than in a single place.

In my belief, due to sheer complexity of the subject, the use of computer models

would not only enhance our capability to understand our own brains, but will become

crucial in this task. But this would not happen in the trivial way. In fact one of the

sections in Edelman and Tononi (2000) is titled The Brain is not a Computer. At

least not the standard CPU-Memory-HardDrive-Keyboard-Display one, running Linux

or Windows. But even such computers are tools that enhance our capabilities | be-

cause they can be programmed in a way that reects the nature of the studied problem.

In exactly the same way they have helped us in understanding many physical phenom-

ena, by applying intelligently constructed models, helping to ask and to answer better

formulated questions. Not duplicating the studied object but modelling it, making us

understand its mechanisms. More on these subjects in Sections 9.2.5 and 9.2.6.
The combination of such methods has lead Edelman and Tononi to formulate their

hypothesis about so called Dynamic Core, that underlies the conscious experiences.

Although the sheer anatomical connectivity of the brain may hint that, over a sufficiently
long time scale, everything can interact with everything else, modeling studies indicate
that only certain interactions within the thalamocortical system are fast and strong
enough to lead to the formation of a large functional cluster within a few hundred
milliseconds. [. . . ]

To sustain conscious experience, it is essential that this functional cluster be highly dif-
ferentiated, as indicated by high values of complexity. We propose that a large cluster of
neuronal groups that together constitute, on a time scale of hundreds of milliseconds,
a unified neural process of high complexity be termed the ‘dynamic core’, in order
to emphasize both its integration and its constantly changing activity patterns. The
dynamic core is a functional cluster: its participating neuronal groups are much more
strongly interactive among themselves than with the rest of the brain. The dynamic core
must also have high complexity: its global activity patterns must be selected within less
than a second out of a very large repertoire. The dynamic core would typically include
posterior corticothalamic regions involved in perceptual categorization interacting reen-
trantly with anterior regions involved in concept formation value-related memory, and
planning, although it would not necessarily be restricted to the thalamocortical system.
The term ‘dynamic core’ deliberately does not refer to a unique, invariant set of brain
areas (be they prefrontal, extrastriate, or striate cortex), and the core may change in
composition over time. [. . . ]

Furthermore, since participation in the dynamic core depends on the rapidly shifting
functional connectivity among groups of neurons rather than on anatomical proximity,
the composition of the core can transcend traditional anatomical boundaries. Finally,
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as suggested by imaging studies, the exact composition of the core related to particular
conscious states is expected to vary significantly across individuals. The dynamic core
hypothesis avoids the category error of assuming that certain local, intrinsic properties
of neurons have, in some mysterious way, a privileged correlation with consciousness.
Instead, this hypothesis accounts for fundamental properties of conscious experience
by linking them to global properties of particular neural processes. We have seen that
conscious experience is a process that is unified and private, that is extremely differen-
tiated, and that evolves on a time scale of hundreds of milliseconds. The dynamic core
is a process, since it is characterized in terms of time-varying neural interactions, not
as a thing or a location. It is unified and private, because its integration must be high
at the same time as its mutual information with what surrounds is low, thus creating
a functional boundary between what is part of it and what is not. The requirement for
high complexity means that the dynamic core must be highly differentiated—it must be
able to select, based on its intrinsic interactions, among a large repertoire of different
activity patterns. Finally, the selection among integrated states must be achieved within
hundreds of milliseconds, thus reflecting the time course of conscious experience.

In Edelman (2004) the author rejects that there exists a single `language of thought',
or even that computation plays a crucial role in brain functioning. Meaning is not iden-
tical to ‘mental representations’. It is thought to arise from an interplay of various fac-
tors: memories (representational and nonrepresentational), value systems, learning |
and constantly changing environmental input. Consciousness involves multiple possible
pathways and coalitions of neural circuits, which can lead to the same meaning. This is
why we are able to extract common objects and themes (such as a notion of a chair, or
recognition of our grandmother) from environmental stimuli that are never the same. I
�nd particularly interesting the choice of words used by Tononi and Edelman (1998)

The firing of neurons dealing with rapidly varying local details of a sensory input or a
motor output does not seem to map to conscious experience. The latter deals with
invariant properties of objects that are highly informative as well as more stable
and easily manipulated.

and in Tononi et al. (1998)

It is also assumed that the brain lays down memories of previously encountered stimuli
in the form of patterns of connectivity among neurons. Consequently, information pro-
cessing and information storage are often studied separately and with different method-
ologies.

The reason for this interest is that these two paragraphs relate directly to approach

used by an `outsider' in the neuroscience, Je� Hawkins, and his hypothesis of the brain

functioning, which we will be discussing later.

There are two additional concepts that complement the Dynamic Core hypothesis.

The �rst is the theory of neuronal group selection (TNGS) or Neural Darwinism. TNGS

applies selective principles to the functioning brain, during its early development and

later, during our life. The authors distinguish three phases in the group selection

process.
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Developmental selection This happens during early stages of life when the initial

anatomy of the brain, dictated by genes gives way to somatic selection depending

on each organism individual developmental history. Initially neurons extend the

connections in many directions, creating immense variability of neural circuits.

Later, some of these links are strengthened while others weaken, following the

patterns of neuronal activity. There is a simple slogan that describes this pro-

cess: `neurons that fire together, wire together'. Thus groups of neurons that are

connected more closely in activity and in connections form. This does not mean

that such groups are not connected to other, but that they become functional

units responsible for some primary actions: analyses, and activities. As a result

the network of neuronal connections is highly redundant.

Experiental Selection This period overlaps the Developmental selection and extends

throughout life. Selection of synaptic connections is here related to experience of

the organism and depends on stimuli from various senses: sight, hearing, touch etc.

It brings changes in strength and number of synapses, favouring some pathways

over others. Some pathways weaken and may be eliminated altogether. As the

result the network has fewer connections but becomes, in a sense, more complex,

with hierarchical structures that are moreover constantly modi�ed by successful

output.

Reentry The last stage is related to the formation of Dynamic Core: it leads to syn-

chronisation of the activity of individual groups of neurons in di�erent parts of

the brain into circuits capable of output that is coherent and timely. Edelman

and Tononi claims that reentry has central role in functioning of our brains, for

example it enables us to construct new response properties; to resolve conicts

among competing neural signals. It is the main mechanism of neuronal integra-

tion, correlating the activities of various groups of neurons. Moreover, it adds

`global meaning' to local synaptic changes.

The analysis of the process of evolution of neural network during organism development

and later life uses a lot of methods developed in the past twenty years in the network

science. I shall discuss many applications in Chapter 10.2. It is one of the fastest

growing disciplines, �nding applications ranging from physics to economy, from biology

to social sciences, and it certainly is a perfect example of the current trend of science

evolving very fast on cross-disciplinary boundaries.

The second concept used by Edelman is the distinction between Primary Conscious-

ness and Higher Order Consciousness, and the ow of inuences and interactions be-

tween internal and external stimuli and memory. The integrated mental scene of the

primary consciousness results from interaction of the incoming sensory stimuli (the

present) with the categorical memories (the past). `In other words this integrated mental
scene is a “remembered present”' (Edelman and Tononi, 2000).
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The ow of inuences is presented in a simple looking scheme (Figure 9.1), that

abstracts from detailed neuronal structure (yet), but may become, hopefully, the be-

ginning of a more detailed map of interactions.

SELF
Internal Homeostatic Systems

NONSELF
World Signals (including Proprioception)

Brain Stem
Hypothalamus

Autonomic Centers

Primary and
Secondary Cortex
in each Modality

Correlation in Septum,
Amygdala,

Hippocampus, etc.

Special Value-Category
Memory

in Frontal, Temporal and
Parietal Areas

Broca’s and
Wernicke’s 

Areas

Reentrant loop connecting 
Value-Category Memory to 

current perceptual categorization

Current neural registration
of internal states

Current perceptual
categorization

Conceptual
categorization

PRIMARY
CONSCIOUSNESS

HIGHER-ORDER
CONSCIOUSNESS

Figure 9.1: A scheme for primary and higher-order consciousness. Taken from Edelman and

Tononi (2000).

The Primary Consciousness is present in human mind, but also in some animals. Its

mechanism involves correlating signals from the internal homeostatic systems and from

the environment, which are categorized and given value. The signals then form speci�c

memories in conceptual areas. The memory, categorized conceptually is linked via

reentry pathways to the current perceptual categorization of external stimuli arriving

in in cortex. This reentry process is the cause of primary consciousness. It may involve

multiple ways of perception (vision, sound, touch etc.) and allows the organism to

construct a complete `scene', composed of objects and events. Edelman claims that

an animal with such primary consciousness would be able to construct such complete

scene, connecting these objects and events through memory, using previous experiences

and values derived from experiences. This short term memory is crucial for the primary

consciousness, as it reects previous experiences via categorisations and concepts. We
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owe the speed of our reactions to the complex stream of stimuli to this memory: even

new perceptions can be incorporated into the `remembered present', within a fraction

of a second.
An animal without the capacity is, of course, able to survive, responding to particular

stimuli with particular reactions. But it is postulated that it is not able to

construct a complex scene based on its own unique history of value-dependent responses.
It can not imagine such scenes and would often fail to evade certain complex dangers. It
is the emergence of this ability that leads to consciousness and underlies the evolutionary
selective advantage of consciousness. With such a process in place, an animal would be
able, at least in the remembered present, to plan and link contingencies constructively
and adaptively in terms of its own previous history of value-driven behaviour. Unlike
its preconscious evolutionary ancestor, it would have greater selectivity in choosing its
responses to a complex environment.17

The primary consciousness o�ers distinct advantages to animals which are capable of

it. Constructing a `mental scene', which depends both on the current sensory input and

on the past experiences allows more exibility in reacting to dangers and opportunities.

Yet, this is, one might say, consciousness of external world. Direction of attention is

outwards. It is only when semantic capabilities, language, ability to provide view of the

past and future beyond the narrow `remembered present' arise, only then, the organism

can be conscious of itself.
This capability is named by Edelman Higher Order Consciousness, and it allows an

organism to be aware of itself, of its own history and future in broader sense. Moreover,
as it is postulated that language is one of the necessary ingredients for such conscious-
ness, it is intimately related to social interactions. Higher order consciousness extends
beyond internal, individual `scenes', and uses tools that allow communication to other
members of society. The ability to construct model of oneself and to allow the possi-
bility that other members of the group may have similar `selves': motivations, values,
intelligence extends the use of consciousness even further. Edelman and Tononi (2000)
describe the situation as follows:

As in the case of primary consciousness, a key step in the evolution of higher-order
consciousness was the development of a specific kind of reentrant connectivity, this
time between the brain systems for language18 and the existing conceptual regions of
the brain. The emergence of these neural connections and the appearance of speech
allowed reference to inner states and object or events by means of symbols. The acqui-
sition of a growing lexicon of such symbols through social interactions, probably initially
based on the nurturing and emotive3 relationships between mother and child, allowed
for the discrimination of a self within each individual consciousness. When narrative
capabilities emerged and affected linguistic and conceptual memory, higher-order con-
sciousness could foster the development of concepts of the past and future related to
that self and to others.19

17Edelman and Tononi (2000, page 109)
18Broca's and Wernicke's areas, see Figure 9.1
19Pratchett et al. (1999, 2002, 2005) claim that our world | in opposition to Discworld | lacks
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The general scheme of Edelman and Tononi is supported in their works by various

observations of neuronal correlations and activity patterns, by computer models and

by clinical observations of patients with particular disorders resulting from damage to

speci�c parts of the brain. Of course, it is not a �nal view. For one thing it lacks

detail and resolution. But is it on the right track? Let's compare it now to the solution

envisaged by another Nobel prize laureate and his collaborators Crick and Koch (1990,

2002); Rees et al. (2002); Koch (2004); Crick and Koch (2003); Crick et al. (2004).

Francis Crick, already famous for his discoveries of the DNA structure, took several

years to disengage from molecular biology because exciting discoveries continued to be

made, including the discovery of alternative splicing and the discovery of restriction

enzymes, which helped make possible genetic engineering. Eventually, in the 1980s,

Crick was able to devote his full attention to his other interest, consciousness.
In the early paper (Crick and Koch, 1990) on the subject the authors explain the

need for scienti�c study of consciousness and the status of the discipline.

It is remarkable that most of the work in both cognitive science and the neurosciences
makes no reference to consciousness (or ‘awareness’), especially as many would regard
consciousness as the major puzzle confronting the neural view of the mind and indeed
at the present time it appears deeply mysterious to many people. This attitude is
partly a legacy of behaviorism and partly because most workers in these areas cannot
see any useful way of approaching the problem. In the last few years several books
have appeared20 that address the question directly but most of these have been written
largely from a functional standpoint and so have said rather little about neurons and
other machinery of the brain.

We suggest that the time is now ripe for an attack on the neural basis of consciousness,
Moreover, we believe that the problem of consciousness can, in the long run, be solved
only by explanations at the neural level.

Crick knew very well how controversial the research into the very nature of human
mind might be, especially if the research was done from strictly materialist point of
view. His book The Astonishing Hypothesis: The Scienti�c Search For The Soul
(Crick, 1995), starts with the following statement:

The Astonishing Hypothesis is that ‘You’, your joys and your sorrows, your memories
and your ambitions, your sense of personal identity and free will, are in fact no more
than the behavior of a vast assembly of nerve cells and their associated molecules. As
Lewis Carroll’s Alice might have phrased: ‘You’re nothing but a pack of neurons’. This
hypothesis is so alien to the ideas of most people today that it can truly be called
astonishing.

narrativum, the Power of the Story element. Yet, as Pratchett et al. (2002, page 25) puts it: `The curious
thing about the human belief in narrativum is that once humans evolved on the planet their beliefs started
to be true. We have, in a way, created our own narrativum. It exists in minds, and there it is a process, not
a thing. On the level of material Universe its just one more patters of buzzing electrons. But on the level
of what it feels like to be a mind it operates just like narrativum. Not only that: it operates on the material
world, not just the mental one: its effects are just like those of narrativum.' To which I can only add: read

Pratchett books, they are much wiser than the blurb on their covers!
20One of those was an early Edelman publication, The Remembered Present.
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And on the opening pages Crick identi�es another source for the problems for the
science of mind/brain: religion.

Most religions hold that some kind of spirit exists that persists after one’s bodily death
and, to some degree, embodies the essence of that human being. Without its spirit a
body cannot function normally or at all. [. . . ] These beliefs are held, and in many cases
held strongly and aggressively, by the majority of the human beings alive today. [. . . ]

Why then, should this basic concept of the soul be doubted? Surely if almost everyone
believed in it, this is, in itself, prima facie evidence for it. But then some four thousand
years ago almost everyone believed the Earth was flat. The main reason for this radical
change of opinion is the spectacular advance of modern science.

So, Crick is a direct materialist, willing to go against the established majority view.

His approach is di�erent from Edelman's, yet I �nd it quite encouraging that the re-

sults, imperfect as they are, seem to converge on some of the most basic issues. Crick

concentrates on visual consciousness, approaching the general problem using a piece

by piece strategy. There are two reasons for this decision: �rst, we are highly `visual'

animals, so solving this problem would provide a big step in the direction of under-

standing consciousness as a whole; second, because there is a lot of experimental data

on the visual system functioning and associated conscious events.
The �rst issue is fundamental: why is there a need for visual consciousness? Why is

the process, at least for us (but also for many animals) involving complex mechanisms
that we call consciousness? In Crick and Koch (2002) the reply is:

Although the main function of the visual system is to perceive objects and events in the
world around us, the information available to our eyes is not sufficient by itself to provide
the brain with its unique interpretation of the visual world. The brain must use past
experience (either its own or that of our distant ancestors, which is embedded in our
genes) to help interpret the information coming into our eyes. An example would be the
derivation of the three-dimensional representation of the world from the two-dimensional
signals falling onto the retinas of our two eyes or even onto one of them.

Visual theorists would also agree that seeing is a constructive process, one in which
the brain has to carry out complex activities (sometimes called computations) in order
to decide which interpretation to adopt of the ambiguous visual input. ‘Computation’
implies that the brain acts to form a symbolic representation of the visual world, with a
mapping (in the mathematical sense) of certain aspects of that world onto elements in
the brain.

The original Scienti�c American article (Crick and Koch, 2002) has been written
in 1992. In the version updated in 2002 the authors add the following remarks:

It now seems likely that there are rapid ‘online’ systems for stereotyped motor responses
such as hand and eye movement. These systems are unconscious and lack memory.
Conscious seeing, on the other hand, seems to be slower and more subject to visual
illusions. The brain needs to form a conscious representation of the visual scene that it
can then employ for many different actions or thoughts. Why is consciousness needed?
Why could our brains not consist of a whole series of stereotyped online systems? We
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would argue that far too many would be required to express human behaviour. The
slower, conscious mode allows time for the individual neurons to become sensitive to
the context of what typically excites them, so that a broader view of the current state
of affairs can be constructed. It would be a great evolutionary advantage to be able to
respond very rapidly to stereotyped situations and also, more slowly, to more complex
and novel ones. Usually both these modes will act in parallel. Exactly how all these
pathways work and how they interact are far from clear.

In Crick et al. (2004) the following explanations are given:

What is the general nature of visual consciousness? As is well known, the information
coming into the two eyes is not enough, by itself, to interpret the visual scene. The
brain must form the best guess it can about what is out there. It does this by us-
ing previous experience, both from past interactions with the world and also from the
experience of our ancestors, embodied in the genes. For example, each retina gets a
twodimensional snapshot of the visual scene. Visual perception (usually) corresponds
to a three-dimensional interpretation of this, in terms of objects, actions, and their
relationships. [. . . ]

With any visual input, the cortical areas attempt to find the best past correlations
that will fit the input. This may involve, simultaneously, more than one tentative
interpretation of the input, so that an unconscious competition develops between them
to gain control of wide and powerful regions of the network. We believe that what
becomes conscious, after approximately several hundred milliseconds of activity, is the
winner of the competition. The winner is strong enough to sustain much of this activity
for at least several hundred milliseconds, so that the neuronal coalitions representing
the winner can produce a powerful effect on the cortical regions involved in thinking
and planning. [. . . ]

This makes consciousness sound like a very global phenomenon, but it has local aspects.
For example, local brain damage in humans can lead to achromatopsia: the patient sees
the visual world in black and white, with little or no color. This (and other evidence from
brain damage) suggests that there are essential nodes in the network, to borrow a term
from Semir Zeki. If an essential node is removed, then the particular feature represented
at that node cannot become conscious. Put another way, to see some aspect of the
visual scene, there must be at least one essential node for it somewhere in the cortex.
Of course, no one is suggesting that if the entire cortex were destroyed except for, say,
the nodes for color, then the patient could see color. A node is a node, not a whole
network.

Going beyond visual aspects of consciousness and generalizing to common features
of the phenomenon, the authors have looked for the global NCC features. In their early
paper (Crick and Koch, 1990) they present as the candidate for this the appearance of
coherent neuronal oscillations at roughly 40Hz frequency. The neurons would be �ring
in correlated way in various parts of the cortex, spanning more than a single node.

The role of the oscillations in binding may be as follows. Objects in the visual field give
rise to appropriate responses in the appropriate cortical areas. Visual attention now has
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to select one of these objects at a particular location. Exactly how this works is not yet
known. [. . . ]

Once a particular salient location has been selected, probably by a winner-take-all mech-
anism, the information associated with it must be activated by referring back to the
individual feature maps. The various parts of the visual thalamus axe well suited to
influence the behavior of neurons in those parts of the neocortex from which they
receive-information and to which they project back. [. . . ] Of course, the system had to
decide, using the categorical knowledge stored in the connections, exactly which neu-
rons must oscillate together to produce a veridical representation of the object being
attended to. This is probably not an easy task.

It seems likely that, for one reason or another, certain neurons in the cortical areas
involved tend to oscillate at around 40Hz. This could make it easier to activate such
oscillations quickly. The effects of the 40Hz oscillations is probably greater than the
same amount of random firing for two reasons: first, because spikes arriving at a neuron
simultaneously will produce a larger effect at the soma; and second, because the 40Hz
oscillations may promote 40 Hz ‘resonances’ elsewhere.

I have devoted such an extensive quote to the `40Hz hypothesis', which is but one of

the many candidates for NCC because there is a much more general observation hidden

here | not on the brain functioning but on the nature of science.
In most of human activities, the `authority �gures', people who have achieved a high

rank and respect, are typically quite reluctant to admit that they might be wrong. In
�elds such as politics or religion this natural defensive position is further reinforced by
the need to protest more general interests, so we do not hear revocation of previously
expressed views often. At best, our politicians and spiritual leaders hope that their
mistakes and errors would be covered by the merciful cloak of forgetfulness. Now,
Nobel Prize is as close to `undisputed authority' as it might get in science. But science
itself is probably one of the very few aspects of human activity where admitting an
error does not bring dishonour. Just the reverse. In a paper published thirteen years
later, Crick and Koch (2003) admit

We no longer think that synchronized firing, such as the so-called 40Hz oscillations, is
sufficient condition for the NCC. One likely purpose of synchronized firing is to assist a
nascent coalition in its competition with other (nascent) coalitions. If the visual input
is simple, such as a single bar in an otherwise empty field, there might not be any
significant competition, and synchronized firing may not occur. Similarly, such firing
may not be needed once a successful coalition has reached consciousness, when it may
be able to maintain itself without the assistance of the synchrony, at least for a time.

Another point taken by Crick and co-workers is: why is there consciousness at all?
What is the evolutionary, selective bene�t of it? This brings us the so called `zombie
problem', which we will encounter in further discussions. In Crick et al. (2004) the issue
is introduced as follows:

Why is our brain not just a whole series of unconscious zombie systems? The answer is
that there would have to be a vast number of them to replicate all of human behavior.
It looks as if the function of consciousness is to provide a general-purpose mode of
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perception that can cope with complicated situations and select one of very many
possible reactions, including silent thought. There would be a considerable evolutionary
advantage to a creature having these two interacting modes: one to provide a limited
number of rapid, stereotyped unconscious responses and the other, parallel but slower,
for more measured conscious responses to more complex situations. There is evidence
that these two modes interact somewhat.

As we see, the approaches of Edelman and Crick and their research schools are rather

convergent. It is now interesting to turn to an outsider in the �eld, at least when judged

by scienti�c credentials. I refer to Je� Hawkins and his book On Intelligence (Hawkins

and Blakeslee, 2004). Although the title refers to intelligence rather than consciousness,

the models and solutions proposed are of a nature that transcends the usual narrow

meaning of the words. it is quite interesting to note that Hawkins credentials are

from �elds completely outside neurosciences: he is one of the most successful computer

architects and entrepreneurs in Silicon Valley. He founded Palm Computing and is the

person who devised the �rst really working writing recognition system used in Palm

handhelds. The idea that it would be easier to teach people to simplify the writing

to make it easily recognizable to very small computers than to teach computers to

recognize the enormous variety of human `natural' handwriting has something of the

nature of solutions of egg of Columbus and Gordian knot. In the recent years Hawkins

has founded Redwood Neuroscience Institute (now Redwood Center for Theoretical

Neuroscience) to help the e�orts in understanding the neurological basis of perception,

cognition, learning, and motor function. His book is one of the rare examples of `an

amateur scientist' getting somewhere in modern science.21

Hawkins devotes his book to intelligence, rather than consciousness. However, the
de�nition of intelligence he uses gives the word much broader meaning than usually
ascribed (Hawkins and Blakeslee, 2004, page 29):

But intelligence is not just a matter of acting or behaving intelligently. Behaviour is a
manifestation of intelligence, but not the central characteristic or primary definition of
being intelligent. A moment’s reflection proves this: You can be intelligent just lying in
the dark, thinking and understanding. Ignoring what goes on in your head and focusing
instead on behaviour has been a large impediment to understanding intelligence and
building intelligent machines.

This short passage already points to some of the goals of Hawkins. While one of

those is to build intelligent machines, he deeply believes that we have to start by under-

standing how our brains operate and modelling it | on a basic level. Moreover, with

such broad sense of intelligence, it does cover a lot of the characteristics of conscious-

ness. Thus, there is a reasonable similarity between the research �elds of Edelman,

Crick and Hawkins.

21Of course the fact that Je� Hawkins is quite a rich person did help. In 2005 Hawkins has founded

a new company, Numenta (http://www.numenta.com/). The company is focused on the creation of

technology to emulate the workings of the human brain. It is extremely interesting to see how, in this

case, research is intertwined with business.

http://www.numenta.com/
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The main tenet of Hawkins approach is that we are wrong to think that our brain

is a computer. `The entire cortex is a memory system. It isn’t a computer at all', he claims.

The central role of memory, especially ability of our memory to be useful in the almost

in�nite variety of external and internal stimuli comes from the way the memory is

organized, which is very di�erent from the organisation of memory in current computer

architectures.

• The neocortex stores sequences in patterns.

• The neocortex recalls patterns auto-associatively.

• The neocortex stores patterns in an invariant form.

• The neocortex stores patterns in hierarchy.

The ability to, �rst, detect or construct the patterns and then store them in memory
is a central part of our `machinery' of thinking. This has been recognized quite long
ago. When outside stimuli reach our senses, our brain does quite a lot of work on them.
Hawkins describes it as follows, using vision as example (Hawkins and Blakeslee, 2004,
page 57):

People tend to think that there’s a little upside down picture of the world going into your
visual areas, but that’s not how it works. There is no picture. It’s not an image anymore.
Fundamentally, it’s just electrical activity firing in patterns. Its imagelike qualities get
lost very rapidly as your cortex handles the information, passing components of the
pattern up and down between different areas, sifting them, filtering them.

Both spatial and temporal patterns play a role in our memory driven intelligence.

And in many senses the input changes almost every moment (although the observed

world might be rather more stable). Such is the case of vision, where saccadic movement

of the eyes changes the details of input on the retina completely. Yet, we do see stable

world and, in fact, the eye movements or even whole head movements are bene�cial to

vision, as the protect our visual receptors from being overloaded by static patterns. This

stability is achieved by the fact, that brain stories the patterns in what Hawkins calls

invariant representations, which handle variations in the input automatically. A WEB

page http://www.stanford.edu/~dil/cortex_main/cortex_main.html contains some

results of the studies prompted by Hawkins model, with a special focus is on what is

known as the Invariance Problem.

The main use of the memory is not to remember the past, but to predict the future.

This is the way out of the problem that Hawkins calls `the 100-step rule': we perform

a lot of very complicated tasks within timeframes that allow not much more than

a hundred subsequent neuronal excitation cycles. Now, for everyone who has even

moderate experience with standard computers, requirement of squeezing a complex and

exible task into a 100 computing steps shows that there must be something special

going on. And the fact that there are many neurons being extited and exciting others

in parallel does not help: the algorithm with which the brain solves such diverse tasks

as catching a ball or recognizing a face must be really innovative. And, as hawkins

http://www.stanford.edu/~dil/cortex_main/cortex_main.html


9.2. Brain and Mind 589 Draft, January 2, 2008

argues, this innovativeness lies in using memory to predict the future. How similar this

is to the `remembered present' of Edelmen. For Hawkins, the key function of the brain

is to predict what would happen in the environment. Sometimes the predictions start

at the bottom of the neural hierarchy. Sometimes there is a high level prediction that

starts at the top of the cortical hierarchy.
What I found especially interesting in Hawkins and Blakeslee (2004), was the Ap-

pendix: Testable Predictions. It is not too often that one �nds a (reasonably) popular
book ending with a call to testing the hypotheses stated within. I �nd such approach
very encouraging. Examples of the challenges to the model include its falsi�able pre-
dictions, such as the following examples:

Prediction 1 We should find cells in all areas of cortex, including primary sensory
cortex, that show enhanced activity in anticipation opf a sensory event, as opposed
to in reaction to a sensoty event.

Prediction 7 Unanticipated events should propagate up the hierarchy. The more novel
the event the higher the unanticipated input should flow. Completely novel events
should reach the hippocampus.

Prediction 8 Sudden understanding should result in a precise cascading of predictive
flows down the cortical hierarchy.

Prediction 10 Representations move down the hierarchy with training.

A lot of these predictions are testable even with our current techniques and resolu-
tions, such as fMRI. The invitation to such tests is, for me, one of the best signs of the
honesty and attitude of Hawkins | even though he comes from a non-academic world
originally. Ant it is worth noting that the memory based models are used for practical
research, such as pattern recognition (for example see Garalevicius (2005b,a); George
and Hawkins (2005)). In fact, Hawkins describes the motivation for creating his new
company, Numenta, as follows:

Numenta was formed to develop and promote a technology called Hierarchical Temporal
Memory, or HTM. We are confident that the principles underlying HTM are the same
principles that govern much of the operation of the human neocortex; thus, HTM
enables the creation of machines that have some of the capabilities of the human brain.
We see HTM as a fundamental new computing methodology able to solve longstanding
problems in artificial intelligence and machine learning. Be sure to read the white paper
on our web site that describes the basics of HTM and what it can do.22

An early version of the software is available with the purpose of creating a community

of developers. What will be the future of such models and their implementation we shall

see. . .
The problem of the Neural Correlate of Consciousness has attracted a lot of research.

Reviews by Chalmers (2002b, 1998) list, for example the following proposals:

In recent years we have seen quite a few proposals about the identity of the NCC. One
of the most famous proposals is Crick and Koch’s suggestion concerning 40-hertz os-
cillations. That proposal has since faded away a little but there are all sorts of other

22http://www.numenta.com/for-developers/software/note-from-jeff.php

http://www.numenta.com/for-developers/software/note-from-jeff.php
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suggestions out there. The picture is almost reminiscent of particle physics, where they
have something like 236 particles and people talk about the ‘particle zoo’. In studying
consciousness, one might talk about the ‘neural correlate zoo’. A brief list of suggestions
that have been put forward includes:

• 40-hertz oscillations in the cerebral cortex (Crick and Koch 1990).

• Intralaminar nucleus in the thalamus (Bogen 1995).

• Re-entrant loops in thalamocortical systems (Edelman 1989).

• 40-hertz rhythmic activity in thalamocortical systems (Llinas et al 1994).

• Nucleus reticularis (Taylor and Alavi 1995).

• Extended reticular-thalamic activation system (Newman and Baars 1993).

• Anterior cingulate system (Cotterill 1994).

• Neural assemblies bound by NMDA (Flohr 1995).

• Temporally-extended neural activity (Libet 1994).

• Back-projections to lower cortical areas (Cauller and Kulics 1991).

• Visual processing within the ventral stream (Milner and Goodale 1995).

• Neurons in visual cortex projecting to prefrontal areas (Crick and Koch 1995).

• Neural activity in area V5 (Tootell et al 1995).

• Certain neurons in the superior temporal sulcus and inferior temporal cortex (Lo-
gothetis and Schall 1989, Sheinberg and Logothetis 1997).

• Neuronal gestalts in an epicenter (Greenfield 1995).

• Outputs of a comparator system in the hippocampus (Gray 1995).

• Quantum coherence in microtubules (Hameroff 1994).

• Global workspace (Baars 1988).

• High-quality representations (Farah 1994).

• Selector inputs to action systems (Shallice 1988).23

As we can see, the list is really quite extensive. Some of those we have already

discussed. If the Reader is curious about the others, all I can do is to encourage I shall

devote more attention to the quantum based hypotheses, but before we turn into this

topic, let's examine a few other reasonably recent approaches.
An interesting track, joining the topics of evolution, physiological di�erences in

brain structure between humans and other animals (including chimpanzees and gorillas)
that might be a base for mental di�erences and the role of links between intellect and
emotions is the discovery of spindle neurons. A good starting points in this topics are
Nimchinsky et al. (1999) and Allman et al. (2001, 2002). The report discovery of an
unusual type of projection neuron, a large, spindle-shaped cell in cortex of great apes
and hominids:

23For the original references see Chalmers (1998).
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These spindle cells were not observed in any other primate species or any other mam-
malian taxa, and their volume was correlated with brain volume residuals, a measure of
encephalization in higher primates. These observations are of particular interest when
considering primate neocortical evolution, as they reveal possible adaptive changes and
functional modifications over the last 15–20 million years in the anterior cingulate cor-
tex, a region that plays a major role in the regulation of many aspects of autonomic
function and of certain cognitive processes.24

Later on, Allman et al. (2001) postulated that the `home' of spindle cells plays a
special role in the functioning of brain/mind, namely acting as an interface between
emotion and cognition:

Anterior cingulate cortex is a specialization of neocortex rather than a more primitive
stage of cortical evolution. Functions central to intelligent behavior, that is, emotional
self-control, focused problem solving, error recognition, and adaptive response to chang-
ing conditions, are juxtaposed with the emotions in this structure. [. . . ]

The spindle cells are a hominoid specialization of the neural circuitry of anterior cingulate
cortex. [. . . ]

In conclusion, we propose that the anterior cingulate cortex is a specialization of neo-
cortex rather than a more primitive stage of cortical evolution. The evidence from
single-neuron recording, electrical stimulation, EEG, PET, fMRI, and lesion studies in-
dicates that the anterior cingulate cortex has an important role in emotional selfcontrol
as well as focused problem-solving, error recognition, and adaptive response to changing
conditions. These functions are central to intelligent behavior. They are juxtaposed in
this structure and probably are intimately interconnected. The spindle cells are a novel
specialization of the neural circuitry of anterior cingulate cortex that arose about 15
million years ago in an ancestor of great apes and humans. This new circuitry probably
augmented emotional self-control and focused problem-solving behavior in these animals
and their descendants. Specifically, the spindle cells may possess widespread con-
nections with other parts of the brain and may serve to coordinate the activity of
these diverse parts to achieve self-control and the capacity to focus on difficult
problems. The spindle cells appear to emerge postnatally and their development
may be particularly influenced by environmental factors. [. . . ] Thus it is conceiv-
able that environmental stimulation, stress, and the quality of parental care might also
affect the survival and development of the spindle cells during infancy, thus influencing
adult competence or dysfunction in emotional self-control and problem-solving capacity.

So, does `being human' result from having specdial set of cells in our brains? And

our nearest cousins, great apes, di�er from us by having less of those special spindle

cells. We are now talking about single cells, although embedded in general, far larger

structures. I would keep an eye open on spindle cells, it seems an interesting discovery.

For example a recent study has found spindle cells in the brains of the humpback whales,

�n whales, killer whales and sperm whales25.

24Nimchinsky et al. (1999)
25http://www.newscientist.com/article.ns?id=dn10661&print=true. For more information see

also http://www.allmanlab.caltech.edu/.

http://www.newscientist.com/article.ns?id=dn10661&print=true
http://www.allmanlab.caltech.edu/
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The �eld of neuroscience is very, very active. Moreover, there is quite a number

of di�erent approaches, from purely mathematical to painstakingly detailed biological

studies. A randomly wandering traveller, such as myself can not hope to visit every

part of this country and to hope for a complete and comprehensive account. The works

which I shall shortly mention below, were found in the process of hopping from one

link to another. I found them interesting enough to stop for a while and take a mental

snapshot of the landscape.
The �rst such topic is the apparent contradiction between our internal feeling that (at

least sometimes) we really decide consciously on which action to take and experimental
results that show that our physical reactions precede these internal, conscious feelings.
Wegner (2003) has called it `The mind's best trick: how we experience conscious
will ':

We often consciously will our own actions. This experience is so profound that it
tempts us to believe that our actions are caused by consciousness. It could also be a
trick, however – the mind’s way of estimating its own apparent authorship by drawing
causal inferences about relationships between thoughts and actions. [. . . ]

Based on your conscious perceptions of your thoughts and actions, it would be impossible
to tell in any given case whether your thought was causing your action, or something
else was causing both of them. Could it be that the deep intuition we all have about the
power of our conscious will is the result of this ‘sleight of mind’? Perhaps we experience
conscious will when we infer that our thought causes our action, although we can’t really
know that this is the causal path.

In Wegner and Wheatley (1999); Wegner (2003) we �nd a scheme in which the

actual causal path leads from some unconscious real cause to actions, while at the same

time, via a di�erent path, the same cause stirs up conscious thought and `illusion' of

intent and decision. The model is rather simple and because it postulates a lot of

things happening in our unconscious and therefore inaccessible to introspection part of

mind/brain it would be just another philosophical idea, if not for the fact that there is

experimental evidence that favours such shortened path.
I am referring to Benjamin Libet's experiments, and their follow up (Haggard and

Libet, 2001; Haggard, 2005). The experiments, although criticized, seem to point that
neural activity starts before conscious thought of action is present.

Libet also measured the preparatory brain activity preceding voluntary action, or readi-
ness potential (RP), in the same trials. RP onset preceded W judgement [the time
when experiment subjects �rst felt the conscious urge to act] by several hundred
milliseconds. This suggests that the initiation of action involves an unconscious neural
process, which eventually produces the conscious experience of intention. Conscious
intentions therefore occur as a result of brain activity, and do not cause brain activity.

There are also other studies con�rm that `free' choice between manual actions in-

volves unconscious processes. Thus it turns out again that scienti�c experiments and

observations may surprise us even in the innermost sanctum of our internal self |

where we felt so sure about being fully in control. The ancient Greek command on the
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Delphi Apollo's temple, gnothi seauton (know yourself) turns out to be quite a hard

one, when our own intuitions stand in the way.
Another interesting path of research comes from network science , coupled with ideas

of criticality and collective behaviour Chialvo and Bak (1999); Chialvo (2004, 2006).
Of course, it is very natural to think about the brain in the terms of network | it is,
after all, the best example of complex network we know. This has been obvious ever
since ingenious drawings of Santiago Ramón y Cajal have shown neurons in their glorius
detail (Figure 9.3). In Chialvo and Bak (1999) the motivation for such global approach
(as opposed to reductionist one) is given as:

One obvious strategy is to obtain detailed information of reduced parts of the problem
in the hope that the complicated mechanism could be resolved from the bottom-up.
However, even the most detailed mapping of the individual parts of the brain does not
constitute understanding of brain function, just as complete knowledge of the function of
transistors and wires does not in itself add up to an understanding of how a computer
works. How can the enormous experimental information that has been gathered be
synthesized to create even a rudimentary picture of how one may explain behavior
which can be identified as ‘intelligent’.

Moreover, the global, network based approach allows to use some of the physical
results derived for self-critical systems. Chialvo (2004) postulates that that the working Pages 270, 685

brain stays at an intermediate (critical) regime characterized by power-law correlations.
As they describe it:

One of the simplest things we do not know about the brain is how the cortex, being a
mainly excitatory network, prevents the expected explosive propagation of activity and
still transmits information across areas. If the average number of neurons activated by
one neuron is too high (i.e., supercritical) this results in the massive activation of the
entire network, while if it is too low (i.e., subcritical), propagation dies out. The critical
regime is the one in which these opposing processes are balanced.

While the paper contains some very concrete examples of application of network
science methodology, I found it especially interesting to read the closing paragraphs.

‘Is biology too difficult for biologists? And what can physics, dealing with the simple
and lawful, contribute to biology, which deals with the complex and diverse?’. In such
challenging terms Per Bak encouraged colleagues to look at biology. Much before
mainstream physics embraced biology26, Per Bak was already convinced that ‘The big
targets for physics theorists are biological evolution and the brain. These complex many-
body problems might have similarities to problems studied in particle- and solid-state
physics’.

And it is probably worth noting that despite very di�erent research origins there

seems to be at least some movement towards uni�cation of our understanding of brain

related phenomena: Chialvo (2006) points to work of Tononi and Edelman as `the �rst

to delineate the fundamental problem of integration and segregation and to explore its

26In 1998
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connection with complexity.'. In fact the members of Edelman group have recently been

working quite hard within the `networking paradigm' as well (Sporns et al., 2004).
The number of papers that touch the issue of neural correlates of consciousness is

huge. There is literally no end to a search over the Internet. The lack of space limits me
to but a few selected articles. Perhaps I should refer here to just a couple more, which
the Reader can check by himself: Singer (2001) comments of the binding problem or
John (2001) on �eld theory of consciousness. The last paper to be mentioned in this
Section is Zenil and Hernandez-Quiroz (2006), which deals with possible computational
power of human mind. I have selected it because it is way out of the ordinary. It
attempts to use the deeply theoretical considerations resulting from G�odel's Theorem
and limitations of Turing Machines (see Chapter 2.4) to analyse the capabilities ofPage 59

human brain, using analogies between `real life' Natural Neural Networks (NNN) and
computer based Arti�cial Neural Networks (ANN). The key concept is that by extending
the notion of ANN to include recurrence and to allow for arbitrary coupling strengths
between the elements it may be possible to go beyond the limits set by Turing machines.
Zenil de�nes such models as ARNN:

An ARNN is basically an artificial neural network allowing loops (recurrent) and irrational
(even non-Turing computable) numbers as weights (analog),

and argues that

We consider the question about the possible computational power of the human mind
in this paper as a problem of computability in general and tractability or practical
computability out of its scope then making only emphasis on the computability power
defined by the Turing degrees and beyond. The key arguments which form the bases of
our position are:

1. ARNNs are a plausible model of the human brain

2. At least some characteristics of the human mind arise from the human brain

3. ARNNs are therefore a plausible model of the human mind

4. ARNNs define a wide range of different levels of computational power, including
‘super-Turing’.

5. It has been argued that the human mind could be depicted or fully simulated by
Turing machines, and others, as it has a ‘super-Turing’ computational power

6. Therefore, prima facie, it seems reasonable to explore claims on the human mind’s
supposed Turing or ‘super-Turing’ capacities through an analysis of ARNNs in
relation to recent work on the brain’s own neural network

7. That an analysis of ARNNs supposed Turing and “super-Turing” capacities (and
other more well established findings) gives rise to a taxonomy of computational
capacities summarized in the table at the end of this paper

8. The taxonomy of computational capacities gives rise to prima facie reasonable
hypotheses concerning the human mind. The contribution of this paper to our
knowledge is to build up this argument and generate hypotheses binding artificial
models to the natural
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[. . . ]

We do not claim that the ARNN model presented is the correct model of the human
mind. Our intent is more modest, namely, to discuss the mathematical features which
a model should possess, if it is to aspire to non computable capabilities. Our choice
of an ARNN model rests on two considerations: (a) it has been proposed as a model
with (potentially) non computable capabilities (provided some requirements are met;
see later); (b) as a neural network model, neuroscientists would find it easier to relate
it to their own empirical work and therefore they can put forward and test concrete
hypotheses to confirm or refute the model.

The analysis, making extensive use of the modern computer language aimed at
overcoming limitations of Turing computability, leads �nally to the following conclusion:

Then, if the mind is to be capable of ‘super-Turing’ abilities it would need to store
non-computable (and hence infinite) information. If we additionally accept that the
mind is supported (almost) exclusively by the operation of the brain (and we believe
most neuroscientists would accept it), the brain should implement a mechanism able
to store, use non-computable information or apply non-computable operators. Should
be also considered the role of ‘noise’ that can degrade the computational power of the
network. Therefore, we should also explain how the brain could cope with this further
difficulty.

Wow! Is my brain holding (or at least capable of holding) infinite information? I

admit, that I �nd this a bit too much. Perhaps out of modesty, perhaps because I

do not think that our brains are `that special'. But it is interesting how far a global,

neuron network, classical physics based approach can lead us in deriving properties of

the mind.

9.2.4 Quantum consciousness: physics of the mind

My interests in brain/mind sciences, is in going beyond the currently accepted knowl-

edge. Of course it is very important to know what is the mainstream modern research

line, but I am also drawn by the unusual approaches, by strange proposals from the

borderline of science. When I discover that within the rigorous scienti�c method it

is possible to couple together some disciplines that are on �rst sight unrelated my

adrenaline level jumps. How? Why? What could possibly bind together such strange

topics as, for example, neuron functioning and quantum gravity? Does such relationship

seem far fetched? Not so much, not for everyone.
As we have already learned, one of the solutions proposed for the quantum measure-

ment problem is direct reference to conscious observers. The strength of this approach
is based on the obvious observation that we do observe (usually27) a rather classical
universe around us. Both elements are crucial here: the privileged status of conscious
observer, of which we are so suer introspectively, and the fact that, somehow, we see the
world as classical. There are numerous works developing this theme, for example the

27That is, except for specially prepared laboratory setups and experiments.
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already quoted d'Espagnat (2005) or Schwartz et al. (2005). What is equally interesting
is the reciprocal relationship: calling on physics, especially quantum physics, to explain
how brain becomes the mind. Or even more | claiming that there is a physical source
of consciousness that has existed before brains and minds have existed. For example
Henry Stapp claims:

Regarding non-human ideas it seems unlikely to me that human ideas could emerge from
a universe devoid of idealike qualities. Thus I am inclined to the view that consciousness
in some form must be a fundamental quality of the universe.28

In fact some researchers go further along this path. For example (one among many),
Samal (2000) claims that

We conclude that science can, not only reduce all the evidence to a Basic Entity (we call
BE), but also can ‘explain’ consciousness once a suitable definition for communication
is found that exploits the quantum superposition principle to incorporate the fuzziness
of our experience. Consciousness may be beyond ‘computability’, but it is not beyond
‘communicability’.

We believe the answer to be in affirmative and the first hint regarding this comes from
Wheeler’s remarkable idea: it from bit i.e. every it – every particle, every field of force,
even the spacetime continuum itself – derives its function, its meaning, its very existence
entirely – even if in some contexts indirectly – from the apparatus-elicited answers to
yes or no questions, binary choices, bits. This view of the world refers not to an object,
but to a vision of a world derived from pure logic and mathematics in the sense that
an immaterial source and explanation lies at the bottom of every item of the physical
world.

While this preprint has probably very little impact (in the �ve years since publication

it has never been quoted) there are examples of much more serious authorship, for

example Frank Wilczek, the 2004 Nobel Prize in Physics winner, with his Getting Its
from Bits paper in Nature (Wilczek, 1999), devoted to a description of the status of

e�orts to describe scienti�cally a vision of a world derived from pure logic and mathematics.29

So the question remains: if the world itself is (may be) computational, then what about

brains?

High level physical concepts are not the only results that are used to argue about

mental processes, intelligence and consciousness. Equally hot discussions are spurred

by mathematical issues, such as those we have encountered in Chapter 2.4. The limita-

tions of mathematical structures and apparent capability of human mathematicians to

overcome them { as shown by the G�odel Theorem { are especially intriguing to those,

who do not believe that mind (or even brain) is reducible to a computer. The most

widely known of the proponents of such approach is Roger Penrose. His two books,

The Emperor's New Mind (Penrose, 1989) and Shadows of the Mind: A Search for

28http://www-physics.lbl.gov/~stapp/replytosearle.txt
29Publication in Nature by a Nobel Prize winner is probably the furthest you can get from being

accused of crank physics.

http://www-physics.lbl.gov/~stapp/replytosearle.txt
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the Missing Science of Consciousness (Penrose, 1994) have started a very interesting

debate. In short, Penrose's view may be summarized as:

� Gödel’s theorem shows that there must be something non-computational involved in
mathematical thinking (Penrose and Hamero�, 1995).

� Thus, human thinking, at least in some of its aspects (mathematical reasoning,

for example) is capable of being non-computational, or non-algorithmic.

� Because of this non-algorithmic nature there must be something special that dif-

ferentiates human mind from computers.

Penrose does not stop at the statement of this di�erence. Together with Stuart Hamero�
he has proposed concrete example of where the di�erence comes from, binding together
Quantum Mechanics, General Relativity and microscopic studies of brain structure. I
will come to these issues shortly, but let's �rst consider the issue of whether human mind
(however it arises from brain) is di�erent from computers in its capabilities. Should
we follow Penrose's reasoning then the question arises: if our understanding of mathe-
matics does not result from following the rules (as in the formal system), then how do
we understand it? Because this mathematical knowledge does not come from formal
process, we might call it intuition | but how come that human mathematicians do have
true intuitions? Penrose claims that human thought must rely on some principles that
extend beyond current physical understanding (at least for some thoughts, perhaps for
all thinking processes?).30 The argument is that at least in some cases `human perception
would involve some understanding of the meanings of the mathematical concepts involved'
(Penrose, 1994, page 158). This point is even further expanded in Penrose interview
with Jane Clark31

Because the Gödel argument is basically about understanding; it tells us how to move
from one formal system to a system outside that, from the understanding of what
that system is trying to say. It is concerned with the question of the meanings of the
symbols, which is a dimension that a computational system does not have; a
computational system just has the rules which it follows. What one can do in
mathematics is, by understanding the meanings of the symbols, one can go beyond the
formal rules, and see what new rules must apply from those things, and one does this
by understanding their meanings.

Here the crucial point, in my opinion, is not to ask if the formal systems do have

the capability to see the meanings (outside the constructs) but rather whether we have

this ability.

The issues resulting from G�odel's Theorem have met with interesting criticism. Do

we really possess hyper-capabilities? Pinker (1997) argues that when Penrose compares

ideal formal system that is unable to prove certain statements within its structure (as the

30The detailed Penrose-Hamero� proposal, combining quantum gravity and microscopic properties of

is an attempt at building such new understanding.
31Journal of Consciousness Studies 1, 1994, quoted after Grush and Churchland (1995)
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Incompleteness Theorem states) with human mathematician who sees the truth of these
unprovable statements, and is thus `equipped' with a totally di�erent set of capabilities

he forgets that real humans are far from perfect. Even mathematicians. Thus, much of

what the formal system relies on, for example the carefully checked consistency of the

applied rules, is not used by real human minds. Our minds and brains are equipped

to deal with incomplete information, rough decisions and approximations of truth32.See page 200

In the evolution process, selection favoured individuals with fast and broadly correct

reactions (such as running away from what seems to be a tiger) than exact formal proofs

and reasoning (yes, this is a tiger, there is no other animal that could chomp my leg

so fast. Well, perhaps it could be a lion painted in stripes. . . ). But I would rather not

stop to check this particular detail. The same applies to quick mathematical estimate

whether there are more of `them' than `us'. . .
Other criticisms include Grush and Churchland (1995) and Putnam (1995). The

�rst article is a rather detailed ans structured review of the assumptions and possible
inadequacies in the general logical, philosophical and factual description. A lot of the
critique is based on the supposed ideal performance of `human mathematicians'. This
ideal is needed to show that, indeed, we can not only surpass the formal systems in
generating and ascertaining the truth of statements via methods other than algorithms,
but also be sure that we are not deluding ourselves in the process! To set us apart from
automatons, our methods must be, as Penrose describes it, at the same time `sound'
and `non-algorithmic'. And such approach is criticized by Grush and Churchland:

Penrose has a problem for his assumption regarding the ‘soundness’ of human mathemat-
ical capacities when the careful, reflective performance of mathematicians on relatively
simple statements, such as (pv p), the axiom of choice, and the existence of infinite
sets, is discrepant. He has essentially three options: (1) he could claim that some of the
mathematicians (which ones? the constructivists? ) are making performance errors in
these and similar cases, care and IQ notwithstanding. This is unconvincing because the
examples involved do not make heavy demands on attention and understanding, com-
pared to many mathematical statements. (2) He could claim that some mathematicians
do lack underlying sound procedures (competence), while others luckily have them. This
is not an attractive option either, because those who allegedly depend on an unsound
procedures (from a Platonists point of view that might be Cauchy or Dummett, for ex-
ample) do in fact make significant insightful contributions to mathematics. At the very
least, it is safe to say they understand Gödel’s theorem. Now if some mathematicians
(e.g. the constructivists and intuitionists) can do brilliant mathematics while having
unsound mathematical understanding, how can we be sure this does not hold generally?
(3) He could claim that these are not good examples of what he has in mind as S-
candidates. This looks embarrassingly ad hoc, especially when something like the truth
of an old saw like (pv p) can be reasonably assailed, albeit with complicated background
argument. Moreover, if these examples will not do, if anything knowably algorithmic
including simple inferences, such as modus ponens or anything else formalizable in first

32This, in the context of mathematics ties in with the claim of Marc Hauser that we possess two

basic `math instincts' for exact manipulation of small integers and for approximate comparisons of larger

quantities (Chapter 5.1
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order logic or ZF will not do, what will?

Disappointingly, Penrose fails to provide any actual examples of background mathemat-
ical understanding which can be known to be sound. In fact, SHADOWS is rife with
admissions of the form ‘. . . as mathematicians gain in experience, their viewpoints may
well shift with regard to what they take to be unassailably true – if they indeed ever
take anything to be unassailably true’. Given such admissions, why does Penrose still
cling to the belief that mathematical performance is backed by sound procedures, as
opposed to usually reliable, or heuristically useful procedures?

Putnam (1995) review of Penrose (1994) also uses heavily the fact that our own capa-
bilities are known to be limited and error-prone. For example the proof of impossibility
of constructing an `arti�cial mathematician', e.g. via suitable computer program that
would be at the same time able to behave as a human mathematician and yet possible
to understand | perhaps the word grok is in place here | may be simply resting on
false starting point. After all we do not understand how we work. And the program
to successfully simulate a human mathematician would be very, very complicated in-
deed. Let me just recall here the real issue of the computer based proof discussed in
Chapter~refref:computerproofs1. If we can not verify a relatively simple proof done by a
computer, how could we verify the correctness of the workings of a program that sim-
ulates a mathematician? How, then can we be sure it outputs true theorems? Putnam
writes

Perhaps the question whether it is possible to build a machine that behaves as a typical
human mathematician behaves is a meaningful empirical question, but a typical human
mathematician makes mistakes. The output of an actual mathematician contains in-
consistencies (especially if we are to imagine that he or she goes on proving theorems
forever, as the application of the Gödel Theorem requires), so the question of proving
that the whole of this output is consistent may not even arise. To this, Penrose replies
(p. 103) that the mathematician may make errors, but he or she corrects them upon
reflection. This is true, but to simulate mathematicians who sometimes change their
minds about what they have proved we would need a program which is also allowed to
change its mind; there are such programs, but they are not of the kind to which Gödel’s
Theorem applies.

Along similar lines, Marvin Minsky criticizes Penrose's argument on the ground

that because people can construe false ideas to be factual, the process of thinking is not

limited to formal logic { thus comparing our capabilities to `only' a formal logical system

is not appropriate. One should also remember that the discovery of G�odel's Theorem

and the remarkably abstract nature of its proof shows that our capability to `see the
unprovable truth', in mathematical sense, is far from normal capability. It involved a

very complex self-referential language scheme, which is really far from the everyday way

of our minds' functioning. Yet the question remains valid: is human mind, using the

substrate of human brain, (at least on some occasions) deeply special, non-algorithmic

and capable of transcending the limitations of formal reasoning? In this aspect, both

Penrose and many of his critics and opponents (who seek more traditional explanations)

turn to the study of the actual brain and its constituent structures. But while most
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studies concentrate on classical physics description stressing aspects related to complex

network and correlation phenomena, there are approaches that claim the solution lies

in Quantum Mechanics.

The argument starts from the notion the mind plays a special role in Quantum Me-

chanics, at least in some interpretations. Mind (human or perhaps any observer, some

super Mind, or perhaps even self-consciousness Universe) is what drives the quantum

into classical physics, which determines observations' results. Bohr has avoided such

statements, but many of the philosophers and physicists (as well as many more mys-

tics) ascribe special role to consciousness, especially our own, in getting meaning out

of the equations of Quantum Mechanics (see for example short introduction to such

approaches in Thaheld (2005)). But there is the other side of the coin: when we look at

the brain (as the structure hosting the mind, its hardware, its template | or whatever

relationship is within the model proposed), it is tempting to claim that it is exactly the

very same mysterious quantum phenomena that are the origin of consciousness. This

has the advantage of using strictly scienti�c vocabulary (bah! vocabulary of the most

respected hard science) without the danger of being accused of mechanistic material-

ism. Many followers of that path point out that the probabilistic nature of quantum

mechanics not only frees us from the bane of determinism present in classical mechanics,

but also through a closed loop of quantum → mind → quantum presents an elegant

way of entangling the topic.

Now, there are more and less serious approaches to the matter. Some are clearly

purely mumbo-jumbo, misusing both what quantum theory o�ers and what we know

about mind and brain. They are no more scienti�c that the daily astrology columns.

But there are works that are based on deeper considerations and which attempt to

approach the problem with scienti�c caution and resolution. Their results may be

controversial, and indeed, in many cases they are considered highly questionable, but

they fall squarely within science.

Let me start with the model proposed by Penrose and Stuart Hamero� Penrose

(1994); Penrose and Hamero� (1995); Hamero� (1998, 2001); Hagan et al. (2002);

Hamero� and Penrose (1996); Hamero� and Tuszy«ski (2004)33 In what follows I'll use

most of the quotations from relatively recent review of Hamero� and Penrose (1996)

adding remarks from other works. The approach is based on the Quantum Mechanical

notion of reduction of the wavefunction. Penrose and Hamero� postulate that such

reduction is not an illusion, but a real process, and thus use the name Objective Re-
duction, which points to objective, physical naure of the process. The next step in

the reasoning is pointing to two possible sources of such reduction: the �rst is the

interaction with external world (observer, measuring apparatus); the second is due to

self-interaction. This self-induced reduction is a novel postulate, absent in traditional

approaches to QM. The self-reduction might be a result of quantum gravity34. The

33For additional information see also Hamero� WEB site on Quantum Consciousness http://www.
quantumconsciousness.org/publications.html

34We should remember that there is no �nal, universally accepted and working theory of quantum

http://www.quantumconsciousness.org/publications.html
http://www.quantumconsciousness.org/publications.html
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model proposed by Penrose (1994) assumes that the `entangled' states of QM would

eventually produce mass-energy distributions that di�er from each other. When the

di�erence becomes large enough, producing space-time con�gurations that di�er from

each other (due to curvature changes given by General Relativity), then the reduction

process occurs. Of course the process is quite complicated, but Penrose and Hamero�

provide simple visualisations of the `‘blisters’ where the space-time bifurcates'. But even
if this quantum process be real, a signi�cant question remains: where and how, in the

rather macroscopic object such as a human brain, could the inuence of quantum grav-

ity become visible. Moreover, how a chemical, noisy, constantly moving in space and

constantly exchanging energy and materials with outside world system could provide

basis for long term, large scale coherent quantum states? These questions were well

recognized by the authors, and they have proposed concrete candidates for the `seat' of

the quantum phenomena, as well as some arguments on the stability conditions.
The essence of the approach as for the mind theory is summarized as:

How could an OR (Objective Reduction) process occur in the brain, be coupled to neu-
ral activities, and account for other features of consciousness? We nominate an OR
process with the requisite characteristics to be occurring in cytoskeletal microtubules
within the brain’s neurons. In this model, quantum-superposed states develop in mi-
crotubule subunit proteins (‘tubulins’), remain coherent and recruit more superposed
tubulins until a mass-time-energy threshold (related to quantum gravity) is reached. At
that point, self-collapse, or objective reduction (OR) abruptly occurs. We equate the
pre-reduction, coherent superposition (‘quantum computing’) phase with pre-conscious
processes, and each instantaneous (and non-computable) OR, or self-collapse, with a dis-
crete conscious event. Sequences of OR events give rise to a ‘stream’ of consciousness.
Microtubule-associated-proteins can ‘tune’ the quantum oscillations of the coherent su-
perposed states; the OR is thus self-organized, or ‘orchestrated’ (‘Orch OR’). Each
Orch OR event selects (non-computably) microtubule subunit states which regulate
synaptic/neural functions using classical signaling. The quantum gravity threshold for
self-collapse is relevant to consciousness, according to our arguments, because macro-
scopic superposed quantum states each have their own space-time geometries.

Moreover, microtubules are postulated to be seats of very powerful classical com-
puting based on cellular automata behaviour of interacting tubulins:

Theoretical models propose that microtubule subunit tubulins undergo coherent exci-
tations, for example, in the gigahertz range by a mechanism suggested by Fröhlich
(‘pumped phonons’) [. . . ] Dipole couplings among neighbouring tubulins in the mi-
crotubule lattice act as ‘transition rules’ for simulated microtubule automata exhibit-
ing information processing, transmission and learning. Classical microtubule automata
switching in the nanosecond scale offer a potentially huge increase in the brain’s com-
putational capacity. Conventional approaches focus on synaptic switching (roughly 1011

brain neurons, 103 synapses per neuron, switching in the ms range of 103 operations
per second) and predict about 1017 bit states per second for a human brain. However,

gravity.
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as biological cells typically each contain approximately 107 tubulins, nanosecond switch-
ing in microtubule automata predicts roughly 1016 operations per second per neuron.
This capacity could account for the adaptive behaviours of singlecell organisms like
Paramecium, for example, who elegantly swim, avoid obstacles and find food and mates
without the benefit of a nervous system or synapses. As the human brain contains about
1011 neurons, nanosecond microtubule automata offer about 1027 brain operations per
second.35

These short passages show how many novel concepts Hamero� and Penrose intro-

duce. Let's consider some of them in a little more detail.

Tubulins are small proteins (a few nanometers in size) that form microtubules |

hollow tubes 25 nm in diameter, which act as neuron internal molecular skeleton. The

length of microtubules may greatly vary, and as already noted, on average a neuron

may contain some 107 tubulins.

Tubulins may exist in two or more forms (conformations) and switch between the

two states, which can occur on the order of nanoseconds to picoseconds. This gives the

timescale for the cellular automata mentioned above. Unfortunately, to my knowledge,

no one has been able to observe the proposed `CA calculations' in neurons. It is quite

unclear for me how would those short time events inuence much slower chemical and

electrical processes of neuron excitation and impulse transmission. But perhaps some

mechanism could be found: the CA hypothesis is certainly a testable one.
The next step in the reasoning is that not only individual tubulins may exist in two

states, but that these states may become entangled, with the large molecule evolving
into a version of Schr�odinger's Cat. But that is not the end: the entanglement is
supposed to involve not just one molecule, but a signi�cant number of tubulins in the
microtubule. Even more: the coherent quantum states is supposed to extend among
di�erent microtubules (which are separated by cell cytoplasm) and may be separated
by signi�cant and varying distances. Wait | the coherent state is postulated to extend
between di�erent neurons! Such correlations, in an environment that is notoriously
`noisy': warm, wet and very active chemically seem rather unplausible. In Hamero�
(1998) the following estimates are given:

Each brain neuron is estimated to contain about 107 tubulins. If, say, 10% of each
neuron’s tubulins became coherent, then Orch OR of tubulins within roughly 20 000
(gap junction-connected) neurons would be required for a 25 ms conscious event, 5000
neurons for a 100 ms event, or 1000 neurons for a 500 ms event, etc.

These would really be very macroscopic objects | all tuned up for quantum e�ects.

Moreover, for the quantum gravity driven OR to be dominant, all the other, environment

related decoherence mechanisms would have to be signi�cantly weaker. Similar doubts

were the source of the critique of Hamero� and Penrose model stated by Tegmark

(2000) and Seife (2000). But these were heavily commented by the authors and other

researchers, such as Hagan et al. (2002), criticized, in turn, by Rosa and Faber (2004).

The whole reasoning makes quite an interesting reading. While the papers are rather full

35(Hamero�, 1998)
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of physical assumptions and equations, the conclusions and discussion are at accessible

levels.
Even if we assume that the microtubulin model is correct, we can ask what is the

link between the Orchestrated Objective Reduction and consciousness. What are the
consequences of such understanding? Hamero� and Penrose (1996) o�er the following
reasoning:

Only large collections of particles acting coherently in a single macroscopic quantum
state could possibly sustain isolation and support coherent superposition in a time frame
brief enough to be relevant to our consciousness. Thus only very special circumstances
could support consciousness:

1. High degree of coherence of a quantum state - a collective mass of particles in
superposition for a time period long enough to reach threshold, and brief enough
to be useful in thought processes.

2. Ability for the OR process to be at least transiently isolated from a ’noisy’ environ-
ment until the spontaneous state reduction takes place. This isolation is required
so that reduction is not simply random. Mass movement in the environment which
entangles with the quantum state would effect a random (not non-computable)
reduction.

3. Cascades of ORs to give a ‘stream’ of consciousness, and huge numbers of OR
events taking place during the course of a lifetime.

This leads the author to consider a form of panpsychism, consciousness present even
in inanimate media, due to OR processes. Moreover, the same paper uses the model to
explain experiences of meditating Buddhist monks:

It may be interesting to compare our considerations with subjective viewpoints that have
been expressed with regard to the nature of the progression of conscious experience. For
example, support for consciousness consisting of sequences of individual, discrete events
is found in Buddhism; trained meditators describe distinct ‘flickerings’ in their experience
of reality. Buddhist texts portray consciousness as “momentary collections of mental
phenomena”, and as ‘distinct, unconnected and impermanent moments which perish as
soon as they arise.’ Each conscious moment successively becomes, exists, and disappears
- its existence is instantaneous, with no duration in time, as a point has no length. Our
normal perceptions, of course, are seemingly continuous, presumably as we perceive
‘movies’ as continuous despite their actual makeup being a series of frames. Some
Buddhist writings even quantify the frequency of conscious moments. For example
the Sarvaastivaadins described 6,480,000 ‘moments’ in 24 hours (an average of one
‘moment’ per 13.3 msec), and some Chinese Buddhism as one ‘thought’ per 20 msec.
These accounts, including variations in frequency, are consistent with our proposed Orch
OR events. For example a 13.3 msec pre-conscious interval would correspond with an
Orch OR involving 4 × 1010 coherent tubulins, a 0.13 msec interval would correspond
with 4×1012 coherent tubulins, and a 20 msec interval with 2.5×1010 coherent tubulins.
Thus Buddhist “moments of experience,” Whitehead “occasions of experience,” and our
proposed Orch OR events seem to correspond tolerably well with one another.
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Taking into account that in reply to some criticisms, Hamero� (1998) describes the
process as follows:

As roughly 2 × 1010 tubulins are involved in each proposed Orch OR event (e.g. for
superpositions lasting 25 ms) the energy is in the order of roughly 10−10 eV, or 10−28 J,
still extremely tiny (kT is about 10−4 eV). However, the 10−28 J energy emerges
abruptly, e.g. within one Planck-time of 10−43 s.

We thus have a theory that spans more than forty orders of magnitude in a very
complicated environment. There is a lot of assumptions in the model itself, which is
well evidenced by the language used by authors, which includes expressions such as
`we envisage', `it is considered'. These point at preliminary nature of the theory. And,
quite frankly, there is a lot of question marks and doubts. For example I fail to see how
the intricate macroscopic structure of human brain may inuence the model. In other
words: if everything happens on such microscopic scale, within quantum states of single
proteins, how to account for consciousness changes incurred by slight, macroscopis brain
dameges, such as cortex lesions. Yet, Hamero� boldly summarizes the OR model as
capable to

accommodate some important features of consciousness:

1. control/regulation of neural action

2. pre-conscious to conscious transition

3. non-computability

4. causality

5. binding of various (time scale and spatial) superpositions into instantaneous ‘now’

6. a ‘flow’ of time

7. a connection to fundamental space-time geometry in which experience may be
based.

Perhaps the time will prove me wrong, but I admit that I am not convinced. The
classical models, despite the complexity of the brain (and maybe because of it) seem
to o�er a path closer to reality. But Hamero� is by no means alone in choosing micro-
tubules as the seat of Quantum Consciousness. An example of similar work (inuenced
by Penrose and Hamero�?) is Mershin et al. (2000) or Georgiev (2001, 2003). For
example, Mershin et al. (2000) gives a list of psychological and physiological problems
for which he claims that quantum entanglement and coherence could provide testable
answers. The problems include binding problem, recall, versatility and speed of human
brain and it extends to issues such as anaesthesia and Alzheimer's disease. On the other
hand Georgiev (2001) gives a lot of attention to proposed physics of the brain, intro-
ducing notions such as quantum solitons in microtubules and dynamically ordered
structure of water. Then he goes into very detailed molecular biology of nerve cells,
with special attention to single molecule type, β-neurexin-neuroligin. In conclusion

All intraneuronal processes (synaptic plasticity, memory) are influenced by the ‘protein
body of the quantum consciousness’ – the motor proteins are moving over the micro-
tubules, the β-neurexin-neuroligin link is the core of a new formed synapse, the neuro-
mediator receptors are anchored to and organized by the cytoskeleton, the synapsins are
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docking the synaptic vesicles to the cytoskeleton, the scaffold proteins drive exocytosis
etc. Thus the neuronal cytoskeletons could be residence for the quantum mind – that
is our thoughts, feelings etc.!

However, microtubule based explanations are not the only ones. There are multiple
approaches to mind/brain puzzle based on microscopic quantum phenomena. For a
recent review one may see King (2006). A perfect example of the use of Quantum
Mechanics in attempt to explain the conscious brain activity are the works of John
C. Eccles and his collaborators (for example Eccles (1992); Beck and Eccles (1992).
Despite the fact that these works were authored by the foremost scienti�c authority
(Eccles, as already noted, has received Nobel Prize for research on nervous system!)
I �nd these articles deeply disturbing36. The proposal of Eccles, although calling on
Quantum Mechanics, di�ers from that of Penrose and Hamero�. The model includes
both classical aspects as well as the quantum ones (Eccles, 1992):

It is proposed that the whole world of consciousness, the mental world, is microgranular,
with mental units called psychons, and that in mind-brain interaction one psychon is

36The articles prompt also a reection on the approach to publication procedures. This has been

prompted by a short notice present on both mentioned articles: `The publication costs of this article were

defrayed in part by page charge payment. This article must therefore be hereby marked “advertisement” in

accordance with 18 U.S.C. §1734 solely to indicate this fact.' I was surprised: are these articles advertise-

ments? Is it only a legalistic play of the words? I checked other PNAS articles and indeed some did

have the clause while a lot of others did not. To understand I have looked up the editorial policies of

PNAS and have found another curious discrepancy in the treatment of submissions by di�erent people

(http://www.pnas.org/misc/iforc.shtml). For regular authors the policy is as follows:

The standard mode of transmitting manuscripts is for authors to submit them directly to PNAS.

In a cover letter or in the online submission form, authors must recommend three appropriate
Editorial Board members, three NAS members who are expert in the paper’s scientific
area, and five qualified referees. The Editorial Board may choose an editor for the paper

who is or is not on that list or may reject the paper without further review. The editor obtains

reviews of the paper from at least two qualified referees, each from a different institution and

not from the authors’ institutions. For direct submission papers, the Editorial Office will invite

the referees, secure the reviews, and forward them to the editor for a decision.

On the other hand, when the author is a member of the US Academy of Sciences the policy is di�erent:

An Academy member may also submit his or her own manuscripts for publication after securing
the comments of at least one qualified referee. Members’ submissions must be accompanied

by the name(s) and contact information, including e-mail(s), of knowledgeable colleague(s) who

reviewed the paper, along with the review(s), the authors’ response, and a brief statement

endorsing publication in PNAS. The review(s) must be on the PNAS review form and should

not be from the authors’ own institution. The Academy member must be a corresponding author

on the paper. In the journal, these papers are distinguished as “Contributed by” the responsible

editor.

And indeed Eccles (1992); Beck and Eccles (1992) fall into this category. So, the question is: is the

refereeing process used here fair and does it secure the proper level of peer review and quality assurance?

http://www.pnas.org/misc/iforc.shtml
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linked to one dendron through quantum physics. [. . . ]

The microproperties of neural communication in the cerebral cortex are in classical
physics and are not of immediate concern in mindbrain interaction. Rather, our concern
is in the ultramicroproperties, where quantum physics may be expected to play a key
role.

The `quantumness' of the proposal lies in the synapse boutons, which form a sort of

potential barrier for quantum tunnelling (Beck and Eccles, 1992). Indeed, the calcula-

tional estimates of transition probabilities are done using one-dimensional Schr�odinger

equation and WKB approximation, known to all �rst year physics students. The prob-

abilistic calculation of transitions of chemical signals via synaptic barrier is thought to

introduce quantum mechanical aspect into description of neocortex. And this is thought

to introduce, in turn, selection choices into the general description.

There is no mention of correlations extending into thousands or millions of neurons,

and, in fact, the process of chemical reactions should be described quantum mechani-

cally. But is there a direct connection between the mental world and the physical one

here? Is this a theory `in which mental events could generate neural events of the neocortex'?
(Eccles, 1992)

The authors introduce a new unit of description of the mental phenomena: psychons.

In the hypothesis of mind-brain interaction, it is proposed that the whole mental world
is microgranular, with the mental units being called psychons. Ideally, there would be
one psychon for each dendron. [. . . ] It is further proposed that mind-brain interaction
occurs for each psychondendron unit and that it can be accounted for by quantum
physics.

I must admit that I am somewhat repelled by the mimicry of this term, making it
`sound physical', like a proton, electron or phonon. But let's see what propoerties the
authors ascribe to the psychons, and what hypotheses they form as to the exact nature
and origin of these strange `quanta of mind':

The hypothesis is that biological evolution induced in the neocortex the design of apical
dendrites that is recognized as a dendron and that had as a side effect the capacity for
interacting with the world of the mind. And so, psychons came to exist. Thus, it
is sufficient for the emergence of consciousness. It will be noted that the hypothesis is
restricted to the role of the cerebral cortex in providing an explanation of how in evolution
the cerebral cortex came to interact with the ‘mind world ’. The actual experiences,
qualia, provided by the mind world psychons-light, color, sound, touch, taste, smell,
pain, intentions, feeings, and memories-in all of their uniqueness are not explained.
The most we can say is that the dendron-psychon linkage is related to the types of
qualia experienced, since the hypothesis is that each psychon is a unitary experience in
consciousness.

We may ask if the mind world existed before it could be experienced by the
evolving cerebral cortices of primitive mammals. The answer should be that the
mind world came to exist when the evolving cerebral cortex had the microsites with
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synaptic vesicles poised in the presynaptic vesicular grids.37 This microstructure emerged
with the evolving dendrons that could interact with psychons as described above. How
far down our evolutionary origin can we recognize some evidence for consciousness? If
all mammals experience consciousness, its evolutionary origin can be as early as 200
million years before present.

Could such appeal to quantum behaviour at some ultramicroscopic part of the brain
really help us in understanding the mind/brain problem? Obviously, we are far from
any answer, but there are many attempts in this direction. I have already mentioned
the work of Khrennikov (2007). He introduces his work as follows:

In particular, we shall describe cognitive experiments to check the QL structure of
mental processes. The crucial role is played by the interference of probabilities for
mental observables. Recently one such experiment based on recognition of images was
performed. This experiment confirmed our prediction on the QL behavior of mind. In
our approach ‘quantumness of mind’ has no direct relation to the fact that the
brain (as any physical body) is composed of quantum particles. We invented a
new terminology ‘quantum-like (QL) mind’.

Cognitive QL-behavior is characterized by a nonzero coefficient of interference λ(‘coefficient
of supplementarity’). This coefficient can be found on the basis of statistical data. There
are predicted not only cos θ–interference of probabilities, but also hyperbolic cosh θ–
interference. The latter interference was never observed for physical systems,
but we could not exclude this possibility for cognitive systems.38 We propose a
model of brain functioning as a QL-computer. We shall discuss the difference between
quantum and QL-computers. From the very beginning we emphasize that our approach
has nothing to do with quantum reductionism. Of course, we do not claim that our
approach implies that quantum physical reduction of mind is totally impossible. But
our approach could explain the main QL-feature of mind — interference of minds —
without reduction of mental processes to quantum physical processes.

For opening statements these are quite bold ones. What follows is somewhat philo-
sophical discussion of `the principles and mechanisms which let matter to build structures at
different levels, and their formal representations'. This includes statements such as

If we consider Universe as an evolving information system, then we shall evidently
see a possibility that Universe might evolve in such a way that different levels of its
organization are coupled in the QL setting.

But from then on, the paper switches to rather formal and dense mathematics |
which I did not have the heart to follow. It is hard to tell what follows from assumptions
and what is `physical', with direct relationship to experimental evidence. Perhaps some

37For a Science Fiction fan, such as myself, a natural question is: if there are intelligent (and conscious)

creatures on some other planet, do they form their own `mind world'? Is their mental world connected,

or perhaps the same as ours? Or, is it separate? Following these lines of thought: are all our individual

`mind worlds' connected or separate? Do they form a multiple parts of a single mental landscape, like

the one for real world, as proposed by the string theory?
38That gives the hyperbolic interference the same status as angels. They were never observed for

physical systems but we should not exclude them as possibility. . .
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Reader would be kind enough to go through it and comment? Additional data may be
found in an earlier work, Khrennikov (2006) But Khrennikov mentions two experimental
evidences for QL-like behaviour. Both are either authored or co-authored by him, and,
unfortunately, not available freely. I have found, however, a related work, Conte et al.
(2003), dealing with the same subject and containing preliminary results of observations
of Quantum Like behaviour and measurements of mental states. The paper discusses
at length notion of `prespace' which seems to play an extremely important role in
establishing the QL-like behaviour.

However, it might be that both physical and mental coordinates can be represented
as images of coordinates of a more fundamental space, the PRESPACE. As it was
repeatedly outlined by B. Hiley, the problem here is that even in physics the usual
space-time must not be considered as primary. He wrote that if this space-time is taken
as primary, then, ipso facto, locality becomes absolute and the use of such manifolds
becomes unable to solve the problem of non locality for physical systems, of non locality
of psychological functions and, in particular, of cognitive states. [. . . ]

Moreover, in the view of our discussion about mental spaces and fundamental PRES-
PACE quantum-like cognitive behavior need not be induced by processes in physical
space-time.

The experiment is surprisingly simple one and consists of presenting experimental
subjects (the favourite ones: students) with two tests A and B. For some only the test
on A was done, while for others, �rst test B and then test A was performed. The second
situation has resulted, as the authors describe it, in the following status:

Submission to students of test B soon after followed by test A had the finality to evaluate
as the perception of the first image (test B) could alter perception of the subsequent
image (test A). [. . . ] In the mental space the preceding appearance of the B-image
disturbed the mental state S of the students and the successive appearance of the
A-image was percept by students having a disturbed mental state.

Well, this short descriptions were not so much surprising for me: of course obser-
vations of A and decisions based on them can be disturbed or inuenced by previous
observations and decisions. No rocket science here. The key, as the authors claim is
in ascribing the probabilities of various outcomes. The results, as presented in the
preliminary paper, are far from conclusive, as the authors admit:

Student’s T-Test [. . . ] was performed on the set of data that we obtained in the course
of the experimentation and it gave as result that we had no more than 0.30 probability
that the obtained differences between the two estimated values of p(A = +) by Test A
and by Test A/B, were produced by chance. It is evident that we need still more cases
of experimentation in order to arrive to a more definitive quantification of the processes
that we had under examination and to analyze definitively the thesis of quantum like
behavior during cognitive measurements. However, such preliminar experimentation
gave a first substantial evidence on the presence of quantum like behavior in cognitive
dynamics of mental states.

The dry, physics-like language used by the authors (results of tests denoted by

`A = +' etc. are directly reminiscent of Bell Theorem formulations) left me curious
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as to the nature of the two tests and the possible way in which test B could disturb

(prepare for?) test A. And indeed, at the end of the paper one �nds the two images that

the students were presented (see Figure 9.2). And my reasoning is a bit conventional,

without referring to any quantum interference. Of course, if I was presented with test

A alone, and have short time to answer question which line is longer, I would, perhaps,

not have the time to remember that particular illusion. But for the sequence of test

B and A together, such chances would be much better. Prodding the memory with a

de�nite cue is | in my not-so-humble opinion | really an interference in the state of

mind. But I fail to see the quantum.

Figure 9.2: Images used in tests of quantum-like behaviour of human mind. Source: Conte et al.

(2003)

Another interesting example of quantum brain approach is Schwartz et al. (2005).
The paper, published as a review in Philosophical Transactions of the Royal Society
introduces a lot of interesting | but very controversial notions. It starts with physical
approach, as is clearly evidenced in the introduction. But even this introduction uses
assumptions that beg remarks and questions (included in brackets).

[T]he critical question of the causal relationship between the aspects of empirical studies
that are described in psychological terms and those that are described in neurophysiologi-
cal terms. In most of the cases, investigators simply assume that measurable-in-principle
properties of the brain are the only factors needed to explain eventually the processing of
the psychologically described information that occurs in neuropsychological experiments.
This privileging of physically describable brain mechanisms as the core, and indeed final,
explanatory vehicle for the processing of every kind of psychologically described data,
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is the foundational assumption of almost all contemporary biologically based cognitive
neuroscience. [. . . ]

The advantages for neuroscience and neuropsychology of using the conceptual frame-
work of contemporary physics, as opposed to that of classic physics, stem from five
basic facts.

• First, terms such as ‘feeling’, ‘knowing’ and ‘effort’, because they are intrinsically
mentalistic and experiential, cannot be described exclusively in terms of material
structure. [How can we be sure these are indeed facts? Perhaps we cannot
describe them, simply because we try to describe a whole (our brain) using a
part of it?]

• Second, to explain the observable properties of large physical systems that depend
sensitively upon the behaviours of their atomic constituents, the founders of con-
temporary physical theory were led to introduce explicitly into the basic causal
structure of physics certain important choices made by human beings about how
they will act. [Is it only human beings? ]

• Third, within this altered conceptual framework these choices are described in
mentalistic (i.e. psychological) language. [We use the language as it is, because,
contrary to some philosophical approaches, our intelligence is certainly limited.
So is our language. I have already quoted Terry Pratchett saying that it is
di�cult to talk about esoteric concepts `using a language originally designed
to tell other monkeys where the ripe fruit is'. But somehow the scientists
have managed to develop very specialized languages, extending far beyond the
utilitarian origins. Perhaps, someday, we will develop language (mathematical,
simulational, causal) that would be able to describe mental phenomena in a
physical manner?]Page 361

• Fourth, terminology of precisely this kind is critically necessary for the design and
execution of the experiments in which the data demonstrating the core phenomena
of self-directed neuroplasticity are acquired and described.

• Fifth, the injection of psychologically described choices on the part of human
agents into the causal theoretical structure can be achieved for experiments in
neuroscience by applying the same mathematical rules that were developed to
account for the structure of phenomena in the realm of atomic science. [Is this a
fact or a supposition? ]

[. . . ]

To explicate the physics of the interface between mind/consciousness and the physical
brain, we shall in this article describe in detail how the quantum mechanically based
causal mechanisms work, and show why it is necessary in principle to advance to the
quantum level to achieve an adequate theory of the neurophysiology of volitionally
directed activity. [. . . ] We shall also explain how certain structural features of ion
conductance channels critical to synaptic function entail that the classic approximation
fails in principle to cover the dynamics of a human brain. Quantum dynamics must
be used in principle. [. . . ] The classic theory is an approximation to a more accurate
theory, called quantum theory, which is able to account for these observable macroscopic
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properties. But if classic physics is unable to account for the moderately complex
behavioural properties of most other large systems, then how can it be expected to
account for the exquisitely complex behavioural properties of thinking brains? [This is
still very much a subject of debate. Brain is a fairly macroscopic organ (comparable
in size to a brick). And there are few postulates that all the properties of the bricks
must be analysed using quantum mechanics. In fact, I shall venture that most of
the properties of a brick are well described by classical physics. In what situation is
it necessary to use quantum mechanics, especially for the brain, has to be proven,
not assumed!]

The supposed failure of classical physics to provide the basis for description of brain
phenomena is linked by the authors to therapeutical applications. And the critique of
classical physics is very strong indeed:

This result means that, according to classic physics, you are a mechanical automaton:
your every physical action was predetermined before you were born solely by mechanical
interactions between tiny mindless entities. Your mental aspects are causally redundant:
everything you do is completely determined by mechanical conditions alone, without any
mention of your thoughts, ideas, feelings or intentions. Your intuitive feeling that your
conscious intentions make a difference in what you do is, according to the principles of
classic physics, a false and misleading illusion.

This is the classical dilemma of free will, as expressed via physics. I am far from

dismissing the problem, yet I think that there is more to the explanation than just

calling on quantum indeterminacy. Brain is indeed very complex system, and very

dynamical. It is one of the best examples where the nonlinear e�ects are likely to

lead to unpredictable behaviour. Chialvo's supposition that brain operates on the very

peak of instability, in the critical regime points out exactly to such possible source of Page 593

unpredictability. But there might be a quantum component as well.
The next step taken by the authors is stressing the role of human observers and

their choices. The human agents39 are no longer just observers, they become active
agents or participants. Their choices have `profound effect on the physical system being
acted upon'. And the system might be, for example, the brain itself, for example via
self-observation, meditation or other mental techniques. This introduces a very strange
loop indeed, with QM driven brain being observed by QM resulting mind, inuencing
thus its own basis. Conscious and unconscious mental aspects seem, to the authors, as
having di�erent physical mechanisms:

When no effort is applied, the temporal development of the body/brain will be approxi-
mately in accord with the principles of classic statistical mechanics, for reasons described
earlier in connection with the strong decoherence effects. But important departures
from the classic statistical predictions can be caused by conscious effort.

The authors even propose de�nite quantum based solutions to old psychological
observations, for example that

39Why only humans? Would apes qualify as well? Would AI machines (when and if they appear) also

count in this role?
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mental exertion reduces the amount of physical force that a person can apply. [. . . ].
However, it is an automatic consequence of the physics-based theory: creating physical
force by muscle contraction requires an effort that opposes the physical tendencies
generated by the Schroödinger equation

Upon reading these statements I was extremely puzzled: although I had to go

through quite a lot of problems during my physics years, solving Schr�odinger equations

in many physical con�guration, I have never thought of anything that would `oppose
the physical tendencies generated by the equation'. What could it mean?

But the topic of the article is not just describing possible quantum mechanisms in
the brain (which, indeed, is barely sketched, when one compares the work to Hamero�
or Mershin), but in applying the `new framework' to clinical practice. Here the focus is
on activities where the brain (mind) is interacting with itself. The authors use many
names for such activities: `attentional focusing, self-directed regulation, cognitive reframing
and attentional re-contextualisation'. Perhaps these terms sound di�cult | so the authors
provide concrete examples, coming from Buddhism and other meditational practices:
bare attention, mindful observation, trance-like states. And the claim is that

the failure of classic models of neurobiological action to provide a scientifically adequate
account for all of the mechanisms that are operating when human beings use self-
directed strategies for the purpose of modulating emotional responses and their cerebral
correlates. Specifically, the assumption that all aspects of mental activity and emotional
life are ultimately explicable solely in terms of micro-local deterministic brain activity,
with no superposed effects of mental effort, produces a theoretical structure that both
fails to meet practical scientific needs, and also fails to accord with the causal structure
of modern physics.

This is the need to introduce the new physics. And from this need it follows that
de�nite medical practice can be derived. But only if one really believes in the method:

This new theory of the mind–brain connection is supportive of clinical practice. Belief in
the efficacy of mental effort in emotional self-regulation is needed to subjectively access
the phenomena (e.g. belief in the efficacy of effort is required to sustain mindfulness
during stressful events). [. . . ] Clinical success is jeopardized by a belief on the part of
either therapists or patients that their mental effort is an illusion or a misconception.

The article, in brief space of 19 pages, bridges the quantum physics and shamanism

practice of psychological e�ectiveness of belief. I admit, this is less preposterous than

the homeopathy analyses of Harald Walach. But is it still science?40Page 142

Last, but certainly not least, let me devote some space to Henry Stapp. He has been
writing a lot about the foundations of Quantum Mechanics, and a part of his works arePage 388

40The article contains some other gems of intuition, which are quite unacceptable to me. One example

is a statement: `A wheel obviously does something: it is causally efficacious; it carries the cart. It is also
an emergent property: there is no mention of ‘wheelness’ in the formulation of the laws of physics and
‘wheelness’ did not exist in the early universe; ‘wheelness’ emerges only under certain special conditions'.
Hmm, I dare say that wheelness does exist in the Universe: every time a log rolls down a slope, every

time snowball forms we have basic wheel in motion. Transition from rolling log to cart wheel is a gradual

one, including intermediate step such as putting logs under the moved stone block, for example. There

is nothing supernatural in wheels.
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explicitly devoted to the quantum mind problem: Stapp (1996c, 1994, 1995, 1996a,b,
1999, 2001b). While the traditional approaches, such as Edelman's or even Hawkins'
are usually motivated by the brain itself, as the only known object in the Universe
capable of so high level of intelligence and of consciousness, quantum approaches have
di�erent starting point. This is well described by Stapp, who starts by considering the
general inadequacy of classical physics. Stapp argues that `within the classical framework
it is not possible to explain in natural terms the development of consciousness to the high-level
form found in human beings. In quantum theory, on the other hand, consciousness can be
dynamically efficacious: quantum theory does allow consciousness to affect behaviour, and
thence to evolve in accordance with the principles of natural selection' (Stapp, 1996a). The
nature of the problem with classical physics is at one hand given by its inability to
describe our internal feelings:

There is, however, a problem in principle with ‘experience’; i.e., with the streams of
consciousness that constitute our psychological selves. Although, according to the
principles of classical mechanics, all of our internal processing, and functionally de-
scribed body/brain activity, should in principle be deducible from the principles of clas-
sical physics, and appropriate boundary conditions — namely the presence of a living
body/brain in a certain state of readiness — and although we scientists may therefore
one day be able to identify a particular functional activity F as the unambiguous sign
of the presence of all of the causal and functional properties needed to identify F as
the brain correlate of a certain feeling F ′ that the person calls ‘a searing pain in my
left index finger’, nevertheless, it is impossible to deduce simply from the principles of
classical mechanics that F must be accompanied by the felt feeling F ′. This is because
the principles of classical mechanics never mention ‘feels’, and hence these principles
alone cannot entail that certain implementations of functional or logical structures must
necessarily be accompanied by ‘experiences’. (Stapp, 1996b)

The second reason for the introduction of QM is that, as Stapp (1996b) claims:

The principles of classical mechanics are, of course, unable to explain the properties of
the materials from which living brains are made, or the complex chemical reactions that
are the basis of brain dynamics. Quantum mechanics is needed for that. But quantum
mechanics, according to the the orthodox (Copenhagen) interpretation, involves a huge
conceptual shift away from the classical ideal: it brings experiences of observers into the
physical theory. The theory is constructed to be fundamentally ‘about’ our experiences,
which thereby become the basic elements of the theory. Thus one need not go beyond
the elements of the basic physical theory to accommodate consciousness. Conscious
experience is already there, and it is there in a mathematically specified way that is
perfectly suited to give it a central and causally efficacious role in mind/brain dynamics.

So, the starting point is �rst, the existence of Quantum Mechanics as such, second,
the need for any consciousness to make it work, third, the fact that we are conscious.
It all seems to �t together. If we look deeper into the brain/mind model proposed by
Stapp, we �nd the following features (Stapp, 1996b):

Facilitation : The pattern of neurological activity associated with any occurring con-
scious thought is “facilitated”, in the sense that the activation of this pattern
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causes certain physical changes in the brain structure, and these changes facilitate
subsequent activations of this pattern.

Associative Recall : The facilitation of patterns mentioned above is such that the
excitation of a part of a facilitated pattern has a tendency to excite the whole.
Thus the sight of an ear tends to activate the pattern of brain activity associated
with a previously seen face of which this ear was a part.

Body-World Schema : The physical body of the person in its environment is repre-
sented within the brain by certain patterns of neural and other brain activity. Each
such pattern has components, which are sub-patterns that represent various parts
or aspects of the body and its environment, and these components are normally
patterns of brain activity that have been facilitated in conjunction with earlier
experiences.

Executive-Level Template for Action : A main task of the alert brain at each mo-
ment is to construct a template for the impending action of the organism. This
template is formed from patterns of neural and brain activity that, taken together,
represent a coordinated plan of action for the organism. This representation is
implemented in the brain by means of an automatic causal spreading of neural
excitations from the executive level to the rest of the nervous system. This subse-
quent activity of the nervous system causes both motor responses and lower-level
neural responses.

The executive-level templates are based on the body-world schema, in the follow-
ing sense. There are two kinds of templated actions: attentions and intentions.
Attentions up date the body-world schema: they bring the brain’s representation
of the body in its environment up to date. Intentions are formulated in terms of
a projected (into the future) body-world schema: they are expressed in terms of
an image of how the body in its environment is intended to be at a slightly future
time. (Thus, for example, the tennis player imagines how he will strike the ball,
or where the ball he is about to hit will land in his opponent’s court).

Beliefs and other Generalizations : The simple Body-World Schema, with atten-
tional and intentional templated actions, is the primitive level of brain action: it
gives the general format. However “beliefs” can be added to the landscape. Also,
each templated action has both intentional and attentional aspects.

Quantum Theory : The features mentioned above are key elements of this the-
ory. But they are aspects that hold at the level corresponding to a particular
classically described ‘branch’. But classical mechanics cannot account for
the essential properties of the materials (such as tissues and membranes)
from which the brain is made. Hence, an adequate basic theory of nature
must show how the classically describable aspects of nature that seem im-
portant, and that we seem to experience, arise in rational way from the
quantum underpinning.

As Stapp mentions, the �rst �ve elements look very much like the approach of
Edelman or Crick, or Hawkins. It is only the last postulate that turns to Quantum
Mechanics for help: and it is not immediately clear if the help is needed. So, how does
the QM brain work? A glimpse of the mechanism is provided by:
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An analysis of processes occurring in synapses shows that if there were no quantum
collapses occurring in brains then a brain evolving according to the quantum laws must
evolve, in general, into a state that contains a superposition of different “branches”, with
each of these branches specifying the template for a different macroscopic action. Each
of these different templates for action will evolve into a different response of the nervous
system, and consequently into a difference macroscopic response of the organism. Thus
without collapses the body/brain would evolve into a superposition of macroscopically
distinguishable possibilities, just as a measuring device normally does. [. . . ]

Adhering to the Wigner-von-Neumann approach, I postulate that the physical brain
event, namely the collapse of the wave function to the branch that specifies one
particular template for action, is the brain correlate of a corresponding psychological
or experiential event. Thus the occurrence or emergence of the psychological command
“raise the arm” is represented in the physical description of nature by the occurrence or
emergence of the physical command “raise the arm”.

So, as far as I can understand, something (consciousness) forces �rst the brain quan-
tum entangled state to collapse, which presumably forces the measuring device to follow
suit, and the world. Fine, but a nagging question `why brain? why me?' remains. In
fact, Stapp (1996b) sees the same question and his answer is rather bold:

My focus above has been on the human mind/brain system, and on the interplay between
the experiential and physical aspects of nature in this particular system, for which we
have both verbal reports and personal knowledge pertaining to the form and content
of the experiential aspect. These special characteristics make the human mind/brain
unique as a subject of scientific study by human scientists. However, it is unreasonable
to suppose that events of this kind are confined to human beings. This suggests,
therefore, that there is in nature a general ‘second process’ that includes as a special
case the one that is needed, according to (Wigner-Von Neumann) ontologicalization of
the Copenhagen interpretation, to bring the quantum process into accord with human
experience. In line with the ideas of Wigner and von Neumann, each such event in nature
is assumed to be an ‘experiential reality’ with physical ramifications. But the specific
qualities of the experiences associated with different systems can be vastly different
from human conscious experiences, although all are considered to belong to the same
ontological category.

To support this suggestion of a universal connection of collapse events to experience I
note, first of all, that, as Arthur Eddington observeed, the quantum world is more
like a ‘giant mind’ than like the ‘giant machine’ described by classical mechanics.

The general exposition described above may be augmented by speci�c recipes for

processes where Quantum Mechanics could be directly applied within the brain. In

Stapp (1996c) the proposed places are calcium ion channels at cortical synapses. He also

points out to the quantum origin of the delays observed between `conscious decisions'

and physical changes in neuron activity (Wegner and Wheatley, 1999; Wegner, 2003;

Haggard and Libet, 2001; Haggard, 2005). According to Stapp, `the delay found by Page 592

Libet is demanded by this quantum mechanical theory of consciousness'. Unfortunately, no
attempt at calculation of the delay is given, and we have to assume that the quantum
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processes so universally would adjust to the human scale of time, 200 milliseconds, and

not to some 10−12s.
The paper also discusses Stapp's quantum model in comparison to Edelman and Ec-

cles. The critique of both models is very di�erent. We have already noted the similarity
of the functional description by Stapp to the functional description by Edelman. Stapp
recognizes this. His remarks concentrate on the lack of `quantumness' in Edleman's
approach:

Edelman has, it appears to me, accepted a tacit assumption that if there is a neural
action that functions in a way that is a natural image of the subjective feel of a possible
conscious event, then this conscious event will in fact occur if the neural action occurs.
This is Edelman’s implicit analog of my explicit postulates about feels.

The problem with Edelman’s approach is that if one adheres to his demand that the
“view of brain function and consciousness should be based on materialist metaphysics”,
and hence rules out quantum physics, and perforce retreats to classical physics, then
there is nothing in the physics that singles out these special processes as being in any
way special. They are special only because they can be associated in a certain way
with things outside classical physics, namely possible conscious experiences. But then
the claimed connection between these two domains is, from the physics point of view,
completely ad hoc.

The approach of Eccles is criticised for other reasons:

The theory of Eccles is explicitly dualistic: it postulates a mental entity that interacts
with the brain, and that continues to exist after the death and destruction of the
brain. This “ homunculus” is allowed to influence brain process by exploiting the lack
of determinism allowed by quantum theory. Although Eccles’ theory thus exploits the
freedom introduced by quantum theory, it neither appeals to, nor exploits, the profound
conceptual change wrought by quantum theory.

Eccles’ theory is fundamentally different from the theory proposed here, which explicitly
ties every human conscious event to a corresponding physical event in a human brain.

As we have seen that some quantum approaches to brain/mind problem stress the
importance global correlations, in some cases even to the point of general consciousness
and connectivity within the whole Universe. Yet other authors point out to individual,
microscopic or ultra-microscopic quantum phenomena as grains of consciousness. This
leads away from the macroscopic, network-based understanding of mind functioning
as consequence of the whole of the brain. An interesting example of more traditional
research, but still concentrated on individual phenomena is Sevush (2005), titled Single-
Neuron Theory of Consciousness. This paper is mainly classical in its approach.
Quantum Mechanics is mentioned only in a section devoted to speculative implications:

As so far presented, the single-neuron theory does no more than shift the locus of the
mind/brain interface from the neural network to the single neuron level of information
processing. It does not, by itself, offer any fundamental advance in tackling the philo-
sophical difficulties inherent in the problem. That is, the theory as so far presented
does not take on the deeper questions of how and why individual neurons are imbued
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with experience. It might, though, be possible to extend the theory in a way that
does address these deeper questions. In particular, since the mind/brain interface has
been shifted to the level of the single neuron, certain physical processes, such as those
involving electromagnetic fields or quantum mechanical phenomena, might be more
plausibly invoked in theories of mind/brain interaction since the need to explain how
these phenomena traverse synaptic spaces can be avoided. Inclusion of such phenomena
in evolving mind/brain theories might, in turn, offer a degree of flexibility that could
allow such theories to address the deeper philosophical issues. [. . . ]

The specific way that quantum entanglement could be invoked to explain consciousness
would be as follows. Suppose that within a small component of the dendritic tree of
the neuron there were indivisible entangled events whose topology were reflective of the
spatial patterns of electrical activity within larger portions of the dendritic tree. It might
be possible that such entangled events could individually be recipients of all the stimuli
that go into conscious experience and be complex enough to match the complexity
of conscious experience. If such entangled events existed, then populations of them
could conceivably summate their outputs and affect the neuron’s outgoing message in
a manner analogous to that in which, on the macroscopic level, populations of neurons
are proposed to summate their outputs and affect macroscopic behavior.

But what is the core of the single-neuron theory of consciousness? The author
describes it as follows:

a) Each neuron in the nervous system is assumed to be independently conscious, with
a component of the electrical activity in the neuron’s dendritic tree serving as the
neural correlate of consciousness (NCC) for that neuron.

b) For most neurons, such as those in the hypothalamus or those in the posterior
sensory cortices, or for cortical interneurons, the conscious activity of the neuron
is assumed to be simple and unable to directly affect the organism’s macroscopic
behavior. Such neurons would not, therefore, contribute to what is usually taken
as a person’s conscious behavior.

c) For layer 5 pyramidal neurons in the lateral prefrontal cortices, however, the elec-
trical activity within a portion of the apical dendritic tree is presumed to be by
itself complex and diverse enough to account for the complexity and diversity of
conscious experiences usually ascribed to the activity of the brain as a whole. Ad-
ditionally, as a result of the diversity of afferent input that uniquely characterizes
the lateral prefrontal cortices, the layer 5 pyramidal neurons in these areas can
plausibly be regarded as recipients of input pertaining to all of the sensations,
thoughts, feelings, and memories that make up conscious experience.

d) A mechanism can be delineated by which a subgroup of synchronously firing layer
5 lateral PFC (prefrontal cortex) neurons with similar conscious experiences can
express that experience by means of the spatial pattern they manifest at the
neuronal population level. The axonal output of these neurons then transmits the
conscious content to other brain regions, including those that control behavior.

e) As a result, while the content of conscious experience is seen to correlate with
activity in individual neurons, the production of conscious behavior results from
population activity at the network level.
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[. . . ]

The model, it should be stressed, is at this point presented as a hypothesis, not a proven
theory. The contention, given the data presently available, is not that the proposed
single-neuron mechanism is necessarily the way the brain processes information, only
that it is a possible way for it to accomplish the task and that it should not be dismissed
out of hand. There is no question that the theory takes a stance that is at odds with
prevailing intuitions. Yet, the stakes are high and, in view of the difficulties inherent in
the mind/brain problem, unusual approaches to its solution may be warranted.

The paper discusses issues related to the plausibility of the model, such as the

amount of information that may be processed by a single neuron (both input and

output), connection to network based, global theories of consciousness (such as the

one of Edelman) and the way all the di�erent consciousnesses of single neurons are

integrated into our single perceived and verbally reportable (VR) consciousness. While

certainly o�-the-main-road, the approach of Sevush is certainly still `real science'. It

is worth noting that there is experimental evidence for quite advanced functions being

performed by single neurons, such as single neuron response to quite complex stimuli;

see for example Quiroga et al. (2005).
The Quantum brain models, in their many variants are not universally accepted.

I have already mentioned the critical work of Tegmark (2000). Another example of
critique is Koch and Hepp (2006). This is extremely readable essay, without undue
obfuscation, yet with enough detail. It starts with the following description of the
situation:

The relation between quantum mechanics and higher brain functions, including con-
sciousness, is often discussed, but is far from being understood. Physicists, ignorant
of modern neurobiology, are tempted to assume a formal or even dualistic view of the
mind–brain problem. Meanwhile, cognitive neuroscientists and neurobiologists consider
the quantum world to be irrelevant to their concerns and therefore do not attempt to
understand its concepts. What can we confidently state about the current relationship
between these two fields of scientific inquiry?

The special role of the observer in QM, as in the case of Schr�odinger Cat experiment,
has been and is a hotly debated topic in the physics community. But, as Koch observes,

It is fair to say, however, that consciousness has been only a place holder in a chain of
mathematical formulae, without much relevance to the study of neural circuits in intact
organisms. Most quantum physicists view the brain as a classical instrument.

Whether this is true, whether the fact that brains operate in a wet, chemically noisy,
hot (300K) environment, acting on timescales that range from milliseconds to years can
be made congruent with delicate quantum entanglement e�ects remains open. Koch
argues that the evidence points to the crucial role of classical behaviour:

Although brains obey quantum mechanics, they do not seem to exploit any of its special
features. Molecular machines, such as the light-amplifying components of photorecep-
tors, pre- and post-synaptic receptors and the voltage- and ligand-gated channel proteins
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that span cellular membranes and underpin neuronal excitability, are so large that they
can be treated as classical objects. [. . . ]

Two key biophysical operations underlie information processing in the brain: chemical
transmission across the synaptic cleft, and the generation of action potentials. These
both involve thousands of ions and neurotransmitter molecules, coupled by diffusion or
by the membrane potential that extends across tens of micrometres. Both processes
will destroy any coherent quantum states. Thus, spiking neurons can only receive and
send classical, rather than quantum, information. It follows that a neuron either spikes
at a particular point in time or it does not, but is not in a superposition of spike and
nonspike states.

Koch addresses also the other favourite reason for `quantum brain', namely the
supposed advantages of quantum computing, over the classical model. But, as the
author points out, it is unfair to compare the typical computer ant the typical algorithms
(which are obviously far from e�cient at the `simple' human tasks, with the brain. Yet,
the recent advances in new models of processing based on neuronal modelling | that
is following the methods that neurons interact among themselves41 | bring certain
advances, even in the �elds that previously were thought to call for `unnatural powers':
rapid recognition of objects and attentional selection of objects in cluttered images.
The reason for these successes is our growing understanding of the role and use of
parallelism. We �nd here words that are highly reminiscent of the Hawkins model of
memory as the basis of intelligence:

The reason for the unprecedented computational power of nervous systems is their high
degree of parallelism. For instance, filter-like operations in retinal or cortical cells in
the visual stream are performed simultaneously on an entire image and thus are not
limited by the tyranny of a single processor. Furthermore, unlike the von Neumann
architecture of the programmable digital computer, the brain intermixes memory
elements in the form of modifiable interconnections within the computational
substrate, the neuronal membrane. Thus, no separate memory ‘fetch’ and ‘store’
cycles are necessary.

With all the arguments for the classical picture, Koch remains open-minded. The

closing statements call for demonstration of slowly decoherent quantum bits in neurons

connected by chemical or electrical connections. Should such observations be done,

the appeal of the `quantum brain' would be de�nitely much strengthened. Needless to

say, there are no conclusive experiments of that nature (or I, in my amateur search,

have failed to locate them). But while the possibility and direction of research exists, I

have little doubt that scienti�c community will come up with experiments to test the

hypotheses, however di�cult this may be.

But such research minded attitude is not the dominant one. The problem with

`quantum brain' hypothesis is that it is not limited to peer reviewed, experimentally

veri�able realm of science. I should mention here works of Matthew J. Donald (Don-

ald, 1990, 1997, 1999, 2002), who concentrates more on the Quantum issues of the

41Where neurons are treated classically.
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Mind-Quantum interface. His Many-Minds interpretation of QM is based on quantum

phenomena at the level of the brain. However, while Donald (1990) has been published

in a peer reviewed publication, the later papers were published only on arXiv and the

author's WEB pages.

The Quantum Mind approaches are found very frequently outside science, as pseudo-

scienti�c basis of mysticism. In fact, this is one of the favourite �elds of pseudoscience.

Explaining one di�cult subject (mind) with another, just as di�cult (quantum reality)

and claiming that by `putting it all together' everything becomes clear, is, certainly, a

good PR tactic and drives the sales of esoteric books. There are also `borderline' cases,

such as, for example, Mould (2003). He starts from three basic rules: all systems in the

Universe (including brains) are quantum mechanical objects; second { assumption that

every component of any detector in a lab (in principle { any observed object) becomes

entangled with the brain of the observer; third { that wavefunction of a single object

represents statistical behaviour of an ensamble of such objects. While the �rst rule is

rather obvious | but with the caveat that not all �nal properties of an object must be

`quantum' (bricks are usually far from `quantum'), the other two are certainly interpre-

tations. Are they universally applied? But it is the next step that is interesting: from

these rules, Mould derives that there exists a brain state that is neither conscious nor

unconscious, he calls it a ready state, for which there is no classical analog. The author

dismisses Penrose's theory of Objective Reduction and develops his own description of

the interaction between the observed object, the apparatus and the conscious observer.

There is quite a lot of semi-mathematical considerations in the paper, cumulating in

exposition of the Schr�odineger Cat experiment, and, �nally, explanation of how our

brains work. Here Mould introduces his own notion of a `conscious pulse'.

As much as I have tried to understand this paper | even in its basic principles

| I could not decide whether there is genuine science there or not. The arguments

for it are, for example, statements of testable hypotheses resulting from approach. On

the other hand, the author refers a lot to his own works | and to heavily criticized

Penrose publications. For the speci�c topic of consciousness (especially human) I am

also worried by the lack of reference to the structure of our brains: what makes them so

special, what makes them di�erent from equally `quantum' bricks. To this, Mould o�ers

a following excuse: `the mechanisms of this influence are likely to be quite involved'. But

the last test comes from looking up Google Scholar list of references to the article: out

of 19 references,42 18 are by Mould himself, and there was only one paper by someone

else. But perhaps this will change in the future?

The proliferation of the mystical abuse of the quantum{mind link has prompted

a physicist and well known debunker of pseudoscience Victor Stenger to publish a

book called The Unconscious Quantum (Stenger, 1995). The book topics range from

`universal consciousness' permeating the whole Universe, to speci�c examples of mind

theories build upon quantum foundations, such as the microtubule model. Stenger

42As of April 2nd, 2007
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(1995, page 287) protests against general basis of quantum mind approach, by denying

`assigning a very special role in the universe to what may be in fact a simple accident

of evolution'. If `the quantum world' is so much dependent on conscious observers,

was there a Moon when only bacteria inhabited the Earth? Or, do the bacteria have

enough consciousness to act as the observers of the Copenhagen interpretation? The

discussion does not stop at the scienti�c works of Penrose or Stapp (although they are

given a prominent treatment). Stenger attacks, quite vehemently, the less restrained

writers of `quantum mind' publications: mystics, new-age philosophers and religious

interpretators.
In a publicly available article (Stenger, 1992), he writes

A new myth is burrowing its way into modern thinking. The notion is spreading that
the principles embodied in quantum mechanics imply a central role for the human mind
in determining the very nature of the universe. Not surprisingly, this idea can be found
in New Age periodicals and in many books on the metaphysical shelves of book stores.

Stenger gives examples of authors such as Robert Lanza, (Lanza, 1992) who says
that, according to the current quantum mechanical view of reality, `We are all the See page 130

ephemeral forms of a consciousness greater than ourselves'. The mind of each human being
on earth is instantaneously connected to each other - past, present and future - as `a
part of every mind existing in space and time'. Stenger's article has led me to search for
more statements of Lanza. He seems to be quite impervious to criticism, and continues
to publish, in vary strange neighbourhoods, his theory of quantum driven biocentric See page 839

Universe (Lanza, 2007). The article touches upon a lot of subjects, including anthropic
principle and supposed `dictatorship' status of physics within sciences. There are many
very provoking statements in the article, such as:

We consider physics a kind of magic and do not seem at all fazed when we hear that
the universe—indeed the laws of nature themselves—just appeared for no reason one
day. [. . . ] Physical reality begins and ends with the animal observer. All other times
and places, all other objects and events are products of the imagination, and serve only
to unite knowledge into a logical whole. [. . . ] You may question whether the brain
can really create physical reality. However, remember that dreams and schizophrenia
(consider the movie A Beautiful Mind) prove the capacity of the mind to construct a
spatial-temporal reality as real as the one you are experiencing now. The visions and
sounds schizophrenic patients see and hear are just as real to them as this page or the
chair you’re sitting on.

Well, in most cases we treat schizophrenia as a mental disorder, and the dreams
are recognized as dreams. We come back to the Sokal's invitation to solipsists to jump
out of his apartment window. No, I do not believe that we create physical reality. Page 216

This is fundamental. Apparent reality of dreams and schizophrenic constructs proves
only inadequacy of our minds, just as optical illusions prove the inadequacy of our
visualization apparatus. This is not only far simpler explanation, but also more fruitful.
As for consciousness, Lanza states:

Space and time, not proteins and neurons, hold the answer to the problem of
consciousness. When we consider the nerve impulses entering the brain, we realize
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that they are not woven together automatically, any more than the information is inside
a computer. Our thoughts have an order, not of themselves, but because the mind
generates the spatio-temporal relationships involved in every experience. We can never
have any experience that does not conform to these relationships, for they are the modes
of animal logic that mold sensations into objects. It would be erroneous, therefore, to
conceive of the mind as existing in space and time before this process, as existing in
the circuitry of the brain before the understanding posits in it a spatio-temporal order.
The situation, as we have seen, is like playing a CD—the information leaps into three-
dimensional sound, and in that way, and in that way only, does the music indeed exist.
We are living through a profound shift in worldview, from the belief that time and space
are entities in the universe to one in which time and space belong to the living.

This is what I mean by putting physics (or supposedly physical musings) before the
reality of the object we study (the brain). But it gets even more confusing as to what
drives what. In an interview with the Wired magazine, related to the publication of
Lanza (2007)43, he states that his theory `presents a shift in world view with the perspective
that life creates the universe instead of the other way around. People are not going to be
very happy with what this all means. This theory is going to invalidate their (some scientists)
entire life’s work. I will definitely get crucified.' Lanza claims that for the first time outside
of complex mathematics, this theory explains the provocative new experiment that was just
published in Science last month. The work he refers to is Jacques et al. (2007). This
is indeed an ingenious experiment, in which single photons travel in an interferometer
via two spatially separated paths, and the interferometer can be in two possible con-
�gurations, open and closed. The choice between measuring either the open or closed
con�guration is made by a quantum random number generator (no conscious choice,
unless one ascribes consciousness to such devices), in a way that prohibits classical in-
uence. The results are in full accordance with Quantum Mechanics, some might even
say `too full', as they seem to point out interesting contradictions with traditionally
understood relativity:

Our realization of Wheeler’s delayed choice Gedanken Experiment demonstrates beyond
any doubt that the behavior of the photon in the interferometer depends on the choice
of the observable which is measured, even when that choice is made at a position and a
time such that it is separated from the entrance of the photon in the interferometer by a
space-like interval. In Wheeler’s words, since no signal travelling at a velocity less than
that of light can connect these two events, ‘we have a strange inversion of the normal
order of time. We, now, by moving the mirror in or out have an unavoidable effect on
what we have a right to say about the already past history of that photon’. Once more,
we find that Nature behaves in agreement with the predictions of Quantum Mechanics
even in surprising situations where a tension with Relativity seems to appear.

But here is no mention of cosmic consciousness and biocentrism. Personally, I prefer

to have explanations that are based on complex mathematics than on simple analogies

and murmurings of biological picture of space and time, which must be integrated into our
understanding of physics. A short and lucid exposition of `skeptical physicist view of

quantum e�ects in biology' is given in Wiseman and Eisert (2007).

43http://www.wired.com/medtech/genetics/news/2007/03/72910

http://www.wired.com/medtech/genetics/news/2007/03/72910
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Coming back to Stenger (1992) criticism, we �nd more examples of misuse of Quan-
tum Mechanics, among them Fritjof Capra or Maharishi Mahesh Yogi. And there are
many examples of such misuse. A search on amazon.com for `quantum consciousness'
has resulted in 818 books. Not just internet resources, but books that are sold, that
someone has thought would bring enough pro�t to cover the cost of publication and
marketing. On the top of the list were two books by Stephen A. Wolinsky: Quan-
tum Consciousness: The Guide to Experiencing Quantum Psychology and The
Beginner's Guide to Quantum Psychology (the top ten has two more books by the
author). What are they about? Fortunately, the Amazon option of look inside allows
to see enough to get a glimpse.

The context of Quantum Psychology.
In India, there are two major approaches to self-realization, Advaita and Vedanta. Ad-
vaita, or non-dual awareness, means that there’s only one substance, not two or more
substances, in other words, non-duality. The most workable definition of Vedanta can
best be expressed as, realizing who you are through discarding all you think or imagine
yourself to be. In short, not this/not this or neti-neti in Sanskrit. [. . . ]
The purpose of Quantum psychology
Quantum psychology is different from other forms of modern-day psychology because
it has a different purpose and a different aim, that of discovering WHO YOU ARE.44

Quantum neti-neti, indeed. Number four on the Amazon search list was The Physics
of Consciousness: The Quantum Mind and the Meaning of Life by Evan Harris
Walker, which is described by its Publishers Weekly blurb:

Walker’s ambitious, unorthodox treatise attempts to outline the basis for a new physics,
one that recognizes consciousness as a fundamental part of reality. A widely published
physicist, mostly in scientific journals, he reports having had a Zen enlightenment ex-
perience in 1966 while walking in an open field at the University of Maryland. This
propelled him on a quest to rethink quantum mechanics, which he, like Einstein45, page 263

found incomplete in its picture of an indeterminate cosmos. Electrons tunnelling across
the human brain’s 23.5 trillion synapses46 create a vast network of potential interac-
tions according to quantum mechanics, so neural impulses are generating our thoughts,
emotions and perceptions, according to Walker’s theory. Here, he sets forth what he
claims is the cornerstone for a science of mind, complete with equations about the
brain’s workings. The most accessible, core part of the book is its juicy, vigorous ac-
count of the revolution in physics engendered by quantum theory and its replacement
of the classical Newtonian worldview. Obsessed with mortality and whether the soul
survives death (he believes ‘something of us must survive’), Walker lightens the load

44http://www.amazon.com/Beginners-Guide-Quantum-Psychology/dp/0967036232/ref=pd_bbs_
2/002-8929109-1024865?ie=UTF8&s=books&qid=1175413854&sr=8-2

45This is exactly the �rst symptom of the bad physics, as described by Gerald 't Hooft: Here is how to
become a bad theorist: Compare yourself with Isaac Newton, Albert Einstein, Paul Dirac, or other celebrities
in theoretical physics, and reach a conclusion in favor of yourself. (http://www.phys.uu.nl/~thooft/
theoristbad.html)

46As we have seen, it is not electrons that tunnel, but quite large molecules, which makes a lot of

physical di�erence.

http://www.amazon.com/Beginners-Guide-Quantum-Psychology/dp/0967036232/ref=pd_bbs_2/002-8929109-1024865?ie=UTF8&s=books&qid=1175413854&sr=8-2
http://www.amazon.com/Beginners-Guide-Quantum-Psychology/dp/0967036232/ref=pd_bbs_2/002-8929109-1024865?ie=UTF8&s=books&qid=1175413854&sr=8-2
http://www.phys.uu.nl/~thooft/theoristbad.html
http://www.phys.uu.nl/~thooft/theoristbad.html
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with personal interludes in which he reminisces about his high school girlfriend, who died
of leukemia very young. Though deeply felt, these at times maudlin recollections feel
out of place and detract from his presentation. This digressive, maverick tome, which
opens the door to paranormal phenomena and God as ‘Quantum Mind’, will appeal
more to serious investigators and philosophical types than to general readers seeking
the purported spiritual implications of the new physics.

The list continues with entries such as Quantum Consciousness and Your Im-
mortality by James L. Forberg, The Dimensional Structure of Consciousness: A
Physical Basis for Immaterialism by Samuel Avery or The Quantum Gods: The
Origin and Nature of Matter and Consciousness by Je� Love47 and so on. The

warning of Stenger seems not only unheeded, but, judging by the dates of publication,

the trend of quantumizing the mind is increasing. I �nd in this simply another ex-

ample of humanity blindfolding itself, turning away from real issues and from possible

solutions to these issues. As almost always, like in the case of environment protection

or racial issues, the boundary between real scienti�c research and obvious abuse of it

becomes blurred and di�cult to recognize in many cases. Some works do have genuine

content which leads to uncharted territories and speculations48. Some are questionable,

but at least with a sense of humility, but many are blatantly false (with a strong hint of

mercantile interest: the topic sells well!). perhaps there is a deep connection between

Quantum mechanics and brain/mind interface. If there is one, I hope it will be discov-

ered | by `normal' scienti�c process. But I can not make myself believe that this deep

secret, if it indeed exists, has already been described by ancient mystics. There might

be super�cial analogies, language that might be stretched enough to `prove' that some

Zen master or Hindu text reects the modern QM experiment and theory. Language is

very exible, and easily allows this. But is there predictive power? Are there enough

details to formulate tests and to perform them? I doubt it. We might be still far away

from the real understanding, but the path is not through mystical revelations.

9.2.5 The computer versus the armchair

If we are still far away from understanding intelligence and consciousness in basic phys-

ical terms perhaps we should turn for help to our own creations: models of intelligence?

Is Arti�cial Intelligence | today certainly a total failure in producing thinking ma-
chines | of no use in understanding our own minds, or can it o�er some insight

despite lack of success in its main application?

47Which is introduced by the author as follows: Beneath the facade of the ego, beyond the ability of the
mind to conceive of it, yet within reach of everyone through direct personal experience, there is a God-like
Self, the authentic “I AM” or the Quantum God or Goddess. From the perspective of a Quantum God, life
is co-created reality made of consciousness and a special condition of consciousness called matter. Matter is
the medium; being is the message. You and I are the Quantum Gods. Sometimes I wish I was, and that I

would have Thor's hammer or Zeus' lightning to smash the ungoodly!
48Budnik (2005) falls into this category, even though it speaks directly about the divine self.
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Figure 9.3: Classical drawing of types of neuron cells in the brain. Original drawing of Santiago

Ramón y Cajal, Spanish histologist and the father of modern neuroscience. It shows the �rst,

second and third layers of the precentral gyrus of the cerebrum of a child of one month. A,

B, C { small pyramidal cells; D, E { medium pyramidal cells; F { bitufted cells; G { dendritic

shaft emanating from a large fourth layer pyramidal cell; H, I { thin dendritic shafts of cells of

the �fth and sixth layers; J { small bitufted cells; K { fusiform cell with long axon. Drawing

modi�ed from a photograph, 1904. S. R. y Cayal Institute, CSIC, Madrid, Spain. Somewhere

in a network of these cells our feelings and our consciousness originates. Where? How? In my

opinion, this question is still open, and perhaps will remain so. . .

I think that computers seem to be just the way to enable understanding, by breaking

the loops set in place by ancient philosophers and Enlightment great thinkers. Not just

using computers, but creative thinking about them. Philosophers seem to concentrate

on the armchair introspective `experiments ' or on analysis of what XXX has said about

what YYY said about Platon. Is there no progress beyond getting esoteric and un-

understandable?
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On the other side we have scienti�c, or even engineering attitude: to understand

means to model, to replicate the function and behaviour. Even failed models teach

us a lot. In a formal system, such as mathematics, or in a mechanism or a computer

program. Or by simulating neurological mechanisms, as a way to discover the principles

our brains do operate on. Engineering has been so successful in all aspects of our life

that one could suppose that the attitude of `just do it' would be the dominant one.

And for many people it is.

But the philosophical approach is alive and well. Perhaps that is the proof that the

engineering has not yet come within acceptable distance towards the goal. Or perhaps

because philosophers still can capture the essence of the problem better. This is a tough

question. Let me use an example of David Chalmers. I have already quoted his work

when I was presenting the search for NCC, but I guess that the main thrust of his

thinking is into philosophical basis of consciousness research.
In Chalmers (2002a) we �nd the in-depth discussion of the possibility of under-

standing (especially on physicalist or materialist basis) the nature of consciousness.
The author de�nes two `types' of the problem: an easy one and a hard one:

The word ’consciousness’ is used in many different ways. It is sometimes used for the
ability to discriminate stimuli, or to report information, or to monitor internal states, or
to control behaviour. We can think of these phenomena as posing the easy problems
of consciousness. These are important phenomena, and there is much that is not
understood about them, but the problems of explaining them have the character of
puzzles rather than mysteries. There seems to be no deep problem in principle with
the idea that a physical system could be ‘conscious’ in these senses, and there is no
obvious obstacle to an eventual explanation of these phenomena in neurobiological or
computational terms.

The hard problem of consciousness is the problem of experience. Humans beings have
subjective experience: there is something it is like to be them. We can say that a being is
conscious in this sense —– or is phenomenally conscious, as it is sometimes put –— when
there is something it is like to be that being. A mental state is conscious when there
is something it is like to be in that state. Conscious states include states of perceptual
experience, bodily sensation, mental imagery, emotional experience, occurrent thought,
and more. There is something it is like to see a vivid green, to feel a sharp pain, to
visualize the Eiffel tower, to feel a deep regret, and to think that one is late. Each
of these states has a phenomenal character, with phenomenal properties (or qualia)
characterizing what it is like to be in the state.

There is no question that experience is closely associated with physical processes in
systems such as brains. It seems that physical processes give rise to experience, at least
in the sense that producing a physical system (such as a brain) with the right physical
properties inevitably yields corresponding states of experience. But how and why do
physical processes give rise to experience? Why do not these processes take place ‘in
the dark’, without any accompanying states of experience? This is the central mystery
of consciousness.

In the earlier publication (Chalmers, 1995) he gives slightly expanded explanation
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of the easy vs. hard problem:

The easy problems of consciousness include those of explaining the following phenom-
ena:

• the ability to discriminate, categorize, and react to environmental stimuli;

• the integration of information by a cognitive system;

• the reportability of mental states;

• the ability of a system to access its own internal states;

• the focus of attention;

• the deliberate control of behavior;

• the difference between wakefulness and sleep.

All of these phenomena are associated with the notion of consciousness. For example,
one sometimes says that a mental state is conscious when it is verbally reportable, or
when it is internally accessible. Sometimes a system is said to be conscious of some
information when it has the ability to react on the basis of that information, or, more
strongly, when it attends to that information, or when it can integrate that information
and exploit it in the sophisticated control of behavior. We sometimes say that an action
is conscious precisely when it is deliberate. Often, we say that an organism is conscious
as another way of saying that it is awake.

There is no real issue about whether these phenomena can be explained scientifically.
All of them are straightforwardly vulnerable to explanation in terms of computational
or neural mechanisms. To explain access and reportability, for example, we need only
specify the mechanism by which information about internal states is retrieved and made
available for verbal report. To explain the integration of information, we need only
exhibit mechanisms by which information is brought together and exploited by later
processes. For an account of sleep and wakefulness, an appropriate neurophysiological
account of the processes responsible for organisms’ contrasting behavior in those states
will suffice. In each case, an appropriate cognitive or neurophysiological model can
clearly do the explanatory work. If these phenomena were all there was to consciousness,
then consciousness would not be much of a problem. Although we do not yet have
anything close to a complete explanation of these phenomena, we have a clear idea of
how we might go about explaining them. This is why I call these problems the easy
problems. Of course, ‘easy’ is a relative term. Getting the details right will probably take
a century or two of difficult empirical work. Still, there is every reason to believe that the
methods of cognitive science and neuroscience will succeed. The really hard problem of
consciousness is the problem of experience. When we think and perceive, there is a whir
of information-processing, but there is also a subjective aspect. [. . . ] This subjective
aspect is experience. When we see, for example, we experience visual sensations: the
felt quality of redness, the experience of dark and light, the quality of depth in a visual
field. Other experiences go along with perception in different modalities: the sound
of a clarinet, the smell of mothballs. Then there are bodily sensations, from pains to
orgasms; mental images that are conjured up internally; the felt quality of emotion, and
the experience of a stream of conscious thought. What unites all of these states is that
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there is something it is like to be in them. All of them are states of experience. It is
undeniable that some organisms are subjects of experience

To go further we would need to understand what the author thinks is the physical or

materialist understanding: A materialist (or physicalist) solution will be a solution on which
consciousness is itself seen as a physical process. A nonmaterialist (or nonphysicalist) solution
will be a solution on which consciousness is seen as nonphysical (even if closely associated
with physical processes). (Chalmers, 2002a). In his discussion on the possibility (or

rather impossibility) of materialist explanation of consciousness, in the view of the `hard

problem', Chalmers uses some very curious arguments. The three main arguments

against materialist interpretation are named: Explanatory Argument, Conceivability

Argument and Knowledge Argument.

Explanatory Argument One can argue that by the character of physical explanation,
physical accounts explain only structure and function, where the relevant structures
are spatiotemporal structures, and the relevant functions are causal roles in the
production of a system’s behavior. And one can argue as above that explaining
structures and functions does not suffice to explain consciousness. If so, no physical
account can explain consciousness.

We can call this the explanatory argument:
(1) Physical accounts explain at most structure and function.
(2) Explaining structure and function does not suffice to explain consciousness; so
— thus —
(3) No physical account can explain consciousness.
If this is right, then while physical accounts can solve the easy problems (which
involve only explaining functions), something more is needed to solve the hard
problem. It would seem that no reductive explanation of consciousness could suc-
ceed. And if we add the premise that what cannot be physically explained is not
itself physical (this can be considered an additional final step of the explanatory
argument), then materialism about consciousness is false, and the natural world
contains more than the physical world.

Well, when one assumes that the physical accounts can explain only structure

and function than, quite naturally it can not explain consciousness when it is

de�ned as being beyond structure and function. But a question remains: where

is a hard proof of any of these limitations? What dies it mean, in such context, to

`explain '? When we think along the lines of `what cannot be physically explained is
not itself physical then we can postulate objects that are not physically explained:

ghosts, unicorns, magic, astrology. We can, certainly postulate such entities and

approaches. And, as far as I know, they are not explainable physically. Does that

mean that materialism about their existence is false?

Conceivability Argument According to this argument, it is conceivable that there
be a system that is physically identical to a conscious being, but that lacks at
least some of that being’s conscious states. Such a system might be a zombie: a
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system that is physically identical to a conscious being but that lacks consciousness
entirely. It might also be an invert, with some of the original being’s experiences
replaced by different experiences, or a partial zombie, with some experiences absent,
or a combination thereof. These systems will look identical to a normal conscious
being from the third-person perspective: in particular, their brain processes will
be molecule-for-molecule identical with the original, and their behavior will be
indistinguishable. But things will be different from the first-person point of view.
What it is like to be an invert or a partial zombie will differ from what it is like to
be the original being. And there is nothing it is like to be a zombie.

There is little reason to believe that zombies exist in the actual world. But many
hold that they are at least conceivable: we can coherently imagine zombies, and
there is no contradiction in the idea that reveals itself even on reflection. As an
extension of the idea, many hold that the same goes for a zombie world: a universe
physically identical to ours, but in which there is no consciousness. Something
similar applies to inverts and other duplicates.

From the conceivability of zombies, proponents of the argument infer their meta-
physical possibility. Zombies are probably not naturally possible: they probably
cannot exist in our world, with its laws of nature. But the argument holds that
zombies could have existed, perhaps in a very different sort of universe. For exam-
ple, it is sometimes suggested that God could have created a zombie world, if he
had so chosen. From here, it is inferred that consciousness must be nonphysical.
If there is a metaphysically possible universe that is physically identical to ours
but that lacks consciousness, then consciousness must be a further, nonphysical
component of our universe. If God could have created a zombie world, then (as
Kripke puts it) after creating the physical processes in our world, he had to do
more work to ensure that it contained consciousness.

We can put the argument, in its simplest form, as follows:
(1) It is conceivable that there be zombies
(2) If it is conceivable that there be zombies, it is metaphysically possible that
there be zombies.
(3) If it is metaphysically possible that there be zombies, then consciousness is
nonphysical.
—– thus —
(4) Consciousness is nonphysical.

Again, it is quite an easy exercise to substitute `unicorns' for `zombies'. Unicorns

are conceivable. Metaphysically possible. God could have created world with

unicorns if he has so chosen. Does this lead to a stance that they should be

included in biology and taxonomy research? As for perfect zombies | acting

in all aspects identically as human beings, but without consciousness | I am

reminded of the saying: if it walks like a duck, quacks like a duck and tastes

like a duck, it's a duck. Keep things simple. Use Occam Razor. I would rather

assume, based on my internal experience of my own consciousness and on more

or less documented similarities between people that anyone (any human being) is

conscious. More, I would assume consciousness to any entity that would be able
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to carry out activities corresponding to human spectrum (which of course would

include statements of the type `yes, I am conscious, I feel I am'). Even if it was

communicated by a computer or a shapeless blob of greenish goo. Populating the

world, even the imaginary world, with possible zombies gives nothing in return.

It diminishes my information rather than increases it. And this is contrary to the

aim of science.

Knowledge Argument According to the knowledge argument, there are facts about
consciousness that are not deducible from physical facts. Someone could know all
the physical facts, be a perfect reasoner, and still be unable to know all the facts
about consciousness on that basis.

Frank Jackson’s canonical version of the argument provides a vivid illustration. On
this version, Mary is a neuroscientist who knows everything there is to know about
the physical processes relevant to color vision. But Mary has been brought up in a
a black-and-white room (on an alternative version, she is colorblind) and has never
experienced red. Despite all her knowledge, it seems that there is something very
important about color vision that Mary does not know: she does not know what
it is like to see red. Even complete physical knowledge and unrestricted powers of
deduction do not enable her to know this. Later, if she comes to experience red
for the first time, she will learn a new fact of which she was previously ignorant:
she will learn what it is like to see red.

(1) Mary knows all the physical facts.
(2) Mary does not know all the facts
— thus —
(3) The physical facts do not exhaust all the facts.
One can put the knowledge argument more generally:
(1) There are truths about consciousness that are not deducible from physical
truths.
(2) If there are truths about consciousness that are not deducible from physical
truths, then materialism is false.
— thus —
(3) Materialism is false.

Well, I do see colours, but I have never seen Taj Mahal. I have never experienced

Taj Mahal. Does this mean that I can, in any way, use my own limitations (lack of

funds to travel), to assign special status to this fact? Is it a new `fact' (whatever

this is) when I �nally, hopefully, experience all the glory of one of the world's

miracles? Is is a new fact when Mary is led from the black and white room and

experiences reds and greens and yellows? Does this counter materialism?

In my, perhaps naive, view, the whole argument rests on the assumption of Mary

having a `perfect' mind, ability to know all physical facts. If this is true, that she

would know that by circumstantial conditions (black and white only environment)

she has been denied access to some stimuli. She would know of the `hole in

experiences', just as I am aware of the Taj Mahal. Would seeing red for the �rst
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time really constitute a proof of falseness of materialism? After all, most of our

experiences are in one way or another, new and unrepeatable.

As I have mentioned, I am fully aware of my consciousness. I also assume that
other humans are conscious. I am willing to assume that su�ciently complex entity,
which would be able to act in a way corresponding to human complexity of activities,
including proclaiming its own consciousness, is conscious. But does this belief lead me
away from materialism? In the later part of the article, Chalmers (2002a) discusses
various materialist approaches. Without going into the detail, which the reader should
check for herself, I guess that I would fall somewhere between Type B and Type C
materialist classes. I acknowledge that there might be

epistemic gap between the physical and phenomenal domains, but there is no ontological
gap. According to this view, zombies and the like are conceivable, but they are not
metaphysically possible. On this view, Mary is ignorant of some phenomenal truths
from inside her room, but nevertheless these truths concern an underlying physical
reality (when she leaves the room, she learns old facts in a new way).

The most common form of type-B materialism holds that phenomenal states can be
identified with certain physical or functional states. This identity is held to be analogous
in certain respects (although perhaps not in all respects) with the identity between water
and H2O, or between genes and DNA.

I also think that a lot of our problems result from the fact that our own minds are

far from perfect, and that our knowledge about the physicals world is far from perfect

(and probably will ever be). While we lack information about the phenomenal, but in the
limit there would be no information that [we] lack. And on this view, while we cannot see now
how to solve the hard problem in physical terms, the problem is solvable in principle (Type C

materialism).

In general, the Chalmers work seems to be so far removed from the concrete refer-

ence, the hard edge of research, that at �rst, I simply thought it immaterial49 for the

discussion. Yet, on second thoughts, I can only look in admiration on how human brain

(mind) can get away from tasks such as estimating distances between trees, counting

fruit and shouting a warning signal about the presence of a predator to other mem-

bers of the group. How far into abstract, and sometimes self-defeating subjects can we

go. Explaining how such wonderful exibility arose, allowing us to achieve such level

of abstractedness, seems to me much more interesting subject than conceiving zombie

worlds for the purpose of proving that the world is not material.

Well, in my decidedly anti-philosophic approach I want do present these arguments,

and to point to those aspects that I �nd just too theoretical, too far from the purpose of

science. Of course it may be that I am simply an ignorant simpleton, not understanding

the deep mysteries of philosophy. I know that this is true for Quantum Mechanics. But

I am deeply under early inuence if Aaron Sloman and his approach, formulated so

many years ago (in 1978) that perhaps this distrust of philosophizing may be excused.

49Excuse the pun.
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The classic work of Aaron Sloman, based on attempt to plan creation of arti�cial
intelligence, done when computers were still huge monsters attended by trained acolytes,
not the pervasive, everyday, living room equipment, (Sloman, 1978). The book has been
written in the heyday of AI research and high hopes. Sloman looked at the task with
much more caution that most of his contemporaries and has tried to systematize the
tasks ahead. He has listed a set of questions aimed at understanding when can we think
the machine to be intelligent.

Philosophical problems of the form ’How is X possible?’ Many questions of the form
’How is X possible?’ have been asked by philosophers. Some of them go back to the
ancient Greek philosophers, or further, while others were first formulated much more
recently. It will be seen from the long list of examples which follows that more and
less specific versions of the same question can be asked. Detailed analysis in philosophy
or science leads to the formulation of more specific questions, concerned with more
of the fine-structure of X. Increasing specificity increases the scientific interest of the
question. In particular, it should be clear that although the first question listed below is
a philosophical one, more specific versions of it (e.g. the fourth one) look much more
like psychological questions.

1. How is knowledge possible?

2. How is empirical knowledge possible?

3. How is it possible to acquire knowledge about the material world on the basis of
sensory experience?

4. How is it possible to learn, from seen two-dimensional surfaces, that an object is
three-dimensional and has unseen surfaces on the far side?

5. How is it possible to know anything about the past, the future, unobserved objects
or processes, or other people’s minds? (Cf. 16).

6. How is it possible to know that two events are causally connected?

7. How is it possible to know laws of nature or their explanations?

8. How is it possible to know truths of logic and mathematics?

9. How is it possible to know conditional truths, of the forms If P then Q’ or If P
had been the case then Q would have been’?

10. How is it possible for an infant knowing no language to learn one?

11. How is it possible to learn the language of a culture other than one’s own?

12. How is it possible to use strings of symbols to describe our multi- dimensional
world?

13. How is it possible to interpret flat patterns as pictures of solid three-dimensional
objects? (Compare question 4.)

14. How is it possible to use general concepts, such as dog, triangle, game, taller, or
between, which apply to a very varied range of instances?

15. How is it possible to learn the names of, think about, or refer to, remote persons,
places or events?
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16. How is it possible to think about the past or future events? (Cf. 5.)

17. How is it possible to think or talk about non-existent things, such as Mr. Pick-
wick, Ruritania, the accident that nearly happened this morning, or the choice I
considered but did not make?

18. How is it possible to think about minds other than one’s own, or about another
person’s emotions or sensations?

19. How is it possible to have idealised concepts which go beyond the limits of what
we can experience, such as perfectly thin, perfectly straight, perfectly parallel,
exactly the same shade of colour, exactly the same weight, or exactly the same
shape”

20. How is it possible for a finite mind to think about such infinite totalities as the set
of integers, the set of points on a line, or the set of all possible English sentences?

21. How is it possible to have a concept of a causal connection which is more than
the concept of an instance of a well-confirmed regularity?

22. How is it possible to understand scientific theories referring to things which can
never be perceived?

23. How is it possible to understand metaphors?

24. How is it possible to understand metaphysical questions?

25. How is it possible for a person, or a culture, to discover that its conceptual system
is inadequate, and improve it?

26. How is it possible for there to be valid reasoning which is not purely logical, such
as inductive reasoning or reasoning using diagrams?

27. How is it possible for an identity-statement, such as The Evening Star is the
Morning Star’, to be true, yet have a different significance from another identity
statement referring to the same thing, such as ’The Morning Star is the Morning
Star’?

28. How is it possible for two predicates, such as ’polygon with three sides’ and ’poly-
gon with three angles’, to describe exactly the same set of objects yet have different
meanings?

29. How is it possible for there to be formal, or syntactic, tests for valid (truth-
preserving) reasoning?

30. How is it possible to have knowledge which one can use yet not formulate (e.g.
knowledge of how one’s native language works, or knowledge of the difference
between Beethoven’s and Schubert’s styles of composition)?

31. How is it possible for there to be minds in a material universe?

32. How is it possible for physical and chemical processes to influence or even give
rise to such things as sensations and feelings? (or vice versa?)

33. How is it possible for there to be such a thing as self-deceit, or unconscious beliefs,
attitudes, desires, fears, or inferences?

34. How is it possible for a set of experiences, either at the same time or at different
times, to be the experiences of one mind?
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35. How is it possible for a set of experiences, beliefs, thoughts, decisions, intentions,
and actions all to ’belong’ to one mind?

36. How is it possible for deliberation, choice, or decision to exist in a deterministic
universe?

37. How is it possible for a mind to continue to exist while unconscious?

38. How is it possible to think of oneself as being in a world whose existence is
independent of one’s own (or any mind’s) existence?

39. How is it possible to distinguish moral or aesthetic evaluations from personal likes
or dislikes, or to think rationally about moral problems?

40. How is it possible to use moral language of a kind which does not reduce to
descriptive or emotive language?

41. How is it possible for a norm to exist in a community without being accepted by
any individual in the community?

42. How is it possible for democracy to exist in a state with millions of citizens with
different and conflicting aims?

43. How is it possible for a social system to be just?

44. How is it possible rationally to weigh up short term and long term harm and
benefit?

45. How is it possible to search in a sensible direction for the solution to a problem
without knowing what form the solution will take?

46. How is it possible for an event to be temporally related to another distant event?

47. How is it possible to identify and re-identify places?

48. How is it possible for objects to change their properties and relationships (and
remain the same objects)?

49. How is it possible for there to be anything at all?

50. How is it possible for people to invent philosophical problems?

Many of the questions in the list have controversial presuppositions: it is often
disputable whether the X in ’How is X possible?’ is possible at all! Many attempts have
been made to prove the impossibility of some X, for instance where X = meaningful talk
about God or infinite sets, or rational discussion of moral issues, or even such obviously
possible things as: change, a man over-taking a tortoise in a race, knowledge about the
past, knowledge about material objects, or deliberation and choice.

Lunatic though it may at first appear, serious thinkers have put forward demon-
strations that these are impossible. Equally serious thinkers have put great intellectual
effort into attempts to refute such demonstrations. The process may appear a waste of
time, but has in fact been very important. The discovery, analysis and, in some cases,
refutation of such paradoxical proofs of impossibility has been a major, though haphaz-
ard, stimulus to philosophical progress and the growth of human self consciousness. It
leads to a deeper understanding of the phenomenon whose possibility is in dispute. In
some cases (e.g. Zeno’s paradoxes) it has even led to advances in mathematics.
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Often, a philosopher asks ‘How is X possible?’ only in the context of asking ’What
is the flaw in so and so’s alleged proof that X is impossible?’ But there is also a more
constructive philosophical tradition, first consciously acknowledged by Immanuel Kant,
of granting that X is possible and attempting to explain how it is, in the light of careful
analysis of what X is. This is the philosophical activity which merges into scientific
theorising.50

I urge the reader to take any of the Sloman's questions and to try to think how he

would design a system to accomplish the task. In the thirty years from the original

publications some (a few) of these problems have been solved, some are far from being

solved. But when we attempt not only to speculate, but to build systems (hardware,

software or conceptual) that would perform some of the tasks listed by Sloman, we

realize how they can be done. While this may be di�erent from the way it is done

by our mind, having a working model of a faculty allows a much deeper insight than

introspection or speculation. Or perhaps we needed the (so far) failed attempts at

making computers intelligent to �nally ask questions that are di�erent from the ones

posed in the past millenia by the philosophers?

9.2.6 Can Artificial Intelligence teach us about ours?

One of the common themes of many recent books on intelligence, especially those that

relate to the e�orts of simulating human capabilities in computers, is the dissatisfac-

tion with Arti�cial Intelligence. The Science Fiction predictions of AI dominance over

humble human brain, nor even much more restrained predictions of the proponents of

AI of automated translation systems or image recognition capabilities have yet become

true. it seems that achieving `intelligence' is much more di�cult than we used to hope

for.

There might be several reasons for the �asco. It may simply be too early: we might

not know enough to be able to build arti�cial minds. But, there might be more funda-

mental reasons. Maybe Penrose, and other proponents of inherently special properties

of human minds (brains?) are right, and it is impossible to build a digital equivalent?

Maybe it is really some protein that is the seat of conscious thought, and silicon will

never capture its quantum essence. Or it may be that step-by-step, algorithmic ar-

chitecture and reliance on formal systems inhibits achievement of intelligence? Or our

lack of progress could result from the inability of getting full understanding of what

intelligence is, and therefore of modelling it? Personally, I think that two reasons are

dominant: �rst, we still lack understanding of our own intelligence and second, the

early attempts were based on attempts to mimic this intelligence in a way that is obvi-

ously too far conceptually from what we already know about it. But I see more than a

glimpse of progress in recent years, resulting from a change of attitude, from going back

to attempts to reconstruct the logical and functional structure and basis of our brains

50Sloman (1978), Chapter 3



Draft, January 2, 2008 636 Chapter 9. Thinking about Thinking

in computer environment. As with many engineering feats, we seem to learn a lot from

nature, from biological precedents of our constructions. And, as in classical engineering

(such as ying machines), perhaps someday we will surpass the designs we have based

our constructs on.

In recent years the increase of sheer computing power has started to allow to model,

or at least to think about modelling the esh and blood of human brain within com-

puters. Modelling done in a most direct way: with either hardware, or, more likely,

software structures designed to mimic the known properties of neurons (the classical

ones, not necessarily quantum). Such attempts are, for example, the NeoCortical Sim-

ulator (NCS, http://brain.cse.unr.edu/ncsDocs/) and associated projects, such as

the Blue Brain Project which was launched by the Brain Mind Institute, �Ecole Polytech-

nique in Lausanne, Switzerland and IBM in May, 2005 (http://bluebrain.epfl.ch/).

How high are the barriers may be visualised by the fact that the project, which initially

aims at creating a cellular level, software replica of a single Neocortical Column for real-

time simulations uses the 8th fastest computer in the world. In 2007 the researchers

have shown that their computer simulation of the neocortical column, arguably the most

complex part of a mammal's brain, appears to behave like its biological counterpart.

By demonstrating that their simulation is realistic, the researchers say, these results

suggest that an entire mammal brain could be completely modeled within three years,

and a human brain within the next decade.51

Another similar project is done by a commercial company Arti�cial Development
(http://www.ad.com/ccortex.asp?id=1). According to the company WEB site:

Artificial Development is building CCortex, a massive spiking neural network simulation
of the human cortex and peripheral systems. Upon completion, CCortex will represent
up to 20 billion neurons and 20 trillion connections, achieving a level of complexity that
rivals the mammalian brain, and making it the largest, most biologically realistic neural
network ever built. The system is up to 10,000 times larger than any previous attempt
to replicate primary characteristics of human intelligence.

I �nd these attempts, while mind boggling in computing e�ort and certainly rev-

olutionary in putting together computer science and neurophysiology, being only the

�rst step. Well, perhaps it would be possible to build a model of human brain based on

electronically simulated neurons | with all the complexity of input and output thresh-

olds, timing of signal spikes and of equivalents of chemical slowdown at synapses. The

increase in raw computing power, as given in the above example of Arti�cial Develop-

ment does lead to at least considering this possibility. But what would be the result of

this?
Let's assume that we do have, within some computer cluster, the enormous simu-

lated network of neuron equivalents. Let's also suppose that the network follows the
organisation of human brain as close as we can. It is worth noting that Arti�cial Devel-
opment second core product, CorticalDB is aimed at gathering knowledge of the brain's
structure. As the marketing blurb says (http://www.ad.com/corticaldb.asp?id=2):

51http://www.technologyreview.com/Biotech/19767/

http://brain.cse.unr.edu/ncsDocs/
http://bluebrain.epfl.ch/
http://www.ad.com/ccortex.asp?id=1
http://www.ad.com/corticaldb.asp?id=2
http://www.technologyreview.com/Biotech/19767/
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The Cortical DB has immediate and broad applications for related AD projects, and for
the worldwide scientific community as a whole. The Cortical DB will be integrated with
data from AD’s NanoAtlas to provide the backbone to AD’s CCortex simulation. The
prototypical neurons contained in the Cortical DB will allow for rapid identification of
neuron types in the NanoAtlas, and matching of these identified neurons to other data
that cannot be derived using standard histological techniques.

The other large scale project aimed at arti�cial neural modelling, BlueBrain (see

for example http://en.wikipedia.org/wiki/Blue_Brain), also tries to follow the or-

ganisational scheme of our brains, in this case starting with structure of neocortical

columns.

So, coming back to the scenario: the modelled `brain' is powered up and then |

what? Do we learn anything from the monitoring of activities of certain `neurons' or

averages? Would we learn anything more than from, say, we learn about thinking by

using positron scans of our brains? More importantly, would such simulation `think'?

A very good example, actively studied and of great importance for many reasons,

including political is a simple faculty of face recognition. It is interesting not only be-

cause of the political needs to identify terrorists or bank customers (a lot of research

e�ort and money is driven by those applications), but because it is a clear example

of mental ability where social and biological threads interlink so closely. Obviously,

the ability to recognize and remember members of one's own social group is crucial

for success (including reproductive success) within that group. most social animals use

some methods to recognize individuals, by smell, sound or visual clues. We seem to

rely on face recognition in many cases, and it is a remarkably e�cient method. Philoso-

phers have not given much consideration to this mundane, everyday task, performed

apparently without any e�ort, far from the highly intellectual achievements of existence

and substance. But growing data taken from research on people with brain injuries,

new measurement techniques of brain activities have suggested that the task is far from

trivial. We recognize faces from partial observations, in unfavourable conditions, we

even recognize caricatures. There is something in our brain that allows us to recog-

nize someone in a collection of lines that are usually far from feature-by-feature faithful

representation of someone's face. The increasing need for security has driven the ef-

fort to reproduce this ability within computer systems. And, although considerable

progress has been made (see for example Chellappa et al. (1994); Zhao et al. (2003) or

http://www.face-rec.org/), the work done on computer recognition of faces has only

served to make us aware of the enormous complexity and di�culty that our minds seem

to solve without any `conscious e�ort'. Moreover, many e�orts are based on ingenious

algorithms, not on straight compute power. It is worth noting that in human case,

our consciousness gets involved relatively late in the process, and in many cases can

disrupt it rather than aid. And animals recognize each other quite e�ciently, although

only very, very few of them have ability to recognize themselves!52 So, there is a lot to

52Recent research has enlarged the list of animals capable of self recognition in a mirror, that so far

http://en.wikipedia.org/wiki/Blue_Brain
http://www.face-rec.org/
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thinking that does not look like thinking at �rst sight, or to say in other words, that

we did not recognize as thinking until quite recently.

When we look at our own mental capabilities (example of which is the face recogni-

tion), some appear to be built in; others seem to require tuning, learning and intense

development to become active. The structure of the brain evolves following external

stimuli, as well as certain development sequences. Should some stimuli be missed at

given times of the development, some capabilities are not attained. A very good ex-

ample is the capability to process language, in its grammatical complexity. There is a

�nite `window' during which children are capable of picking up the language used by

the environment and starting to use it | with the help of the `language instinct' (see

Pinker (1994)). So, how would the arti�cial brain have to be `brought up' to allow for

such modi�cations, learning etc.? How would we know it thinks? Or how could we

claim that it does not?

Blind modelling, at least when it is blind is rather far from science and under-

standing. simulating behaviour of sand piles by building sand piles made out of plastic

grains does not move our understanding of the dynamics of grained media53 forward

very much. Well, perhaps it may, if the plastic grains are equipped with force sensors

and rotation measurement nano-devices and transmitting capabilities that would allow

much more internal knowledge of what happens to sand grains at the edge of the pile

and deep within it just before the dune starts to slide. Yes, this would be a very useful

input in the e�ort to analyse the phenomena involved, but as an input to some hu-
manely understandable models. If we stop at the level of `this sand pile is similar to

that sand pile' this is far from an achievement.

So, while I consider modelling of the brain or part of it extremely useful, in ex-

actly the sense of substituting the `dumb' grains of sand with some `measurable' and

communicating ones, I do believe that the understanding of our capabilities must be

accompanied by e�orts similar to those described by Sloman. But with all the above

reservations, I would recommend following the results of these e�orts with interest.

has included humans, apes and dolphins, by a particular Asian elephant (Plotnik et al., 2006).
53In itself a very complex, interesting and important problem.
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9.3 Nature and Nurture – why the fight?

Behavioural science is not for sissies.
researchers may wake up to discover that they are despised public figures

because of some area they have chosen to explore
or some datum they have stumbled upon

Steven Pinker54

According to Evolutionary Psychology,
we can run fast because our ancestors had to escape cave bears,
got smart because they had to know where the cave bears were,

and got sexy because they could rescue cave babes from the cave bears.
Dr. Mezmer55

There are some things that are so much puzzling for me in the pathways of
science, that I am at loss in approaching them. Most often it is the case when I

fail to see the problem at all, when I see seamless continuum, while other people see
contradictory and exclusive alternatives. Such is the case of the opposition between
Nature and Nurture. Where some (fortunately not all!) philosophers, psychologists
and other researchers see incompatible mechanisms of heredity and education, I see
connected, interlocked, individual history dependent processes. But I can not deny
that there is a problem, if only in the heads of the scholars. The problem that is as
ancient as philosophy itself. John Locke has written:

The way shown how we come by any knowledge, sufficient to prove it not innate. It is
an established opinion amongst some men, that there are in the understanding certain
innate principles; some primary notions, koinai ennoiai, characters, as it were stamped
upon the mind of man; which the soul receives in its very first being, and brings into the
world with it. It would be sufficient to convince unprejudiced readers of the falseness
of this supposition, if I should only show (as I hope I shall in the following parts of this
Discourse) how men, barely by the use of their natural faculties, may attain to all the
knowledge they have, without the help of any innate impressions; and may arrive at
certainty, without any such original notions or principles.

There are many reasons for the intensity of the debate. It is rather seldom that purely

scienti�c issue would create so much controversy in popular media, spilling beyond the

main discipline, calling for activists from afar. The reason must be, therefore, in a

large extent, political. The two camps seem to be unreconcilable. Why? Because a

lot is at stake: the psychology of politics56, and from it the politics of education, legal

system, equality of rights | a lot of very important social issues. Each of those could

54Pinker (2002)
55Dr. Mezmer's Dictionary of Bad Psychologyhttp://www.homestead.com/flowstate/Devolpsych.
html

56See, for example, short works by Alford and Hibbing (2003); Alford et al. (2005).

http://www.homestead.com/flowstate/Devolpsych.html
http://www.homestead.com/flowstate/Devolpsych.html
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be approached in entirely di�erent way, provided that one believes in dominant role

of culture, nurture and interactions with other people, or whether one assumes some

innate propensities and traits.

Of course some aspects of our behaviour, of our thinking are learned. In fact,

when we turn to particular actions, individual motivations, little ways of thinking and

arguments at hand, we see the prominence of individual reasoning based on previous

experiences. But | and it is a big but | whence do the mechanisms that make such

reasoning possible come? Do we learn those mechanisms as well, or do we come to the

world equipped with at least some of them, predisposed to some and reluctant to use

others? My own views are close to those elaborated at length by Pinker (2002) in The
Blank Slate. The lengthy book describes in detail (albeit obviously from a prejudiced

point of view) not only the reasons for assuming that we are born with some of our

traits, but also how such traits became possible in the �rst place. And the answer is:

through evolution, through selective pressures on individuals in their environment. And

we have to remember that a very signi�cant part of this environment was composed

from society, from other people, not just trees, snakes, tigers or poisonous fruit. Thus,

the human mind was never blank, as Locke claims. Careful observation of my own kids

clearly assured me of this. Yet there are many thinkers today (presumably a few of them

with their own kids to observe) that maintain the stand of in�nitely malleable, exible

human mind. Pinker (2002) lists four major fears that he sees as roots of support for

the `blank slate' approach: fear of inequality, of imperfectability, of determinism and of

nihilism. Let me elaborate on those for a while.
Why should belief in our biological nature lead to fear of inequality? Well, because it

always had! Our biological di�erences have always played a role in determination of our
future. Ability to run fast (or at least faster than the tiger, or faster than the other poor
fellow), strength, cunning | nobody can claim that they are `equally divided' among
all men and women. When we cheer at Olympic champions, do we really remember
that they are the classical product of inequality? Do we worry about it? The answer
is obviously no, we do not care. We have learned to accept physical diversity and its
immediate and delayed consequences. Stronger men win �ghts, perhaps even become
leaders. Sometimes smarter men win over the stronger. In many cases we accept the
unequal status derived from physical di�erences, such as better eyesight or hearing. Not
so long ago even the di�erences based on colour of the skin were generally accepted.
This phenomenon of accepting and using (sometimes abusing) genetically driven di�er-
ences extends to many `mental' capabilities, for example to musical talent. Even the
staunchest proponents of cultural dominance | the authors of the anti-sociobiology
manifesto (Allen et al., 1975) allow for genetic components, but only in down-to-earth
domain:

We are not denying that there are genetic components to human behavior. But we
suspect that human biological universals are to be discovered more in the generalities of
eating, excreting and sleeping than in such specific and highly variable habits as warfare,
sexual exploitation of women and the use of money as a medium of exchange.

But the question is whether the `higher' habits are inuenced by genetic mechanisms,
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and if yes, then to what extent and how? And what should we do with inequalities

resulting from di�erences in genetic endowment not in height or resistance to heat but

in intelligence or empathy or capability for negotiations?

These questions are not scienti�c but political in nature. `What should we do?' is

a topic for a manifesto, not research. However, such manifesto should be backed by
research, by evidence, so that it would be possible and practical. The current democratic

societies recognize equality as equality of rights, but not on enforcement of equality as

in the Harrison Bergeron story of Kurt Vonnegut. Equality of rights does not mean

equality of possibilities, and even more obviously, equality of outcomes. And what the

same societies do is to turn these rights into actions that are aimed at improving the

possibilities, for example by encouraging or enforcing universal education; by restricting

violent behaviour; by redistribution of some wealth in form of taxes or charities, etc.

The issue at stake in the nature-nurture debate is: whether we would (should) change

our approach to all human beings, as having some inalienable rights, if it did turn out

that, for example intelligence has a strong genetic component? Of course, if history is

any indicator, some societies might take the easy path: I have already recalled the sad

story of abuse of science by eugenics. Yes, it may happen again, in one form or another.

But is such danger the reason of denying the truth (if, indeed, such genetic component

is proven by observations)? The answer to the `fear of inequality' is not in denial of

di�erences, but in being prepared for them, in constructing social plans in a way that

takes reality into account.

The second fear listed by Pinker, fear of imperfectability, is less known. It revolves

around the notion that when our traits and predispositions are genetically determined,

than it might be impossible to `cure' the bad tendencies. The range of considered traits

stretches from big to small: from homicidal violence to adultery, from xenophobia to

tendency to cheat. All these are traditionally considered vices or sins, sometimes mortal

ones. Yet they are found in every society. So what if they are really `programmed' into

some of us? Or if they are programmed, to some extent, to all of us? Should a discovery

of such fact play any role in how we treat such actions and in how we treat the miscre-

ants? Again, it is possible to misuse such discovery, for example by lawyers using them

as excuses for wrongdoers. But the other side of the coin is, perhaps, just as important:

if, for a certain individual, some behaviour is, indeed, `ingrained', there might be some

correcting actions that are suited to the case? Just as with phenylketonuria, to pick

an example. Would anyone today recommend a treatment based on denial of defect in

gene for the enzyme phenylalanine hydroxylase (main cause of phenyloketonuria), and

wishing `it would go away'? or is it better to be prepared?

And, as we know, some genetic diseases can never be cured. So, we seem to accept

the fact of our imperfectness. Is is really di�erent with mental capabilities and traits?

Some traits may be with us `for a lifetime'. This poses a problem for society | a real

problem in moral, political and technical sense | which would not go away if we deny

its biological foundation. The truth may be unpleasant, but it is only the truth that
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can set us free.

The fear of determinism extends beyond the behavioural sciences. In fact, since the

success of Newtonian mechanics, philosophers have grappled with the issue of physical

determinism. If we assume that we are material beings, and our actions and feelings

are determined by movement of atoms and molecules and invariable, all encompassing

physical laws then how can we hope to be free? Biological, or genetic determinism is

much weaker in scope: we are not forced to do this or that, but rather predestined,

or disadvantaged in certain ways. Is there a danger in this? Do we have to fear it? I

have never heard anyone complaining (in a serious manner) about the talents or special

abilities they have. We cherish them, make use of them, we do not question that good

things `run in the family'. But what about our limitations and defects that may have

the same origin? Should science keep only to a `good news' territory?

The last fear, of nihilism, of collapse of entire moral and social order if some of our

tendencies, some social constructs are found to be of biological origin has already been

discussed in Chapter 4.9. I can not say for the whole societies. perhaps such a fall from

grace (if what we have today is a state of grace) is possible. I doubt it. The existence

of moral atheists does prove that nihilism is not a necessary result of taking physical or

biological reality into the account of the world. But I have heard the argument myself

quite a few times. Usually from religious people, but not always.

So, the fears are there, even if one may consider them unfounded. And from fear

comes aggression; from the internal purpose comes righteousness, from feelings of inse-

curity may come denial of facts. Indeed, to delve into studies of human behaviour calls

for courage and preparation. On the other hand, how can we hope to understand the

world, if we do not take the e�ort to try to understand ourselves?

9.3.1 Origins of intelligence: why thinking pays off?

One of the questions that has interested me from the moment I started to study evolu-

tionary paradigm was how was it possible for biological mutation/selection process to

produce minds that are capable of (nearly) understanding quantum mechanics. There

seemed no point, no survival advantage to be able to do so. To imagine that human be-

ings carried a possibility, a capacity to solve Dirac's equation or to appreciate modern

poetry seemed for me preposterous. And yet we do, at least some of us. Of course, I

could well imagine the need for basic capacities, such as spatial orientation, remember-

ing which plants are poisonous and which are nutritive, changing levels of alertness in

di�erent situations etc., etc. Yes, these had obvious survival value. The more you un-

derstood your environment, the more �t you were. But how did it came that we are so

much over equipped? What was the payo� of growing such a capable (and demanding,

in terms of energy used and development and learning time) brain?

Obviously I was not alone in being vexed by the issue. The number of publications

on the topic is enormous. Even if we stick only to the rather recent ones, based on the

evolutionary paradigm and modern data, the literature is extremely wealthy. Just as
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starting points I'd mention works of Humphrey (1976), Alexander (1990, 2005), Flinn

(1997, 2004), Byrne and Whiten (1989) or Dunbar (1998, 2003), Roth and Dicke (2005),

Kaplan et al. (2000). These are the works that I have traced and read57 in a period of

couple of weeks. I assume that I have missed many more, equally important. But even

from this limited sample, I have glimpsed a view that was radically di�erent from my

previous understanding, which (probably because of my physics background) supposed

that the key task of the brain was to understand the external environment, physical

world around us.
In a review article of Dunbar (1998), the author con�rms that historically such an

approach was the most valued:

Conventional wisdom over the past 160 years in the cognitive and neurosciences has
assumed that brains evolved to process factual information about the world. Most
attention has therefore been focused on such features as pattern recognition, color
vision, and speech perception. By extension, it was assumed that brains evolved to deal
with essentially ecological problem-solving tasks.

But the author points out that the complexity of external environment is the same
for our ancestors, and, for example, for great apes. And evolution is not a perfectionist
engineer: what is good enough is good enough. What does seem perfect for us (as the
eye, or spider's silk producing organs or multitude of other developments and organs)
is simply because something slightly worse was not good enough in the competitive
environment. But why should we have the capability to understand the environment
to the extent we understand it today? Dunbar states:

Evolution is the outcome of the balance between costs and benefits. Because the cost
of maintaining a large brain is so great, it is intrinsically unlikely that large brains will
evolve merely because they can. Large brains will evolve only when the selection factor
in their favour is sufficient to overcome the steep cost gradient.

We are thus left with the question of what could drive the process to such heights?

Dunbar lists four possible general explanations of the growth of human brains and

capabilities of human minds:

Epiphenomenal hypothesis { large brains are just by-products of having large bodies.

The large size of the modern human brain is not result of selective pressure for

brain size/capability itself, but rather comes as a bonus result of other selection

process.

Developmental hypothesis is based on the observation that brain growth occurs mostly

during prenatal development, and is thus highly dependent on the maternal

metabolic input. Thus, the limiting factor of such growth would be availabil-

ity of spare energy on mother's side. And such excess of energy could come from

the change of diet in prehistoric primates, from leaf-eating to fruit-eating. Large

brains are thus seen as e�ect of spare capacity of the system.

57With the exception of Byrne and Whiten (1989), which seems to contain a lot of interesting papers,

but is unavailable on the WEB.
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The two types of hypothesis, although supported by observations (for example fruit-

eating primates tend to have larger brains that leaf-eating ones, even though neither

leaves nor fruit actually run away from the animals), but the author considers such

factors and constraints rather than driving factors of the evolution. This leaves the two

other families of explanations.

Ecological hypothesis, which comes in several variants, depending on which aspect of

the environment is judged to be the most important driving factor. It may be that

the shift to fruit-eating does impose higher cognitive demands, after all, because

fruits are more ephemeral and harder to �nd, thus requiring more recognition and

memory. Or the need to cover larger foraging ranges requires larger memory and

better spatial orientations skills. Or, perhaps, that the diet is based no longer on

simple edible fruit or leaves, but rather requires extensive processing and tool use.

Such necessity would drive the capabilities of process memory and tool use.

Social hypothesis, di�ers from the previous ones by assuming that the key factor is not

anything external, but rather the demands and pressures resulting from the fact

that pre-hominids were social animals. The main competitive force was between

members of the group, and thus capability to use the social structure of the group

to one's advantage, to cooperate while competing has provided the selective edge.

The last hypothesis, which was raised by Humphrey (1976), has gained a lot of

support in recent years. It does appeal to our sense of complexity. Of course the task

of outwitting your comrades is more di�cult than �nding a fruit or even hunting an

elephant. After all the latter tasks, once understood may be reasonably repetitive. At

least they do not grow exponentially in di�culty with passing generations. On the

other hand, with each increase of the average size and capability of the brain, the task

of outsmarting the members of the group competing for resources and reproductive

success becomes more and more demanding. The growth does look autocatalytic.

Moreover, scarce though the data on intelligence of other species is, there is growing

evidence on correlations of brain sizes and skills with the closeness and size of social

environments, especially in primates. Works of Dunbar (1998, 2003); Roth and Dicke

(2005) are good starting points in the search for relevant literature.

One of the most readable works on the evolution of human mind is the classic essay
of Alexander (1990). The author stresses the importance of the fact that

The hypothesis [. . . ] is that perhaps only humans themselves could provide the necessary
challenge to explain their own evolution — that humans had in some unique fashion
become so ecologically dominant that they in effect became their own principal hostile
force of nature, explicitly in regard to evolutionary changes in human psyche and social
behaviour. At some point in their evolution humans obviously began to cooperate to
compete, specifically against like groups of conspecifics, this intergroup competition
becoming increasingly elaborate, direct and continuous.
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There is an interesting point here that is worth noticing. To make the social inter-
actions more important than the e�ects of environment humans must have overcome
the most of the dangers in the latter. to quote Alexander again:

Anthropologists have long described humans as the species that, rather than simply
living in a certain environment, or choosing one, most explicitly creates its own envi-
ronment. [. . . ] As a result, humans have long been able to live almost everywhere
they pleased on the face of the earth. In other words, human species is so ecologically
dominant that it can mold, manipulate or even remove aspects of its environment.

This is what has allowed us to concentrate on thinking of what other people are

thinking. Which, as noted is a task far harder than remembering which berry is edible

and which is poisonous or predicting the path of an arrow. In some sense the TV

addicts watching the endless episodes of Brazilian soap operas (very popular in Poland)

are more `natural thinkers' than a physicist trying to understand electronic behaviour

of semiconductor quantum wells.

But there is an interesting corollary to the statement of Alexander. He has written

the words almost �fteen years ago, when the environmental worries were still limited to

the most active Greenpeace members. Today, the global warming, and other dangers

are not only recognized by most of the population of Western countries, if anything they

are over publicized, as the part of the political campaign. But it is possible that for the

�rst time in millennia, external environment may become more dangerous than social

one, and therefore determine the fate of mankind and selective pressure. Of course,

today it is still other humans that we should fear the most, but should we survive the

dangers of war, terrorism and culture clashes during the next �fty or hundred years, it

may well happen that, perhaps on a global scale, we would have to concentrate once

more, as less social and less intelligent animals do all the time, on the world outside

human society. Page 743

Machiavellian intelligence (term introduced and popularised by Richard W. Byrne

and Andrew Whiten58) may have provided the driving force for our ancestors to acquire

ever greater intelligence and to increase our tendency to change our minds, to make

deals, to boast/blu� and to plot with others. Human beings may be born liars, having

developed much more sophisticated forms of deception than even our closest primate

relatives (Gavrilets and Vose, 2006).

But pretence and the deceiving of others would not have reached such a degree if

we humans had not also developed the ability to deceive ourselves. Self-deception helps

us to lie to others more convincingly, and the capacity for believing our own lies helps

us to more e�ectively dupe those around us. Furthermore, it permits us to perfect the

art of `lying sincerely', without the need to resort to theatricality to pretend that we

are telling the truth. This is the thesis of sociobiologist Robert Trivers (2002), who

58For example in Machiavellian Intelligence: Social Expertise and the Evolution of Intellect in

Monkeys, Apes, and Humans and Machiavellian Intelligence II: Extensions and Evaluations, (Ox-

ford Science Publications).
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argues that the chief function of self-deception is to be able to deceive others more

easily, so that credulity with regard to one's own fabrication makes it more convincing

for everyone else (Trivers, 2000).
One of the most interesting results of Gavrilets and Vose (2006) was that a simple

model has yielded an `explosion of intelligence'. A rather simple computer model,
reecting some basic assumptions about the nature and use of intelligence and the
methods of its `transmittance' yields surprisingly interesting results. The author focuses
on `socially learned strategies (memes) used by males to gain advantage in competition for
mates'. Evolutionary selection is based on the ability to compete, which is, in turn
regulated by the `genes' controlling learning ability and brain capacity. The �tness of
the agent is given by the `Machiavellian �tness' of the memes he has learned and uses
in competing with other individuals. The result of simulations is as follows. When one
measures simulated values of

. . . the dynamics of the number of unique memes, the average learning ability, the
average cerebral capacity, and the average Machiavellian fitness of males [. . . ] Each
of these characteristics stays close to zero for several thousand generations during the
‘dormant phase’ and then suddenly starts rapidly increasing in a process that we will
refer to as ‘cognitive explosion’. Cognitive explosion ends when natural selection stops
further increase in cognitive abilities due to the costs of having large brains, and the
system enters the ‘saturation phase’.

Despite the obvious oversimpli�cations, the model shows that the internal com-

petition, postulated by Humphrey, Alexander and others as the driving force for the

development of our intelligence, could produce surprisingly rapid and advanced increase

in overall capabilities, somewhat similar to the one suggested by recorded `explosion'

of humanity.
Let's see, for example, a quote from article by Marc Krellenstein, What have we

learned from evolutionary psychology?.http://cogprints.org/1954/00/cogprints.
txt.

A biological basis implies behavior that is at least partly unwilled. This means that,
while these behaviors are not automatically caused by such inclinations, they are also
not entirely a matter of an individual’s simple conscious choice (perhaps even the choice
of a male to commit adultery), level of maturity (often cited as a reason for a male’s
lack of interest in long-term commitment) or susceptibility to cultural influences such
as advertising (sometimes cited to explain a male’s interest in nubile young women).
One’s ability to resist or modify such inclinations, while clearly possible, is variable,
and probably not without costs. In the case of behaviors due mostly or entirely to
cultural factors or individual choice, the difficulty of resisting or changing the behavior
is at least unknown; while deep-rooted habits or cultural changes can be presumed to
have some of the same ’hard-wired’ physiological accompaniments that may make them
resistant to change, other such behaviors may not. A biologically based behavior, on
the other hand, can be assumed to have physiological (e.g., hormonal) underpinnings
that can’t be trivially dispensed with. Celibacy, for example, may exist, but we have
the lingering suspicion that fairly unusual and dramatic environmental forces must be

http://cogprints.org/1954/00/cogprints.txt
http://cogprints.org/1954/00/cogprints.txt
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at work to overcome the biologically based opposite inclinations, and such inclinations
might continue even if they are successfully ignored. In truth, we really don’t understand
just how malleable different biologically based behaviors are, or at what cost. Our
ignorance on this point is probably the single most significant constraint on our ability
to draw more extensive implications from the biological basis for these behaviors.

A biological basis for a behavior indicates that engaging in the behavior will produce
at least short-term pleasure, and abstaining from it or resisting it will probably cause
some amount of discomfort. Indeed, we regard the inability to enjoy biologically based
pleasures such as sex and food as a possible sign of pathology in a way that we don’t
accord more culturally determined pleasures. While it’s true that there’s no guarantee
that such a behavior will be good for our long-term happiness, it is at least an open
question to what degree a given individual may weigh such short-term pleasures in trying
to live one’s particular life.

Is it therefore safe to assume that the fact that we are biological organisms, prod-

ucts of evolutionary selection, and that this must have left at least some marks on

our psychological constitution is universally accepted? At least within the scienti�c

community? The answer is no, as we shall shortly see.

9.3.2 Take away your filthy explanations!

As nearly always, I seem to be drawn to controversies, and out-of-ordinary developments

in science. This particular branch of research, evolutionary analysis of the origin and

current capabilities of cognitive powers of humans (as well as our animal cousins) has

the `advantage' that it deals with some extremely politically touchy subjects. Adding

oil to the �re is the fact that `thinking about thinking' has traditionally been a domain

of philosophers and humanities. Often (although today, not always) mere mention

of biology in the context of human psyche resulted in automatic attack. While such

aggressive response from representatives of Literature Departments or psychologists is

sometimes very interesting and funny, I am not going to concentrate on them here. The

reason is that the di�erence in worldview and language, in approach and goals used by

hard core scienti�c community and literary types is simply too big.

But even within what is considered mainstream science, using methodology and

tools taken from biology, statistics, mathematical modelling, there are interesting is-

sues and very hot exchanges. Some topics we have already mentioned: controversies

regarding the basic unit of selection (is it a gene, and individual organism or group?);

discussions about the tempo and mechanisms of evolutionary change; role of heritability

and environment in behavioural analysis; range of biological determinism, especially in

behavioural traits and tendencies. An almost too perfect example of such controversy

is provided by the �eld Evolutionary Psychology. The opponents are widely known

and recognized contributors to the basic disciplines, the �eld of itself is important and

rapidly growing. It was therefore extremely surprising for me to �nd the language

level and ad persona arguments. The exchange is full of personal attacks, misuse of
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quotations, accusations of mis-representations of statements and name calling. To an

ex-physicist, used to cold equations and dry accounts of experimental procedures, such

a style was really astonishing. But to understand this particular story we need to go

back almost thirty years.

A good starting point would be the publication of Gould and Lewontin (1979)
| a decisive critique of `the adaptationist programme' in evolutionary biology, aimed
speci�cally against sociobiology (introduced just a few years earlier by Wilson (1975c))
and view of evolution focusing on genes and their selection (championed by Dawkins
(1977)), already described to some extent in Chapter 8.3. The opening sentences ofPage 513

the article describe the enemy:

An adaptationist programme has dominated evolutionary thought in England and the
United States during the past forty years. It is based on faith in the power of natu-
ral selection as an optimizing agent. It proceeds by breaking an organism into unitary
‘traits’ and proposing an adaptive story for each considered separately. We fault the
adaptationist programme for its failure to distinguish current utility from reasons for
origin (male tyrannosaurs may have used their diminutive front legs to titillate female
partners, but this will not explain why they got so small); for its unwillingness to consider
alternatives to adaptive stories; for its reliance upon plausibility alone as a criterion for
accepting speculative tales; and for its failure to consider adequately such competing
themes as random fixation of alleles, production of nonadaptive structures by develop-
mental correlation with selected features (allometry, pleiotropy, material compensation,
mechanically forced correlation), the separability of adaptation and selection, multiple
adaptive peaks, and current utility as an epiphenomenon of nonadaptive structures.

The criticism contrasts decomposition into traits (something very close to sinful

reductionism) and holistic approach looking at an organism as an integrated whole.

The paper is famous for its introduction of the metaphor of spandrels | triangular

surfaces between adjacent arches. The argument used by Gould and Lewontin is that

despite the astonishing beauty of the decorated spandrels in San Marco basilica, they

are no more than by-products of the `real' architectural design, the arches supporting

the dome. They compare the adaptationist reasoning to already quoted passage of

Pangloss on the legs being made for stockings. And so it is, they argue, with manyPage 464

traits of living organisms. They are not adaptations: products of selection, but only

by-products of selection, development and constraints imposed by other adaptations.

Later on, the spandrel metaphor, with its visual appeal has been joined by an even

catchier description of adaptationist error: construction of possible histories of trait

evolution as adaptation. The reference to Rudyard Kipling's just-so-stories, equalling

the proposed scenarios of the evolution of, say, horns and antlers, viewed as tools in

intraspeci�c competition among males and the Kipling's story of how the elephant got

his trunk59 was ingenious and cruel form of attack.60

59http://www.is.wayne.edu/mnissani/ElephantCorner/elechild.htm
60These two notions spandrels and just-so-stories, would be, indeed, perfect examples of memes

within biology community.

http://www.is.wayne.edu/mnissani/ElephantCorner/elechild.htm
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It is therefore no wonder that there was an almost open war between proponents
of adaptonism and spandrelism. The literature on the subject is very wealthy | and
spicy. It is, of course, too extensive to cover, and my random searches have led me
to just a tiny part of it. nevertheless, one can �nd very interesting summaries of
the status quo brought by almost thirty years of discussion. All in all, the paper of
Gould and Lewontin has served it purpose. The valid points taken by them, namely
the need for better methodological practice, taking into account explanations other
than strictly selective adaptations, for example genetic drift or neglect of the role of
constraints, are now treated seriously even by the proponents of adaptationism. New
notions, such as exaptations, which is a pre-existing trait that acquires a new bene�cial
e�ect without modi�cation to the phenotype by selection, came into use. Slowly, very
slowly some common ground appears. As Pigliucci and Kaplan (2000) write in their
paper describing the situation twenty years after the publication of `Spandrels' paper
(Gould and Lewontin, 1979):

Since the publication of the ‘Spandrels’ paper, theoretical evolutionary biology has made
several advances that have helped researchers to question a purely adaptationist ap-
proach to the study of phenotypic evolution. In particular, the role of constraints,
tradeoffs and costs in evolution has been widely discussed and generally acknowledged. . .

The currently accepted generalization is that complex genotypic architectures are less,
not more, amenable to being altered by natural selection, that is, constraints are indeed
a common and inescapable feature of living systems. However, the debate still rages
around how much genetic information is necessary to include in models of evolutionary
trajectories, with population geneticists and optimality theorists discussing the possibility
of a convergence of the two approaches – the so-called ‘streetcar’ model. . .

That the debate is still very active one can see from a very interesting collection of
papers, spurred by Andrews et al. (2002). This paper on possible link between adaption-
ist and exaptationist programmes has been accompanied by more that 30 comments.
Most of them were directed at biology proper but some have pointed to non-scienti�c
origins of the discourse. For example Craig T. Palmer, in his comment to Andrews
et al. (2002) describes the political roots of some of the attacks on the adaptationist
programme:

As has been well documented in a number of recent books (see Alcock (2001); Pinker
(2002); Segerstr̊ale (2000)) anti-adaptationists feared that the adaptationist approach
somehow threatened their ideological positions, particularly those related to Marxism
and feminism. In some cases, anti-adaptationists held the mistaken notion that adap-
tationists were arguing for genetic determinism, and hence thought the existence of
certain adaptations would mean that their attempts at social reform were doomed to fail-
ure. In other cases, anti-adaptationists committed the naturalistic fallacy and thought
that adaptationists were excusing certain undesirable patterns of behaviour when they
claimed those behaviours were adaptations.

Other commentator, Derek Browne, points out that

There are two kinds of useful traits: adaptations, and all the others. Exaptations are
just all the others. Exaptations are not for anything. Because there is such diversity in
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all the others, exaptation is not an explanatory concept. Its only real use is to block
adaptationist excesses.

The variety of comments, ranging from philosophical musings to down-to-earth spe-

ci�c examples shows that even after so many years the discussion is alive and kicking.

The kicking is even more pronounced in the �eld of Evolutionary Psychology (EP),

as it touches the most crucial aspects of `political science'. The �eld is considerably

younger than the adaptionist debate. Most widely known proponents are Leda Cosmides

and John Tooby. Another very vocal supporter is Steven Pinker.
The aim of EP is best explained by Evolutionary Psychology: A Primer 61:

The goal of research in evolutionary psychology is to discover and understand the design
of the human mind. Evolutionary psychology is an approach to psychology, in which
knowledge and principles from evolutionary biology are put to use in research on the
structure of the human mind. It is not an area of study, like vision, reasoning, or social
behavior. It is a way of thinking about psychology that can be applied to any topic
within it.

In this view, the mind is a set of information-processing machines that were designed
by natural selection to solve adaptive problems faced by our hunter-gatherer ancestors.

The basic principles of EP are summarised as follows:

1. The brain is a physical system. It functions as a computer. Its circuits are
designed to generate behavior that is appropriate to your environmental
circumstances.

The brain is a physical system whose operation is governed solely by the laws of
chemistry and physics. What does this mean? It means that all of your thoughts
and hopes and dreams and feelings are produced by chemical reactions going on
in your head (a sobering thought). The brain’s function is to process informa-
tion. In other words, it is a computer that is made of organic (carbon-based)
compounds rather than silicon chips. The brain is comprised of cells: primarily
neurons and their supporting structures. Neurons are cells that are specialized for
the transmission of information. Electrochemical reactions cause neurons to fire.

Neurons are connected to one another in a highly organized way. One can think
of these connections as circuits – just like a computer has circuits. These cir-
cuits determine how the brain processes information, just as the circuits in your
computer determine how it processes information. Neural circuits in your brain
are connected to sets of neurons that run throughout your body. Some of these
neurons are connected to sensory receptors, such as the retina of your eye. Others
are connected to your muscles. Sensory receptors are cells that are specialized
for gathering information from the outer world and from other parts of the body.
(You can feel your stomach churn because there are sensory receptors on it, but
you cannot feel your spleen, which lacks them.) Sensory receptors are connected
to neurons that transmit this information to your brain. Other neurons send in-
formation from your brain to motor neurons. Motor neurons are connected to

61http://www.psych.ucsb.edu/research/cep/primer.html

http://www.psych.ucsb.edu/research/cep/primer.html
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your muscles; they cause your muscles to move. This movement is what we call
behavior.

Organisms that don’t move, don’t have brains. Trees don’t have brains, bushes
don’t have brains, flowers don’t have brains. In fact, there are some animals that
don’t move during certain stages of their lives. And during those stages, they
don’t have brains. The sea squirt, for example, is an aquatic animal that inhabits
oceans. During the early stage of its life cycle, the sea squirt swims around looking
for a good place to attach itself permanently. Once it finds the right rock, and
attaches itself to it, it doesn’t need its brain anymore because it will never need
to move again. So it eats (resorbs) most of its brain. After all, why waste energy
on a now useless organ? Better to get a good meal out of it.

In short, the circuits of the brain are designed to generate motion – behaviour – in
response to information from the environment. The function of your brain – this
wet computer – is to generate behaviour that is appropriate to your environmental
circumstances.

2. Our neural circuits were designed by natural selection to solve problems
that our ancestors faced during our species’ evolutionary history.

To say that the function of your brain is to generate behavior that is ‘appropriate’
to your environmental circumstances is not saying much, unless you have some
definition of what ‘appropriate’ means. What counts as appropriate behavior?

‘Appropriate’ has different meanings for different organisms. The point is, environ-
ments do not, in and of themselves, specify what counts as ‘appropriate’ behavior.
In other words, you can’t say ‘My environment made me do it!’ and leave it
at that. In principle, a computer or circuit could be designed to link any given
stimulus in the environment to any kind of behavior. Which behavior a stimulus
gives rise to is a function of the neural circuitry of the organism. This means that
if you were a designer of brains, you could have engineered the human brain to
respond in any way you wanted, to link any environmental input to any behavior
– you could have made a person who licks her chops and sets the table when she
smells a nice fresh pile of dung. Why do we find fruit sweet and dung disgusting?
In other words, how did we get the circuits that we have, rather than those that
the dung fly has?

3. Consciousness is just the tip of the iceberg; most of what goes on in your
mind is hidden from you. As a result, your conscious experience can mislead
you into thinking that our circuitry is simpler that it really is. Most problems
that you experience as easy to solve are very difficult to solve – they require very
complicated neural circuitry. You are not, and cannot become, consciously aware
of most of your brain’s ongoing activities.

4. Different neural circuits are specialized for solving different adaptive prob-
lems.

A basic engineering principle is that the same machine is rarely capable of solving
two different problems equally well. We have both screw drivers and saws because
each solves a particular problem better than the other. Just imagine trying to cut
planks of wood with a screw driver or to turn screws with a saw.
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Our body is divided into organs, like the heart and the liver, for exactly this
reason. Pumping blood throughout the body and detoxifying poisons are two very
different problems. Consequently, your body has a different machine for solving
each of them. The design of the heart is specialized for pumping blood; the design
of the liver is specialized for detoxifying poisons. Your liver can’t function as a
pump, and your heart isn’t any good at detoxifying poisons.

For the same reason, our minds consist of a large number of circuits that are
functionally specialized. For example, we have some neural circuits whose design
is specialized for vision. All they do is help you see. The design of other neural
circuits is specialized for hearing. All they do is detect changes in air pressure, and
extract information from it. They do not participate in vision, vomiting, vanity,
vengeance, or anything else. Still other neural circuits are specialized for sexual
attraction – i.e., they govern what you find sexually arousing, what you regard as
beautiful, who you’d like to date, and so on.

We have all these specialized neural circuits because the same mechanism is rarely
capable of solving different adaptive problems.

I urge the reader to ponder on these principles. Some of the statements are natural

and obvious. Some are counter-intuitive or at least wake up interest as to why and

wherefore. And it seems that every one of the premises and principles has met with

resistance and criticism. The catchphrase Cosmides and Tooby used in summing these

considerations is `Our modern skulls house a stone age mind' | which for many opponents

was exactly what was needed to unite against.

For example in a recent critical book: Adapting Minds : Evolutionary Psychology
and the Persistent Quest for Human Nature by David J. Buller (Buller, 2005a), the

author argues against any supposition that human nature designed by natural selection

in the Pleistocene epoch. The dominant view in evolutionary psychology holds that it

was { that our psychological adaptations were designed tens of thousands of years ago

to solve problems faced by our hunter-gatherer ancestors. Buller examines in detail the

major claims of evolutionary psychology and rejects them all. This does not mean that

we cannot apply evolutionary theory to human psychology, says Buller, but that the

conventional wisdom in evolutionary psychology is misguided.

Buller argues that our minds are not adapted to the Pleistocene, but, like the immune

system, are continually adapting, over both evolutionary time and individual lifetimes.

We must move beyond the reigning orthodoxy of evolutionary psychology to reach an

accurate understanding of how human psychology is inuenced by evolution. When we

do, Buller claims, we will abandon not only the quest for human nature but the very

idea of human nature itself.

Buller's book has met (not surprisingly) with vigorous defense on the part of Tooby

and Cosmides (see http://www.psych.ucsb.edu/research/cep/topics/exchange.htm).

So, the �ght continues. For more information on EP, see for example Cosmides and

Tooby (2003); Pinker (1997, 2002); Sell et al. (2003); Buller (1997, 2005b) or web

sites of various camps: http://www.psych.ucsb.edu/research/cep/ or http://host.

http://www.psych.ucsb.edu/research/cep/topics/exchange.htm
http://www.psych.ucsb.edu/research/cep/
http://host.uniroma3.it/progetti/kant/field/ep.htm
http://host.uniroma3.it/progetti/kant/field/ep.htm
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uniroma3.it/progetti/kant/field/ep.htm
Equipped with the basic background regarding the �eld of controversy we are now,

more or less, ready for the exposition of the Gould{Cosmides �ght, that I have referred
to at the beginning of the Section. The �ght starts with two essays Gould (1997b,a),
printed in the New York Review of Books. The place of publication is important here,
as the work obviously aims to be available far beyond the strictly scienti�c community.
The target is the mindset of American intelligentsia62. Gould attacks | within the
framework known from the anti-adaptionist programme described above | Evolution-
ary Psychology. The attack starts deceptively meekly, with a guarded statement about
the new discipline:

Evolutionary psychology could, in my view, become a fruitful science by replacing its
current penchant for narrow, and often barren, speculation with respect for the pluralistic
range of available alternatives that are just as evolutionary in status, more probable in
actual occurrence, and not limited to the blinkered view that evolutionary explanations
must identify adaptations produced by natural selection.

Continuing, the essay gets much less friendly. Gould states that the new �eld could
be `quite useful' only if its proponents

would trade their propensity for cultism and ultra-Darwinian fealty for a healthy dose of
modesty.

Which means: it would be quite useful only if it becomes something else, betraying
the basic principles The political pedigree of EP is also important:

Evolutionary psychology, as a putative science of human behavior, itself evolved by “de-
scent with modification” from 1970s-style sociobiology. But the new species, like many
children striving for independence, shuns its actual ancestry by taking a new name and
exaggerating some genuine differences while ignoring the much larger amount of shared
doctrine–all done, I assume, to avoid the odor of sociobiology’s dubious political impli-
cations and speculative failures (amid some solid successes when based on interesting
theory and firm data, mostly from nonhuman species).

In the light of sociobiology success (achieved despite active opposition by Gould,
Lewontin and many others, see Alcock (2001); Segerstr�ale (2000)) the stress on political Page 513

implications of research is, for me, self-referential63. The later paragraphs of Gould's
paper derogate some speci�c examples of adaptationist, EP thinking. These are char-
acterised as `dogmatic, twisting the observations, not testable and eventually not deserving
the name of science'. Examples are taken from popular texts (such as Wright (1994)),
derogating this popular explanation book by a journalist as not su�ciently scienti�-
cally accurate in description of the origin and consequences of our preference for sweet
foodstu�:

[Wright states:] ‘The classic example of an adaptation that has outlived its logic is the
sweet tooth. Our fondness for sweetness was designed for an environment in which

62If such de�nitely Central European concept may be applied to US.
63There is a Polish proverb: `gªodnemu chleb na my±li ' (a hungry man thinks only of bread).

http://host.uniroma3.it/progetti/kant/field/ep.htm
http://host.uniroma3.it/progetti/kant/field/ep.htm
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fruit existed but candy didn’t.’ This ranks as pure guesswork in the cocktail party
mode; Wright presents no neurological evidence of a brain module for sweetness, and
no paleontological data about ancestral feeding. This ‘just so story’ therefore cannot
stand as a “classic example of an adaptation” in any sense deserving the name of science.

The book, and therefore the whole �eld, is thus accused of being in a `pure cocktail
party mode' on the basis of a single example. But the example of the sweet-tooth

phenomenon is seriously studied in science. For a recent review going down to individual

receptor genes and extensive bibliography see Reed and McDaniel (2006).
Other attacks by Gould are no less aggressive:

But how can we possibly know in detail what small bands of hunter-gatherers did in
Africa two million years ago? These ancestors left some tools and bones, and paleoan-
thropologists can make some ingenious inferences from such evidence. But how can
we possibly obtain the key information that would be required to show the validity of
adaptive tales about an EEA: relations of kinship, social structures and sizes of groups,
different activities of males and females, the roles of religion, symbolizing, storytelling,
and a hundred other central aspects of human life that cannot be traced in fossils? We
do not even know the original environment of our ancestors–did ancestral humans stay
in one region or move about? How did environments vary through years and centuries?

In short, evolutionary psychology is as ultra-Darwinian as any previous behavioural theory
in insisting upon adaptive reasons for origin as the key desideratum of the enterprise.
But the chief strategy proposed by evolutionary psychologists for identifying adaptation
is untestable, and therefore unscientific.

Reading the Gould's essay I had to remind myself all the time that this is one of the

most widely recognizes experts and propagators of evolutionary theory, famous for his

popularisations and scienti�c contributions, such as the punctuated equilibrium model

of evolutionary change. Why is the language so aggressive? Is there so much at stake?

If yes, what is it?
I have found the closing part of the paper interesting and illuminating for other

reasons. There were many points I wholeheartedly agreed with, especially pointing out
that human cultural change can not be basically Darwinian. Gould quotes two basic
reasons for this. One of them is, as he describes it, causal:

As argued above, human cultural change operates fundamentally in the Lamarckian
mode, while genetic evolution remains firmly Darwinian. Lamarckian processes are so
labile, so directional, and so rapid that they overwhelm Darwinian rates of change. Since
Lamarckian and Darwinian systems work so differently, cultural change will receive only
limited (and metaphorical) illumination from Darwinism.

The other reason why cultural evolution is `a virtual antithesis to Darwinian require-
ments' is topological. I was astonished to �nd such term here, and suspected some sort
of mistake, but no, the argument provided is truly topological!

As the common metaphor proclaims, biological evolution builds a tree of life–a system
based upon continuous diversification and separation. A lineage, after branching off from
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ancestors as a new species, attains an entirely independent evolutionary fate. Nature
cannot make a new mammalian species by mixing 20 percent dugong with 30 percent
rat and 50 percent aardvark. But cultural change works largely by an opposite process of
joining, or interconnection, of lineages. Marco Polo visits China and returns with many
of the customs and skills that later distinguish Italian culture. I speak English because my
grandparents migrated to America. Moreover, this interdigitation implies that human
cultural change needn’t even follow genealogical lines–the most basic requirement of a
Darwinian evolutionary process–for even the most distant cultural lineages can borrow
from each other with ease. If we want a biological metaphor for cultural change, we
should probably invoke infection rather than evolution.

First, my thoughts were: Gould is obviously right. But then I have remembered
the works of Lynn Margulis and her Serial Endosymbiosis Theory, where the branches
of the tree of life are not only in�nitely diverging, but also | in most important ways
| converging and joining together. Then, even more to the point, I remembered the
work of Evans et al. (2006). This paper is very interesting in itself, as it covers deeply
empirical studies of genes that regulate brain size in humans64. The point that has
direct impact on the `tree of life' topology argument is the conclusion by Evans, that
human history has at least one signi�cant example of inbreeding between two distinct
populations, followed by a rapid positive selection of a form of microcephalin gene
(so called D-allele). The event has occurred approximately 37 000 years ago, between
`anatomically modern humans' (AMH) line and some other early hominid lineage (which
might have been Neanderthals, which are known to have coexisted with AMH until
roughly 35 000 years ago, when they have (mysteriously) vanished65. The scenario
proposed by the authors is based on

an introgression of an adaptive allele from an isolated population. Under this scenario,
just as in the first scenario, two subdivided populations were reproductively isolated from
each other for a prolonged period, such that one population was fixed for the D allele,
whereas the other population was fixed for the non-D allele. Unlike the first scenario,
however, the two populations did not admix completely. Rather, a rare interbreeding
event occurred between the two populations ≈37 000 years ago, which resulted in the
introgression of a copy of the D allele from the D-bearing into the non-D population. The
D-bearing population subsequently went extinct, but the introgressed D allele spread to
exceptionally high frequency in the remaining population because of positive selection.
Because this scenario invokes positive selection specifically at the microcephalin locus,
it is not expected to have a genome-wide effect. Other regions of the genome brought
over by the interbreeding event are expected to be lost by genetic drift unless they
also confer a selective advantage. As discussed below, the lopsided and deeply divided
genealogy observed at the microcephalin locus is highly atypical of the genome, which
is consistent with this introgression scenario. [. . . ]

Speculation about the identity of the archaic Homo population from which the micro-
cephalin D allele introgressed into the modern human gene pool points to the Nean-
derthal lineage as a potential (although by no means only) candidate. Anatomically

64For earlier works on this gene, called microcephalin, see Evans et al. (2004); Dorus et al. (2004)
65For more about the Neanderthals see, for example Wolpo� et al. (2004) or other works by Milford

Wolpo�.
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modern humans and Neanderthals shared a long period of coexistence, from as early as
130 000 years ago in the Middle East to as late as 35 000 years ago in Europe, consis-
tent with the estimated introgression time of the microcephalin D allele at or sometime
before ≈37 000 years ago.

The scenario is backed by computer simulations and analysis of the relative fre-

quencies of genes, so it is much more than a just so story. Moreover, following the

precepts set out by Gould and Lewontin, the authors do analyse various alternatives.

Thus even in our short term perspective, the biological, evolutionary path does not

produce a branching out topology, but is capable of closed loops and more complicated

network-like structures.
After reading the Evans et al. (2006) paper I had another cause of unease. The

authors, in their technical fervour seem to have forgotten about political correctness
altogether. First, their research points out to a division of modern human population
into two groups, the D-allele and non-D ones. The D-group is found to be on rapid rise
within the population. If it has been subject of positive selection, might not someone
claim that it is in some aspect `better' than the non-D allele? The authors come
dangerously close to language that could allow such interpretation. And, as we know,
any research that claims that any human trait is better than something else, is politically
suspicious. Even worse, the authors, probably prompted by their empirical �ndings,
but oblivious to racial implications and correctness, state

Furthermore, the worldwide frequency distribution of the D allele, exceptionally high
outside of Africa but low in sub-Saharan Africa, suggests, but does not necessitate,
admixture with an archaic Eurasian population.

Should the work catch attention of anti-racist watchdogs, I fear it is doomed. Even

the meek language (`suggests, but does not necessitate') can not save it from Europe-

centric imperialist label.
But let us come back to the Gould{Evolutionary psychology debate. In response

to Gould's essays, a review by Tooby and Cosmides (1997) has appeared. And the
temperature of the debate has got even higher. The letter starts with a portrait of
Gould as a scientist. Authors quote John Maynard Smith (another prominent biologist
devoted to evolutionary theory) , who describes Gould as follows:

Because of the excellence of his essays, he has come to be seen by non-biologists as the
preeminent evolutionary theorist. In contrast, the evolutionary biologists with whom I
have discussed his work tend to see him as a man whose ideas are so confused as to be
hardly worth bothering with, but as one who should not be publicly criticized because
he is at least on our side against the creationists.

Thus the response starts with denigrating the opponent (although smartly, using
someone else's words). The trend is continued:

as Maynard Smith points out, more is at stake. Gould “is giving non-biologists a largely
false picture of the state of evolutionary theory” – or as Ernst Mayr says of Gould and
his small group of allies – they “quite conspicuously misrepresent the views of [biology’s]
leading spokesmen.”
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But Tooby and Cosmides do have a bunch of personal remarks themselves, painting
the image of a `�ctional' Gould, that is the persona that, according ton them Gould
constructs for the bene�t of general public:

Gould brilliantly works a number of literary devices to construct a fictional “Gould” as
the protagonist of his essays[. . . ] Most of the elements of Gould’s writing make no sense
if they are interpreted as an honest attempt to communicate about science (e.g., why
would he characterize so many researchers as saying the opposite of what they actually
do) but come sharply into focus when understood as necessary components of a world
constructed for the fictional “Gould” to have heroic fantasy adventures in – adventures
during which the admirable character of “Gould” can be slowly revealed.

Gould the author introduces us to a gallery of vivid villains and ethnicities, such as
“adaptationists,” “Dawkins” and the soulless “hyperreductionists” with their vivisec-
tionist appetites, “Wilson” and the sinister “sociobiologists”, “biological determinists,”
and most recently, the holy-rolling “Darwinian fundamentalists,” including “Maynard
Smith” with his “simplistic dogmatism”, “Dennett”, “evolutionary psychologists”, and
“Robert Wright”. “Gould” the protagonist is a much loved character (and not just
in our household) who reveals himself to be learned, subtle, open-minded, tolerant,
funny, gracious to his opponents, a tireless adversary of cultural prejudice, able to swim
upstream against popular opinion with unflinching moral courage, able to pierce the
surface appearances that capture others, and indeed to be not only the most brilliant
innovator in biology since Darwin, but more importantly to be the voice of humane
reason against the forces of ignorance, passion, incuriousity, and injustice. The author
Gould, not least because he labors to beguile his audience into confusing his fictional
targets with actual people and fields, is sadly none of these things.

The expressions used to characterize the statements of Gould are just as strong as
the ones he uses against the `dogmatic adaptationsts'. He is accused of misrepresenting
the data, concealing ideas and gross scholarly inaccuracy. For example, the following
passage can hardly be called a part in a scienti�c debate:

As a immensely popular writer, Gould is conscious that he is paradoxically safe from
exposure in whatever he asserts because only minuscule number of his readers will
actually consult the original sources, with all the rest trusting his warmly benevolent
and credible persona. He uses this insulation to devastating effect. Everyone who
overhears only one side of a conversation (such as the 99% of his readership who are
exposed only to Gould’s accounts) automatically reconstructs what the other side of the
conversation must have been, in order to make Gricean sense of why, for example, Gould
said what he did. Literature and life are full of cases where the unscrupulous exploit
situations in which they know the audience can only hear their side of the conversation
to paint a wholly false picture of the opinions and actions of the other speaker. The
senator who screams ‘Take away your filthy bribe!’ utterly persuades onlookers of what
the other person must have said in a way that makes further inquiry scarcely seem
worth the effort. Fortunately for the interested few, in the sciences we have a “security
camera” called the primary literature that can actually provide the other side of the
conversation. When the background literature is filled in, the picture of Gould inverts
like a Necker cube, and his essays become revealed as mini-theatricals carefully staged



Draft, January 2, 2008 658 Chapter 9. Thinking about Thinking

for purposes of self-aggrandizement rather than for the careful and charitable pursuit
of the truth. We propose to roll back the “security camera” by consulting the primary
literature that Gould pretends to be reacting against in his recent outburst, and compare
against his critical claims.

It is now obvious that the chance of conciliation between the two camps. It is even
hard to imagine a neutral account of the situation. Yet such account is possible, and it
comes from, what is for me the most unlikely source: a representative of a Department
of English! Steen (1997) presents surprisingly cool, weighted and clear account. Yes, it
is leaning toward Cosmides and Tooby camp, but there is almost no spite and venom,
and a lot of common sense in the approach. Thus, I think it is worthwhile to �nish this
account with what Steen has to say. He starts with words of admiration:

Stephen J. Gould has long been one of my favourite authors, long before I became
interested in evolutionary psychology. His ability to blend the discourses of culture and
nature, his sustained curiosity and suspended laughter, and his unrestrained knowledge
of the most obscure of facts endeared his voice to me, as it has to thousands of others.
This eloquent spokesman for biology to the masses is also a major player in a certain
disagreement in biology. Gould was intensely opposed to sociobiology, and is now turning
his ire on the adaptationists in general and evolutionary psychology in particular.

The point of view of Gould is summarised as

The first part of this article, published on July 12, begins by setting up Gould’s straw
opponents, the “fundamentalists”. [. . . ] The fundamentalists are a prominent group
of misguided biologists, a tight band held together by a single credo: that natural
selection explains everything about the origin of species, an attitude characterized as
adaptationism.

However, one would have to look hard to find a member, since the broad arguments
Gould uses to mark himself apart are surprisingly inclusive:

• natural selection does not explain or account for all aspects of the modification of
species (no debate–no theory explains everything, pluralism is a pragmatic strat-
egy)

• evolution is path-dependent: “limitation of possibilities rather than adaptive hon-
ing to perfection becomes a dominant theme in evolution”. Why “becomes”? This
is such a fundamental fact about the theory of descent with modification that it
can hardly be characterized as news. However, the opposition is not between
“limitation of possibilities” and “adaptive honing”–these clearly must operate to-
gether. The contrast is with “adaptive honing to perfection”–a rhetorical flourish
rather than an adaptationist concept.

• external factors matter: climates change, meteors fall, tectonic plates shift–this is
hardly a source of debate

• not all changes in the genes are adaptive; many are neutral (no debate)

And indeed, as we have seen in our earlier account, the `spandrelist' debate has
served its purpose. Today, almost no evolutionist would blindly venture into just so
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stories. The points that Gould raises are recognized. Explanations are tested against
possibilities other than straightforward selection. Even popular work recognizes other
avenues, such as neutral drift, or use of traits that arose in one set of circumstances for
purposes that are changed: such as the case feathers (which arose as thermal insulation,
but was co-opted and then selected to provide birds with ying advantage). Steen
comments on the Gould's attack on Wright and sweet-tooth:

This critique is completely off target. Wright never argued there was a distinct “brain
module for sweetness” — an instance of the kind of atomistic thinking Gould just
upbraided evolutionary psychologists for. As for paleontological data about ancestral
feeding, the fact that Wright does not present it doesn’t mean there isn’t any; this
is after all a popular book written by a journalist, not a scholarly presentation of the
discipline.

Yet despite the faults found in Gould text (as well as in the texts of some of Gould's
opponents, Steen preserves a conciliatory tone that I �nd so much useful in scienti�c
debate than name-calling.

All in all, Gould’s warning about excessive reliance upon a narrowly conceived adapta-
tionist model is well taken, but such a reliance is not characteristic of the discipline. By
classifying his opponents as extremists and fundamentalists, Gould obscures the weak-
ness in his own position. His arguments against the adaptationist project – beyond
the injunction to pluralism – are weak, speculative, and ill founded. The examples he
selects are from the popular literature, and not representative of the best work. On the
other hand, he is clearly open to the possibility of converging lines of evidence, and his
skeptical position may form a useful touchstone for generating high-quality work.

Let us hope that this time the `hard scientists' can learn how to think and argue,

from the despised English Department softies.

9.3.3 Pink rhinoceros

Quite a lot of people | including scientists | think that the real goal of science is in

bringing forth something valuable for the society. That getting closer to true description

of reality is not a value in itself, but only when it serves some purposes. Most often,

the purposes they have in mind are political. For this reason there is strong opposition

to those branches of sciences, and to those results of science that might endanger the

political goals.

Which leaves scientists, especially those who deal with topics that are intimately

related to human and social conditions with a dilemma. Before conducting serious

research they do not know whether the results would be `for' or `against' the current

political agenda. For example, whether the research would point to existence of racial

di�erences or disprove such di�erences. But for science to be successful in solving social

problems some research must be done. In this situation, the scientist and the political

activist are like a witch-doctor patient, who is told that the medicine will succeed only

if he takes it without thinking of the pink rhinoceros at all.
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This is coupled with another e�ect: out propensity to go either into hysterical reac-

tion or to denial of danger. For some people | even highly educated | the preferred

reaction to danger is to close the eyes and pretend that it does not exist. A simple

reasoning: if I do not see the enemies, they will not see me66. Thus, one of the frequent

reactions is to deny the existence of politically incorrect �ndings, more, to deny their

scienti�c legitimacy. To discredit the scientists doing such `improper' studies. Not only

to close our own eyes, but to force others to close their eyes as well. And we have

amazing capacity for closing our eyes to obvious facts, if they do not �t what we want

to see. Foir example, the obvious di�erences between people, in gender, height, amount

of body hair, are, well, obvious. And we all recognize di�erences in intelligence and

knowledge: even the proponents of extreme equality do call their opponents `stupid',

thus recognizing possibility of un-equalness. We all know that we are di�erent, but the

topic is taboo. Politics overwhelms not only science but common sense. But all demo-

cratic societies we treat people as equal, despite such spread of intellectual capabilities.

And such di�erences may, in some situations, cause de�nite danger, for example when

crucial decisions are taken by people who are not `equipped' mentally to take them,

either because of the lack of education, misinformation or, as may well happen, because

they lack necessary intelligence. But it is politically incorrect to rank people | espe-

cially against their will, especially with respect to mental abilities. So, some people

react to this by proposing to drop all tests and studies of intelligence di�erentiation,

denying the existence of the problem.

On the other hand, even the ardent conservatives, who readily point out not only

individual di�erences but more general trends and group averages, agree that the mod-

ern society should at least provide mechanisms aimed at providing the chance to obtain

optimal results for each individual. Schools, aids, information technologies and social

institutions should be used intelligently. So, is there a solution to the problem posed

by unequal distribution of cognitive powers? But to �nd a solution we should at least

recognize the problem, research it, �nd its roots and constraints. But such research is

exactly what seems to be unwelcome.

Are there any real scienti�c results on the topic of possible di�erences on mental

abilities and their social consequences? Looking beyond the folk psychology of inherita-

ble stupidity, can we join the factual and political aims of science? Can we, at the same

time, discover the true mechanisms and factors controlling the intellectual capabilities

of people and guide us on how to use our own capabilities in the best possible way?

Indeed, there are quite a few studies regarding the distribution of intelligence, and

correlations with genetic, social and development factors. Probably the most frequently

referred to is The Bell Curve by Richard J. Herrnstein and Charles Murray exploring

the relationship between intelligence and society in American life. The book has resulted

66Which, as my friend assures me, works for cats as well. But, according to WEB lore, is certainly not

true for Chuck Norris. If you do not see him, he is here, right behind you. . .
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in incredible amount and hotness of criticism67. Before going into the matter deeper,

I have to state that I have not read the book. While, on �rst glance it may seem to

invalidate any right to comment upon it, I am willing to continue. This is because my

point is rather with the reaction to the book and commentaries, than with the statistics

themselves, on which I am no expert. Thus, in the best postmodernist tradition I am

trying to look at reaction to science (good or bad { this I can not decide) as a social

phenomenon.

The book looks at the description and explanation of the distribution of intelligence

in various parts of American society. It is �lled with statistical data and discusses

Wikipedia describes the main topics as the increase of social strati�cation on the basis

of intelligence, then results original research showing signi�cant correlations between

intelligence and various social and economic outcomes, the role which IQ plays in con-

tributing to social and economic di�erences between ethnic groups in America and

�nally the implications of the �ndings for education and social policy in the United

States.

Now, the problem seems that the �ndings are considered controversial, because the

data seems to show that there are racial and ethnic di�erences in IQ that cannot be

entirely explained by environmental factors such as nutrition, social policy, or racism.

And that the white population has the distribution of IQ shifted to higher values.

The book has been attacked almost immediately. Very strong words were used

| fraud, a disservice to and abuse of science, nazi-science, racial hatred. And many

prominent politicians and activists immediately condemned the book not just to rubbish

bin, but to a pyre.

However, it seems that many of the critics have followed the path I am on, not having

read the book. Before I go to more serious discussions let me pick a few comments on

the book taken from the Amazon Web site68.

By John Wismar (Collierville, TN)
In reading the synopses above and the few negative reviews below, I have to wonder if
their authors read the book in question, or merely the media hype. This book is not
about ‘ethnicity and intelligence’. It’s not racism, nor even about race . . .

By Big Dave (Boise, Idaho)
Not the Book They Told You It Was.
This book is not about race.

It’s about intelligence, and how measured intelligence profoundly affects the lives of in-
dividuals in America. More than socioeconomic background, parents’ marital status or
anything else, intelligence correlates with education, income, employment, criminal be-
havior, disability, likelihood of being in automobile accidents, and just about everything

67See http://en.wikipedia.org/wiki/The_Bell_Curve with its quite extended criticism section.
68I am picking three topmost directly from web page http://www.amazon.com/
Bell-Curve-Intelligence-Structure-Paperbacks/dp/0684824299, in the order they are displayed,

just shortening, but no elimination. . .

http://en.wikipedia.org/wiki/The_Bell_Curve
http://www.amazon.com/Bell-Curve-Intelligence-Structure-Paperbacks/dp/0684824299
http://www.amazon.com/Bell-Curve-Intelligence-Structure-Paperbacks/dp/0684824299
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else. And intelligence is largely genetic. This has ominous implications for American
society . . .

By Paul Magnussen (Campbell, CA USA)
More facts and less name-calling
This review is from: The Bell Curve: Intelligence and Class Structure in American Life
(Hardcover) Since you’re reading this, I assume you’re thinking of buying – or at least
reading – this book. That being so, you’ll probably want to read other reviews than
mine. This is in principle a good idea; but having just read all of them (147 at the time
of writing) I should warn you that you’ll need both considerable stamina and a strong
stomach: there are indeed thoughtful and informative reviews, but they are islands in a
sea of drivel. By ”drivel” I mean the following:

1) Reviews consisting entirely (or almost entirely) of expostulation rather than informa-
tion (”racist garbage”, “most important book of the 20th century”)

2) Asserting what the book doesn’t deny and denying what it doesn’t assert.

3) Distortions of the book’s content, and other disinformation, for instance:

- “the panel criticized the authors for not explaining what intelligence is” (intelligence
is defined on page 4 (!) ).

- “The Bell Curve ignores bad diet” (Nutrition is explicitly dealt with on pp. 391-3).

And so on . . .

And indeed, if one goes deeper into the readers reviews (at the time of writing 179
such comments), one �nds comments such as

Eugenics Ideology
By Demon Ted “Sound Hound” (Omaha, NE USA)
This book is blasphemy. It labels African Americans and Hispanics as “genetically
disabled” and claims they are intellectually inferior due to heredity, asserting that neither
education nor training can change this. This is quite a jump to conclusion to say the
least, and is perceived by most to be blatantly racist. Current evidence, as well as
common sense, shows heritability of IQ does not indicate a genetic origin to group
differences in intelligence. Environment is a heavy factor in the upbringing of any
human being. It’s strange that there is very little reference to social factors, being as
this book is supposed to be scientifically based. Furthermore, an individual’s compliancy
and adaptibilty to social laws and norms does not necessarily define one’s intellegence.
Some of the smartest men in history were known to be social outcasts and were refered
to as criminals in their time. I have to dismiss this book as nothing more than euro-
elitist rubbish. I’m reminded of the movie ’Trading Places’ with Eddie Murphy. Read
’The Mismeasure of Man’ for further rebuttals on this book.

Hmm, a Hollywood fable as a rebuttal to 700 pages of statistics, which (as we shall
see) are largely con�rmed. Of course environment is a heavy factor. Any fool knows this.
But is such statement disproving the genetic inuence? And if the book is `perceived
racist' does it automatically mean that it is racist? The Euro-elitist nickname is quite
popular in the reviews:
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Everything wrong with America rolled into a single book
By Mean Critic (USA)
Once again the rich, white, christian male sits down and tells the rest of the world
what intelligence really is. As if being rich and never having worked a day in your
life is required to be intelligent. Nevermind the fact that there’s no one definition of
intelligence and that its all subjective. This garbage of a book is just more of the same
old tired, been-done-before, pro-capitalist and anti-humanity apologetics!

In fact reading the reader reviews one after one gives a very interesting view on the

American politics and discussion habits. Generally the approach of the pro-book readers

is more factual (pointing to speci�c statements in the book and criticisms) and much

more sedate. Usually also much longer. The opponents use more ideology and name

calling. There are exceptions, but I encourage the reader to go through the comments.

On the more scienti�c grounds, Arnold Barnett has said, commenting on The Bell
Curve : 'All things considered, I believe that The Bell Curve’s statements about race would
have been better left unsaid even if they were definitely true.' Well, this comes from a

country where free speech is considered to be one of the major foundations of society.

Even if true, better left unsaid. In science. Even if it is true that the asteroid is going

to crash into Indian subcontinent on June 12th, 2456, it would have been better left

unsaid. Or not? Or, in all honesty, knowing the truth we could do something about it?

Act with our eyes open?

The controversy was so hot that shortly after the publication of the book 52 inter-

nationally known scholars have published a statement Mainstream Science on Intelli-
gence (http://www.lrainc.com/swtaboo/taboos/wsj_main.html) defending the fac-

tual �ndings of Murray and Herrenstein. Some of the attacks were incredibly strong, for

example the review by Steven J. Rosenthal called Academic Nazism69. In his opinion

the book, is a pseudo-scienti�c work that promotes not controversy but a dangerously

racist political agenda. And such was the tone of quite a few other reviews.
I know that by publishing �ndings such as the statistical di�erence in IQ that might

be in some part hereditary can cause a lot of resentment. But we are di�erent in
many other aspects and this is the law of averages, which is not applicable to indi-
viduals. Whatever it teaches us is that it should never ever be used to discriminate
groups, without looking into each member capabilities. And, as for individuals, most
societies do accept discrimination (on intelligence, height, strength, agility or eyesight).
Achievements in science and sport are obvious examples of measures that lead to un-
equal status. Should we blindfold ourselves to some truths (if they are indeed truths)
only because they might o�end someone? Here is a quote from Intelligence: Knowns
and Unknowns, report of a Task Force established by the Board of Scienti�c A�airs of
the American Psychological Association,70

It is customary to conclude surveys like this one with a summary of what has been
established. Indeed, much is now known about intelligence. A near century of research,

69http://www.lrainc.com/swtaboo/taboos/tbc02.html
70(Released August 7, 1995) http://www.lrainc.com/swtaboo/taboos/apa_01.html

http://www.lrainc.com/swtaboo/taboos/wsj_main.html
http://www.lrainc.com/swtaboo/taboos/tbc02.html
http://www.lrainc.com/swtaboo/taboos/apa_01.html
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most of it based on psychometric methods, has produced an impressive body of findings.
Although we have tried to do justice to those findings in this report, it seems appropriate
to conclude on a different note. In this contentious arena, our most useful role may
be to remind our readers that many of the critical questions about intelligence are still
unanswered. Here are a few of those questions:

1. Differences in genetic endowment contribute substantially to individual differences
in (psychometric) intelligence, but the pathway by which genes produce their
effects is still unknown. The impact of genetic differences appears to increase
with age, but we do not know why.

2. Environmental factors also contribute substantially to the development of intelli-
gence, but we do not clearly understand what those factors are or how they work.
Attendance at school is certainly important, for example, but we do not know
what aspects of schooling are critical.

3. The role of nutrition in intelligence remains obscure. Severe childhood malnutri-
tion has clear negative effects, but the hypothesis that particular ‘micro-nutrients’
may affect intelligence in otherwise adequately-fed populations has not yet been
convincingly demonstrated.

4. There are significant correlations between measures of information processing
speed and psychometric intelligence, but the overall pattern of these findings
yields no easy theoretical interpretation.

5. Mean scores on intelligence tests are rising steadily. They have gone up a full stan-
dard deviation in the last fifty years or so, and the rate of gain may be increasing.
No one is sure why these gains are happening or what they mean.

6. The differential between the mean intelligence test scores of Blacks and Whites
(about one standard deviation, although it may be diminishing) does not result
from any obvious biases in test construction and administration, nor does it simply
reflect differences in socio-economic status. Explanations based on factors of caste
and culture may be appropriate, but so far have little direct empirical support.
There is certainly no such support for a genetic interpretation. At present, no one
knows what causes this differential.

7. It is widely agreed that standardized tests do not sample all forms of intelligence.
Obvious examples include creativity, wisdom, practical sense and social sensitivity;
there are surely others. Despite the importance of these abilities we know very
little about them: how they develop, what factors influence that development,
how they are related to more traditional measures.

In a field where so many issues are unresolved and so many questions unanswered, the
confident tone that has characterized most of the debate on these topics is clearly out of
place. The study of intelligence does not need politicized assertions and recriminations;
it needs self-restraint, reflection, and a great deal more research. The questions
that remain are socially as well as scientifically important. There is no reason
to think them unanswerable, but finding the answers will require a shared and
sustained effort as well as the commitment of substantial scientific resources.
Just such a commitment is what we strongly recommend.
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Indeed.

But the topic of inequalities still stays a taboo, as one of the authors of The Bell
Curve, Charles Murray argues in Murray (2005). For discussion on more of the social

taboos in science, one may also see http://www.lrainc.com/swtaboo/taboos/hum_

diff.html.

http://www.lrainc.com/swtaboo/taboos/hum_diff.html
http://www.lrainc.com/swtaboo/taboos/hum_diff.html
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9.4 Talking about talking

“The time has come,” the Walrus said,
“To talk of many things:

Of shoes–and ships–and sealing-wax–
Of cabbages–and kings–

And why the sea is boiling hot–
And whether pigs have wings”.

Lewis Carroll71

One thing that is common whether we are talking about the nature of intelli-

gence or the origin of brain | or for that matter any other topic | is that we are

talking! The origin and nature of this ability is a deep mystery. Christiansen and Kirby

(2003a) titled introductory article in a recent review book `Language Evolution: The
Hardest Problem in Science? '. Of course, string theorists or biologists looking for

the origin of life on Earth might disagree, but the fact remains: we use a tool without

understanding its origin and deep principles of its action. And what a tool!
During my school days I had a `bright kid' status with my Literature teacher,

Ireneusz Gugulski72. Whether truly earned or not, I cannot judge. But I was al-
lowed to question the classics, provided that what I did was within certain limits, chief
of which was that it had to be stimulating. And one of my targets, that I still remember,
was a quote from an epic poem Beniowski, by Juliusz Sªowacki:

Chodzi mi o to, aby język giętki
Powiedział wszystko, co pomyśli głowa;73

Which I wanted to rework into

Chodzi mi o to, aby język giętki
Mówił to tylko, co pomyśli głowa;74

I was so frustrated at the time with the gibberish surrounding me (including most

of the poetry!), that in my desire for clear understanding, and for concentration on

thinking, not talking, I simply overlooked the great wonder of the very existence of the

`speech so pliant'. I guess that this is a quite common error: we take for granted the

ease with which we acquire the skill as kids, practically bootstrapping to full uency

in a few years. The ability to learn the world and the language to describe it, starting

from apparent zero is astonishing! Of course, many of us complain about the di�culty

of learning foreign languages. But can any parent really claim that he or she has really

71Through the Looking-Glass and What Alice Found There, 1872
72One of the greatest teachers, remembered by thousands and worthy of the legend that surrounds

him.
73Brr, I was never good at translating poetry: I want my speech to be so pliant to say all that my

head can think of.
74I want my speech to be so pliant, yet say this only that my head can think of.
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taught the kids to speak? They learn by themselves, by following our examples and

patterns and links and emotions.

The link between what `my head may think of' and what `my speech can express'

is not a trivial one, as I thought in my youth. One de�nes the other, and vice versa.
What was �rst, chicken or egg?

It was much, much later that I have re-discovered the topic, mainly through he

works of Steven Pinker (Pinker, 1994, 1997) and Douglas Hofstadter (Hofstadter, 1995,

1997). I have little hope to chart the vast territory of linguistic studies. How do modern

languages operate? What are the mechanisms of their change? How are meanings born?

Are there any rules applicable to all the languages in the world? How do we learn our

mother tongue? And why is it so di�cult to translate from one language to another?

What are the formal rules of language(s), and why we can break them meaningfully?

These topics are worthy of attention, and, indeed, a lot can be learned about each of

them. There is, as well, a lot of fun related to language | a perfect example are the

essays of Hofstadter (1985) devoted to self-referential sentences75. In addition to being

informative and thought provoking, they are very funny. Come to think, a lot of humour

is dependent on the existence of language | although certainly not all, as cream pies

and banana skins certainly prove. So, I can not aspire to cover the whole �eld. My

attention was gradually drawn to, what I hoped to be, a simpler topic: what is the

origin of languages? What makes us, humans, so special, that we are able to speak and

write about a range of topics extending far beyond the nearest fruit tree? And it turned

out that even the limited subject of the origin of languages is not a simple matter at

all.

9.4.1 On the origin of language
But can we study the origin of language? It must be hidden deep in the pre-historic
times, and by de�nition it would leave no accounts: for in what language would these
be recorded? Even looking for material traces of language is much more di�cult than
looking for other tools of humanity, those of stone and bone. Kendon (1991) starts his
review of the subject, recounting the early history of the Soci�et�e de Linguistique de
Paris, which, upon formation, has rejected any study of the origin of the languages76.
The same fact is recalled by Christiansen and Kirby (2003a). Such approach has been
in force for the better part of the XXth Century as well. The attempts to extrapo-
late existing languages back, to trace some original ones (the single one?) were quite
unsuccessful. As Kendon (1991) describes it:

The nineteenth century saw the development of historical linguistics and, for a time,
this seemed to give new life to the question of language origins. It was found that
careful and systematic comparison of related languages could lead to a reconstruction

75See, for example, http://www2.vo.lu/homepages/phahn/humor/self_ref.htm or http://www.
cut-the-knot.org/selfreference/index.shtml.

76Article II, from 1866: La Soci�et�e n'admet aucune communication concernant, soit l'origine du langage,

soit la cr�eation d'une langue universelle. (http://www.slp-paris.com/).

http://www2.vo.lu/homepages/phahn/humor/self_ref.htm
http://www.cut-the-knot.org/selfreference/index.shtml
http://www.cut-the-knot.org/selfreference/index.shtml
http://www.slp-paris.com/
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of older languages of which they were descendants. In particular, much effort was
expended in the reconstruction of Indo-European, the language proposed as ancestral
to many languages of Europe and to some of India. For a time it was thought that such
historical work could lead to an understanding of the nature of earlier forms of language
and perhaps, eventually, to an insight into its earliest form. However, it soon became
apparent that this was impossible. In reconstructing the ancestors of languages presently
spoken it was realized that all you could do was to reconstruct versions of language
which, though precedents for contemporary forms, were no different in principle
from those that could be directly observed. It was realized that such reconstructions,
whatever they might tell us about how specific languages change with time, could throw
no light on the issue of how language came about in the first place. Furthermore, as
historical work proceeded and more and more languages were carefully examined, it
appeared that the changes languages undergo with time, though to some degree lawful,
were neither consistent nor progressive. It was not found, for instance, that older
languages were simpler than contemporary languages.

Another attempt to get at the origins of language through analysis of languages
of primitive societies has been equally unsuccessful | because however `primitive' the
societies appeared to the European researchers, the languages were far from primitive:

[T]he languages of so-called ‘primitive’ peoples were just as complicated as the most
sophisticated and modern of European languages, and that there was no evidence for
the preservation of earlier forms of language.

Today the study of the origin of language has become an active and respected �eld.
Something must have changed in the past 140 years | yet not in the linguistics itself!
There were no discoveries of proto-languages. Unfortunately, neither sounds nor ges-
tures can leave fossils. Yes, we have learned a bit more about the `primitive' societies
and their languages, which has helped, but this was not the decisive factor. What has
changed was the understanding of the biological process of evolution, as it applies to
early hominids in all aspects of their life, including intelligence and social communica-
tion. And language is seen as crucial element for both of these arenas. As Pinker and
Bloom (1990) sum it up:

All human societies have language. As far as we know they always did; language was
not invented by some groups and spread to others like agriculture or the alphabet. All
languages are complex computational systems employing the same basic kinds of rules
and representations, with no notable correlation with technological progress: the gram-
mars of industrial societies are no more complex than the grammars of hunter-gatherers;
Modern English is not an advance over Old English. Within societies, individual hu-
mans are proficient language users regardless of intelligence, social status, or level of
education. Children are fluent speakers of complex grammatical sentences by the age
of three, without benefit of formal instruction. They are capable of inventing languages
that are more systematic than those they hear, showing resemblances to languages that
they have never heard, and they obey subtle grammatical principles for which there is
no evidence in their environments. Disease or injury can make people linguistic savants
while severely retarded, or linguistically impaired with normal intelligence. Some lan-
guage disorders are genetically transmitted. Aspects of language skill can be linked to
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characteristic regions of the human brain. The human vocal tract is tailored to the
demands of speech, compromising other functions such as breathing and swallowing.
Human auditory perception shows complementary specializations toward the demands
of decoding speech sounds into linguistic segments. This list of facts suggests that
the ability to use a natural language belongs more to the study of human biol-
ogy than human culture; it is a topic like echolocation in bats or stereopsis in
monkeys, not like writing or the wheel. All modern students of language agree that
at least some aspects of language are due to species-specific, task-specific biological
abilities, though of course there are radical disagreements about specifics.

The advances in understanding of the biological abilities (coming from neurology,

medicine, from study of our primate cousins) and the social aspects of biology, although

hotly debated and sometimes challenged have added the necessary background to the

discussions about origins of language. Of course, we are still working by reected light,

secondary evidence; much as the astrophysicists work out the inationary scenarios

without the bene�t of direct observation, yet there is a lot of things that we can say

today.

And what is said is very, very interesting, especially from the point of view of an

observer, who is interested not only in the topic but also in the whole scienti�c process.

This is because the current �eld is, since 1990s, divided between adaptationists or
selectionists, who emphasize a gradual evolution of the human language faculty through

natural selection and non-adaptationists, non-selectionists, who suggest that natural

selection only played a minor role in the emergence of language in humans, focusing

instead on a variety of alternative possible mechanisms77. In fact the division follows

the same lines we have already encountered in Chapter 9.3.2. On both sides there are Page 648

great and widely known names: on the side of adaptationists we �nd Steven Pinker,

Morten Christensen, Paul Bloom, Ray Jackendo�; on the non-adaptationist side Noam

Chomsky, Marc Hauser, W. Tecumesh Fitch, Stephen Jay Gould, Richard Lewontin

and others. The debate is very lively, much more than anything I have encountered in

my career in physics, like the debates about the interpretation of Quantum Mechanics.

Even the hot topics of the time, such as cold fusion or Universe expansion acceleration

were usually one-sided, with majority of opinions leaning rather quickly to one camp.

Perhaps a good comparison could be the story of string theory, but even it looks a bit

lukewarm compared to evolutionary linguistics.

One might ask if the di�erence in the views on the origin of language (especially

as we have no `solid evidence') is indeed so important or even meaningful. I think

it is | because it touches an extremely important point of convergence of cultural

phenomenon (language) and biological mechanisms allowing or facilitating it, such as

brain and vocal tract structures. We know that the result { language { is here, and

understanding which part of the language origin is biological and which cultural, and,

in the biological part what is an adaptation and what is an exaptation is crucial for

77There are also some lone riders, but to the casual observer the �eld seems divided into the two camps.
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a scienti�c (not just philosophical) understanding of humanity. The arguments in the

debate, spanning more than seventeen years, are too detailed to cover in detail. Many

papers are responses to others, forming a chain of arguments and counterarguments.

My journey through this �eld includes a lot of works by Steven Pinker (Pinker and

Bloom, 1990; Pinker, 1994, 1997, 2002; Pinker and Jackendo�, 2005; Pinker, 2005). The

�rst of these, Natural Language and Natural Selection, is very widely quoted and is

often used as the starting point for praise or attack. On the other side of the fence there

are works such as Lewontin (1998) or Hauser et al. (2002). The last one, titled The
Faculty of Language: What is it, Who has it, and How did it evolve, has started a

series of exchanges, including response by Pinker and Jackendo� (2005) (The faculty
of language: What's so special about it? ); response-to-response Fitch et al. (2005)

(The evolution of language faculty: Clari�cations and implications) and reply by

Jackendo� and Pinker (2005). My Google Scholar search has led me to other works,

such as Jackendo� (1999) or Christiansen and Kirby (2003a,b); Christiansen and Chater

(2007). The battle seems to be in full swing. It has made to WEB culture as well: an

interesting and readable review by Christopher Croom, titled Language Origins: Did
Language Evolve Like the Vertebrate Eye, or Was It More Like Bird Feathers?
published by CSA as a Discovery Guide78 has been copied to quite a few blogs and

web pages.
The rather conciliatory review of Christiansen and Kirby (2003b) describes the im-

portance of the debate as follows:

Language is one of the hallmarks of the human species – an important part of what
makes us human. Yet, despite a staggering growth in our scientific knowledge about the
origin of life, the universe and (almost) everything else that we have seen fit to ponder,
we know comparatively little about how our unique ability for language originated and
evolved into the complex linguistic systems we use today. Why might this be? [. . . ]

Major points of the consensus:
The necessity of interdisciplinary collaborations

One might expect linguists to contribute the most to research on language evolution,
but this is not the case. In fact, most language evolution researchers do not have a
background in linguistics, but instead come from one of many other disciplines within the
cognitive sciences and elsewhere. Although this may be a legitimate cause for concern
among linguists, it is perhaps better seen as a testament to the cross-disciplinary nature
of the field of language evolution. Indeed, possibly the strongest point of consensus
among researchers is that to fully understand language evolution, it must be approached
simultaneously from many disciplines. We must understand how our brains work; how
language is structured and what it is used for; how early language and modern language
differ from each other and from other communication systems; in what ways the biology
of hominids have changed; how we manage to acquire language during development;
and how learning, culture and evolution interact.

78http://www.csa.com/discoveryguides/lang/overview.php

http://www.csa.com/discoveryguides/lang/overview.php
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Thus, language evolution research must necessarily be cross-disciplinary in order to
provide sufficient constraints on theorizing to make it a legitimate scientific enquiry.
Nevertheless, most researchers in language evolution only cover parts of the relevant
data, perhaps for the reason that it is nearly impossible to be a specialist in all the
relevant fields. Still, as a whole, the field appears to be moving in the direction of
becoming more interdisciplinary.

The consensus includes not only the need for interdisciplinary approach, but also
some basic observations. For example

there seems to be agreement that prior to the emergence of language some PRE-
ADAPTATIONS occurred in the hominid lineage. There is less agreement about what
these may have been, but one candidate that has been proposed by many is the ability
to use symbols. [. . . ] In addition, it has been suggested that the ability to relate these
symbols to each other was a further necessary preadaptation for language. [. . . ]

Several other possible candidates for language-preadaptations have been put forward,
of which we mention a few relating to changes in social or cognitive abilities here. Joint
attention – that is, the capacity to follow eye-gaze direction or direct the attention of
another to a specific object – is important for successful communication, and may have
been a social precondition for language. Another potential social pre-adaptation for
language is the capability of modern humans for sophisticated imitation of action se-
quences for the purpose of communication. Our ability to represent others as intentional
beings with their own beliefs and desires, which can be manipulated by our actions, may
also be a social prerequisite for language. At the cognitive level, an increase in the ca-
pacity for representing complex concepts and combinations thereof may have predated
the emergence of language. Additional cognitive pre-adaptations that may have paved
the way for language include the ability for complex hierarchical learning of sequentially
presented information and increases in the memory for sound sequences, both of which
are important for the learning and processing of language. It should be noted, however,
that many of the pre-adaptations mentioned above are shared with other species, in
particular other primates, and that differences in these skills may be more quantitative
in nature than qualitative.

As we can see from the list there are quite a few conditions that are considered
necessary for the language to evolve, or that can inuence the development of lin-
guistic capability. No wonder there might be a lot of controversies. The path from
pre-adaptations79 to fully developed language is unknown and theories di�er greatly
here. Christiansen and Kirby (2003b) describe the two main camps as follows:

One line of theorizing suggests that grammatical structure is a consequence of an evolved
innate grammar. There are several different proposals about why a biological adaptation
for grammar may have evolved in the hominid lineage by way of natural selection.
One suggestion is that language evolved gradually as an innate specialization to code
increasingly complex propositional information (such as, who did what to whom, when,
where, and why). This may have been for the purpose of social information gathering

79All of them? Only some? Which ones?
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and exchange within a distinct ‘cognitive niche’80or for a kind of social ‘grooming’ at a
distance in groups of hominids too big for establishing social cohesion through physical
grooming81. [. . . ]

Another perspective suggests that grammar emerged more rapidly with the speciation
event that produced modern humans some 120 000 years ago. Common to most of these
proposals is the suggestion that language syntax shows evidence of complex design —
similar to, for example, our visual system – and that biological adaptation is the only
way to explain the appearance of such design.

A different line of theorizing sees grammatical structure not as a product of biological
adaptation, but as emerging through cultural transmission of language across hundreds
(or perhaps thousands) of generations of learners. Language systems are argued to
have grown increasingly complex due to the process of transmitting language across
generations through the narrow filter of children’s learning mechanisms. [. . . ]

This suggests that both biological adaptation and cultural transmission may have in-
teracted in the evolution of language. However, our understanding of such interaction
is complicated by the fact that the three adaptive systems interact on three differ-
ent timescales: the lifetime of the individual (tens of years), the language (thousands
of years), and the species (hundreds of thousands of years). Determining the exact
weighting of these three components with respect to each other and the nature of their
contribution is thus an important issue for future research in the evolution of language.

Not an easy situation, indeed. A more recent working paper by Christiansen and
Chater (2007) goes even further. The authors argue that neither of the camps has
the ability to fully answer the needs of explaining language evolution and origin. The
starting point is the notion of Universal Grammar, known to linguists for a long time

For a period spanning three decades, Chomsky has argued that a substantial innate
endowment of language specific knowledge is necessary in order to provide sufficient
constraints on language acquisition. These constraints form a ‘Universal Grammar’
(UG); that is, an innate database consisting of a collection of universal grammatical
principles that hold across all human languages. In this framework, language ‘learning’
involves setting of a number of parameters in UG according to the specifics of the
particular language being learned. That is, a child’s language ability gradually unfolds
according to a genetic blueprint in much the same way as a chicken grows a wing.
The staunchest proponents of this view even go as far as to claim that ‘doubting that
there are language-specific, innate computational capacities today is a bit like being
still dubious about the very existence of molecules, in spite of the awesome progress of
molecular biology’.

On the basis of assumption that the principles of Universal Grammar are genetically
speci�ed, and therefore must have evolutionary origin, Christiansen and Chater ask
whether the origin is adaptationist or exaptationist.

We argue that both of these views, as currently formulated, face profound theoretical
difficulties resulting in a ‘logical problem of language evolution’. We argue that this is

80(Pinker and Bloom, 1990)
81(Dunbar, 2003)
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because, on analysis, it is mysterious how a highly elaborate fixed biological structure
could become linked to what was, at least initially, a cultural product, proto-language,
that must have been highly variable both over time and geographical locations.

The problems indicated for the selectionist view are described as follows:

Let us suppose that a genetic encoding of arbitrary universal properties of language did,
as the adaptationist view holds, arise as an adaptation to the environment. Specifically,
this adaptation is, of course, to be to the linguistic environment. But how could
arbitrary properties of language be adaptive? Pinker and Bloom (1990) suggest that
the constraints imposed by UG, such as the binding constraints mentioned above, can be
construed as communicative protocols. As such, the specific nature of these standards
does not matter as long as everyone (within a given speech community) adopts the
same set of standards. [. . . ]

We will argue that this viewpoint faces three fundamental difficulties, concerning the
dispersion of hominid populations; language change; and the question of what is genet-
ically encoded.

On the other hand the non-selectionist view of Gould and Lewontin and Chomsky is
found de�cient because the proposed mechanisms may simply be to weak to give raise
to such biological adaptation:

To what extent can any non-adaptationist mechanism account for the development of a
genetically encoded UG, as traditionally conceived? In particular, can such mechanisms
account for the appearance of genetically specified principles that are presumed to be
(a) idiosyncratic to language; and (b) of substantial complexity? We now argue that
the probability that non-adaptationist factors played a substantial role in the evolution
of UG is vanishingly small. [. . . ]

Many authors who express skepticism concerning the role of adaptation implicitly recog-
nize this kind of difficulty with the non-adaptationist viewpoint. That is, they recognize
that it is unlikely that substantial amount of knowledge specific to language process-
ing could have arisen through non-adaptationist processes. Instead, many apparently
complex and arbitrary aspects of cognition and language may have emerged out of the
constraints on building any complex information processing system, given various phys-
ical and biological constraints. According to this picture, then, processes of language
acquisition and processing would not emerge through non-adaptationist mechanisms of
evolution; instead they would emerge spontaneously from physical and biological con-
straints. Yet a different view is proposed by Gould, who views language as a spandrel
-— i.e., as emerging as a byproduct of other cognitive processes.

These viewpoints, then, downplay the importance of non-adaptational mechanisms in
specifying domain-specific information about language in the genome. And our argu-
ment above shows that only a very small amount of such information could plausibly
have arisen through non-adaptationist mechanisms.

One may ask, in this situation is there any viewpoint that Christiansen and Chater
(2007) embrace? Their answer is quite interesting | instead on concentrating on evolv-
ing biological mechanisms that would make language feasible, they propose evolution
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of language that adapts it to biological environment. Of course there must be some ac-
count of biological changes as well (such as formation of larynx and speech apparatus),
but the change of perspective o�ers quite some refreshing notions and questions.

We propose, then, to invert the perspective on language evolution, shifting the focus
from the evolution of language users to the evolution of languages. From this per-
spective, we argue that the mystery of the fit between human language acquisition
and processing mechanisms and natural language may be unravelled; and we might,
furthermore, understand how language attained its apparently ‘idiosyncratic’ structure.
Instead of puzzling that humans can only learn a small subset of a huge set of possible
languages, we take a different starting point: the observation that natural languages
exist only because humans can produce, learn and process them. In order for languages
to be passed on from generation to generation, they must adapt to the properties of
the human learning and processing mechanisms; and the structures in each language
form a highly interdependent system, rather than a collection of independent traits.
We therefore propose to construe language as an organism, adapted through natural
selection to fit a particular ecological niche: the human brain. Thus, the key to
understanding the fit between language and the brain is understanding how language
has been shaped by the brain, not the reverse.

This viewpoint does not imply that language does not provide selective pressure relevant
to biological evolution. Good language skills may indeed enhance reproductive success.
But the pressures working on language to adapt to humans are significantly stronger
than the selection pressure on humans to be able to use language. In the case of the
former, a language can only survive if it is learnable and processable by humans. On
the other hand, adaptation towards language use is merely one out of many selective
pressures working on humans (such as, for example, being able to avoid predators and
find food). Whereas humans can survive without language, the opposite is not the case.
Thus, language is more likely to have been shaped to fit the human brain than the other
way round. Languages that are hard for humans to learn cannot come into existence at
all.

The authors propose to treat language as a bene�cial parasite or symbiont, that

confers advantages to human hosts. This is almost word for word the gene{meme

analogy of Dawkins! The latter art of the paper is devoted to some examples of the

languages shaped to �t the brain `environmental landscape'. While some of those are far

from what my physicists training would call decisive, some are very interesting, such as

comparison of recognition of languages by children and by suitable programmed network

programs. The result was that the subject-�rst languages, which form a vast majority

of known languages (Subject-Object-Verb 51%, Subject-Verb-Object 23%) were much

more easily handled by networks; while the object �rst languages, which were not so

well learned, are only a tiny minority of about 1% of Earth languages. This points that

at least some insight on the language propoerties and origins may be obtained through

tools other than anthropology or biology | we will come back to this issue shortly.

I have mentioned lone-riders before. This should not be understood as disparag-

ing. I had in mind the works that are somehow separated from the debate described
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above. A good example is Greenspan and Shanker (2004), which focuses on the role

of emotions (not intelligence) in acquiring a language by children. From this follows

an interesting evolutionary perspective, including emotion-signalling link. The authors

claim that there is no genetic leap, but learned capacity, dependent on nurturing and

social interaction.

There are many other works that are hard to qualify, for example Kendon (1991),

which stresses the role of anticipation of other's actions and `division of labour' between

sexes in proto-human societies; or Donald (1993) which points to central role of mimetic

capabilities in humans. The work of Dunbar (2003) stresses the role of social grooming

in the evolution of language. it is seen as the e�ective way of extending the range of

grooming and binding the social groups together.
The works pointing to links between speci�c brain structures and language capa-

bility and origin are quite numerous. One of quite accessible is Rizzolatti and Arbib
(1998). The article looks for a `bridge' between doing and communicating and �nds
it in so called `mirror neurons', that is neurons that are activated not only when the
animal82 does something | object manipulation, grasping, making movements | but
also in situations when the animal simply observes the same action performed by oth-
ers. This capability of recognizing the actions of others, and (physically) linking it to
own activities might be the basic mechanism of understanding the actions of others,
a sort of communication by observation.83 Rizolatti and Arbib note that in humans
mirror neurons were discovered in Broca's area, which is one of the regions thought to
be crucial for speech. From this they derive their main thesis:

Our proposal is that the development of the human lateral speech circuit is a con-
sequence of the fact that the precursor of Broca’s area was endowed, before speech
appearance, with a mechanism for recognizing actions made by others. This mecha-
nism was the neural prerequisite for the development of interindividual communication
and finally of speech. We thus view language in a more general setting than one that
sees speech as its complete basis.

82Original discovery of mirror neurons concerned monkeys, but later the same behaviour was found in

humans
83Rizolatti notes that whether an individual wants to perform an action or just observes other indi-

vidual actually performing it, the same premotor areas in the brain get activated. However, in most

circumstances, a series of mechanisms prevents the observer from acting in a way that mimics the ob-

served one. yet, sometimes, `when the action is of particular interest, the system will allow a brief prefix
to the movement to be exhibited'. This pre�x could be, in turn, observed by others, forming a sort of

communication. In my own experience this activation of own actions by observation may be easily trig-

gered. The most common | for me | is reaction to music and singing. Conscious or even subconscious

vocalizing and rhythm following seems to be quite a popular phenomenon. Rizolatti quotes observation

by Merlin Donald that mimetic capability is central to human nature, for activities such as dances, games

and rituals. In fact Donald (1993) writes: The transferability of rhythm to virtually any skeletomuscular
system in the body reveals the abstractness of human mimetic action-modelling: rhythms can be transferred
from one muscle group to another, singly or in combination. For instance, a sound rhythm initially modelled by
the fingers can be transferred to the feet, or to the axial locomotor systems (as it is in dance), or to the head,
face, eyes, tongue, voice; or to any subset of these in combination. Rhythm is thus an excellent paradigm for
mimetic skill, in which an abstract perceptual event (usually a temporal pattern of sound) is ‘modelled’ by the
motor system. Now I know what is responsible for my singing in the car. Mirror neurons.
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There is obviously an enormous gap between recognizing actions and sending messages
with communicative intent. We offer now a hypothesis on how this gap might have
been bridged. [. . . ]

We hold that human language (as well as some dyadic forms of primate communication)
evolved from a basic mechanism that was not originally related to communication: the
capacity to recognize actions.

The way to arrive at human speech is quite convoluted here:

Returning to our previous query as to which was the initial communicative gestural
system in primates, we now distinguish between systems that are closed in the sense
that they have a small, fixed repertoire and systems whose elements can be combined to
yield an open repertoire of meaning. We argue that: (1) the mimetic capacity inherent
to F5 and Broca’s area had the potential to produce various types of closed systems
related to the different types of motor fields present in that area (hand, mouth and
larynx); (2) the first open system to evolve en route to human speech was a manual
gestural system that exploited the observation and execution matching system described
earlier; and (3) that this paved the way for the evolution of the open vocalization system
we know as speech.

Very interesting hypothesis | linking facial expressions, sounds and gestures into a
complex framework, where gesticulation does play a very important role:

Was speech, therefore, a direct evolution of oro-facial gestures, after which followed an
expansion stage during which an open vocalization system appeared? A first reason
for doubting this scenario is that by using oro-facial communication, the exchange of
communication is essentially limited to two actors. The possibility of introducing a
third element in this one-to-one communication is very limited. By contrast, if manual
gestures are associated with oro-facial communication, the sender’s possibilities dramat-
ically increase. The sender might indicate to the receiver the position of a third person
or of an object, or even give a certain description of their characteristics. A second
reason lies in the fact that the combinatorial properties for the openness of speech are
virtually absent in the basic primate form of oro-facial communication. By contrast, they
are inherent to the brachio-manual system, both when it is used for transitive actions
(actions directed towards objects) and when it is employed for intransitive gestures.

The logic of the argument is quite convincing. Especially to anyone who has seen

Italians talking, with their hands almost as important as their words.

The `storytelling' attempts at reconstruction of language origins are by no means the

only ones. Following the general trend of introducing mathematical models into every

science branch, there are works that exploit such direction, for example Nowak and

Krakauer (1999); Nowak et al. (2001). There are also attempts at computer modelling

of the process, e.g. Steels (1997); Kirby (2002). Whether there is enough data to feed

those models remains an open issue, as well as whether the models themselves include

the crucial factors. But even the initial attempts show some interesting aspects of the

situation. For example, Nowak and Krakauer (1999) note that `errors during language
acquisition increase the likelihood of reaching the optimum solution' (which is quite similar
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to biological evolution!). And this comes not from philosophical speculation but from

simple mathematical model. Despite the lack of historical data, such mathematical-

computer modelling, especially when coupled with the new attempts at Arti�cial Intel-

ligence, may prove quite useful in understanding the origin and evolution of language

capabilities.
In the last note in this Chapter we shall return to another aspect of linking math-

ematics and language. We have already met the Amazonian tribe of Pirah~a in Chap- Page 75

ter 2.7, as the culture with practically no mathematical knowledge. An interesting
piece of information about their language system, which is one of the most primitive
languages known comes from Pinker and Jackendo� (2005). They describe the results
as follows

Based on 30 years of fieldwork on the Amazonian language Pirahã, Everett claims
that this language lacks any evidence of recursion. All semantic relations conveyed by
clausal or NP embedding in more familiar languages, such as conditionality, intention,
relative clauses, reports of speech and mental states, and recursive possession (my
father’s brother’s uncle), are conveyed in Pirahã by means of monoclausal constructions
connected paratactically (i.e. without embedding). However, Pirahã very clearly has
phonology, morphology, syntax, and sentences, and is undoubtedly a human language,
qualitatively different from anything found in animals.

The original work of Everett (2005) is very detailed study, that has started from
the description of the lack of numerals, number and counting in Pirah~a. Everett writes
that:

. . . after considering the implications of this unusual feature of Pirahã language and
culture, I came to the conclusion defended in this paper, namely, that there is an
important relation between the absence of number, numerals, and counting, on the
one hand, and the striking absence of other forms of precision quantification in Pirahã
semantics and culture, on the other. A summary of the surprising facts will include
at least the following: Pirahã is the only language known without number, numerals,
or a concept of counting. It also lacks terms for quantification such as ‘all’, ‘each’,
‘every’, ‘most’, and ‘some’. It is the only language known without colour terms. It is
the only language known without embedding (putting one phrase inside another of the
same type or lower level, e.g., noun phrases in noun phrases, sentences in sentences,
etc.). It has the simplest pronoun inventory known, and evidence suggests that its entire
pronominal inventory may have been borrowed. It has no perfect tense. It has perhaps
the simplest kinship system ever documented. It has no creation myths—its texts are
almost always descriptions of immediate experience or interpretations of experience; it
has some stories about the past, but only of one or two generations back. Pirahã in
general express no individual or collective memory of more than two generations past.
They do not draw, except for extremely crude stick figures representing the spirit world
that they (claim to) have directly experienced.

The work is an example of a text that is at the same time highly sympathetic to

the culture studied, direct and precise and very readable, even to a non-linguist. In

some sense it contradicts the equivalence of all languages I have mentioned earlier. It
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certainly shows a culture with basic notions (not just technological level) far away from

Indo-European origins. Such a discovery poses very interesting moral questions. Should

we `advance' the Pirah~a, at the cost of destroying their culture? Should we keep them

as in `reservation'? It is probably too late anyway for this. Fortunately, today, no

one questions their humanity in the way that was not only possible but typical just a

few centuries ago. Their society, small and simple as it is, is but an example of human

cooperation and communication, resulting from a minds trying to understand the world

around them. They have not achieved the level of understanding and control we are so

proud of. Was is because they started with less capable tools? Or because simply less

was needed, and that until widespread contact with other human groups occurred, the

language and worldview of the Pirah~a was good enough?

But, lest someone would again tend to idealize and idolize the blesses state of the

primitive society, let me remind: it seems that all our knowledge, including science and

language, are barely su�cient in understanding the global situation of humanity. Or,

perhaps, not good enough for our needs. Don't laugh at the Pirah~a, because you are

laughing at yourselves.
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CHAPTER

TEN

NETWORKS AND SOCIETIES

In all these material things we have begun to foresee
the possibility of a world-wide network

being woven between all men about the earth
Herbert George Wells
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10.1 Society as a subject

Anyone who has studied psychology, sociology, anthropology,
or any of the other wacko-and-wog disciplines

knows the three great rules of the social sciences:
Folks do lots of things. We don’t know why. Test on Friday

P.J. O’Rourke

Sociology, as research discipline, is particularly difficult. Not because it

is hard to learn the tools, as may be the case of physics. Nor because it requires

very special mindset and capabilities, as seems to be the case with creative work in

higher mathematics. It is di�cult because the subject is elusive and extremely com-

plex. Typical research language used in studies of societies ranges from individual

psychology terms, extrapolated to interactions of large numbers of people (di�ering in

attitudes, interests, capabilities and circumstances), to simpler but arti�cial treating

`masses' or social groups as amalgamates, where individuality vanishes | in any case

the complexity of the problem is evidently inhibiting the capability of full understand-

ing. In one case we simply lack the capacity to treat each individual with full attention

to detail, in the other end of the spectrum what we may describe is far from the real life.

Moreover, research and language used to describe social issues is laden with politics,

sensitive topics, overt or hidden interests. Cultural bias is present here, and sociologists

accuse each other of working under inuence of their own political standpoints and own

interest. While I have already tried to show how absurd it is to speak of `feminist solid

state physics' or progressive astronomy, the voices in sociology debate can be really sig-

ni�cantly distorted by initial standpoint of the commentators. After all, we're trying to

describe the system from within, and the e�ects of the system inuence the researchers,

bind their conceptual systems and limit allowable solutions.
The dream of making social sciences as rigorous as physics or chemistry is a long

standing one. Isaac Asimov's Foundation series, provides an excellent example where
central role is played by a science of psycho-history:

Psycho-history was the quintessence of sociology; it was the science of human behaviour
reduced to mathematical equations.1

The dream of the power of prediction (and steering capability) as described in the
Foundation series is quite alive among the real scientists, even though they lack (to-
day?) the tools. As with medieval alchemists, the `spin doctors' of modern applied
sociology aspire to the highest positions at the ruler's courts. And quite often some of
them do succeed, which, in turn, drives the cycle again. But what could be the proof
o�ered by the social alchemists of their capabilities? Well, they might try to show
the gold of successful manipulation of society. But equally well that might try to hide
behind the mystique of exact science, the smokescreen of bogus mathematics. Such
approaches were ridiculed quite early by Stanislav Andreski. He has written Andreski
(1972):

1Isaac Asimov, prologue to Second Foundation.
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The recipe for authorship in this line of business is as simple it is rewarding: just
get hold of a textbook of mathematics, copy the less complicated parts, put in some
references to the literature in the one or two branches of the social studies without
worrying unduly about whether the formulae which you wrote down have any bearing
on the real human actions, and give product a good-sounding title, which suggests that
you have found a key to exact science of collective behaviour

Nota bene, I have �rst found an example of mathematics within purely social anal-

ysis a long time ago. It was a lovely and wise book by Cyril Northcote Parkinson,

Parkinson's Law or The Pursuit of Progress, written in 1958, thus preceding An-

dreski by fourteen years. The book ruthlessly ridiculed democratic and commercial

institutions of the Western society, and for this reason was translated and published by

the communist trade unions, as perfect propaganda. What the censors somehow missed

was that the same laws were applicable to the Party institutions and o�cials. Even

more applicable, as there was no chance of any external control or correction. After the

book started a second life as the criticism of communist institutions the Censor's O�ce

intervened: despite popularity the book was not reprinted under the Party rule. . .

As years have passed, I have learned by direct observation, that all the laws proposed

by Parkinson are true. Everywhere. Under communism or within corporations. The

description of the growth of useless organisations or the observation that above certain

size threshold committees become useless are results that are again and again con�rmed

by the facts. And providing the absurd formulae for the questioned quantities has

served, in this case, to strengthen the common sense meaning of the messages, rather

than obfuscate.

For the reader unacquainted with Parkinson, here is an example. The Law in ques-

tion states that `all committees with more than 20–22 members become inefficient and are in
reality replaced by other bodies'. This is beautifully illustrated by examples of government

sizes from various countries, historical data on the British Crown Councils etc. Look

around yourself to see if you can �nd a contradictory example. I can't, even though I

have worked in several commercial (supposedly well run) companies, both Polish and

international.

After providing historical data and appealing to our common sense and experience

to support the conclusion on the optimum number of committee members, Parkinson

starts the fun. He presents a rather complicated formula for the number of the members

of a cabinet or other governing body at which it becomes useless, x.

x =
mo(a− d)

v + p
√
b
, (10.1)

wherem is the average number of members actually present, o is the number of members

under inuence of external parties, a is the average age of the members, d is the distance

in centimetres between two most separated people at the meeting, v is the number of

years that has passed form the �rst meeting of the committee, p is the patience of the
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chairman (measured on the Peabody scale, whatever this is2) and b is the average blood

pressure of the three oldest members of the committee. Just try to imagine this formula

being used! The �rst time I have read this I was about fourteen, and I still remember

laughing, and laughing, and laughing. . .

But the problem of misuse of mathematics in social sciences not a joke. Papers that

seriously use formulas that have no more meaning than equation 10.1 are appearing

all the time. The race for grants | spurred in some cases by genuine successes of the

use of the tools of mathematics and physics, for example in stock market analysis |

results in growing number of `interdisciplinary' works. Some are, indeed, interesting

and fruitful. But others fall deeply seriously into what Parkinson was laughing at

almost �fty years ago. Consider for example3 the recent paper by F�ath and Sarvary

(2003), titled A renormalization group theory of cultural evolution. Now, how many

sociologists (nay, how many physicists!) know the details of the renormalization group

theory? The paper is rather full of mathematics and notions such as context vector or

world matrix. Aided by such formidable machinery, the authors arrive at the following

results:

In our model with random preferences this coherence manifested as a spontaneous
ordering of the individual concept (sub)spaces, and was quantified by an adequate order
parameter. We demonstrated that as the fundamental cognitive and social parameters
change, cultural evolution goes through a number of phase transitions, which we found
first order in the mean-field model. The critical value of the most relevant transition
was calculated analytically using linear stability arguments and random matrix theory.

Transition to a phase with substantially higher cultural coherence can be triggered
in two different ways (see the arrows in Fig. 10.1): social contexts can increase in
significance, or alternatively, agents may develop better cognitive skills. In any case when
one of the transition lines is crossed, the subspaces spanned by the agents’ concepts
rearrange into a state with higher average overlap, and we can speak about a boost
in cultural coherence. Such a transition may explain the sudden cultural explosion for
humanity approximately 50,000 years ago. Since in our model the ordering involves a
spontaneous symmetry breaking, the emerging fixed point strongly depends on the initial
perturbation (a phenomenon usually termed ‘path dependence’ in the social sciences),
implying that cultural evolution is not completely deterministic but depends on a number
of idiosyncratic factors.

The questions remain: are the tools used in this concrete example really necessary?

Are they bringing new understanding? Is this a novel use or an abuse of the physical

methodology? Is this new approach useful? How the analysis may incorporate the ice

cycles or the availability of certain crops or raw tool materials, such as int? These un-

doubtedly inuenced the social contexts. But, judging from the form of the conclusions,

2There are Peabody scales used in measuring human abilities, I found out eventually. For example,

the Peabody Developmental Motor Scale, which tests gross and �ne motor skills in individuals from birth

to 8 years of age. But unless we somehow refer to the childishness of the chairman, I can not see a direct

link.
3One of many, really. . .
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Figure 10.1: Schematic phase diagram of transition to culture (F�ath and Sarvary, 2003).

wrapped around the Figure 10.1, the results are so general, so close to pure armchair

musings that the whole mathematical weaponry seems hardly needed.

There is one more analogy with the alchemists: group loyalty. Warnings and expo-

sitions such as Andreski's are almost always unwelcome and criticized. Quite recently

a Polish popular psychology magazine fell for the ruse similar to the Sokal scheme. It

has published a wholly bogus article on morphogenetic �eld in psychology. More: the

editors have actively worked on the article, expanding it (by including copy-paste frag-

ments from other, unattributed papers). When the matter was exposed at a conference

devoted to pseudosciences, the author of the provocation has been accused of breaking

the trust in science and research. One should not, must not, despoil one's own nest.

Only this way the high status of practical political sociology can be upheld. Notice that

even if two political camps engage in full scale verbal war, the position of the sociolog-

ical advisors is almost never questioned. Quite frankly, this really brings the memories

of middle ages and royal alchemists, astrologers and wizards.

But that is not to say that sociology is useless or that it does not need concrete,

mathematical tools and results. And that properly chosen methods would not yield

real results. On the contrary. The need to provide more quantitative than narrative

tools is driven by our growing needs to understand and predict social phenomena. This

is of interest to the most inuential (in terms of funding research) groups in society:

governments, marketing branches of businesses, largest non-pro�t organizations and
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media. But we have to di�erentiate the math as decorative device from a real tool. To

break from `fake maths science' to real qualitative and quantitative analysis has been

made only recently based on combined advances in:

� physics | with growth of understanding and techniques devoted to study of dis-

ordered systems and complexity studies;

� understanding network systems, their dynamics and role in interactions;

� computer modelling | allowing numerical and formal systems to be used by much

wider group of scientists.

These have allowed to make inroads into using vocabulary and methods taken from

`hard' sciences in social research. Of course not all directions were useful. Not all

e�orts genuine. And the greatest barriers are intimately connected: the richness of

the conditions that have to be taken into account, the multiplicity of our experiences

and the di�culty of application of a singular analysis (even highly successful) to other

conditions: history, contrary to folk wisdom, rarely repeats itself. At least when you

look with enough accuracy. Trying to achieve the level of repeatability typical for

physics is a fool's hope. The question remains: what can realistically be achieved in

our understanding of social phenomena?

10.1.1 Hard versus soft: experimental versus historical attitude in science

The still reigning queen of experimental sciences, physics, is actually rather alone in
the approach to the real world. The possibility to conduct repeatable experiments, that
somehow diminish the non-important aspects of the environment is shared only by the
nearest cousin, chemistry. Chemists and physicists count on the fact that atoms are
similar to each other. More: electrons or carbon atoms are indistinguishable from each
other. Thus they can expect that a reaction observed between, say, two colliding protons
or between two proteins would be repeated when two other protons or proteins are put
in similar conditions. Of course one has to watch these conditions, but the success of
physics and chemistry is due to our capability of dividing the world into signi�cant
and unimportant parts. But this relatively comfortable situation is hardly applicable
to other sciences. Even astronomy, although it shares 99.9% of theoretical methods
with physics and is today based directly on its laws, is di�erent: there is no place
for experiments other than the single, cosmic one. So astronomy is an observational
science, as is much of biology and sociology4. And these observational sciences deal, par
force, with unique histories of the studied objects, whether it is a Universe or species
or community. Of course there are experiments in biological or sociological research,

4The di�erence is that to understand the results of an astronomical observation we can turn to small

scale, experimentally veri�able physical theories, and assume they would `scale up'. Or at least look for

subtle signs of changes, such as the change in the strength of gravity at intergalactic distances. But what

would be the equivalent to the role laboratory scale physics plays for astronomy in the case of sociology

or psychology?
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but in general we deal with events and histories that are not easily (if at all) repeatable
in laboratory. How then can we derive general laws and ideas from unique chains of
circumstances? Perhaps a good way to start discussing this topic is via a quote from
the works of the initiators of the Self Organized Criticality idea5, Per Bak (Bak and
Paczuski, 1995)

Complexity lies in the details, but science deals with generalities. How, then, can one
possibly imagine a science of complexity?
. . .
Traditionally, sciences may be grouped into two categories: ‘hard’ sciences, where re-
peatable events can be predicted from a mathematical formalism expressing the laws
of nature, and ‘soft’ sciences of complex systems, where only a narrative account of
distinguishable events, in hindsight, is possible. Physics is simple but relatively difficult;
history is complicated but perhaps easier. Historical events depend on freak accidents,
so that if the tape of history were replayed many times, the outcome would differ vastly
each time.
. . .

History (including that of evolution or geology) depends on contingency. There is noth-
ing wrong with this way of doing science, where the goal is an accurate, narrative
account of specific events. Similarly [. . . ] biological evolution depends on one acciden-
tal event after another. If the tape of biological evolution were to be replayed millions
of times, not once would we see a life form vaguely similar to ours.

The answer to such problem, a way to look for properties that would appear despite
minute di�erences in history lies, according to Bak in

. . . a Nonequilibrium Approach. What underlying properties of history, biology, and
economics make them sensitive to contingency? In other words, what common features
lead to interdependence and complexity? Why can accidents occur that have dramatic
global consequences? These questions have been raised rarely; the narrative account
has been considered to be sufficient explanation. From a physicist’s viewpoint, though,
biology, history, and economics can be viewed as dynamical systems. Each system
consists of many individual parts that interact with each other.

Of course physics has been dealing with systems consisting of `individual parts that
interact with each other' since its beginning. The problem was, as Newton has learned,

that trying to get concrete, closed answers even for a system of as little as three bodies

interacting via well known long range gravitational forces becomes an impossible task.

There are two ways to resolve this problem: use numerical calculations (especially in

today's computerized age) and use statistical methods (especially when the number of

the interacting bodies becomes really great: 1023 atoms in a gas container, for exam-

ple). But although statistical physics has had enormous successes there are areas where

it can hardly be used. These are situations where single occurrences of phenomena

play a crucial role (can you imagine statistical theory of art or invention?), or where

historical development signi�cantly separates outcomes, despite statistical similarities.

5For a nice introduction see also Paczuski and Bak (1999)
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Such problems are quite common in social science, although admittedly statistically

describable situations are common as well. Thus, it always pays to be on the alert for

the possible shifting boundary between typical and individual phenomena. The advent

of computer based situations, which somehow can mimic the individualness of event

histories, while being decoupled from actual, real life histories, and allowing repetitive

re-runs of history has opened the door to greater understanding of various inuences

and situations.

10.1.2 With a little help of my computer

Computer assisted research in social sciences is described often as agent based soci-
eties and sometimes referred to as artificial societies. Such systems assume some

simpli�ed model of interactions between independent `agents' within computer-based

arti�cial `world', each of whom is characterized by a set of parameters. Depending on

the topic studied, these parameters might relate to various `real life ' characteristics of
the members of a society. The purpose of simulation is to obtain a better understand-

ing of some features of the social world. Simplification allows us to understand the
interactions more fully, and to look for cause-e�ect chains that are often hidden in real

societies.

The topics studied range from simple organisms to human societies. In extended

cases the same methodology has been extended to arti�cial systems, such as Internet

sites6. On a personal note: my interest in network research was kindled by a simple

remark uttered at Cisco resellers conference in Copenhagen in 2002 by one of the keynote

speakers. To impress the audience with the size of the Cisco's empire the speaker has

pointed out that `the computer networks have become so complicated that physicists have
started to study them and have observed a Bose-Einstein condensation'. I bolted upright

in the rather sleepy conference room, and quickly noted the reference given on the

PowerPoint slide. Back at home I followed the trail of references: articles and books.

Thus I have discovered a brand new world of networks, seen as key framework to

understand multiple facets of the real world.

6While it may be argued that the links and topics of the Internet sites are result from activity of their

authors, today's highly automated search engines and copying of content add autonomity and lifelike

appearance to the sites and their properties
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10.2 Networks

We are connecting everything to everything.
Bit by bit the logic of the network will overtake every we atom deal with.

Kevin Kelly

To understand networks one has to go beyond physics. Ask a physicist about

interactions between particles, and he would reply that there are two types of such

interactions. Those that happen via long range forces, such as gravity or electromag-

netism, and those that can be described as short range interactions (strong nuclear

forces or macroscopic description of phenomena such as collisions between bodies or

friction). The �rst group, due to long range, leads to every possible particle interacting

with every other in the Universe (albeit possibly very weakly). Astronomers who study

the details of the planetary motion are well aware of the need to take into account

all the planets, and perhaps neighbouring stars as well. . . On the other hand the short

range or contact interactions correlate only physically near bodies.

Physicists have been lucky in getting the `easy topics' | or perhaps careful in picking

the right subjects of study, suitable for their tools. Starting from systems consisting

of a few easily describable bodies (Sun and planets, for example) and idealizing the

interactions by picking only the `most important' has allowed the success of physics.

The reductionist paradigm which has developed an arsenal of successful tools to predict

the behaviour of a system as a whole from the properties of its constituents has been

triumphant for the past 300 years. Even when research turned to much more complex

objects, Nature has provided welcome help. It was possible to describe gases and liquids

as assemblies of individually insigni�cant and interchangeable particles, governed by

statistical laws. On the other hand, solid state physics has bene�ted from the almost

perfect repeatability of crystalline structure, which, through Bloch theorem, has allowed

to study much `smaller' problems, reducing the scale from 1023 atoms and electrons to

just a few. And even this is di�cult, as every physics student would con�rm. But even

in physics the time has come to study the deviations from statistics or perfectness. Some

of the research focus has shifted to the unique and strange, to situations where it is hard

to decide which factors can be neglected and which can not. It is even more present

in understanding social or biological or technical phenomena, which are characterised

by interactions that are limited to certain subgroups of the studied objects. A router

is connected to a limited number of other routers, a person has limited number of

acquaintances, a protein actively interacts with a limited number of other proteins.

And one router might be more important than others, just as a person might be. These

subgroups may depend on spatial and temporal closeness, but may also extend well

beyond nearest neighbourhoods. This is why the new approaches stress the network-

like nature of the studied relationships and interactions.
The traditional intuitions build by physicists are not best suited to meet the new

challenge. Many of the tools and results rely exactly on the ability to distance from
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the details of particular environments and relationships. On the other hand, physicists
are accustomed to changes in paradigm and many of them wee willing to change their
perspective. It was equally important that a vast array of methods and mathematical
formulas was ready to be applied to statistical analysis of networked systems. Sometimes
missing the target, but sometimes, as it turns out, giving a good starting point. And
one thing that physicists have in abundance is curiosity. It is therefore no wonder that
they seem to lead the e�ort to understand the phenomena, working very closely with
specialists from biological or social sciences. And the results, in some cases lead us away
from simple models. As one of the most active scientists in the network domain, Laszlo
Barab�asi, put it (Barab�asi et al., 1999a)

It is also possible that seemingly random networks in Nature have rather complex inter-
nal structure, that cover generic features, common to many systems. Uncovering the
universal properties characterizing the formation and the topology of complex networks
could bring about the much coveted revolution beyond reductionism.

I would like to stress that such network science is not against reductionism. The

principle that through knowledge of the constituent parts one can arrive at understand-

ing of the larger structures is still there. The thing that changes is realisation that

even a single small part may play such an important role as to change the overall sys-

tem. That there might not be an easy way to forget about certain interactions. Well,

even network science is not a perfect tool: it assumes discreteness of the interacting

elements, their identity and stability. Is all Nature like that? Probably not7, but, here

again, scientists have to start somewhere, with some workable assumptions and tools.
That the social interactions are network based was realised very early. For example

Peter Kropotkin's8 entry on `Anarchism' in the Encyclopaedia Britannica in 1910
states:

ANARCHISM , the name given to a principle or theory of life and conduct un-
der which society is conceived without government - harmony in such a society being
obtained, not by submission to law, or by obedience to any authority, but by free
agreements concluded between the various groups, territorial and professional, freely
constituted for the sake of production and consumption, as also for the satisfaction of
the infinite variety of needs and aspirations of a civilized being. In a society developed on
these lines, the voluntary associations which already now begin to cover all the fields of
human activity would take a still greater extension so as to substitute themselves for the
state in all its functions. They would represent an interwoven network, composed of
an infinite variety of groups and federations of all sizes and degrees, local, regional, na-
tional and international temporary or more or less permanent - for all possible purposes:

7Probably, because there are approaches that assume all Nature to be built from quantized, discrete

elements on the Planck scale. Which may interact in a `networked way'. Then the continuous view of

space, physical �elds etc. might prove to be just an illusion. See, for example, Wolfram (2002).
8I was astonished at the authorship of the Encyclopaedia entry. An active expert on the topic was

asked to write it up! In today's world of mass produced, anonymous, cut-and-paste information pulp

such things are almost unimaginable. A notable exception: Stanford Encyclopedia of Philosophy

(http://plato.stanford.edu/), where the articles are written by recognizable masters of the �eld, just

like in the times of the Encyclop�edie.

http://plato.stanford.edu/
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production, consumption and exchange, communications, sanitary arrangements, edu-
cation, mutual protection, defence of the territory, and so on; and, on the other side, for
the satisfaction of an ever-increasing number of scientific, artistic, literary and sociable
needs.

But words or visual analogies are not enough to give scienti�c meaning. To become

science, the `networks approach' should be able to explain existing observations, to

predict new results, to allow testing of hypotheses. And indeed, from early nineties, the

science of networks grew in prominence very fast, propped with with concrete results in

many domains. It encompasses, within focused range of terms and tools, such diverse

phenomena as metabolic networks (food chains) for complete ecosystems, the spread of

diseases, communication among people, collaboration (including self-study of scienti�c

collaboration), physical communication networks (yes, the ones referred to by Cisco)

and the Internet.

Additional sources on ‘network studies’
(mostly review articles) Albert and Barab�asi (2000, 2002); Barab�asi and Albert
(1999); Barab�asi et al. (1999a, 2001); Barab�asi et al. (2002); Barab�asi et al.
(2002); Barab�asi and Oltvai (2004); Castellano et al. (2007); Dall'Asta (2006);
Dorogovtsev and Mendes (2002b); Dorogovtsev et al. (2002); Dorogovtsev and
Mendes (2002a); Dorogovtsev et al. (2003); Dorogovtsev and Mendes (2003,
2004); Dorogovtsev et al. (2007); Ebel and Bornholdt (2002); Girvan and New-
man (2001); Jin et al. (2001); Newman (2000b,a, 2004, 2001, 2003); Newman
and Park (2003); Strogatz (2001); Watts and Strogatz (1998); Watts (1999)

These studies of various networked systems have shown several universal and in-

teresting e�ects. The original small world paper by Milgram (1967) pointed out the

surprising closeness of the links in our societies, called `small world e�ect'. Size mea-

sured not in kilometres but in the number of links it takes to traverse the network.

One of the most revealing questions that anyone can ask to estimate his own `size of

the world' is: now many successive phone calls it would take to bridge the distance

from you to, for example, the president of the United States of America. Most likely

you do not know him nor his direct number, do you? We are often thinking in terms

of geographical or social distance, such as the President moving in completely di�erent

circles that us. So, on �rst thoughts, the estimate of the number of calls to be very large.

But surprisingly, in my case I estimated this number as four, at most �ve9. I would be

equally surprised if this number would go above, say, fourteen | for anyone, an Inuit

hunter, Bangladesh �sherman or a monk in Greek Monastery. The reason is that there

are two ways of shortening the distance: presence of `short cuts' | links between people

that normally one would consider very distant (in my case this is my wife's cousin who

9I was not sure about one of the last links. A friend of mine has recently pointed out an even shorter

route: three hops.
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worked in the US diplomatic services, thus in one step bridging the Atlantic and social

chasms). The other factor is the presence of some number of extremely highly connected

nodes of the network | people who know a lot of people. And it is not just a recent

mobile Internet and air-travel accustomed society phenomenon. While many historical

studies have illustrated the general rule that in the past the extent of social links that

had to be personal in the pre-telephone, pre-internet ages, was indeed geographically

limited to close neighbourhoods10, even then there were people who have travelled far

and knew many people. They provided the links between countries and nations. One

of the best examples is Copernicus, who has travelled well beyond the typical distance

of medieval times. Copernicus was born in 1473 at Toru« in Polish Royal Prussia. In

1491 Copernicus enrolled at the Jagiellonian University in Kraków, and after four years

he went to Italy, where he studied law and medicine at the universities of Bologna and

Padua and canon and civil law at Ferrara. At the end of his studies, he came to live

and work at Frombork in Prussia. Even by today's standards of air travel and student

exchanges this looks rather impressive. Imagine how many people Copernicus met and

worked with. Thus a medieval peasant in Warmia (Royal Prussia) was probably only a

few hops from the Pope: one hop to parish priest, than a hop to Copernicus as General

Administrator for the See of Warmia, then to some of his Italian teachers and then

probably directly to the Pope. Even to get `down' to a peasant in far corner of Spain

would not require an enormous amount of steps. The world is, indeed, rather smaller

than geography would have it if we allow to measure it by indirect connections.

The emphasis on the social network is, of course, natural as we are interested in the

human condition. But network based description applies to many more disciplines and

situations. Let us then start with some general descriptions of networks and their most

interesting properties.

A network or a graph (as typically called by mathematicians) consists of nodes
(vertices, agents, sites) and links (edges or bonds). Generally the links may carry

di�erent `strength' (or weight) of interaction between nodes and may have a speci�c

direction. Many studies assume that the strengths of the links is equal throughout

the network, which is obviously not true in many real world examples, such as family

relationships or food chain descriptions, but makes analysis much easier. Networks

which contain directed links are called directed networks, while in an undirected network

all links must be bi-directional. Before we turn to speci�c examples of networks let's

introduce one of the basic properties: degree of a node i, ki, de�ned as the number of

links the node has11. The statistical properties of degree distribution of the nodes in a

network tell us quite a lot about its nature and may help to predict the overall processes

happening in the network, for example its resilience to disruption or the speed of the

ow of resources through it. For example the way information is shared or, to move to

10For example the studies marriages show that the average distance between the places of birth of

bride and groom was, for most rural societies, very limited, about or less than 20 kilometres.
11In the case of directed network each node has two degrees: in-degree, counting the number of incoming

links, and out-degree, counting the number of outgoing links, which may be di�erent.
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other domains, the way that an infection spreads in a community.

Physical models, such as the calculations of interactions between atoms in solids, use

methods that may be taken directly to speci�c case of networks, namely Nearest Neigh-

bour networks. We look for the forces binding the closest atoms together, and from

this knowledge we try to establish the properties of the whole crystal. With the tools

of Quantum Mechanics, this task, although computationally intensive, is very success-

ful. But looking at teh nearest neighbourhood is not always su�cient. In some cases,

foe example in study of magnetic interaction between impurities randomly distributed

throughout the crystals, which may form so called spin glasses, the network is random

in nature with the strength of interaction slowly decreases with increasing distance be-

tween the impurities. The topic is quite old, and has in fact provided a springboard for

mathematical methods used in some of network analyses, especially statistical approach.

It has also proven to be a good basis for some models of functioning of neural systems.

There is little physical similarity between such systems, but some useful results were

derived. This shows that either there is some `conceptual' or `interactional' similarity

or that the same tools used are rather e�ective at getting interesting answers for so

much di�erent systems. Or possibly both. Personally, I rather think that these early

results (1970's and 1980's) were overvalued and the hope that an universal tool leading

to understanding has been found was a false one. To a child who has a hammer, all

things look like nails. On the other hand the crucial point is that physics quite often

develops tools surprisingly much more universal and subtle than a hammer. In the past

twenty years not only the modelling and calculation methods have been developed, but

the general nature of the models has been much improved: model systems now resemble

outside reality to a much higher degree.

The rapidly growing discipline of network analysis has already developed tools and

language. We �nd here a lot of terms coming from statistical physics: percolation phe-

nomena, phase transitions, critical points, the Ising model, Monte Carlo simulations,

scaling and renormalization group methods, mean-�eld theory etc. This sounds im-

pressive, and again shows the versatility of physicists who nimbly adjust the tools that

have already mastered to any new topic or discipline that catches their attention. I

have already mentioned the surprising fact that mathematics is so universally applica-

ble to describe the world. Isn't it worthwhile to add another question: why are physical

descriptions so useful outside pure physics? Is it because success breeds success (a

phenomenon now well recognized within the network paradigm)?

But network science has quite a few new concepts as well, and the whole new ty-

pology of networks. It turns out that the same kind of individual interaction would

lead to very di�erent properties depending on the type of the connection network. And

vice versa, quite di�erent speci�c interactions between speci�c network nodes would

lead to surprisingly universal phenomena if the networks are of the same type. We

may then ask what are the most frequently studied topologies of networks? A short

walk through these models would help to orient ourselves in the landscape and judge
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potential applicability to various situations.

Figure 10.2: Examples of Nearest Neighbour networks: one and two dimensional. Each node

interacts only with a small number of nearest neighbours.

The Nearest Neighbour (NN) networks are formed by linking together a �xed num-

ber of closest neighbours, such as those presented schematically in Figure 10.2. The

easiest way to visualize such network is to place the agents on an imaginary circle and

connecting each agent to n neighbours. Another visualisation is the typical way a physi-

cists draws crystalline structure, with each atom connected to a few neighbouring ones,

and repeating structure extending to in�nity. Interesting property of NN networks is

that for small number of connections per agent (sometimes `�lling factor' name is given

to this quantity), agents on the opposite points at the circle to communicate must go

through many intermediaries. For 4000 agents and number of neighbours set at 10, the

longest `distance' is 200 `hops'. Due to such large separation any change of behaviour

of the agent i is seen immediately only by his closest neighbours. The majority of the

society is a�ected only after �ltering by intermediate agents located far from i. NN

networks react locally, which has made them the easiest to study. But in many cases

this is in contradiction to the observations of natural systems outside physics, where

some interactions might have unusually long range or encompass many agents at once.

And even in physics (such as solid state physics) there are a lot of phenomena, that de-

spite the local nature of atom-to-atom interactions are quite global in results. Another

characteristic of NN network is the lack of mobility of agents. The neighbourhoods stay

the same, or change very little over time. Some social models, based on geographical

background fall into such category. But in many cases the model seems too restricted.

One of the extensions of the NN model is small world model introduced by Watts
and Strogatz. The (SW) networks, (Watts and Strogatz, 1998; Watts, 1999) have been

popularized in recent years, and reproduce, in a simple way, a curious fact observed

in many natural and human-produced networks, namely that the distance between

any two nodes of the network, measured in number of links needed to connect them,

is usually much, much smaller than that in nearest neighbour networks of the same

average degree Milgram (1967). The name of the network category comes exactly from

this observation. One of the ways to realize a SW network is through a simple rewiring

of the NN model, without changing the number of agents or links may be as follows: one
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Figure 10.3: Examples of Strogatz-Watts (SW, also Small World) networks: one and two di-

mensional visualisations. Red links are the `shortcuts', that are responsible for the main charac-

teristic of the network, namely radical shortening of the distance between nodes of the network.

cuts a small (even very small!) fraction of the links from between nearest neighbours

and applies them instead between random, well separated agents. Keeping in mind

the visualization of NN networks as nodes along a circle, this corresponds to adding

connections that criss-cross the circle at random. Due to such shortcuts, even if their

number is very small, the average distance between any two nodes drops dramatically.

Thus we have a network that for each agent, locally is very similar to NN model (as

most of the links are, in fact, the same), but globally the communication through the

network is much faster.

Figure 10.4: Example of Random network.

The third category of network, studied extensively for at least forty years, is the

Random network. In such networks the links are distributed randomly, thus we have a

meshed network of links, with nodes di�ering in number of the connected neighbours,

and no obvious general structure. On the average, the maximum distance between

agents in random network of size N grows as logN (much slower than for NN networks)

and the number of neighbours per agent is given by the Poisson distribution. Random

network allow to use statistical tools of physicists, and many results were obtained for

such models, but again the real systems turn out to have more structure and exhibit
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more interesting e�ects. An example of such e�ect is a `fat-tailed distribution of node

degrees'. For those unfamiliar with mathematical jargon, degree distribution P (k) is the

relative number of nodes with degree k. This means that in the analysed networks more

nodes with large number of links are found that predicted by the random graph model.

In fact, in place of the exponential decrease of the number of highly connected nodes

one �nds degree distributions exhibiting power-law or truncated power-law behaviour

and signi�cant clustering e�ects. So, while random networks address quite a lot of

phenomena absent in NN or SW networks, and reect a lot of the randomness found in

Nature, they still miss many crucial aspects.

A clue to the origin of such e�ects and a very natural description of one of the ways

such arrangement may arise was given by Reka Albert and Laszlo Barab�asi (Albert

and Barab�asi, 2000, 2002; Barab�asi and Albert, 1999; Barab�asi et al., 1999a, 2001;

Barab�asi et al., 2002; Barab�asi et al., 2002; Barab�asi and Oltvai, 2004). These networks,

sometimes called scale-free or Albert-Barabási network (AB) result from interplay of

two processes: growth of the network and preferential attachment (the `rich get

richer' principle12). This principle may be realised by a mechanism in which as a new

node j is added to a network, it would become connected to another node i not fully

randomly, but with a probability proportional to the degree of the node i, ki. Thus the

nodes with large number of links would tend to have even more links, as the network

grows. As a result, the AB networks exhibit much greater presence of highly connected

agents than other types of networks considered here.

Figure 10.5: Example of Albert-Barab�asi (AB, also called preferential attachment) network.

Note the presence of some nodes with very large number of links.

We might also mention here hierarchical networks. In such networks each node

has usually only one or at best a few links directed up the hierarchy (to its `parents'

on higher hierarchy level) and some (sometimes many) links down (to descendants).

They resemble formal social organisations, such as military or business, but are found

in other disciplines as well. A variant of this network type is the clustered hierarchical

12For whosoever hath, to him shall be given, and he shall have more abundance: but whosoever hath not,
from him shall be taken away even that he hath. (Mat 13:12)
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network, in which in addition to links up and down, the agents that have the same

parent are all linked together (within the same level). While the simple hierarchy

shows no clustering at all, dividing the nodes into separate branches and twigs, the

clustered version preserves the division of the society into separate groups and levels,

yet providing high clustering ratio within groups. Constructed hierarchical networks

have relatively simple properties. But in situations found in nature, even though most of

the properties of a given network may place it in random or AB class, there are imperfect

hierarchies present. And �nding such hierarchies from statistical data (as opposed to

the `constructionist' model, such as a family tree hierarchy) is quite a complicated task

(Clauset et al., 2006).

The models described above are, in real life, often intermixed. Locally the network

might behave as NN or hierarchical, while from certain scale up it might be random.

Moreover, many networks are very dynamic, with nodes, links and even the topology of

the network changing in time. This might make the study complicated, as we are only

beginning to realize which resulting phenomena depend on which intrinsic properties.

But we are getting some results.

Large number of comparative studies indicate that the formation and properties

of networked systems found in nature | including social networks | shows certain

regularities and rules. The di�erent network topologies result in signi�cant di�erences

in network characteristics, while systems of very di�erent origin and type (biological

and social systems, the communication infrastructure if the Internet and World Wide

Web) but similar network topology show striking similarities. To describe such networks

researchers use statistical tools. While, in principle, it is possible to completely describe

a network via so called adjacency matrix aij, which for a network with N nodes has

N × N elements, and simply has value of 1 for all the i, j pairs connected via a ling,

and zero when nodes i and j are not directly connected, such description is often

less informative than simpli�ed statistical measures. We have already mentioned the

average number of links per node k (average node degree), and the distribution of
node degrees P (k). Clustering of nodes is described by the clustering coefficient C,
shortest path between given nodes lij and the average shortest path. Much interest

is linked also to maximum shortest path in the network, lmax, which is the measure of

the `size' of the network. Another quantity of interest is the betweenness σi of a node i,
which measures the total number of shortest paths that between all other pairs of nodes
that go through node i. In this way, betweenness measures the role and importance of

a node in `communication' for the whole network.

Out of the many characteristics of the network three are of special importance be-

cause they are easily understood and have signi�cance for the general network be-

haviour. These are the degree distribution, the maximum shortest path and the re-

silience of the network to disruption (cutting of the links or removal of nodes).

Within traditionally studies local networks (random or regular) the number of links

connecting a node to others has been usually �nite, sometimes equal for all nodes (see
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Figure 10.6). Introduction of the random network by Paul Erd?s and Alfr�ed R�enyi

of the random graphs has led to degree distributions that have allowed, in principle,

very highly connected nodes, but with exponentially decreasing probability. But many

networks found in nature (as well as those resulting from human engineering) are far

from such `democracy'. We observe that a few nodes concentrate unexpectedly large

number of connections. Whether it is the people who are enjoying huge popularity, or

key compounds in the biochemical network, taking part in many interactions or WEB

sites or Internet routers | the distribution is almost universally given by power law,

not exponential (see Figure 10.7). The principle of `the rich get richer' is thus suspected

to be in force for a very wide range of phenomena. As the nature of these phenomena

is so di�erent, we should look at this similarity as a sign of some deeper principles

in action. And this is one of the reasons why network science has attracted so much

interest recently.

The second interesting quantity I have mentioned is the distance between nodes.

The original Milgram (1967) work and subsequent Watts and Strogatz (1998); Watts

(1999) models have shown that in many cases the distance between nodes, measured as

number of links needed to connect them, is much smaller than we would expect. That

was a surprise, signi�cant enough to enter popular culture. Especially when one could

demonstrate it via examples I have mentioned before, such as the distance from the

President of the US. But the implications of the small world are not limited to human

relations. One �nds them signi�cant when we plan communication networks, or when

we estimate the time it would take for an epidemic to spread throughout the world.

These are real issues of importance to the economy and society.

The third aspect of network science is the study of response of the networks to losses

in connections or nodes. Whether it is to study reaction of the Internet network against

component failures or purposeful attacks, or a study of the e�ects of decreasing diversity

in connected ecological niche, they have provided important results.

For example, let's imagine a simple Nearest Neighbour network. Cutting a small part

of the links could easily lead to splitting the network in separate parts, no longer able

to communicate. A Random Network, while seemingly more resilient, would also break

down rather easily. On the other hand, the scale free networks are very resilient against

random failures of nodes or links. Even when a signi�cant part of links is absent, the

network still maintains its connectivity. But there is a downside to this: such networks

are much less robust if the attack (or failure) is not random, but concentrated on the

few most connected nodes. In such case the network may fall apart unexpectedly easy.

This has been well known in social relations | history teaches us how easily empires

fall down when a really charismatic leader dies. The strength becomes the weakness.

It is also well known in the case of computer networks. For example, the Internet is

una�ected by a random removal of as many as 60% of the nodes. However if only a few

of the most connected nodes are eliminated the network fails extremely rapidly. But

this weakness of AB networks against a directed attack may be crucial for biological
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Figure 10.6: Distribution functions of node degrees P (k) for various types of networks. Examples

of computer models taken from Sobkowicz (2003c). For the Random network the distribution

falls rapidly, while the Albert-Barab�asi network shows a linear decrease on the log-log plot

(which signi�es power law behaviour). The spread of results for large values of node degree k

are due to small size of the studied network. While the regular NN neighbour has only a single

value of the number of links per node (all nodes are identical), the Strogatz-Watts model allows

small deviations from this value.

systems as well, whether it is a metabolic chain of a viral agent or a deterioration of

environment. To understand the nature of the network, to understand the rank and role

of the participant nodes may provide important clues both for an attack and defense

strategies.

Among the topics already studied with network approach we can distinguish sev-

eral groups or related subjects. Social studies, for example, have considered various

aspects of collaboration between people, particularly between scientists. This has been

a fruitful �eld for several reasons. First, science is a �eld that encourages cooperation

among competition, so there is intersting tension brought by this contradiction. Sec-

ondly, there is an extensive comparative data in the form of statistics of publications.

The data allows to analyse cooperation patterns between individual scientists, institu-

tions, inuence links between published papers (we have already discussed the subject
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Figure 10.7: Distribution functions of node degrees P (k) for various types of real life networks,
both human made and natural, after Newman (2003). Comparing with Figure 10.6 we note that

real life distribution often resembles the AB (scale free) model.

in Chapter 5.5.1), looking for di�erences between various disciplines and eventuallyPage 225

looking into correlation of activity patterns with funding injections. In addition to

scientists, similar cooperation networks have been studied for actors as well. Network

research has found a way into political sciences as well. A good example is the study of

the resilience of terrorist networks, which as it turns out form quite complex structures,

far from the traditional hierarchic model.

There are also, what one might call `social-technical' networks, primarily found in

relation to the Internet. These include the links between various WEB sites or e-mail

ow structures. Again the �eld is quite easy to study, with a lot of data and tools that

allow automatic collection of data (such as links between WEB sites). What makes

Internet such an interesting �eld of study is its rapid growth and the subtle connection

between technological possibilities and human customs. Using Internet resources, even

with the help of search engines, stands in contrast to our long enshrined (and possibly

evolutionary adapted) methods of telling truth from lies. We can not see the face and

body language tell-tales that help us in personal contacts. Nor can the professionalism

of visual preparation of the WEB page help us in distinguishing treasures from trash in

the net. A well printed and leather-bound book (which obviously has been very costly

to produce) has, in the past, attracted at least some respect. Perhaps it represented

important viewpoint? Someone must have spent money to get it printed and bound.
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Today it is easy to make a niece looking WEB site containing utter rubbish. So the

looks are not a good indicator. Neither is pure popularity, as measured by number

of hits or links a good sign of quality. Search engines are based on algorithms which

can be fooled. It has become a popular sport in Poland to perform `slander attacks'

on various politicians using Google search mechanisms. After su�cient preparation by

numerous activists, feeding the search engine with appropriate links, typing a common

word such as idiota (idiot) in Google would result in topmost hit being the WEB page

of this or that politician. Such momentary increase of rank of certain WEB sites, due

solely to impromptu actions motivated by all too human feelings, are something quite

typical for the Internet age. Even a quick browsing of the discussion forums shows that

hate and spite are the most frequent driving forces in many disputes. Free from the

cautiousness resulting from the need to show our face, protected by anonymity, human

behaviour changes. And this inuences the structure of the WEB network as much, or

maybe more, than purely technical restraints or factual connections.
Beyond technology and sociology we �nd an enormous interest in networks in biol-

ogy. Barab�asi and Oltvai (2004) provides the following rationale for employing network
approach in biology:

Despite its enormous success, it is increasingly clear that a discrete biological function
can only rarely be attributed to an individual molecule. Instead, most biological charac-
teristics arise from complex interactions between the cell’s numerous constituents, such
as proteins, DNA, RNA and small molecules. Therefore, a key challenge for biology in
the twenty-first century is to understand the structure and the dynamics of the complex
intercellular web of interactions that contribute to the structure and function of a living
cell. [. . . ]

we show that the quantifiable tools of network theory offer unforeseen possibilities to un-
derstand the cell’s internal organization and evolution, fundamentally altering our view
of cell biology. The emerging results are forcing the realization that, notwithstanding the
importance of individual molecules, cellular function is a contextual attribute of strict
and quantifiable patterns of interactions between the myriad of cellular constituents. Al-
though uncovering the generic organizing principles of cellular networks is fundamental
to our understanding of the cell as a system, it also needs to develop relevance for the
experimental biologist, helping to elucidate the role of individual molecules in various
cellular processes. Therefore,we explore the specific biological details and the evolu-
tionary origins that contribute to the formation of cellular networks, and the impact
of the network structure on experimentally observable function and behavioural fea-
tures. Our goal is to help understand the large-scale characteristics of cellular networks,
complementing recent excellent reviews on the function of small genetic circuits.

Among the biological systems studied are

� Metabolic reaction networks, i.e. chemical reactions within living cells. It turns

out that these single reactions are connected into many chains. Nodes of the

metabolic reaction network are the chemical substrates. Directed edges lead from

the initial compound to the product(s) of the reaction. These networks are usually
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relatively small (hundreds of nodes), especially when we compare them with the

WEB pages that have millions of nodes and links. Yet, one observes the same phe-

nomena, for example the fat-tailed form of the degree distribution. Dorogovtsev

and Mendes (2002b, 2003) point out that the metabolic networks are surprisingly

robust. For example randomly removing as much as 10% of the total number of

nodes (compounds) in E. coli does not increase the mean shortest path between

one starting compount and another. This means that the cell is able to produce

the desired chemicals via a di�ernt way.

� Another example of the biological network is the network of protein-protein inter-

actions. Here proteins are the nodes, and links correspond to pairwise interactions

between them. While the network is similar to the previous one, we should mem-

ber that proteins play a very important regulatory role in chemical processes of

life, and protein-protein interactions are regulating the regulators. . .

� On a larger scale there are networks of food chains in ecological niches. These are,

again, relatively small systems. Currently studied systems comprise of roughly

two hundred nodes (species), with links corresponding to who eats whom. Here

again, network approach provides us with tools to estimate the capability of a

given ecosystem to survive depletion or invasion.

It is quite curious that the most complex of all known biological networks | our

brain | has so far been quite reluctantly approached from the point of view of the

`network science'. Perhaps we are not yet ready for this: our knowledge about the

structure of the network of neurons is still too coarse. Perhaps it is because, as I have

already mentioned, the additional complexity brought by rapidly varying states of the

network nodes and network connections are too di�cult for our understanding. There

are attempts to characterize neural networks of very simple organisms but we seem to

be still quite far from extrapolating these to human brains.

The reader may wonder why I have spent so much time on a topic that is not counted

among the big branches of sciences, such as physics, chemistry or biology. The answer

is that despite its very short history (earnest studies have started in 1990's) there are

signi�cant results and new view of the structures of the world.

I remember other scienti�c fads, theories or approaches that were supposed to have

an universal appeal, such as catastrophe theory. Causing some initial interest and yet

later fading to the position of specialized `background' theory. With just a few papers

a year and a few dedicated researchers. Is the network based approach fated to follow

the same route? I do not know for sure. I guess we are still in the initial phase of

enthusiasm and optimism. But there are already results that have, �rst, opened our

eyes to similarities between very di�erent systems and processes and second, provided

suggestions as to the origins of these similarities. And the existence of some common

mechanisms, inferred from common traits of so diverse systems is, for me, reason enough

to follow the developments of network theory with interest.
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10.3 Artificial Societies

Communism was not invented by scientists.
They would have tried it on mice first.

Anonymous

Since ancient times, our societies have been subject of countless experiments. Un-
fortunately, these experiments were not done by scientists but by politicians. Hope-

fully, humanity as the whole has learned something from these experiments: cruel tyran-
nies, unrestricted anarchies, revolutions and all the -isms of history. At least we can
try to study them, not just to record the historical events but to learn the whys and
wherefores. The historical evidence for these `experiments' varies enormously, from
scanty to overwhelmingly detailed. The closer we get to modern times the more de-
tails are at our disposal. Yet it is very di�cult to derive the basic principles, the key
drivers, to separate them from individual actions. Or to properly weigh the inuences
and importance of individual events and actions. We seem to be burdened by history
detail in our attempts to understand history itself. On the other hand, modern sociol-
ogy is starting to realise, that at least one of the paths to understanding may lie along
the course used by hard sciences, namely simpli�cation of the situation and attempt to
model it in ‘laboratory’ conditions. And since the advent of computers such possibility
has been provided by simulating the processes and mechanisms of the social activities.
Such endeavour may be described as follows:

Computational Sociology is a recently developed branch of sociology that uses com-
putation to analyse social phenomena. The basic premise of computational sociology
is to take advantage of computer simulation in the construction of social theories. It
involves the understanding of social agents, the interaction among these agents, and the
effect of these interactions on the social aggregate. Although the subject matter and
methodologies in social science differ from those in natural science or computer science,
several of the approaches used in contemporary social simulation originated from fields
such as physics and artificial intelligence.

In relevant literature, computational sociology is often related to the study of social
complexity. Social complexity concepts such as complex systems, non-linear intercon-
nection among macro and micro process, and emergence, have entered the vocabulary
of computational sociology. A practical and well-known example is the construction of
a computational model in the form of an ‘artificial society,’ by which researchers can
analyse the structure of a social system.13

The term for this study is the artificial society, a term coined by Joshua Epstein
and Robert Axtell. Eventually, the artificial society has given a new colour to the
sociological analysis, the computational sociology. The main issue is brought by the
problem of classical sociology, the macro-micro linkage problem. As originally questioned
by French sociologist, Emile Durkheim, how individual levels of social system influence
and be influenced by the macrosocial level.

13http://en.wikipedia.org/wiki/Computational_sociology

http://en.wikipedia.org/wiki/Computational_sociology
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The artificial society has been widely accepted by recent sociology as a promising
method characterized by the extensive use of computer programs and computer sim-
ulations which include evolutionary algorithms (EA), genetic algorithms (GA), genetic
programming (GP), memetic programming (MP), agent based models, and cellular au-
tomaton (CA).

For many, artificial society is a meeting point for people from many other more tra-
ditional fields in the interdisciplinary research, such as linguistics, physics, mathematics,
philosophy, computer science, biology, and sociology in which unusual computational
and theoretical approaches that would be controversial within their home discipline can
be discussed. As a field, it has had a controversial history; some have characterized
it as ‘practical theology’ or a ‘fact-free science’. However, the recent publication of
artificial society articles in the scientific journals e.g.: Journal of Artificial Societies and
Social Simulations (http://jasss.soc.surrey.ac.uk/JASSS.html) and Journal of
Social Complexity (http://josc.bandungfe.net) shows that artificial life techniques
are becoming somewhat more accepted in the sociological mainstream.14

Introductory sources on social simulations and artificial societies
Axelrod (1984, 1986, 1997, 2000, 2003); Axtell (2000, 2003); Bowles and Gin-
tis (2003); Gintis (2000, 2003a); Gintis et al. (2003); Gintis (2003b, 2004);
Newman and Park (2003); Riolo et al. (2001)

Tools used to study arti�cial societies range from formal mathematical approach

(drawing on the results from statistical physics) to computer simulations. A good

review of available tools and arti�cial society environments can be found at the WEB

site of the Simulation for the Social Scientist book by Nigel Gilbert and Klaus G.

Troitzsch.15 Arti�cial societies have subtly shifted the kinds of questions one might ask

in the social sciences. Gilbert and Conte �rst noted a decade ago, that one may today

inquire not only \what has happened? ’ or even ’what might have happened? ’ but rather
’what are the sufficient conditions for a given result to be obtained?" (Gilbert and Conte

(1995), quoted after Drennan (2005)). This is indeed getting closer to Asimov's applied

psycho-history than one would expect.

Gilbert and Troitzsch (2005) present an interesting table listing types of simulation

approaches in Arti�cial Societies (Table 10.1). As we can see, the models di�er in

the level of complexity, communication between agents and scale. The appearance of

software packages which ease the tedium of programming and allow scientists to con-

centrate on the phenomena he wants to model is pushing the �eld of arti�cial societies

even faster ahead.

Early social simulations have used simple and easily presented spatial arrangements

of agents. Usually the interactions between agents were either with closest neighbours

14http://en.wikipedia.org/wiki/Artificial_Society
15http://cress.soc.surrey.ac.uk/s4ss/links.html

http://jasss.soc.surrey.ac.uk/JASSS.html
http://josc.bandungfe.net
http://en.wikipedia.org/wiki/Artificial_Society
http://cress.soc.surrey.ac.uk/s4ss/links.html
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Number

of levels

Communication

between agents

Complexity

of agents

Number

of

agents

System dynamics 1 No Low 1

Microsimulation 2 No High Many

Queuing models 1 No Low Many

Multilevel simulation 2+ Maybe Low Many

Cellular automata 2 Yes Low Many

Multi-agent models 2+ Yes High Few

Learning models 2+ Maybe High Many

Table 10.1: A comparison of social science simulation techniques (from Gilbert and Troitzsch

(2005)).

(like in typical cellular automata) or sharply falling with increased distance between

agents. Later simulations are using more and more complicated network structures and

more and more advanced `agents': getting closer to the `real life phenomena'. How

close remains an open question. A recent workshop on `Epistemological Perspectives
on Simulation ', held in July 2004 at the University of Koblenz, in which some thirty

scientists participated has touched into the deeper issues within the �eld16, discussing

for example the status of simulations in social analysis and its validity as a tool to

discover the truths.
One aspect that is important is that the arti�cial society models allow, for the

�rst time to apply more mathematical rigour to social analysis (not just description).
But as some scientist point out too much modelling and mathematics may actually be
misleading. For example, in the opening paper in the Koblenz symposium, Moss and
Edmonds (2005) investigate what is meant by `good science' and `bad science' and how
these di�er as between the natural (physical and biological) sciences on the one hand
and social sciences on the other.

Good science enables us to understand what we observe. Different sciences have different
criteria of what it means to do this. In physics, the depth of understanding is judged on
the prediction of specific events and phenomena or distributions of numerical measures.
Evolutionary biologists do not predict the emergence of previously described species
but they do provide an explanation of speciation that was developed by Darwin to
cohere with the fossil record and has subsequently cohered with statistical and molecular
genetics. They [also] do claim to predict some more abstract properties, e.g. the rate
of change in junk DNA.

When we turn to social sciences the situation becomes even more delicate.

Natural scientists assume that the underlying processes that generate observed phe-
nomena are themselves unchanging over time and space. Experience has shown this
assumption to be productive in the sense that explanations based more or less closely

16http://jasss.soc.surrey.ac.uk/8/4/7.html

http://jasss.soc.surrey.ac.uk/8/4/7.html
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on fundamental laws prove to be descriptively accurate regardless of time or place pro-
vided, of course, that their conditions of application are not violated. There is no such
experience in the social sciences. Indeed, one might characterise social processes by
their ability to periodically undergo fundamental (i.e. structural) change. [. . . ]

In the social sciences techniques of measurement/data collection are relatively poorly
developed, but a key difference is that often social phenomena are not so much ob-
jectively measured but subjectively interpreted by the human mind. The human mind
is endowed with an encultured understanding of many of the social phenomena that
concern us as a result of its socialisation. This has its pros and cons: we already under-
stand, in an informal but richly meaningful way, many of the underlying causes of social
phenomena (e.g. everybody left the party early because of the open hostility between
the host couple), but this pre-theoretic understanding may be misleading - it is certainly
not 100% reliable. In the past this has led some social scientists to reject all accounts by
the participants of social situations as ‘anecdotal’, leading to an attempted ‘objectifica-
tion’ of social science. As we will argue below we reject the exclusion of the anecdotal,
arguing that, as evidence, it still has priority over theory, despite its difficulties.

Moss and Edmonds continue to discuss examples of bad social science. Among the

most important characteristics of such work they quote is the lack of direct connection of

the theoretical papers to empirical results, concrete observations and speci�c examples.

Modelling is a �ne tool, but it is next to useless if it is not correlated to reality. I have

experienced the same problems with my brief attempt do do amateur research on social

and biological modelling. While the results of computer simulations were | I hope

| interesting by themselves, I had no access to empirical data to which these models

could be compared. I guess that this was one of the reasons why my e�orts were never

cited. Exercises in possibility of application of this or that mathematical or computer

tool, without a clear sight of the objective, that is, the explanation or prediction of real

phenomena are, in most cases, exercises in futility. In contrast, my work as a physicist

was always in close contact with the experimental teams, and always related to concrete

experiments. We knew what was (or what would be, in case of planned experiments)

the measuring stick.
And in social sciences this measuring stick is quite often the internal, informal

understanding mentioned by Moss and Edmonds. If the simulations lead to `normal'
behaviour, that is the one we would imagine people to exhibit, we are quite happy.
Sure, sometimes it is a step in right direction, for example in formulating the base of
the model, the necessary ingredients, agent properties etc. But this can not, should not
be considered a �nal goal. The goal is to compare with Reality, either in observations or
experiments. Simulations should not overshadow the evidence from observations, even
if it is anecdotal evidence. And to get the required data, much more e�ort should be
expended towards developing new techniques for the observation of social phenomena.
Only then the theories could have something to be checked against, with necessary
rigour. The authors point out several things that they argue against:

• The unjustified assumption that there is always a single social reality ‘out there’ to
be represented and understood rather than alternatives that are continually being
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constructed

• That there will necessarily be unchanging and/or universal social laws underlying
social phenomena

• That any particular technique (including agent-based simulation) will always be
appropriate for all modelling tasks, rather the domain should guide the choice of
technique from a large palette of possibilities

• That one can objectify social science, and hence exclude subjective and meaningful
entities as reported by the people concerned

• That all aspects of social phenomena are amenable (even in principle) to scientific
approaches

Most of these points are so obvious, so common sense, that it is strange that they

have to be pointed out. But, judging by the papers I have read (and written) they

have to be emphasized again and again. of course there are notable exceptions, works

written with a background of observations and solid data. But it is far too easy to

get enamoured with the tools, or carried away by slick rhetoric skills. Only if we keep

the principles mentioned above in mind then we could say that the modern tools are,

indeed, bringing something new to sociology or psychology. And the new technologies

which do not only enhance the modelling capabilities but also allow to monitor and

observe the reality in much greater detail open up the possibilities. Whether this is

hopeful or scary depends not on the science, but on the way we decide or allow to use

such tools and results. But this is politics, not science.

10.3.1 Econophysics

Out of the many facets of human and social condition, economy has, from the scienti�c

point of view, a special status. Many other activities, both individual, for example love

or hatred, or communal, such as wars or migrations, are analysed using a narrative,

historical method. Whether these are in a form of literature or research treatises, See pages 7, 685

the focus is on individual chain of events and speci�c circumstances. Economy, on the

other hand, is focused on cumulative, statistical results. It has the advantage of dealing

directly with numbers, which allows quite natural interface to mathematical analysis.

In some sense, economy is one of initiators of mathematics. The need to divide the

crops or meat justly among the members of a tribe, or ability to evaluate if the stored

provisions would last till spring are vital to the survival of individuals and groups. Thus

addition, subtraction, multiplication and division are, in fact, economic operations.17

Thus econo-mathematics is a very old discipline and a very natural one. But what is

econophysics?
The �eld has attained a status of having its own name in 1990's. The idea was to

use the methods developed in various branches of physics, mainly statistical theory of

17We teach arithmetic to our children using examples such as `John has fourteen apples. How many

would he have if he gives four to Mary and eats two?'
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non-equilibrium systems to analyse the complex processes in modern economy. The

problems tackled by econophysics range from uctuations of stock market prices (the

original application) and predictions of market crashes to descriptions on macroeco-

nomic scale, for example e�ects of deregulation for labour or goods markets.

How can statistical physics teach us anything about economy? What does it have

in common with processes that govern production, distribution, �nances, and above

all people's plans and expectations? After all, most of these processes are carried out

by conscious, thinking people, each one with his or her memories, prejudices and fears.

Human beings are not atoms, companies are not statistical assemblies of interchangeable

components. Good or bad management can defy statistical averages. Innovativeness

can change whole markets. People decide. So statistical methods, even very advanced

are far from able to track, let alone predict, all the details. Even the imaginary Asimov's

psychohistory was unable to cope with individuals.

As it turns out, there is quite a lot of insight that can be gleaned from the economic

data using the tools that physicists use. And I am not thinking about trends or correla-

tions but about more fundamental issues. For example, to see if a majority of decisions

in a market economy is taken using the available information to the full. As it turns

out, the players tend to disregard a lot of information, that in theory would be avail-

able to them.18 The assumption that all economic agents act rationally turns out to be

suspect. In this way, the techniques developed originally for complex, non-equilibrium

processes may actually tell us something about us, give some new insights as to human

and social nature and activities.
But such optimistic statement is by no means fully accepted. The status of econo-

physics is rather peculiar. As is the case of most interdisciplinary research, especially
between culturally diverse �elds, there is quite a lot of derision and disappointment.
Accusations of `physics envy' directed at traditional economists are countered with
statements that `physicists are unable to understand even the simplest supply/demand
model'. A recent editorial in Nature19 describes the situation as follows:

Economics and physics are two disciplines that, contrary to widespread perceptions,
have significant common agendas. Shame, then, that the professionals don’t do more
to recognize the fact. After hearing a talk on the application of physics to the social
sciences, a physicist in a notoriously traditional department was heard to mutter that
it was all very well but it wasn’t ‘real physics’. It was an article of faith to him that
many-body theories in physics could not be applied to animate objects. Now that it
seems clear that bacteria, locusts and even road traffic undergo types of dynamic phase
transition, this objection is hard to sustain. But the idea that physics can tell us some-
thing about a human system as complex as the economy - that there exists a kind of
econophysics - seems harder to swallow. Would-be econophysicists can therefore find
themselves damned from both directions: physicists don’t think of the field as physics,
whereas economists don’t recognize it as their discipline either. Acceptance by the
economics community seems a particularly long way off: even fully fledged economists

18See, for example Gabaix and Laibson (2000)
19Nature 441(7094) (2006): 667, cited after http://www.unifr.ch/econophysics/.

http://www.unifr.ch/econophysics/
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are ostracised by the mainstream if they do not embrace the tenets of ‘neoclassical’
economic theory, no matter how untenable its principles — identical, utility-maximizing
economic agents operating in an equilibrium market — now seem . . .
The refusal of the economic mainstream to engage with econophysics is lamentable and
makes it difficult for physicists to recognize and learn from their mistakes. As the News
Feature on page illustrates, this opportunity to build links with receptive economists
should not be squandered by a lack of quality control in econophysics. Current stan-
dards in the field are extremely variable; there is sometimes a sense that physicists are
content to find a vaguely plausible way of mapping some economic question onto a fa-
miliar physics-based model, to characterize its behaviour and plot a phase diagram, and
leave the matter at that. This is not particularly good physics; it is certainly poor social
science; and it may prove irrelevant to the questions that really matter in understanding
economic behaviour. Journals that are willing to publish econophysics must be more
vigilant and thorough in their review procedures, and be willing to seek out sympathet-
ically minded economists (who do exist) for advice. But as some econophysicists argue,
it will be hard to improve standards while their efforts are necessarily a sideline tolerated
only as long as they also work on ‘real’ physics (for example, there is not a single chair
of econophysics anywhere in the world). This encourages not only the perception but
also the reality of a certain dilettantism in the field. Economics cannot be something
for physicists to dabble with. Indeed, the challenge it poses is in some ways even more
daunting than that facing physicists who wish to work on biological problems - at least
in biology there is a core body of knowledge that, however complex, represents more or
less a consensus view.

My personal experience with econophysics fully con�rms the semi-amateurish status

of econophysics. I had an opportunity to participate in the fourth conference on `Ap-
plication of Physics in Financial Analysis ', held in Warsaw in 200320. Some of the

observations were rather funny. First, a lot of papers presented were rather super�cial,

following a path of `I do have some statistical analysis tool (computer program, ana-

lytical expression. . . ) so here I do apply it to, say, Warsaw Stock Exchange data. And

suddenly, I am an econophysicist!' Of course there were many more papers genuinely

interesting. I remember long and fruitful discussion I held with Piotr �ukasiewicz and

Arkadiusz Orªowski on their poster on Probabilistic Models Of Income Distributions
(�ukasiewicz and Orªowski, 2004). Another curious observation was the gap between

the theoretical approach of physicists, doing research for the sake of research, and much

more practical viewpoint of business-suited representatives of banks and �nancial in-

stitutions (sponsors of the conference). In fact, one could say who's who, just by the

dress code.

There are, however, well established bridges over this seeming gap. For quite along

time now, the education in theoretical physics is a good starting point for a career in

�nancial derivatives market or in insurance analysis. Out of a group of sixteen physics

students that I had a pleasure to study with, two are now highly placed in international

�nancial institutions. After obtaining their physics PhD's and working in the �eld for

20http://www.if.pw.edu.pl/~apfa4/

http://www.if.pw.edu.pl/~apfa4/
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some time. And despite the fact that by the time we were �nishing our studies, Poland

was not a market economy. So, physics can help.

That econophysics is an active �eld is easily seen from the number of publications.

One can have a look at the econophysics.org web page21 or check the arXiv branch

devoted to Physics and Society.22 As a starting point, there is a very accessible and

interesting general review review of econophysics by Burda et al. (2003).

One of the foremost �elds using physical tools is �nancial market analyses (see, for

example, Mantegna and Stanley (2000)). I am not a stock market player (perhaps I

should be?), and I �nd some aspects of its history amusing. When I read the History of
Financial Speculation (Chancellor, 1990) my suspicions of were heightened: there is a

lot of magical thinking involved. People want to be bamboozled. As with astrology. A

lot of terminology and methodology has been invented apparently to provide rationales

for picking up this or that stock or this or that hedging fund without looking into real

economy behind the stock market symbols. And, for sure, to certain extent it works:

market trends sometimes follow arti�cial, speculative signals, not real economy. And

recently physicists have added their highly specialized tools to such analyses. Consider,

for example the analyses of stock uctuations and their time distributions by Bouchaud

and Cont (1998); Potters et al. (1998); Bouchaud (2000); Gabaix et al. (2002b); Gabaix

(2002); Gabaix et al. (2002a); Burda et al. (2001); Plerou et al. (2000). Yet, sometimes

the monkey beats the managers in picking up the stocks (using monkey(econo)physics?).

I leave it to the interested Reader to see if indeed econophysics is really the tool to plan
their investment portfolio. As I have none, that particular problem is only academic

for me.

Another venerable �eld of application of physical ideas is the distribution of resources

and capabilities. The analysis of wealth distribution is quite well known in classical

economics. A good starting point for an analysis of this topic is the WEB site devoted

to the history of economic thought at http://cepa.newschool.edu/het/index.htm.

We can �nd there one of the main contributions of Vilfredo Pareto to economics: the

three-volume edition of his lecture notes, Cours d'�economie politique (1896, 1897).

Within the Cours, he has formulated his famous Pareto Law of income distribution.

He argued that in all countries and times, the distribution of income and wealth follows

a regular logarithmic pattern that can be captured by the formula:

logN = logA+m log x (10.2)

where N is the number of income earners who receive incomes higher than x, and A and

m are constants. This is exactly the fat-tailed power distribution we �nd in network

analyses. Over the years, Pareto's Law has proved remarkably resilient in empirical

studies. Most of us know the Pareto law in a simpli�ed form of the 80/20 Rule. Pareto
has observed that 80% of income in Italy was received by 20% of the Italian population.

21http://www.ge.infm.it/ ecph/links/index.php
22http://xxx.lanl.gov/list/physics.soc-ph/recent

http://cepa.newschool.edu/het/index.htm
http://xxx.lanl.gov/list/physics.soc-ph/recent
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While this is not something special: for any income distribution there must exist a

fraction f , such that f of the income is received by 1− f of the population, values of f

much greater than 0.5 signify very non-uniform distribution. Moreover, if one observes

that in many cases the rule can be applied recursively, i.e. 80% of the 80% of the

top-income belongs to 20% of the 20% we arrive at the distribution of Equation 10.2.

Modern explanations of Pareto Law, or more generally of the wealth distribution causes

using econophysics arguments may be found in Bouchaud and M�ezard (2000); Burda

et al. (2001); Souma (2002).

What is quite interesting, is that the original limited sense of the Pareto 80/20 Rule

is today extended to very diverse situations, sometimes without any deeper thought.

While there is quite a lot of statistical analysis behind the income and wealth distri-

bution, there is little sense of applying the same principle to sayings such as: `20%

of clients are responsible for 80% of sales volume.' The volume of sales to particular

customers varies so heavily from market to market, depends on the personality of the

salesman and the type of organisation he belongs to that using a generalisation such as

the one above seems patently absurd23. Yet, you can �nd the rule in many sales courses

and sales measurement matrices. My belief is that it simply sounds good to prop up

the sales manager authority by some pseudo-scienti�c jargon, when one demands more

results from his or her underlings. . .

But there are interesting topics in which the Pareto rule surfaces unexpectedly, via

fat-tail distributions, for example city sizes studied by Gabaix and Laibson (2000);

Gabaix and Ioannides (2003).

Econophysics, as an approach has close connection with bioeconomy, term used often
by Jack Hirshleifer (see, e.g. Hirshleifer (1982, 1998b,a)). For example in The bioeco-
nomic causes of war (Hirshleifer, 1998a) we �nd the following opening statement:

As the final causes of human actions, the sources of our preferences and goals, whether
material or intangible, are usually regarded as outside of the analytic boundaries of
mainline economics. For traditional economics, preferences are brute forces, coming
from outer space so to speak. It is at this point that bioeconomics steps in to rescue
and complete economic thought. The premise of bioeconomics is that our preferences
have themselves evolved to serve economic functions in a very broad sense: those
preferences were selected that promoted survival in a world of scarcity and competition.

For the readers who would like to check more literature devoted to not-so-traditional

approach to economics I can recommend two WEB sites, in addition to the already men-

tioned econophysics.org and arXiv sites: the UCLA Department of Economics (http:

//ideas.repec.org/s/cla/uclawp.html) and http://www.unifr.ch/econophysics/.

The topic, although not my favourite, is deep enough for a lifetime. . .

23I have spent the last �fteen years selling and managing sales, I know that this statistics is absurd!

http://ideas.repec.org/s/cla/uclawp.html
http://ideas.repec.org/s/cla/uclawp.html
http://www.unifr.ch/econophysics/
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10.3.2 How rumours spread

Do you know that Americans never landed on the Moon?24 That on September 11th

no plane has hit the Pentagon? That energetic coughing might avert cardiac arrest?

In the age of the Internet, we are so close to `information' (or whatever passes forSee page 759

information) that the main problem is distinguishing what's real from junk, lies and

errors.

The main facility needed to determine which is which is one's own experience, good

education and scepticism. On the other hand, public opinion, emotional attitude and

lack of education helps to foster and spread the rumours. The uglier and more aggres-

sive, the better. This phenomenon has been studied, in quite good detail. The �rst

works are actually quite old, but the early papers are unavailable on the WEB Go�man

and Newill (1964); Daley and Kendall (1964); Dietz (1967). Later works are numerous,

for example Bettencourt et al. (2006).

Pentagon rumour: Galam (2003)

10.3.3 Modelling opinion formation

An example of legitimate use of mathematics in social sciences is provided by studies

of leadership, spread of information and consensus formation. We have already seen

the examples of analyses of information ow in the preceding Section. The next step

is understanding the e�ects of information: its inuence on the decisions taken by

members of the population, on opinions.
The real life examples are measurable both on the large scale (for example through

election results or polls) or on small scale direct experiments. Computer simulation

models of opinion forming date back to 1960s, however, the particular model we are

going to discuss is the one of Nowak et al. (1990), developed further by Nowak and

Lewenstein (1996) and Kacperski and Hoªyst (1999, 2000), Hoªyst et al. (2001). The

general approach analyses the formation of public opinion through interactions between

individual members of the society, taking into account di�erences in receptiveness,

strength of inuence and pre-existing biases. The original work Nowak et al. (1990)

has shown that interesting macroscopic behaviour can result from simple microscopical

properties of computer agents.

The basis for the models in Nowak et al. (1990); Nowak and Lewenstein (1996);

Kacperski and Hoªyst (1999, 2000); Hoªyst et al. (2001), which will be generally followed

here, is the following:

� A set of N interacting agents form a society. Interactions take form of one to one

activities. The dynamics of the total system is assumed to take place through

discrete time steps, with updates done globally.

24See, for example, http://24.73.239.154:8081/moonshot/debunking.htm

http://24.73.239.154:8081/moonshot/debunking.htm
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� Each agent i has, at a given time, his `opinion' σi. The changes of aggregates of

`opinion' within the society or certain subgroups is the topic of the research.

� Each agent is characterized by the strength of his possible inuence on other

agents. This allows to model situations of uneven distribution of inuence, such

as presence of strong leader(s).

� As a special case, one of the agents (the leader) is assumed to have the strength

of inuence much greater than the rest of the agents.

� Interaction between particular agents is governed by the strength of agents as

well as the remoteness of the interacting agents. We use the term `remoteness' in

abstract sense, to denote the measure of the social separation between members

of society and its e�ect on transmission of opinions. The overall social impact
of agent i on agent j is given by combination of acting agent strength and the

separation between i and j.

� The agents interact and inuence each other in turns, changing their opinion

after each full turn of interactions take place. Agents are allowed to interact with

themselves, this mimics the phenomenon of self-support, or inclination to hold

agent's present opinion.

� The model allows for extra-social inuence or bias, applying it uniformly to all

agents.

� The models may allow for the noise in communication and changing individual

opinion by adding an equivalent of temperature to the simulations.

It is extremely interesting that the results of the works cited above have signi�cant

dependence on the way the `remoteness' between the agents is introduced. The works

of Nowak et al. Nowak et al. (1990); Nowak and Lewenstein (1996) have used simple

spatial two-dimensional (2D) model of agent distribution. It has been argued that

`People are more likely to interact with neighbours, that is those who live

close to them in physical space' . . . `Our choice of a 2D lattice represents

quite well the physical distribution of people on at surfaces. The results of

studies conducted in Boca Raton, Warsaw and Shanghai, have shown that

the probability of social interactions is decreasing as a square of physical

distance' (Nowak and Lewenstein (1996)).

Results obtained for the 2D lattice based society have shown that there are localized

`bubbles' of uniform opinion around strong leaders, growing and merging or diminishing

with changes of external inuence. The geometrical model on a 2D disc has been used

by Kacperski and Hoªyst (1999), with the measure of decrease of the inuence with

distance studied mostly using linear relation.



Draft, January 2, 2008 712 Chapter 10. Networks and societies

In their later works of Kacperski and Hoªyst (2000); Hoªyst et al. (2001) have argued

that the social distance, which does not have to ful�l the same conditions as geometrical

one (such as, e.g. triangle inequality) should be modelled by more general and exible

model. The authors introduce the notion of social immediacy mij (between agents

i and j ). The immediacy mij does not need to be equal mji and the distribution

of values of mij may be arbitrary. In Kacperski and Hoªyst (2000) three immediacy

distributions were analysed: uniform random distribution 0 ≥ mij ≥ 2m, exponential

distribution and discrete multimodal distribution. The results show rapid jumps in

majority-minority proportion of opinion and presence of local clusters of opinion, which

in abstract social distance space correspond to Nowak's bubbles of opinion.

Moving from simple geometrical models towards social network ones results in more

sensible replication of the real conditions of communication and interaction between

humans and groups. The geometry based approach may be valid in speci�c cases,

such as in situations where geographic proximity plays crucial role. A good example

is in valuation of houses and segregation in speci�c streets or districts, which has been

studied long time ago (1971) using geometric approach by Thomas C. Schelling. He has

modelled racial segregation of residential neighbourhoods using very simple means25.

The model showed that using rather weak assumptions about individual preferences

of agents an integrated neighbourhood could transform to a rather segregated one.

Even if no agent actually preferred the resulting segregation. The positive feedback of

segregation and prejudice strengthens the initial preferences and the process becomes

self-sustaining. Schelling model is a great example of how simple simulations may

provide a clue to the social behaviour. It is not only understandable as a model, but,

what is more important, the topic has well documented observational data, to which

the model can be compared. Without such comparisons, modelling would be an art ,

not science.

Schelling received a Nobel Prize for Economics in 2005 and this fact has spurred a

renewed interest in the model, for example Laurie and Jaggi (2002); Aydinonat (2005);

Colman (2006); Pancs and Vriend (2007); Dokumaci and Sandholm (2007); Benito and

Hern�andez (2007); Barr and Tassier (2007), to name a few of recent papers. The main

focus of social studies of opinion changes has, however, moved to network based agent

communities.

Opinion formation in networked societies

To be expanded
Add results of my own studies, as well as point-
ers to more recent literature

As an interesting twist back to physics, the language and mathematical methods

used to describe opinion formation have recently been used to describe purely physical

25Coins on graph paper | computer simulation without computers.
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phenomenon. Speci�cally, Tuncay (2006) has presented a preprint devoted to descrip-

tion of Formation of lightning in terms of opinion dynamics in three dimension.
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10.4 Is hard social science already here?

How much is two and two?
How much do you want it to be?

Anonymous

In the light of examples presented above one might ask if indeed hard, solid,
numerically veri�able social sciences are already here, or at least just around the

corner? The target has been almost achieved for more than forty years now.26 Andreski
(1972) provides an excellent, but rather dismal overview of the state of social sciences.
In addition to the already quoted (and most widely known) attack on the misuse of
mathematics (or pretended mathematics), Andreski points to other factors that move
an large part of the work done in anthropology, sociology and related disciplines away
from hard sciences, instead of towards it. Lack of clarity, ideologisation, obfuscation,
self-reference or works limited to closed circle of admirers, and last, but not least,
disregard for the facts are among the sins mentioned in Andreski's book. Unfortunately,
the book is out of the Internet reach, and it is quite di�cult to get `normally'. I had the
good fortune that the recent Polish translation is available, expanded and commented
by the author (for whom Polish, is after all a native language)27. And despite the
fact that almost thirty years have passed since the original observations of misuses
and obfuscation, the chapter on still growing weeds provides fresh, new examples of
social sciences that are so far away from exactness, clarity and plain sense that one can
imagine. In addition he exposes social mechanisms present within the social sciences
themselves: servility, mass production, censorship, race for novelty, closed circle of
interactions. There are no sacred cows for Andreski, his description of the behaviour
of British colleagues paying homage to Burrhus Skinner upon his visit to UK provides
particularly good summary:28

The reason for the homage as probably gratitude for [Skinner], who by his authority has
helped in convincing gullible representatives of exact sciences that research on mental
processes and human behaviour has reached the level of rigour and accuracy equal to
physics or chemistry (or at least physiology), and because of that they should be counted
as exact sciences, not humanities.

But the whole book is full of examples of why we should not (yet) ascribe such

status to confused, banal, repetitive ravings �lled with jargon and contradictions.

Almost 270 pages are �lled with such examples and there is no way to provide a summary

here. And, what is worse, the book is not only unavailable electronically (at least I was

not able to �nd any extensive quotes) but it is still very di�cult to purchase. Su�ce to

say that the Amazon o�ers only used resold copies. Neither is it available from Barnes

26I has the occasion to write a couple of papers on the physics of gallium arsenide. The running joke

was that it was the most promising material in semiconductor industry, has been for more than 20 years

and promising it will ever be. . .
27Stanislav Andreski real name is Stanisªaw Andrzejewski. His life store is worthy of a novel by itself.
28Re-translated from Polish to English
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and Noble. In this context the title of the �rst chapter: Why Foul Ones Nest? seems

strangely prophetic.

The list of authors criticized by Andreski is similar (rather wider) to those mentioned

and ridiculed by Sokal and Bricmont (1998) or Gross and Levitt (1998). This is because

misuse of mathematics is but one of the sins exposed by Andreski. After reading the

book, one can not help asking the question is there anything worthy being produced

by social scientists? Well, of course there is, even Andreski points out from time to

time, that the purpose of the book is to single out authors and practices that should be

banished, and that there are works that are creative, clear and rigorous. But because

of the politics of postmodern domination at western universities (especially humanities

departments) the trend is not optimistic.

A very interesting corollary is provided by Freman (2004), Editing a Normal Sci-
ence Journal in Social Science. Freman points out �rst to di�erences between tra-
ditional, `hard' sciences and social sciences. Opening his presentation he quotes A.
Kimball Romney

Scientists compete against nature; social scientists compete against each other;

and refers to Thomas Kuhn, who

suggested, these differences might stem from the fact that most of the natural sciences,
are ‘normal sciences’ while most of the social sciences are not. According to Kuhn, a
normal science is a systematic endeavor that both generates puzzles and then solves
them. It is based on a consensus among its practitioners and that leads to the orderly
accumulation of knowledge.

From the point of view of the editor of a scienti�c journal, there are some `objective'

measures of the published work, for example acceptance rates, self-citations and article

lengths. Freman shows that there are signi�cant di�erences between the statistics of

papers published in physical journals and leading journals devoted to social sciences.

The conclusion is that in a normal science (physics, chemistry), we would expect:

� A high acceptance rate in journals;

� A high self-citation rate in journals;

� Relatively short, compact, articles.

The reason is that in these sciences nearly everyone agrees. And the reason for this,
is that there is a common, impartial `measuring stick' of quality: nature, the need for
the agreement of theoretical models and predictions with experiments and observations.
Freman states, that

in the social sciences, there are very few agreements. Practitioners share few, if any,
standards or norms.
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Peer review results in an almost unbelievable spread of opinions. An example of

the ratings for articles given by Freman shows no correlation at all! Which means that

the reviewers were not able to agree on the value of submitted articles, ranging from

`absolutely unpublishable' to `publish as is with the highest priority'.

The observations of Freman go deeper: it seems that ‘the social network analysis is not
like other social sciences'. Statistical measures mentioned above are much more similar

to physics or chemistry than other social sciences. For example the journal, Social
Networks, displays a systematic pattern of citation with multiple citations, reappearing

authors and main citation paths which display a single, coherent substantive concern.

More details may be found in a study by Hummon and Carley (1993).

But the data on the network approach, with its more judicious use of mathematical

techniques, and improved standards are optimistic observations. Thus, perhaps we are,

in some part, on a way to turn social analysis into objective science? Of course, if the

society permits, which is far from certain. There are so many factors against, starting

from internal power struggles within the Universities and ending in general preference

of whole societies not to learn too much about themselves. . .
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10.5 Culture red in tooth and claw

‘Culture’ is to make a nice drinking bowl from one’s enemy’s skull.
‘Civilisation’ is to go to prison for that

Anonymous

There are many forces within our societies that inhibit the development of

objective social sciences. The reasons are di�erent for the Western democratic

societies and for countries that are far from democracy (such as communist regimes or

African dictatorships or countries governed by religious laws).
Alexander (2003) characterises the situation as follows:

The culture-biology (or culture-genetic) dichotomy derives from continued misunder-
standing and misstatement of certain aspects of biological theory. . .

1. Fear that to admit an influence of genes on behaviour will lead to genetic deter-
minism.

2. Belief that learned behaviour - and by extension, culture – has no connection to
genes.

3. Fear that accepting a potency for individual level selection suggests justification
for selfish behaviour.

4. Belief that cooperative and conciliatory behaviour contradicts the notion of potent
individual-level selection; that if selection can be construed to be most potent
at group (‘cultural’) levels it automatically becomes a gentle, peaceful process
that promotes compassion and good will, and thereby sidesteps the nastiness of
competition at the individual level.

5. Failure to understand that such situations as long-term correlations between amounts
and kinds of social interactions and relatedness can lead to tendencies and biases
in social learning, such as tolerating and assisting close associates, and accepting
their advice, because proximity and close association alone can make them likely
to be genetic relatives.

6. Failure to take into account that if our apparently unique human ability to treat
whole collections of relatives appropriately to their degrees of genetic overlap with
us is generated via social learning, then some particular kinds of mistakes are
likely, and must be taken into account in assessing whether social experiments are
contrary to expectations from evolutionary theory.

Culture in other species: Byrne et al. (2004); Hauser et al. (2002) Page 553

10.5.1 Dictator’s dreams

There is a big question which the future sociologists of science will have to answer:

why so many people want to believe that culture is in�nitely malleable? I entrust this

task to future researchers, as today the atmosphere is certainly unfavourable to such
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study. Perhaps it will ever be. Each of us is di�erent and many of us want to mould the

others to a form resembling their own. Sometimes this takes subtle forms of leading by

example or logical argumentation. Often we are so used to this indoctrination that we

no longer perceive it as such | as in the case of bringing up our children. Sometimes we

do notice, and even protest, for example when a government brainwashes the society.

Sometimes we notice, but we do not protest, but allow ourselves to be brainwashed.

Both parents, schoolmasters and politicians hope that their e�orts would not be wasted.

They want their subjects to be pliant and exible, no matter what the goals are.

But as history proves again and again, people are quite obstinate. Children, in most

cases, take di�erent path then the one chosen by the parents, as long as they get any

decent chance. The pattern of storm and rege period in teenagers life repeats since

the times we were still proto-humans. It is present in our primate cousins. The texts

from ancient Greece and Rome, complaining that the youth are not as they were are

perfect examples that we do know that some things repeat themselves, despite all the

e�ort of educators. The same with politics: societies are strangely resilient. No matter

which methods are used | rallying or threatening, constant control and surveillance or

appeals to higher feelings, some patterns repeat themselves. Preference for one's own

family bene�t, for example. Distrust towards outsiders. Power struggle. These, and

many others repeat in almost all societies we know. In Chapter 13.5 the Reader may

�nd the list of such human universals. We are so used to many of them that it is a bit

of a revelation to think for a moment that they are not `necessary'. That, in principle,

our behaviour and understanding of the world could be di�erent. When we realize the

amount of similarity between cultures as di�erent as the Inuit or Patagonian peoples

and modern techno-geek community, we should be truly amazed.

And any politician or prophet, planning a society of general happiness should con-

sult the list very carefully. While he (or she) can count on people following him (or her)

when it comes to defending their possessions, hatred towards and attacking foreign-

ers, spite and envy, cowardice and self interests; the other desired outcomes are much

harder to come by. Solidarity, selessness, helpfulness, rational thinking are much more

di�cult to establish, nurture and sustain. Why? This is another task of sociologists.

History already has enough examples that `prove' this regularity. Both nazis and com-

munists tried to change the societies, tried to change people so that they would �t the

desired form. And, I note with great sadness, as long as the motivations were centered

around hate and xenophobia the dictators had succeeded. But the ideals of equality

and brotherhood, of principles `from each according to his abilities, to each according

to his needs', somehow did not catch. Through my personal experience with late real-

communist society (long after atrocities of Stalin et al), I can con�rm the success of

the opposite stance. All through the day | I me mine, I me mine, I me mine. So-

cialism be damned. From the party chiefs to the working class. The speed with which

capitalism has overtaken China in recent times, after years of total brainwashing, cul-

tural revolution and total state control just proves again that in some directions it is
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simply impossible to change human nature. And because some of these directions are

deemed desirable, nice and humane this causes a real problem. A lot of philosophers

and activists chose to deny historical experiences and explanations based on built-in

tendencies in human psyche, because it would, in their opinion, derail us from the

continued e�orts to achieve the paradise on Earth.

But blindfolding ourselves, forbidding to talk about the bad and the ugly parts of

our human heritage would not move us towards universal happiness. Excluding touchy

subjects from scienti�c research does not make it more humanist, it only makes it less

connected with reality.

With the advances in networked, agent based simulations it might be possible to

model the minimal requirements necessary to obtain some results, taking into account

our contrariness and inherent traits. Coupling network approach with sociobiology and

with understanding of the individual biological roots of decision making and activity

focus we may move towards much better practical understanding and predicting global

behaviour. Of course, such tools may also be used by dictators or terrorists, evalu-

ating the chances and impact of their actions. Arti�cial societies, where you can try

solutions before implementing them `live', may be used to wrong ends. My practical

experience with Business Intelligence solutions, using data analysis to predict consumer

bahaviour suggests that commercial organisations are today much more advanced than

governments.29 Our buying patterns, the movements through the aisles of supermar-

kets, temporal patterns etc., etc. are analysed | with concrete e�ects. The placement

of goods, the timing of promotions, prediction of the demand, they all translate to

concrete business results, increased margins and revenues. So, if retail stores, telcos

and airlines can do it, in principle the dictators can do it as well. And the reaction to

this thought would, for many, be even worse than the reaction to the discovery of how

supermarkets manipulate us, forcing our `spontaneous and sovereign' decisions. Are we

manipulated politically, as well as commercially?

But one more thing that the history has taught us, this time optimistic, is that

there is progress in our moral and social condition, at least in some places. The `circle

of interest and caring', de�ning the range of beings that we treat as important to us, as

worthy of having the same rights as ourselves, has grown from single families or tribes to

nations and then to humanity as a whole and even to the biosphere. Not for everybody,

for sure. There are exceptions, both individuals and groups, which have much more

limited range of this circle. People for whom all outsiders are less worthy. But in

modern democratic countries, the scope of applications of rights is far greater than

anywhere and any time in history. And exceptions are noticed, whether on individual

basis (criminals) or more global (unfair social arrangements, dictatorships). Sometimes

something is even done to combat these exceptions. Thus, while social modelling might

be the dictators dream tool, it would be, just as well, or maybe better, a tool for the

29Of course excluding the possibility of huge Data Warehouses maintained and analysed by super secret

MIB-type agencies. Possible, but judging by overall results, either incompetent or not existent.
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good guys. As is usual with tools: they may come to a good or bad use. But should we

even consider deliberately incapacitating the tool (making the saw deliberately blunt)

just to avoid some unpleasantness of the results? I do not think so. But this seems

to be the prevailing social science political correctness attitude. On the contrary, the

same tools can be used for good ends, for example to detect the manipulation patterns,

to discover the unseen links and connections. For the networking methodology can

be extremely useful in recognizing the web of inuences and bonds. And, in today's

world we do not need supercomputers to do it. I predict that not far from now, a

home-computer based network, after the fashion of SETI@Home, shall monitor a lot of

governments and point out the patterns that are invisible to casual observation. This

could be a next generation (WEB3.0?) project that I sincerely look forward to.
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CHAPTER

ELEVEN

BLIND OR BLINDFOLDED?

But if you ask what is the good of education in general, the answer is easy:
that education makes good men, and that good men act nobly

Plato

Education is a weapon whose effects depend on
who holds it in his hands and at whom it is aimed

Joseph Stalin

Lack of education will not be the biggest problem in the future.
The problem will be an excess of stupidity

as more people fall below the incompetence line.
Scott Adams1

1Dilbert Future



Draft, January 2, 2008 722 Chapter 11. Blind or blindfolded?

11.1 How to diseducate?

Never ascribe to malice that which is adequately explained by stupidity
Napoleon Bonaparte

I would like to start with a personal story, set in Poland some thirty years

ago. Our maths Teacher, on September 1st in our �nal year of Liceum2 presented a

fat collection of maths problems and said: `All, I repeat, all of you have till March
to solve all the 1700 problems in the book. I don't care how. You can even copy
from each other. I want your notebooks with solutions, problem by problem, piece
by piece '. We were furious. So much work! But, as the teacher had quite a reputation,

in March all 39 students gave their notebooks for inspection. Of course, some have

cheated, copied the solutions from each other, some worked together, some were prolix

some were terse in their solutions. But there were some 39× 1700 solutions in the thick

pile of submitted notebooks. Let's move to June, the month of the exams: all the pupils

of our class have passed the math part of matura. And all that chose to enter science

or engineering faculties did pass the entrance exams!

As I was one of them I know we were not all math geniuses, by far. The story

just points that the task could be done | if suitable teaching approach was used. The

tools, the motivation, coaching and, not to be forgotten: universal requirement of
maths exam at the end of Liceum.

Now I contrast this situation with the current status of a�airs3. Some 10 years ago

decision was taken to scrap maths o� matura, as being `too specialized' and not useful
to everyone. Last year, the changes went deeper: there's limited checking of skills and

knowledge of any hard sciences. At matura, young people have to pass the exam only

in three topics: Polish literature, foreign language of choice and one specialized subject,

which might well be history of art or political science. One of the matura topics is

`History of Dance '. To pass, the students would have to recognize on photographs

popular dancers and to name elements of the ballet dress or the names of great chore-

ographers. While I recognize the need to test the level of the soft communication and

expression skills, I ask where is the test of the communication and comprehension of

the language of science, in particular mathematics? In 2005, out of 317 000 students

only 90 000 have chosen mathematics as the exam topic4. Moreover, to successfully

pass the exam, a student has to get more than. . . 30% of the total score. Yet, while

matura just starts as I write these words, we hear that it is far too difficult, and in test

runs in some cities up to 70% students failed. Final exams in 2005 went better, mainly

because the questions were much easier. Nevertheless, some 16% of pupils failed in

2Actually `Liceum', as the Polish system di�ers from the US college | important thing here is that

this year is ended by two exams: �nal college exam called `matura ' and university entrance exams.
3I'm looking into particular, Polish situation, but from the news I gather the situation is just as

alarming elsewhere.
4Almost a hundred have chosen `History if Dance' | a full equivalent to mathematics | for results

see table below.
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mathematics (i.e. had less than 30% of the score). The most curious was the comment

of the education minister, Mr Mirosªaw Sawicki: `From early data we conclude that math
exam had poor results. And this is an argument that is not for the introduction of obligatory
math exam.'5 So, as the students fail, it is better to forget the exam, than to extend the

teaching. . .

The overall results of the �rst year of new matura, which have been published in

June 2005 are very disappointing. For example in Warsaw | where one expects the

highest education levels | the average results were far below maximum possible. All

study topics examined had equivalent weight and status!6

Exam Level Basic Advanced

Topic Average result Average result

(% of maximum) (% of maximum)

Biology 65.4% 49.8%

Chemistry 69.4% 50.3%

Physics and Astronomy 62.0% 34.4%

Geography 61.4% 53.5%

History 57.1% 35.5%

History of Music 60.7% 61.2%

History of Art 56.3% 61.6%

Information Science 29.9%

Latin and Ancient Culture 60.3%

Mathematics 55.2% 35.7%

Knowledge about Society 56.4% 53.7%

Knowledge about Dance 57.7% 29.0%

Now, one has to remember that the new law required Universities to accept can-

didates without an entrance exams, on the basis of the new matura results. Some

departments have had, almost a year earlier, set out conditions, using equivalence of

topics such as history and geography. But, because the matura exam on history has

been much more di�cult than the one on geography, there is a gap of almost 20% in the

results. As a result, almost none of the pupils who took history at matura has found a

place at a University. Poland is much less litigacious society than the US (due to the

fact that recourse to law was simply impossible under communist rule), but already

there are mass protests against the Universities and the Education Ministry. On the

other hand is the rules would be changed now (from �xed result comparison, to, for

example, results relative to an average for a given topic) the geography examinees would

protest. The trap seems to be perfect, and the kids are going to have their lives messed

up by stupid government o�cials.

5Quoted after Gazeta Wyborcza, June 27th, 2005, http://wiadomosci.gazeta.pl/wiadomosci/1,
53600,2788697.html, original Polish: `Ze wst¦pnych danych wynika, i» matematyka wypadªa sªabo. \I

to jest chyba argument, który nie przemawia za wprowadzeniem obowi¡zkowej matury z matematyki"'
6Source: http://www.oke.waw.pl/html/matura/wyniki maturalne 2005.html

http://wiadomosci.gazeta.pl/wiadomosci/1,53600,2788697.html
http://wiadomosci.gazeta.pl/wiadomosci/1,53600,2788697.html
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So, for hard science results averages are barely above the pass through 30% limit.

At the same time some 40% of students go for marketing and management faculties at

Universities. A friend of mine, who teaches statistics in one of the newly opened private

Universities tells me, that the level of mathematical knowledge is best called as `scary'.

A year has passed since I have written the preceding paragraph. One would think

that these scary results would provide a harsh lesson to the teaching community, and

that some e�orts were undertaken to improve the situation. Nothing further from

reality! In fact in 2006 the percentage of those pupils who have failed at matura7 has

increased, countrywide, from 13.5% to 21%.

But these who failed should not worry. Just four days after the results of Matura

2006 were published, the Minister of Education has declared `an amnesty' for those who

did not pass: they would get the certi�cates anyway. Thus the dream of universal high

school education and matura for everyone has �nally came true.8

My personal experiences with the trend to easy education (read: no education) are

also disturbing. Just after the overthrow of communist rule I have helped in setting

up and teaching in one of the �rst independent high schools.9 The atmosphere of high

expectations and enthusiasm �lled the newly formed school, new methods of teaching

were used, pupils were empowered and the main slogan was `the School without the
Stress '. After two years of teaching physics I have resigned. The decision was prompted

by the request from the Headmistress that I should give two girls an equivalent of B

grade in physics (rather than the D− proposed by me) because `They write such
beautiful poems. And you cannot spoil the girls careers.' I have pointed out that the

girls (aged 16) could barely count and had problems in grasping even simplest notions

such as adding vectors and recognizing e�ects of forces. When I was overridden, for the

sake of `no stress education', I quit.

Some years after I have met one of my pupils, who told me that out of the 30

girls and boys who formed the �rst two classes of Bednarska, just 50% have passed

matura! And they had everything: small groups, all the support of their parents,

great atmosphere and some very good teachers, with a lot of dedication.10 This was

a complete catastrophe. The class that was next in line, immediately demanded the

change in the de�nition of `school without stress': that the graduates should have no

stress in getting to the best Universities. Today, after some tough early years, Bednarska

7And remember that to pass one is required to overcome the 30% barrier at basic level!
8During the Stalinist era, there was a saying `Nie matura lecz ch¦¢ szczera zrobi z ciebie o�cera' (Not

the exams but honest desire makes you an o�cer). It seems that the next step might be a decree giving

an university diploma to each newborn | why not?
9For those who know Poland well enough: I SLO, today at Bednarska, starting in rented rooms in a

dormitory of Agricultural Academy.
10This was astonishing failure, especially when I compare it to the result of my own Liceum, Reytan,

where classes were consisted of almost 40 pupils, and certainly there was no laissez faire atmosphere as

regards to homework and class activities, but ALL 39 of us passed a much more di�cult matura and all

but three won coveted University entrance in separate set of exams! By the way: at the time mathematics

was obligatory for everyone within matura exams. As for the answer why, see page 722.
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is one of the best schools in Poland. Still enthusiastic, but working really hard. But

this is an exception, driven by internal will, rather than system.
Let me �nish the discussion of the current Polish educational problems with quota-

tion from XIX Century Novel The Doll by Bolesªaw Prus

By the Devil, it is not possible in Poland to invent the logarithmic tables, nay, even
to print them. A good Pole sweats by second decimal, gets fever by fifth, and by the
seventh decimal is killed by apoplexy. . . 11

Although full of humorous episodes, The Doll (Lalka) is one of the most pessimistic

Polish novels. Imagine: the novel that was written at the time of Jules Verne, Thomas

Alva Edison and Nicola Tesla, in which an invention of a metal lighter than air remains

completely neglected and ignored by the protagonists because it has no commercial,

romantic nor patriotic value. . .

I have so far concentrated on Polish issues. The problem seems, however, to be

universal. Discussions and books in the US point out that basic science literacy and

science awareness in in danger. For example, a recent study (June 2005) has shown

that more than 40 percent of Americans falsely believed surgery can allow cancer cells

to spread through the body. And up to a quarter believed there is a drug industry
plot to cover up a cure for cancer. The survey, published in the journal Cancer,
shows patients with cancer may fail to get treatment or may fail to stick with it. Vital

decisions are based very often on hearsay, false rumours and beliefs.

That the problems are, in fact, global. Let me follow with a couple of recent assess-

ments done in two countries, very di�erent in cultural heritage and economical status

from Poland. Despite these di�erences in situation, the education picture is very bleak

in both cases.
I'll start with a speech of Sir Alistair MacFarlane, the former principal and vice-

chancellor of Heriot-Watt University, and chair of the Royal Society education commit-
tee, given on December 17, 2003 and ominously titled `The crisis in science education':

I am today calling for urgent action to tackle the crisis in science education and
to reverse the decline in the popularity of science, engineering and technology among
pupils and students.

The government and the professional science and education communities need to
strengthen their commitments to encouraging more pupils and students to study science,
engineering and technology. The plummeting popularity of science, engineering and
technology among pupils and students threatens the prosperity and quality of life of the
whole nation and its progress during the 21st century.

In September 2001, the UK government launched Science Year in an effort to reverse
the decline in the popularity of science among school pupils. This initiative was extended
for six months as Planet Science, which formally ended in July 2003.

11Bolesªaw Prus, The Doll, an 1890 landmark of Polish realist �ction, Chapter 13: ‘Niech mnie diabli
porwą, jeżeli w Polsce byłoby możliwym nie tylko wynalezienie, ale nawet drukowanie tablic logarytmicznych.
Dobry Polak poci się już przy drugiej cyfrze dziesiętnej, przy piątej dostaje gorączki, a przy siódmej zabija go
apopleksja. . . '
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In July 2002, the government published its response to the report ’SET for success:
The supply of people with science, technology, engineering and mathematics skills’ from
the review by Sir Gareth Roberts. In October 2003, the government produced an update
on progress it had made in implementing actions taken in response to the Roberts review.

Although it is too early to fully appreciate Science Year’s legacy and to completely
assess the impact of the response to the Roberts review, the Royal Society believes that
the long-term decline in the popularity of science can only be halted by a sustained
effort by government, schools and colleges, universities, and businesses. There must be
no let-up in the efforts to remove the hurdles that are deterring talented young people
from studying science.

Future generations of UK schoolchildren need to be encouraged to realise their full
potential in science, engineering and technology. Science offers a uniquely exciting and
creative learning experience that enriches our lives.

In addition, we need a plentiful supply of talented individuals to fill the many jobs,
especially in teaching, that require scientific skills and knowledge.

And finally, we also need a citizenry sufficiently informed and comfortable
with the principles of scientific endeavour to help them engage with the many
social, cultural and ethical issues that arise from our advances in knowledge.
From GM foods to renewable energy, from child vaccination to gene therapy,
the UK population is faced regularly with scientific issues in daily life. In the
21st century, every year is a science year.

To illustrate the scale of the challenge that the UK faces, the Royal Society is today
highlighting the latest figures for A-level entries and students on first degree courses,
which show the extent of the decline in the numbers of young people studying science,
engineering and technology.

According to figures compiled by the Institute of Physics, the total number of A-
level entries between 1991 and 2003 across all subjects in England, Wales and Northern
Ireland increased by 7.4%. Entries in biology rose by 11.0% over this period, but there
were falls of 18.7% in chemistry, of 25.4% in mathematics, and of 29.6% in physics. In
1993, the three sciences and mathematics accounted for 30.0% of all A-level entries,
but only 23.2% of entries in 2003.

UK higher education shows similarly worrying trends. According to the Higher Edu-
cation Statistics Agency, the numbers of home students in the first year of full-time and
part-time first degree courses increased by 11% between 1995-6 and 2001-2. Although
there was a rise over this period of 53% in the numbers on computer science courses,
and an increase of 22% in those studying biological sciences, there were drops of 8% in
engineering and technology and 20% in the Physical Sciences. In chemistry, numbers
fell by 31% and in physics by 13%.

These downward trends will inflict huge damage on the UK if not reversed, adversely
affecting prosperity and the quality of life in the UK. Labour market projections show a
growth in the demand for employees with training in science, engineering and technology
over the next few decades. We live in an increasingly technological world, and we
need, as a nation to have a workforce that includes highly skilled scientists, engineers,
doctors and technicians, and a citizenry able to understand, appreciate and act upon
the consequences of advances in scientific knowledge.

There are also problems in the numbers of teachers in science, mathematics and
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information technology in schools. According to the Department for Education and
Skills, of teacher vacancies in English maintained secondary schools in 2003, 38% were in
mathematics, information technology, and the sciences. Although the rates of vacancies
in these subjects have declined from a peak in 2001, they were higher in 2003 than the
overall average for all subjects, and four times higher than in 1997.

There are signs that higher numbers of students are choosing science teaching as
a potential career, with recruitment to postgraduate and undergraduate initial teacher
training rising by 50.8% in mathematics and 23.3% in science between 1999-2000 and
2003-4. However, as the report of the Roberts review pointed out, the retention of
teachers in these subjects also remains an issue.

The report concluded that shortages in the supply of teachers in mathematics and
physical science, and the lack of success of subject courses in inspiring and interesting
pupils, have both been major contributing factors in the decline of school science.
Roberts recommended that teachers should have better training in all areas of science,
and particularly those related to contemporary issues. He also noted that the retention of
science teachers can be improved if they are kept in touch with the latest developments
in science. And pupils need to be made fully aware of the full range of opportunities
and rewards opened up by studying science, mathematics and engineering subjects.

The Royal Society believes that one highly effective way of achieving these aims is
by encouraging more professional scientists and engineers in academia and industry to
forge relationships with schools, and work directly with pupils. Real-life professionals are
the best advertisements for careers in science, engineering and technology and convey a
powerful sense of the relevance of courses that may otherwise seem of academic interest
only.

Over the past three years, the Royal Society’s flagship educational scheme, Partner-
ship Grants, has provided more than 200 grants to bring together professional scientists
and engineers with UK schools to work on projects that fire the enthusiasm of both
pupils and teachers.

In addition, the Office of Science and Technology launched its Science Ambassadors
Scheme in September 2001, to encourage former science students to maintain links with
pupils and teachers after they have left school, so that they can inspire following gen-
erations. Professional scientists and engineers need to play a positive part in enthusing
pupils and students, and we trust the government will demonstrate its support for these
schemes.

Finally, the Royal Society wishes to highlight the dangers of making changes to the
UK higher education system that might accelerate, rather than reverse, the downward
trends in the popularity of many courses in science, engineering and technology.

The UK’s universities are under increasing financial pressure. Over the past few
decades the funding that universities receive per student has steadily declined as the
number of students has grown. Universities have responded to this situation by operating
with greater efficiency. However it is not possible to sustain indefinitely the continued
growth in the demand for higher education through such limited resources without
there being a detrimental effect on the quality of the learning experience for students.
Universities need additional funding.

The government’s recently-published plans for undergraduate top-up fees would al-
low variability between courses within universities, as well as between institutions. The
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Royal Society accepts that students will need to make a greater contribution towards the
costs of higher education, though not as a substitute for government support. However,
if ’top-up’ fees form part of the response to the need for more funds, we hope that due
consideration will be given to the likely impact that they may have on student demand.

In particular, we note that many undergraduate courses in science, engineering and
technology are more expensive to run than those in other subjects because they require
laboratories, equipment or fieldwork. If this differential cost is reflected in top-up fees,
this may well introduce a significant disincentive against studying science, engineering
and technology at university. It could also create an incentive for institutions not to
provide the more expensive courses.

The UK needs a steady supply of graduates in science, engineering and technology.
In recent years, the popularity of undergraduate courses in sports science, computer
science and biology has increased, but there has been a worrying and significant fall in
applications for the physical sciences, mathematics and engineering.

The prosperity of the UK will be jeopardised if top-up fees, or indeed any new mea-
sures to provide more funds for universities, continue or even accelerate these downward
trends.12

The second source describes the situation in India. Despite the wide social and
economic dispersion of status of local communities in India, the country has a very high
internationally recognized position in education and science. Yet, in a recent report we
�nd:

Unfortunately for Indian science educators and researchers, other surveys tend to
support the broad conclusions of SJTU’s survey, which indicates that India’s once highly-
rated science and technology capability is caught in a downward spiral. Three years
ago the UNDP’s Human Development Report 2001, which pioneered a Technology
Achievement Index (TAI), ranking some 150 nations according to their proven ability
to absorb new and old technologies, offered hard evidence that India’s much vaunted
pool of trained scientists and technical personnel is shrinking. According to the TAI,
the gross tertiary science enrollment ratio (i.e percentage of school leavers entering the
science stream) in India during the period 1995-97 was a mere 1.7% (compared to.
23% in South Korea, 27.4% in Finland (ranked No.1 in TAI), 13.9% in the US, 5.9%
in China and 3.3% in Malaysia).

Moreover, the Human Development Report 2004 indicates that only 25 percent of
all students enrolled in tertiary institutions are studying maths, science and engineering
programmes (cf. China’s 53 percent) while the number of researchers engaged in R&D
in the country is a mere 157 per million of the population (cf. China’s 587). . .

Likewise Kavita A.Sharma, principal of Delhi’s prestigious Hindu College, also com-
plains of a funding crunch which has adversely affected science education in all colleges
affiliated to Delhi University. . . The situation is truly pathetic,’ says Sharma, who adds
that only a third of the 1,028 students studying science subjects at Hindu College stay
the course through their undergrad years; two-thirds branch off into other streams,
mostly out of frustration and disillusionment.13

12 http://education.guardian.co.uk/higher/news/story/0,9830,1108770,00.html
13http://www.indiatogether.org/2004/oct/edu-science.htm

http://education.guardian.co.uk/higher/news/story/0,9830,1108770,00.html
http://www.indiatogether.org/2004/oct/edu-science.htm
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Let's turn now to more general data, analysing the situation in more countries.

There are quite a few generally available reports covering the subject. As examples I

have chosen the `Highlights From the Trends in International Mathematics and Science

Study: TIMSS 2003' report of The National Center for Education Statistics (NCES).14

(Gonzales et al., 2003) and `Learning for Tomorrow's World { First Results from PISA

2003', report by OECD Programme for International Student Assessment.15 (PISA,

2004a)

Both reports contain a wealth of data, together with �gures, tables and explanations.

I do not want to bother the Reader with direct table quotes (as the reports are freely

available on the Net). Yet there are some conclusions that are really only worth quoting.

The PISA report, in particular, gives a very disturbing statistics on the capabilities

of 15-year-olds children in mathematics ans science in general. The report de�nes six

pro�ciency levels in math (for science such de�nition and analysis is planned for the

next report).

The pro�ciency levels were de�ned as:

At Level 6, students can conceptualise, generalise, and utilise information based
on their investigations and modelling of complex problem situations. They can
link different information sources and representations and flexibly translate among
them. Students at this level are capable of advanced mathematical thinking and
reasoning. These students can apply this insight and understanding, along with
a mastery of symbolic and formal mathematical operations and relationships, to
develop new approaches and strategies for attacking novel situations. Students at
this level can formulate and precisely communicate their actions and reflections
regarding their findings, interpretations, arguments, and the appropriateness of
these to the original situations.

At Level 5, students can develop and work with models for complex situations, iden-
tifying constraints and specifying assumptions. They can select, compare, and
evaluate appropriate problem-solving strategies for dealing with complex problems
related to these models. Students at this level can work strategically using broad,
well-developed thinking and reasoning skills, appropriately linked representations,
symbolic and formal characterisations, and insight pertaining to these situations.
They can reflect on their actions and can formulate and communicate their inter-
pretations and reasoning.

At Level 4, students can work effectively with explicit models for complex concrete
situations that may involve constraints or call for making assumptions. They
can select and integrate different representations, including symbolic ones, linking
them directly to aspects of real world situations. Students at this level can utilise

14The National Center for Education Statistics (NCES) is the primary federal entity for collecting and

analyzing data related to education in the U.S. and other nations. NCES is located within the U.S.

Department of Education and the Institute of Education Sciences.
15The Programme for International Student Assessment (PISA) is an internationally standardised

assessment that was jointly developed by participating countries and administered to 15-year-olds in

schools
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well-developed skills and reason flexibly, with some insight, in these contexts.
They can construct and communicate explanations and arguments based on their
interpretations, arguments and actions.

At Level 3, students can execute clearly described procedures, including those that
require sequential decisions. They can select and apply simple problem-solving
strategies. Students at this level can interpret and use representations based on
different information sources and reason directly from them. They can develop
short communications reporting their interpretations, results and reasoning.

At Level 2, students can interpret and recognise situations in contexts that require no
more than direct inference. They can extract relevant information from a single
source and make use of a single representational mode. Students at this level can
employ basic algorithms, formulae, procedures or conventions. They are capable
of direct reasoning and making literal interpretations of the results.

At Level 1, students can answer questions involving familiar contexts where all rele-
vant information is present and the questions are clearly defined. They are able
to identify information and to carry out routine procedures according to direct
instructions in explicit situations. They can perform actions that are obvious and
follow immediately from the given stimuli.

The de�nitions are then used for capabilities in various `branches' of math abilities

studied:

Space and shape relates to spatial and geometric phenomena and relationships,
often drawing on the curricular discipline of geometry. It requires looking for sim-
ilarities and differences when analysing the components of shapes and recognising
shapes in different representations and different dimensions, as well as understand-
ing the properties of objects and their relative positions.

Change and relationships involves mathematical manifestations of change as well as
functional relationships and dependency among variables. This content area relates
most closely to algebra. Mathematical relationships are often expressed as equa-
tions or inequalities, but relationships of a more general nature (e.g., equivalence,
divisibility and inclusion, to mention but a few) are relevant as well. Relation-
ships are given a variety of different representations, including symbolic, algebraic,
graphic, tabular and geometric representations. Since different representations
may serve different purposes and have different properties, translation between
representations is often of key importance in dealing with situations and tasks.

Quantity involves numeric phenomena as well as quantitative relationships and pat-
terns. It relates to the understanding of relative size, the recognition of numerical
patterns, and the use of numbers to represent quantities and quantifiable attributes
of real-world objects (counts and measures). Furthermore, quantity deals with the
processing and understanding of numbers that are represented in various ways.
An important aspect of dealing with quantity is quantitative reasoning, which
involves number sense, representing numbers, understanding the meaning of op-
erations, mental arithmetic and estimating. The most common curricular branch
of mathematics with which quantitative reasoning is associated is arithmetic.
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Uncertainty involves probabilistic and statistical phenomena and relationships, that
become increasingly relevant in the information society. These phenomena are the
subject of mathematical study in statistics and probability.

As a result, for example, pro�ciency levels for the `Change and relationship' ability
correspond to speci�c abilities:

• Level 6

– Interpret complex mathematical information in the context of an unfamiliar
real world situation

– Interpret periodic functions in a real-world setting, perform related calcula-
tions in the presence of constraints

– Interpret complex information hidden in the context of an unfamiliar real
-world situation

– Interpret complex text and use abstract reasoning (based on insight into
relationships) to solve problems

– Insightful use of algebra or graphs to solve problems; ability to manipulate
algebraic expressions to match a real-world situation

– Problem solving based on complex proportional reasoning

– Multi-step problem-solving strategies involving the use of formulae and cal-
culations

– Devise a strategy and solve the problem by using algebra or trial-and- error

– Identify a formula which describes a complex real-world situation, generalise
exploratory findings to create a summarising formula

– Generalise exploratory findings in order to carry out calculations

– Apply deep geometrical insight to work with and generalise complex patterns

– Conceptualise complex percentage calculations

– Coherently communicate logical reasoning and arguments

• Level 5

– Interpret complex formulae in a scientific context

– Interpret periodic functions in a real-world setting, perform related calcula-
tions

– Use advanced problem-solving strategies

– Interpret and link complex information

– Interpret and apply constraints

– Identify and carry out a suitable strategy

– Reflect on the relationship between an algebraic formula and its underlying
data

– Use complex proportional reasoning, e.g., related to rates

– Analyse and apply a given formula in a real-life situation

– Communicate reasoning and argument

• Level 4
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– Interpret complex graphs, and read one or multiple values from graphs

– Interpret complex and unfamiliar graphical representations of real-world situ-
ations

– Use multiple representations to solve a practical problem

– Relate text-based information to a graphic representation and communicate
explanations

– Analyse a formula describing a real-world situation

– Analyse three-dimensional geometric situations involving volume and related
functions

– Analyse a given mathematical model involving a complex formula

– Interpret and apply word formulae, and manipulate and use linear formulae
that represent real-world relationships

– Carry out a sequence of calculations involving percentages, proportions, ad-
dition or division

• Level 3

– Interpret unfamiliar graphical representations of real-world situations

– Identify relevant criteria in a text

– Interpret text in which a simple algorithm is hidden and apply that algorithm

– Interpret a text and devise a simple strategy

– Link and connect multiple related representations (e.g., two related graphs,
text and a table, a formula and a graph)

– Use reasoning involving proportions in various familiar contexts and commu-
nicate reasons and argument

– Apply a text-given criterion or situation to a graph

– Use a range of simple calculation procedures to solve problems, including
ordering data, time difference calculations and linear interpolation

• level 2

– Interpret a simple text and link it correctly to graphical elements

– Interpret a simple text that describes a simple algorithm and apply that al-
gorithm

– Interpret a simple text and use proportional reasoning or a calculation

– Interpret a simple pattern

– Interpret and use reasoning in a practical context involving a simple and
familiar application of motion, speed and time relationships

– Locate relevant information in graph, and read values directly from a graph

– Correctly substitute numbers to apply a simple numeric algorithm or simple
algebraic formula

• Level 1

– Make a simple connection of text to a specific feature of a simple graph and
read off a value from the graph
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– Locate and read a specified value in a simple table

– Perform simple calculations involving relationships between two familiar vari-
ables

Similar descriptions are given for other topics.

Having established the de�nitions I would like to turn to the really scary part:

results, summarised in Table 11.1.

Percentage of all students across

the OECD area that can perform

tasks at least at given Level

Space

and

shape

Change

and rela-

tionships

Quantity Uncertainty

Level 6 5% 5% 4% 4%

Level 5 15% 15% 13% 13%

Level 4 30% 32% 31% 31%

Level 3 51% 54% 53% 54%

Level 2 71% 73% 74% 75%

Level 1 87% 87% 88% 90%

Table 11.1: Worldwide results of PISA mathematics tests for �fteen year olds

First remark: regardless of the tested topical ability, only about 15% of students are

on Level 5 and above. This means that only 15% can work strategically using broad,
well-developed thinking and reasoning skills, appropriately linked representations, symbolic
and formal characterisations, and insight pertaining to these situations and can reflect on
their actions and can formulate and communicate their interpretations and reasoning! But

as OECD countries are assumed to be democratic, all the students, including the 85%

majority who can not reflect on their actions and can formulate and communicate
their interpretations and reasoning would be allowed to vote for/against new policies

and laws. Deciding the future of the planet | on what basis?

We can also see that roughly 25% are below Level 2, that is are unable to extract
relevant information from a single source and make use of a single representational
mode. They are also incapable to employ basic algorithms, formulae, procedures
or conventions and to employ direct reasoning and make literal interpretations of
the results. And they will be voting, too! Personally, I am scared by the statistics

presented. Remember | these are data from OECD countries, among them the rich

and democratic countries. What level of political decisions can we expect from electorate

that is unable to count?

In particular the later �gure means, that these students are unable to

� Understand and explain simple statistical calculations (e.g., the average);

� Perform simple calculations involving the basic arithmetic operations, as well as

ordering numbers;
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� Interpret and use reasoning in a practical context involving a simple and familiar

application of motion, speed and time relationships;

not to speak of such arcane skills as formulating conclusions, arguments and pre-
cise explanations or carrying out a sequence of calculations involving percentages,
proportions, addition or division.

The results vary from country to country. On average, only a small proportion of

15-year-olds | 5 per cent | can perform the highly complex tasks required to reach

Level 6. However, there are more than 15 per cent of such capable students in Korea and

the PISA partner country Hong Kong-China, and more than 10 per cent of the students

in Belgium, the Czech Republic, Japan and Switzerland as well as the partner country

Liechtenstein perform at Level 6. In contrast, in Greece, Mexico and Portugal, as well

as in the partner countries Brazil, Indonesia, Serbia, Thailand, Tunisia and Uruguay,

less than 1 per cent reach Level 6.

A quarter or more of students fail to reach Level 2 in Greece, Hungary, Ireland, Italy,

Luxembourg, Mexico, Norway, Poland, Portugal, Spain, Turkey and the United States
as well as in the partner countries Brazil, Indonesia, Latvia, the Russian Federation,

Serbia, Thailand, Tunisia and Uruguay. That is millions and millions of people who fail

to understand our world almost at the basic level.

The results of the study are con�rmed by many individual cases, in countries rang-
ing from developing to the US or EU. I encourage, for example, to have a look at the
Mathematically Correct WEB site (http://www.mathematicallycorrect.com/) | de-
voted to the concerns raised by parents and scientists about the invasion of California
schools by the New-New Math and the need to restore basic skills to math education.
And if California | the home of the Silicon Valley innovative industry | `falls far below
what we would like it to be' then what could happen to places where the capabilities and
resources are far smaller? It is not (only) the question of money, it is much more the
approach and pro-science attitude that counts. As the WEB site states:

Recent ‘reform’ efforts only aggravate the problem. As a result, our children have less
and less exposure to rigorous, content-rich mathematics .

The advocates of the new, fuzzy math have practiced their rhetoric well. They speak of
higher-order thinking, conceptual understanding and solving problems, but they neglect
the systematic mastery of the fundamental building blocks necessary for success in
any of these areas. Their focus is on things like calculators, blocks, guesswork, and
group activities and they shun things like algorithms and repeated practice. The new
programs are shy on fundamentals and they also lack the mathematical depth and rigor
that promotes greater achievement.

I found especially interesting the historical account of American K-12 Mathematics
Education in the 20th Century by David Klein (http://www.csun.edu/~vcmth00m/
AHistory.html). It seems that aversion to mathematics in the US is not a recent
phenomenon. As far back as 1920, David Snedden, the founder of educational sociology,
and a prominent professor at Teachers College at the time,

http://www.mathematicallycorrect.com/
http://www.csun.edu/~vcmth00m/AHistory.html
http://www.csun.edu/~vcmth00m/AHistory.html
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Algebra [...] is a nonfunctional and nearly valueless subject for 90 percent of all boys
and 99 percent of all girls–and no changes in method or content will change that.

Another opponent of mathematics, William Heard Kilpatrick, described as the most
influential introducer of progressive ideas into American schools of education has stated that

We have in the past taught algebra and geometry to too many, not too few.

The problem is of course not limited to mathematics. Similar gloomy statistics were
obtained in the more general PISA study of proficiency in reading and science (PISA
(2004b)).

The emphasis of the PISA 2003 assessment of science is on the application of
science knowledge and skills in real-life situations, as opposed to testing particular cur-
ricular components. Scientific literacy is defined as the capacity to use scientific
knowledge, to identify questions and to draw evidence-based conclusions in order to
understand and help make decisions about the natural world and the changes made
to it through human activity. This definition is based on three dimensions: scientific
knowledge or concepts, scientific processes and the situations or context in which
the knowledge and processes are assessed.

Unlike for reading and mathematics, the science scale cannot yet be defined in
terms of proficiency levels. This will only be possible from 2006 onwards, when science
becomes the main focus of the PISA assessment for the first time and when a full
instrument for measuring and reporting science will be developed. However, the criteria
for harder and easier tasks can still be described in relation to items associated with
different points on the science scale.

• Towards the top end of the science scale (around 690 score points) students are
generally able to create or use conceptual models to make predictions or give ex-
planations; to analyse scientific investigations in order to grasp, for example, the
design of an experiment or to identify an idea being tested; to compare data in
order to evaluate alternative viewpoints or differing perspectives; and to commu-
nicate scientific arguments and/or descriptions in detail and with precision.

• At around 550 score points, students are typically able to use scientific concepts
to make predictions or provide explanations; to recognise questions that can be
answered by scientific investigation and/or identify details of what is involved in
a scientific investigation; and to select relevant information from competing data
or chains of reasoning in drawing or evaluating conclusions.

• Towards the lower end of the scale (around 400 score points), students are able to
recall simple factual scientific knowledge (e.g., names, facts, terminology, simple
rules); and to use common scientific knowledge in drawing or evaluating conclu-
sions.

The overall OECD mean for science is now 496 score points and the standard devi-
ation is 105 score points. The gap in performance between the highest and the lowest
performing OECD countries is 143 points. That is, while the average scores of the high-
est performing countries of Finland and Japan is 548 or about half a standard deviation
above the OECD average, Mexico’s average score of 405 score points is almost one
standard deviation below the OECD average.
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This means that even in the highest performing countries have average score where

students are typically able to use scienti�c concepts. in the tested countries where

average score is around 380{450 e.g Uruguay (438), Serbia (436), Turkey (434), Thai-

land (429), Mexico (405), Indonesia (395), Brazil (390) and Tunisia (385) the levels of

capacity to understand and use scienti�c results are far worse.

For the science tests, PISA does not yet provide the data on the percentages of

students at various levels of pro�ciency (as for the math tests). Yet, hopefully, the

Reader is able to use simple statistical reasoning | and can infer, from the fact that

the numbers above were averages, then (unless we are all identical clones) there are

students performing above the average and students performing below the average. And

if the average is far below the level su�cient for understanding scienti�c method and

results, then the plight of students whose results are below the average is indeed tragic.

As most of our everyday life is �lled with electronics, machines, as our environment

is more and more man-made, the lack of capacity to understand basic scientific
principles condemns these people to life in mysterious, magical world, controlled by
others. The necessary condition of rational decision making: understanding the basic

situation is absent. So, can we expect rational decisions?
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11.2 One eyed kings?

In the country of the blind the one eyed man is king
attributed to Erasmus

Living in Poland, I tend to have somewhat backwater view of some worldly issues.

After being isolated for almost 50 years of communist rule we have entered a hec-

tic period of catching up with Europe, capitalism, free market economy, free speech,

democracy, open di�erences in wealth and many more. Yet despite the changes in po-

litical power (cycling between ex-commies and anti-commies) a couple of trends seem

to be independent of who is in power.

The �rst two are rather funny when put together | if you have this type of sense of

humour. The average standard of living of Poles is getting higher. This is not just the

e�ect of a couple of Poles getting fabulously rich (well, moderately rich, as only two of

us are worth just over a billion dollars and barely make it to world lists), but increase

in general availability and distribution of goods, from daily needs to cars and homes.

yet, at the same time, overall opinion, repeated in countless surveys, states that `things

are getting worse'. Even when the respondents are confronted with their own increased

wealth, they still claim `well, for me it's better, but out there is getting worse. . . '. Part

of this may be attributed to envy and competition (`yes, I went to Austria to ski, but

`they' went to Egypt and Austria. That's unfair!').

In a recent summary of statistical research on Poland16 that ination adjusted income

(real value) has grown from 1992 to 2003 by 58% for farmers and 38% in the rest of

population. During that time, despite a heavy propaganda on social injustice, the Gini

quotient 17 has grown only from 0.28 to 0.31 (compare it with France's 0.35 and Russian

0.60!). GNP has grown 35% since 1989 | yet studies of perception show that we see

little or no progress at all. Especially for the country as a whole.

The most popular explanations attribute this to either national character or manip-

ulation by populistic politicians. The latter is easy to do, as more than 80% od Poles

think that those who have more than average `have not earned this status' and should

be punished. The same study shows, not surprisingly, that most of Poles think they

are below the average income (regardless of the true status). Of course, if getting richer

than average is internally classi�ed as morally bad, we would place ourselves on the

`good', i.e. poorer side. Additionally, almost all the groups demanding higher wages

16Gazeta Wyborcza, 25 March 2005 http://serwisy.gazeta.pl/wyborcza/1,34591,2622663.html,
for detailed data see also Polish Central Statistical O�ce http://www.stat.gov.pl/english/index.htm

17The Gini coe�cient is a measure of inequality developed by the Italian statistician Corrado Gini and

published in his 1912 paper `Variabilita e mutabilita'. It is usually used to measure income inequality, but

can be used to measure any form of uneven distribution. The Gini coe�cient is a number between 0 and 1,

where 0 corresponds with perfect equality (where everyone has the same income) and 1 corresponds with

perfect inequality (where one person has all the income, and everyone else has zero income). The Gini

index is the Gini coe�cient expressed in percentage form, and is equal to the Gini coe�cient multiplied

by 100.

http://serwisy.gazeta.pl/wyborcza/1,34591,2622663.html
http://www.stat.gov.pl/english/index.htm
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call for `higher than average salary' in the name of `social justice'.

Bogdan Wojciszke and Wiesªaw Baryªa have conducted in 2003 a series of experi-

ments, which have shown how deeply rooted is in Polish culture the tendency to com-

plain. They have asked ca. 600 respondents of ages above 24 years about the topics of

everyday conversations. More than 60% have admitted to frequently talking about high

prices, 56% about social conditions and 38% about corrupt politicians. These topics

have been the most popular topics of conversation.

In another study, the same team has asked 119 University students for their opinion

about a nonexistent company `Nihex'. Almost one third has (31%) started with a

negative opinion, despite the fact that they have heard the name for the �rst time in

their life! 64% had no opinion, while 5% had positive one.

The study of Dunlap et al. (1993); Dunlap (1994) compares perception of the state of

the environment on local community, nation and global basis in 24 countries, both poor

and rich18. In the study, Poland comes out as one of the two most pessimistic countries,

especially visible on the nation scale with 88% of population giving the rating `bad/fairly

bad'.19 For comparison, the same study in US gave only 45% of simialar answers.

Perhaps the negative perception described above has something to do with the other

constant trend: diminishing role of education and intelligentsia. Decisions taken some

�fteen years ago largely destroyed the framework for e�cient and valuable education

(details were mentioned in Section 11.1). One can ask why alternating governments,

which after every election countered almost all decisions of their predecessors, have kept

a single policy in place? A paranoiac answer is based on old proverb: `in the land of
the blind, one eyed man is the king'. Uneducated population is easier to lead, cajole,

threaten and distract20. Voters without understanding of real issues tend to concentrate

on simple things, such as hatred toward others, emotional evocations of long past glory

and promises21.

This attitude toward education in Poland is not top-driven only. The already men-

tioned study of Dunlap et al. (1993); Dunlap (1994) gives additional interesting statis-

tics. The respondents were asked `Which one of these actions by industrialized countries

do you think would best help developing countries deal with their environmental prob-

lems?'. There were four categories to choose from:

18Respondents were asked: `Now let's turn our discussion to the environment. When we say envi-

ronment, we mean your surroundings|both the natural environment | the air, water, land and plants

and animals|as well as building, streets and the like. Overall, how would you rate the quality of the

environment in our nation|very good, fairly good, fairly bad, or very bad? In your local community?

In the world as a whole?' Dunlap (1994); Dunlap et al. (1993)
19The other country is Russia
20One of the highest members of the government has even invented a term wyksztaªciuch, which is

very di�cult to translate because of the negative connotations, but which, in Polish clearly embodies

the disdain and hatred toward those who did invest time and e�ort to learn. Yes, governments do prefer

stupid people.
21While my description is based on local Polish situation, I think the kind Reader recognizes the issues

in at least some of other countries. . .
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Country Education Technology Model laws Family planning Cancel Debt

Nigeria 22 24 11 5 24

India 41 22 9 14 7

Philippines 37 23 12 9 18

Turkey 29 17 13 4 28

Poland 7 49 4 1 23

Chile 38 28 14 5 11

Table 11.2: Actions industrialized countries might take that would best help developing coun-

tries. Percentage of responses to `Which one of these actions by industrialized countries do you

think would best help developing countries?'

Education : Provide developing countries with information to help educate citizens

about environmental protection;

Technology : Supply technology and equipment to control pollution and cope with

environmental problems;

Model Laws Provide model environmental laws to put appropriate restrictions on busi-

ness and industry;

Family Planning : Supply family planning information to lower birth rates and manage

population problems;

Debt Cancellation : Cancel some of the foreign debt owed by developing nations so

this money can be put into environmental protection

Let's compare answers given by countries categorized as poorest: The Polish re-

sponse may be described as `give us your technology and your money' and `we don't

need no education'22. This stands in great contrast to India, Philippines and Chile.

Moreover, in the group if industrialized countries (the `givers') Education has been,

in almost every country, the most frequently picked action (in US getting 41% of re-

sponses).
To quote once again from the PISA report (PISA (2004a)):

For much of the past century, the content of school mathematics curricula was dom-
inated by the need to provide the foundations for the professional training of a small
number of mathematicians, scientists and engineers. With the growing role of science,
mathematics and technology in modern life, however, the objectives of personal fulfil-
ment, employment and full participation in society increasingly require that all adults,
not just those aspiring to a scientific career, should be mathematically, scientifically and
technologically literate. The performance of a country’s best students in mathematics
and related subjects may have implications for the role that the country will play in to-
morrow’s advanced technology sector, and for its overall international competitiveness.

22Nota Bene: this classic Pink Floyd song is very popular in Poland. . .
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Conversely, deficiencies among lower-performing students in mathematics can have neg-
ative consequences for individuals’ labour-market and earnings prospects and for their
capacity to participate fully in society.

Not surprisingly, policy-makers and educators alike attach great importance to math-
ematics education. Addressing the increasing demand for mathematical skills requires
excellence throughout education systems, and it is therefore essential to monitor how
well countries provide young adults with fundamental skills in this area.

The wide disparities in student performance in mathematics within most countries,
evident from the analysis in this chapter, suggest that excellence throughout education
systems remains still a remote goal and that countries need to serve a wide range of
student abilities, including those who perform exceptionally well and also those most in
need. At the same time, the analysis has shown that wide disparities in performance are
not a necessary condition for a country to attain a high level of overall performance. In-
deed, some of the best-performing countries have achieved their results while displaying
a modest gap between their stronger and weaker performers.

As we see, the lack of high quality scienti�c education is quite general. We are

thus forced with the question: is it due to simple negligence and unimportance of such

education, or is it a result of planned policy? In times such as these I have to remind

myself of the old saying that it is wrong to ascribe to malice what can be adequately

described by stupidity. But that there is malice is, unfortunately undoubted. In many

countries and societies the disregard for science is part of the plan. It is easier to govern
uneducated people, especially those that can be guided into believing some politically

motivated rubbish23.
In a recent interview in Physics World, an Iranian physicist Reza Mansouri24 I

found a very clear explanation of the problems that deeply religious society and religious
government pose for science education. According to Mansouri `there is little research
activity in most areas of physics, and indeed science as a whole, in Iran'. There are maybe
500 PhD educated physicists, and we can only guess how many of them work on the
state nuclear programme25. The problem, says Mansouri is

that Iran, like other Muslim countries, has a very distorted view of what science is
– a problem that is rooted in culture and reflected in language. He points out that
the Arabic term elm (which is used in almost all Muslim countries) is often taken to
mean ‘science’, but this word in fact refers to a deep knowledge of Islam. Indeed ahl
e elm means ‘religious scholar’. Consequently, there is no clear distinction between the
meaning and purpose of science and the meaning and purpose of theology.

Iranian universities today do teach science beyond that required for practicing Islam,
but Mansouri believes that the legacy of this narrow mindset means that students still
learn a very prescribed curriculum by rote, rather than being encouraged to investigate
subjects for themselves. [. . . ]

23The easiest way to achieve this is through religion. Millions of people con�rm this with their mindless

actions everyday. Sometimes I think that communism would have succeeded if it had been introduced

as religion, not an economic and political system.
24http://physicsworld.com/cws/article/print/30683
25Who really believes Iran needs atomic reactor for energy purposes?

http://physicsworld.com/cws/article/print/30683
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This view of science as a fixed body of knowledge then shapes the way politicians think
of science and therefore how they fund it, he says. They view a scientist as an ahl e elm
sitting in a small study who will at most need money for new books rather than the far
greater resources needed for experiments, lab technicians and computers. The result is
that Iran spends only about 0.5% of its gross domestic product on R&D.

It is quite interesting to note that in Poland the R&D spending is about 0.59%, very,

very close to Iran. Is there a sign of some deeper similarity? This compares to USA

with 2.76%, Japan with 3.12% or European Union average of 1.93% (data for 2002).

Of course in such situations governments must remember about keeping at least

a small part of people reasonably educated, for example to build nuclear weapons or

manage systems that monitor phone and internet activity of their citizens. But as we

can see, the more mindless and frozen the society is the smaller is the chance of escape

even for the educated specialists. Surrounded by the indoctrinated masses, they see

little option than to cooperate. Communist Poland was an exception because of the

relatively strong and numerous intelligentsia, which provided the necessary bu�er of

sanity around each of us. It was much more di�cult in the Soviet Union. And I have

no doubt that North Korean engineers building the nuclear plants are highly educated.

But what do they see when they look further than their calculations? Everyone blindly

following the Great Leader? What choice, what reference do they have?

If no-one knows true economy state, true picture of the environment it is so much

easier for the governments to keep people quiet. Even one-eyed can have advantage

over the blindfolded, thus is is in the interest of dictators of all denominations to keep

people blind.

Yet there may be a third explanation. In addition to inability to take proper decisions

and actions in the Western societies and to planned corruption of the educational system

in some less democratic societies (Africa, Muslim countries, Cuba, North Korea) there

is another possible reason for the problems with acquiring general scienti�c literacy.

Perhaps it is simply too di�cult for an average human? Perhaps, just like with playing

the violin or writing good novels, it is a skill that is and will be given to only some of

us? And even the best e�orts of educators can not bring the average level up?

This is a pessimistic, but not entirely improbable thought. It would mean that we

can not expect that the majority of humanity would understand the issues at hand,

the mechanisms and consequences. And that not much could be done to make them

understand, as it is impossible to teach all humans to long-jump over 8 meters (even

though some of us obviously can do it!).

Now, let me ask you when was the last time you have watched a sports event in

which the average jumping distance was 4.5 meter (which is roughly as far as I could

ever jump)? I can not pretend that I am able to compete with the world class athletes.

Nor would I imagine to try to play any instrument. But how many people have any
reservations against proclaiming their opinions on subjects that they are as far from

understanding that I am from running 100 meters under 10 seconds? We have accepted
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the inequality of merit and capability in so many aspects of our societies that perhaps

it is time to accept it in some that are much more crucial than sports or entertainment?

I know that this is deeply `antidemocratic'. At least by the simplest norm of the

Great Equalizer. But I remind there that I am all for giving everyone equal chances.

Which of course does not mean equal results. . . The democratic process should therefore

concentrate on the mechanisms of controlling the power, especially on controlling the

power hungry, not the directions and solutions. And for this we have a chance, because

understanding ulterior motives is one of the human universals, and folk psychology is

not so bad at it.

But these are but idle musings, with no chances of success in the modern world.

We seem to be caught between Orwellian dictatorships and mindless, short visioned

political democracies.
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11.3 Ecology on a war path

Most ecoradicals believe that human beings existed for millenia
in a state of environmental grace as merely one species among myriad

in a balanced, harmonious ecosystem.
Environmental consonance was eventually to be shattered, however,

when Homo Sapiens arrogantly escaped from the interlocking networks
and began clambering its way to dominance.

The ultimate consequences of this supremacy is apparent today
in the form of the impeding environmental apocalypse.

Martin W. Lewis26

Are we scaring ourselves to death?
John Stossel, 1994

In my daughter's school, the �rst six grades are not taught chemistry, biology or

geography. It's all bundled into `Science of the Environment'27. And the friendly

personi�ed guide through the material is called `ekoludek '28. While I understand the

need to draw the kids' attention to ecological problems as early as possible, I think the

need for solid facts and language of science to understand it �rst. Unfortunately the

Polish authorities think otherwise.

On the mid year evaluation sheet for the third grade, the progress categories in

`Social and science education' measure:

� capability to distinguish and name elements of the environment;

� ability to describe known ecosystems (�eld and forest);

� capability to perceive causal relationships in Nature;

� ability to see dangers to the environment and ways of protecting the environment.

This is in a country where major part of population lives in cities, more than half

of the kids carry mobile phones and many use computers everyday. When I ask my

daughter if she was told anything about electricity, the answer is no. Neither about

the nature of the electrical current, nor the uses of it, nor the dangers connected to

improper use. In fact, the only place that a power station is mentioned in her textbook

is in the context of pollution. It is no wonder then, that she has asked me `why do we

build them for?' This is an actual question my daughter asked. It is likely that third

grade kids know more about `mechanisms' of Harry Potter magic (whatever they might

26Lewis (1996)
27Traditionally such bundle of topics in the �rst four or three grades has been called `Przyroda' (Na-

ture), but somehow the name was thought not progressive enough, see Section 10.5.
28Eco-gnome? In the textbook drawings it certainly looks like a deformed dwarf made out of leaves.
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be) than about the world around them: technical and natural; related to cars, phones

or plants or illnesses.

As it is, this is just a indoctrination of the kids into The Litany , the term used by

Lomborg in his book `The Skeptical Environmentalist: Measuring the Real State of the

World' to describe the continuous and all encompassing lament about the ever present

deterioration of all things around us (Lomborg (2001b)). Drawing attention to real

issues | or even possible and probable ones | is an important step in solving them,

but the children who grow up with just information that `we are polluting and destroying

the Earth', and without any reference to what other acts and goals are in balance are

not in position to rationally participate in decision making. Growing up listening to

the Litany, they would either develop paranoid attitude toward our civilization or, fed

up with the propaganda dismiss all environmental issues. Neither of these outcomes is

welcome.

What is taught at school is further augmented by media, ever hungry for fresh

scares and sensations. Of course, the fact that activity X has minimal impact on the

environment is equivalent to `dog bites man' and is thus classed as not news. But give
us a hint of a possible problem and we have a story to print and show!

John Stossel, ABC News reporter, said:

We consumer reporters approached it from the bias that on one hand is business which
is greedy and has ulterior motive and will distort the data, and on the other hand is the
noble environmental group, which has no other motive than to help the public.29

It is especially worrying, when any work not fully in line with what ecology activist
are thinking as politically correct draws vehement yet unjust comments. Lomborg's
book has been furiously attacked in many circles (reminding the attacks at Wilson
and sociobiology). For an example of such criticism and the response see Lomborg
(2001a) For me, the most worrisome was the very unbalanced set of comments in my
favourite popular science magazine `Scienti�c American ' by Schneider et al. (2002).
Regardless of factual issues (to which, nota bene, Lomborg gives quite a detailed answer
in Lomborg (2002) | refused for publication by Scienti�c American) | the comments
include such statements as the one from Stephen Schneider:

And who is Lomborg, I wondered, and why haven’t I come across him at any of the meet-
ings where the usual suspects debate costs, benefits, extinction rates carrying capacity
or cloud feedback?

or

Many laypeople and policymakers . . . could well be tricked into thinking thousands of
citations and hundreds of pages constitute balanced scholarship. A better rule of thumb
is to see who talks in ranges and subjective probabilities and to beware of the myth
busters and ‘truth tellers”.30

29Quoted after Rothman and Lichter (1996).
30Beware of Copernicus!
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Personal attacks coupled with misquotations, omissions and vagueness must have
a reason. And, of course, their reason is political: John Rennie, Editor in Chief of
Scienti�c American states that while

Lomborg’s assessment that conditions on Earth are generally improving for human wel-
fare may hold some truth. . .

but still:

. . . Lomborg accuses a pessimistic and dishonest cabal of environmental groups, insti-
tutions and the media of distorting scientists’ actual findings.31

To cap it, one of the other authors, John Bongaarts, adds:

It is true that life has improved for many people in recent decades, but [. . . ] unfortu-
nately, the unrelenting we-are-doing-fine tone that pervades Lomborg’s book encourages
complacency rather than urgency.32

Of course, it is far better to hear the endless Litany of woe! This ensures the urgency:

publicity, funds, participation in `meetings where the usual suspects debate costs, benefits,
extinction rates carrying capacity or cloud feedback' and eventually, power.

Stephen Schneider of the National Center for Atmospheric Research, a prominent
spokesman for global warming theory has said:

We need to get some broad support [. . . ] getting loads of media coverage. So we have
to offer up scary scenarios, make simplified, dramatic statements, and make
little mention of any doubt we may have. Each of us has to decide what the right
balance is between being effective and being honest.33

Hardly a stance for a scientist. We have here another example of `the end justi�es

the means' | a statement which I �nd especially distasteful. I wonder if it would be

permissible to trade being honest with respect to results of physical experiments for

being e�ective | in getting funds, for example. I guess not. Most of the people would

call it fraud. But when it comes to scaring the public with environmental catastrophes,

well, this is a di�erent kettle of �sh altogether, here one not only can but should be

e�ective, apparently.

This leads me to environmental groups in Poland, which are an interesting example

of this `e�ectiveness' reasoning. Judged by their actual behaviour (and not public state-

ments), in my country these groups can be divided into smart and stupid. Smarts make

quite comfortable living by looking for aws in formal paperwork for large projects (su-

permarkets, bridges etc.) and then threatening to stop the projects on formal grounds,

demanding money `for environmental causes'. Once the money is on the organization's

31Schneider et al. (2002), foreword by John Rennie
32Urgency of what, I ask?
33Quoted after http://www.mugu.com/cgi-bin/Upstream/bloedlow-irresponsible?embedded=
yes&cumulative_category_title=Science;Environmentalism&cumulative_category_id=Science;
Environmentalism

http://www.mugu.com/cgi-bin/Upstream/bloedlow-irresponsible?embedded=yes&cumulative_category_title=Science;Environmentalism&cumulative_category_id=Science;Environmentalism
http://www.mugu.com/cgi-bin/Upstream/bloedlow-irresponsible?embedded=yes&cumulative_category_title=Science;Environmentalism&cumulative_category_id=Science;Environmentalism
http://www.mugu.com/cgi-bin/Upstream/bloedlow-irresponsible?embedded=yes&cumulative_category_title=Science;Environmentalism&cumulative_category_id=Science;Environmentalism
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bank account, the ecological problems miraculously vanish. Or are resolved because the

organization has provided the investor with some millions of dollars worth of consult-
ing. This is why I call them smart | not in a way of a compliment. Almost everyone

now recognizes this as straightforward blackmail, yet no o�cial actions are taken. After

all, aren't these guys doing the job for us? Aren't they Environmentalists? Friends of

the Earth?
The other type of environmentalists in Poland (the stupid ones) would protest

against anything. They'd chain themselves to Ministry of Industry fences against wind
and water power generators, or to protest against moving highways out of city centres,
regardless of the actual situation and real impact. It seems a sad joke that we never had
any actions of these groups for changing the coal based power generation, which poi-
sons Silesia, one tenth of the territory of Poland. Due to dramatic increase of oil prices
in 2004 and 2005, the government has opened discussion on the possibility of open-
ing, by 2015, a nuclear power station in Poland, with the aim of reducing dependence
on oil and Russian natural gas. Almost immediately, the ecological radicals started to
protest. One of the high-ranking activist stated during the radio interview, in the midst
of violent protests at the Ministry of Infrastructure o�ce:

. . . Yes, we know that the current standard of power stations if very different from
Chernobyl. And in ten years it would be even safer. But, we are afraid that the station
would be build with savings in mind, and, as in Poland, would be substandard, therefore
dangerous. . .

Mind you, the demonstration was not for the increase of construction standards,
but to scrap the whole idea of nuclear energy, without the slightest attempt to discuss

its merits and related issues in a balanced way. In the choice `between being effective and
being honest', these activists openly opt for the e�ective lies.

These `stupid radicals' are by no means limited to Poland, if anything they are an
imported phenomenon. Consider the following assesment published by Fox News on
June 3rd, 2005:

Greens Are the Real Energy Problem
By Steven Milloy

It goes without saying that the global economy depends on the availability of afford-
able energy. Many place their hopes for abundant energy supplies in yet-to-be-imagined
technologies.

But while researchers tinker with far-off possibilities, there’s something we should
do right now to keep the energy flowing: break the radical environmentalists’ chokehold
on national energy policy.

Regardless of form — whether oil, gas, coal or nuclear — the Green movement is
blocking efforts to harness our accustomed energy sources while leading us down the
primrose path of so-called “renewable energy.”

First, we’re not running out of oil.
‘Notwithstanding the recent paucity of discoveries of new major oil fields, innovation

has proved adequate to meet ever-rising demands for oil’, wrote Alan Greenspan last
October in ‘Middle East Economic Survey.’
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“Gross additions to reserves have significantly exceeded the extraction of oil the
reserves replaced,” added Greenspan. These new reserves don’t include unconventional
oil sources, including the vast Canadian tar sands and Venezuelan heavy oil.

Nevertheless environmentalists are hindering efforts to obtain that oil — witness,
for example, their fight against drilling in the Alaska National Wildlife Refuge (ANWR).
Environmentalists currently are whipping up Floridians against the offshore drilling pro-
visions in the current energy bill in Congress, forcing Republican Sen. Mel Martinez to
defy Senate leadership and kowtow to the activists.

“Any weakening of protections currently in place off Florida’s coasts is unaccept-
able,” says Martinez, echoing the anti-drilling position of environmental groups.

Green opposition to increased oil production is international in scope. Acting through
such diverse groups as Amnesty International and Christian Brothers Investment Ser-
vices, activists are harassing oil company BP about its $3.2 billion Baku-Tbilisi-Ceyhan
oil pipeline from the Caspian Sea to the Mediterranean Sea.

The recent increase in gasoline prices is only partially due to higher demand from
developing countries like China and India. Price spikes have also been fueled by the fail-
ure of U.S. refining capability to keep pace with demand. No new gasoline refinery has
opened since 1976 — thanks to unnecessarily strict government regulations and com-
munity opposition, both of which have been tirelessly orchestrated by the environmental
movement.

There’s also plenty of natural gas to be had — if the Greens would let us have it.
As spotlighted recently by the Wall Street Journal editorial page, environmentalists

‘have successfully pushed moratoriums for most new offshore drilling of the fuel, have
fought to keep the most gas-rich federal lands off-limits to exploration, and have used
lawsuits to tie up those pieces that are accessible.’

The Greens are also obstructing the importation of liquefied natural gas by blocking
the construction of new port facilities based on fears that they would be terrorist targets.

Coal is a cheap and abundant source of energy, but environmentalists are making
its use more difficult with hysterical claims that coal burning releases ‘poisons’ like
mercury into the air. Environmentalists also oppose so-called “clean coal” technology
on the grounds that, although less nitrogen oxide and sulfur dioxide are emitted, mercury
emissions remain.

The reality of the matter is that the vast majority of mercury in the environment
comes from natural sources; mercury emitted from coal burning power plants is not
linked with detectable harm to human health or the environment.

As to nuclear power, environmentalist fear-mongering has ensured there’s been no
new nuclear power plant construction since the 1970s. They’re trying to shut down nuke
plants in operation by blocking the Yucca Mountain nuclear waste storage facility in the
Nevada desert, forcing nuclear plants to temporarily store waste in limited, politically
unpopular on-site facilities.

General Electric, producer of nuclear power technology, is hoping fears about global
warming and energy supplies will interest the public and environmentalists in nuclear
energy. No doubt GE hoped it was getting a Green ally in jointly announcing its recent
“Ecomagination” initiative with the eco-activist World Resources Institute (WRI). Such
hope is pretty naive, however.

WRI has worked more closely and a lot longer with the likes of anti-nuke groups like
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Environmental Defense and Greenpeace, which, by the way, is currently trying to block
the construction of a new nuclear power plant in Southern Maryland.

The energy crisis has arisen not because there’s a lack of sufficiently clean and
affordable energy supplies — our problem is that we’ve allowed the Greens to have too
much power34.

11.3.1 We don’t want DNA in our tomatoes

If the above examples are not enough, let's pick another favourite topic: genetically

modi�ed food. a few years ago Greenpeace's executive director and 27 other envi-

ronmental activists were cleared of causing criminal damage to a �eld of genetically

modi�ed maize, in a verdict with profound implications for the future of GM crop trials

and direct action.35

Lord Melchett and his fellow protesters, 13 of whom also work for Greenpeace, were

acquitted at a retrial at Norwich crown court after claiming they had lawful excuse
to attack the crop at a farm in Lyng, Norfolk, in July 1999. After the verdict Lord

Melchett said the verdict did not give a green light to other protesters to destroy crops,

but refused to rule out similar action by Greenpeace in the future. William Brigham,

the farmer on whose land the GM maize was grown, said the verdict gave `the green
light to trespass and the green light to vandalism'.

`This attack was a frightening experience for myself and my family,' he said. `Greenpeace
is a massive environmental pressure group and we are a small family farm. They used bully
boy tactics to get their point across and today the bully has won.'

What was the excuse? The protesters argued that they had lawful excuse under the

Criminal Damage Act 1971 to uproot the crop, as leaving it to flower and pollinate
would have led to a greater crime - the contamination of other crops in the vicinity.

Now, we may ask if there is really a danger? The crop in question was a part in a

four-year trial programme, now in its second year. The aim of the trial is to establish

the data related to all possible aspects of GM food. As a spokesman for the Department

of the Environment said the crop trials would continue. `If we halted our strictly controlled
research then there would be widespread GM crop planting without us getting the evidence
we need. Our top priority is to protect the environment and human health.'

GM food is a real problem for environmentalists. First, almost all our food in

genetically modi�ed, albeit in a traditional, time consuming way. The crops we eat

today, or the ones we use to feed the animals are so much di�erent from the wild

variants that sometimes it is di�cult to �nd the original genetic stock. And the `green

revolution' that has diminished the scale of the worldwide hunger areas was a dramatic

intervention into natural agriculture.

34http://www.foxnews.com/story/0,2933,158456,00.html
35The story is related based on material found at http://www.commondreams.org/headlines/
092100-01.htm and http://www.simonyi.ox.ac.uk/dawkins/WorldOfDawkins-archive/Dawkins/
Work/Articles/2000-09-24gpeace_vandals.shtml.

http://www.foxnews.com/story/0,2933,158456,00.html
http://www.commondreams.org/headlines/092100-01.htm
http://www.commondreams.org/headlines/092100-01.htm
http://www.simonyi.ox.ac.uk/dawkins/WorldOfDawkins-archive/Dawkins/Work/Articles/2000-09-24gpeace_vandals.shtml
http://www.simonyi.ox.ac.uk/dawkins/WorldOfDawkins-archive/Dawkins/Work/Articles/2000-09-24gpeace_vandals.shtml
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An editorial in the Independent sums it up quite elegantly:

The development of Golden Rice by scientists funded by the Rockefeller Foundation
has presented Greenpeace and other anti-GM groups with a moral dilemma. To what
extent do these groups wish to be seen as opposing a crop which, through its genetically
engineered fortification with Vitamin A, may play a key role in reducing blindness in
Africa and Asia which results from a deficiency of that vitamin? Should the moral
crusade against imagined ’pollution’ by GM crops override specific concerns for the
health and welfare of some of the poorest people in the world?

Greenpeace has never been comfortable with the charge that its food campaigns,
led primarily by relatively well-fed people in the West, represent an elitist disregard for
genuine suffering and malnutrition in less fortunate parts of the world. It has tried to
fend off such challenges by describing them as nothing more than cynical PR for the
multinational biotech companies - those who stand to profit very substantially from
widespread acceptance of the GM crops which they have developed. But the Golden
Rice issue has always been different, primarily because it has arisen out of research by a
charitable foundation which has placed the technology freely in the public domain. No
’big business’ hidden agendas or exploitative motives here.

The discomfort felt by Greenpeace over this issue has now resulted in highly schizoid
announcements about its stance on Vitamin-A enriched rice. Their international coordi-
nator on genetic engineering, Benedikt Haerlin, is reported as indicating a distinct U-turn
by decalring that Golden Rice will be an exception to Greenpeace’s routine vandalism of
GM crops: ‘I feel that ’golden rice’ is a moral challenge to our position. It is true there
is a different moral context, whether you have an insecticidal or pesticide-resistant GM,
or whether you have a GM product that serves a good purpose’.36

Rothman and Lichter (1996) in their analysis of the di�erences between results of
research and media coverage on various environmental causes of cancer conclude:

It is clear that the environmental groups were, for many years (and still are to some
extent), able to capture the interest and support of the media for claims about the
findings of scientists that were simply inaccurate. There were many reasons for this,
but the end result was that bad science outpointed good science for some time because
ideology triumphed over evidence.

It seems that, perhaps, we should have put the ecology into the chapter of religion?

The fervour and blind devotion on the part of activists, the Holy Scripture approach

to `proper ' texts, denouncing as heresies the others would suggest that this is indeed,

close to truth.

Does my distrust of radical ecological movements mean that I suggest to treat all

ecological topics as �gments of overactive imagination? De�nitely not. The problems

both local and global might be not only real: certain issues do have life or death urgency.

Social awareness of such situations, funds devoted to solving them, legal framework

forcing the pro ecological investments and developments | all of these measures require

understanding of environment and clear presentation of the issues.

36Quoted after http://www.sirc.org/articles/rice_dilemma.shtml.

http://www.sirc.org/articles/rice_dilemma.shtml
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And that is exactly the point. To evaluate the relative importance of various prob-

lems we must understand them �rst. Understand their origin, interrelationships, be

able to model the outcomes of various remedial strategies. Crying wolf with the same

urgency and intensity every time just decreases our ability to recognize the real danger.

And as we have seen in Section 11.1, the capabilities to understand complex scienti�c

issues is rather limited (page 733).

The two tendencies: emotionally appealing calls for environmental protection (in

some cased genuine, in other purely manipulative and cynical) played on population

that is unable to distinguish good research from bad, nay, in many cases unable to

distinguish fact from �ction.

But to be honest, bad research and `emotional statistics' are not limited to environ-

ment protection proponents. There are examples of manipulation of data and sloppiness

at the other side of the political fence, with research aimed at proving that there is not

so much to worry. A good example is provided by the story of a report of David Bellamy

on the glaciers fate in the global warming scenario. He is a well renowned botanist, with

at least 45 books to his credit and great popularisation personality. Bellamy who was

for many years campaigning to protect wild habitats, which has made him an inuential

�gure in the conservation organisations , recently said that the science of man-made

climate change was `poppycock'. And in a letter to New Scientist (16 April 2005) he

claimed that most glaciers are advancing rather than retreating. The actual report is

rather di�cult to get37, and I have found the story through a report of George Monbiot

in The Guardian38. There is a lot of drama in the whole a�air, and it is worth to trace

back a little. There are, it seems no simple black and white distinctions here.
The story starts with another Bellamy's popular article Global Warming? What

a load of poppycock!, published earlier in the Daily Mail (July 9, 2004)39. The article
has asserted that

Whatever the experts say about the howling gales, thunder and lightning we’ve had over
the past two days, of one thing we can be certain. Someone, somewhere - and there is
every chance it will be a politician or an environmentalist - will blame the weather on
global warming.

But they will be 100 per cent wrong. Global warming - at least the modern nightmare
version - is a myth. I am sure of it and so are a growing number of scientists. But what
is really worrying is that the world’s politicians and policy makers are not . . .

To explain why I believe that global warming is largely a natural phenomenon that has
been with us for 13,000 years and probably isn’t causing us any harm anyway, we need
to take heed of some basic facts of botanical science. For a start, carbon dioxide is not
the dreaded killer greenhouse gas that the 1992 Earth Summit in Rio de Janeiro and
the subsequent Kyoto Protocol five years later cracked it up to be. It is, in fact, the

37The New Scientist site has only a short abstract publicly available (http://www.newscientist.
com/article/mg18624950.100.html). I base what I know on the partial quotations.

38http://www.guardian.co.uk/comment/story/0,3604,1480279,00.html
39http://www.junkscience.com/july04/Daily_Mail-Bellamy.htm

http://www.newscientist.com/article/mg18624950.100.html
http://www.newscientist.com/article/mg18624950.100.html
http://www.guardian.co.uk/comment/story/0,3604,1480279,00.html
http://www.junkscience.com/july04/Daily_Mail-Bellamy.htm
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most important airborne fertiliser in the world, and without it there would be no green
plants at all.

In reaction to the Daily Mail article George Monbiot has written about40

. . . the threat of climate change. In common with all those generations which have
contemplated catastrophe, we appear to be incapable of understanding what confronts
us.

Three wholly unexpected sets of findings now suggest that the problem could be much
graver than anyone had imagined [. . . ]

Like every impending disaster (think of the rise of Hitler or the fall of Rome), this one
has generated a voluble industry of denial. Few people are now foolish enough to claim
that man-made climate change isn’t happening at all, but the few are still granted plenty
of scope to make idiots of themselves in public. Last month they were joined by the
former environmentalist David Bellamy.

Well, joining, in one paragraph, the name of Hitler and the phrase `the industry of
denial . . . were joined by David Bellamy' is a sort of manipulation I would be very, very

scared of. This is typical for The Litany approach, an indeed, in later part of his article

Monbiot attacks Lomborg. This time the attack was not on wrong data, but that the

Danish statistician `has plainly spent too much of his life with his calculator and not enough
with human beings.'. Well, as a statistician should, I say. The more work on hard data

and its analysis, the better statistician. The problem with Lomborg is that he also had

the guts to publish his �ndings, and, to boot, in a way that could be read!
The later exchange of letters, published in various UK journals, between Bellamy

and Monbiot (I am basing my knowledge on Monbiot's WEB page, so perhaps I miss
something) is equally illuminating. The atmosphere of the exchange heats up much
faster than any global warming model can predict. The �rst letter of Bellamy starts
quite innocently

As usual, an elegant article from George Monbiot, the first two-thirds of which I agree
with (Goodbye, kind world, August 10). In the third section I find some problems. My
argument in the Daily Mail was based on the past record of natural climatic change and
questioned how a rise in the tiny amount of carbon dioxide that is in the atmosphere
could have such a drastic effect when water vapour makes up some 96% of all the
greenhouse gases.

Yes, we should stop burning fossil fuels. Yes, we should stop draining peat bogs,
destroying soil and natural and semi-natural vegetation. Yes, we should stop overfishing
and overgrazing the planet. That is why I am still working an 18-hour day helping
groups which are trying to reverse this trend, as I have been doing for the past 40 years.

In my defence, may I ask George a single question? Why are the so-called greens
backing a cartel of multinational companies which are hell bent on covering some of the
best of our countryside with so-called wind farms, which can neither provide us with a

40http://www.monbiot.com/archives/2004/08/10/goodbye-kind-world/

http://www.monbiot.com/archives/2004/08/10/goodbye-kind-world/
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sustainable source of future energy nor have any measurable effect reducing the amount
of carbon dioxide pouring into the atmosphere?

If he can disprove the latter – which is the mathematical truth — I will fall into line
over global warming, even if, like Galileo, I have to say ‘but it moved’.

David Bellamy
The Conservation Foundation

But the response of Monbiot was not so nicely worded.

You then go on to say: ‘If he can disprove the latter – which is the mathematical truth
– I will fall into line over global warming ’.

Mathematical truth, eh? I suppose a mathematical truth can be different from an
evident truth, if, that is, you are engaging in quantum maths. Either way, this state-
ment requires some explanation. But I struggle to understand what the performance
of windfarms has to do with whether or not anthropogenic climate change is taking
place. I would have hoped that your decision about whether to ‘fall into line over global
warming ’ would have been based on an assessment of the science of global warming,
not on my ability or otherwise to disprove a quantum mathematical construct about
how windfarms might behave in a parallel universe.

Now, what is quantum maths in this context41 | I do not know. The main cause of
Monbiot's rage seems to be that Bellamy is a well known environmentalist and that his
assertions (whether true, partially true or false) will be used by the `corporate lobbyists
to deny the science':

Do you have any idea how much damage your articles and interviews have caused?
Do you have any idea how your name is now being used by everyone from the Society
of Motor Manufacturers and Traders to Exxon executives to suggest that ‘if even an
environmentalist like David Bellamy says global warming isn’t happening, then it can’t
be true’? Do you have any idea what the consequences of helping these people to deny
climate change might be? Do you have any idea how you have destroyed your own good
name among people who formerly respected you?

You claim that you are still an environmentalist, yet the harm you have done to envi-
ronmentalism over the past few months is incalculable.

So we see that even in 2004 there was very little objectivity in the debate. Now
comes the Bellamy's New Scientist letter Glaciers are cool which begins with

Further to your coverage of climate change and melting ice in the Himalayas (19 March,
p 6), it should be pointed out that glaciers in many other parts of the world are not
shrinking but in fact are growing.

41Of course there is quite large branch of mathematics related to Quantum Mechanics, for example

quantum cohomology. In 2006 Andrei Okounkov has received the highest mathematical prize, the Fields

Medal, for such research. But what has this to do with calculating the e�ciency and economy of windmill

farms I cannot guess. To me, this is just another abuse of scienti�c wording, as described by Sokal and

Bricmont.
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Norway’s glaciers are growing at a record pace. All 48 glaciers in New Zealand’s Southern
Alps are growing, the Franz Josef by about 4 metres a day. Pio XI, the largest glacier
in the southern hemisphere, and the Perito Moreno Glacier, the largest in Patagonia,
are also growing despite the fact that they should be melting because of warm winds
zephyr’d from El Niño seas.

Glaciers are real cool in California, where all seven on Mount Shasta are growing apace
and three have doubled in size since 1950. Further north, in Washington state, America’s
youngest glacier in the crater of Mount St Helens holds a record for fastest-growing lump
of ice.

The additional snippets of the article I was able to �nd claim that:

555 of all the 625 glaciers under observation by the World Glacier Monitoring Service
(WGMS) in Zurich, Switzerland, have been growing since 1980.

Now, Monbiot has done a good job of checking the sources (very few, given that the
whole article of Bellamy is 386 words long) and getting the data right. For example
the WGMS monitors and publishes reports on roughly 100 glaciers. And indeed out
of those most are retreating rather fast, with notable exceptions in New Zealand, for
example42. As he writes in his report

But there was still one mystery to clear up. While Bellamy’s source claimed that 55% of
625 glaciers are advancing, Bellamy claimed that 555 of them - or 89% - are advancing.
This figure appears to exist nowhere else. But on the standard English keyboard, 5 and
% occupy the same key. If you try to hit %, but fail to press shift, you get 555, instead
of 55%. This is the only explanation I can produce for his figure. When I challenged
him, he admitted that there had been ‘a glitch of the electronics’.

Now, of course, one should read before posting, the erroneous claim is a grave error,
especially in highly publicized domain. Publishing wrong data is a source of real worry
for a scientist. Monbiot concludes, however, with something more: derogationg many
years of Bellamy's scienti�c work:

So, in Bellamy’s poor typing, we have the basis for a whole new front in the war against
climate science. The 555 figure is now being cited as definitive evidence that global
warming is a ‘fraud’, a ‘scam’, a ‘lie’. I phoned New Scientist to ask if Bellamy had
requested a correction. He had not.

It is hard to convey just how selective you have to be to dismiss the evidence for
climate change. You must climb over a mountain of evidence to pick up a crumb: a
crumb which then disintegrates in the palm of your hand. You must ignore an entire
canon of science, the statements of the world’s most eminent scientific institutions, and
thousands of papers published in the foremost scientific journals. You must, if you are
David Bellamy, embrace instead the claims of an eccentric former architect, which are
based on what appears to be a non-existent data set. And you must do all this while
calling yourself a scientist.

42See http://www.geo.unizh.ch/wgms/mbb/mb04/sum04.html and in general other data at http:
//www.geo.unizh.ch/wgms/.

http://www.geo.unizh.ch/wgms/mbb/mb04/sum04.html
http://www.geo.unizh.ch/wgms/
http://www.geo.unizh.ch/wgms/
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Now, let me do a bit of investigation myself. Let's start with the simplest quest
Google ‘glaciers increasing’. Results are interesting. For example in Norway,
Norwegian Water Resources and Energy Directorate (NVE), a government organisa-
tion reports

Are the glaciers increasing or decreasing?
In 2005 many of the maritime glaciers in Norway had a mass surplus due to winter
precipitation above average. However, during the period 2001-2004 Norwegian glaciers
decreased significantly, shrinking both in volume and length. Several consecutive years
of little winter precipitation, and record-warm summers in 2002 and 2003, had taken
their toll.43 . . .

During the last century glaciers in Norway retreated as glaciers in other parts of the
world. However, in the 1990s many Norwegian glaciers advanced as a result of several
winters in a row with precipitation above normal. During the last four years, however,
Norwegian glaciers have decreased significantly, shrinking both in volume and length.
Several consecutive years of little winter precipitation, and record-warm summers in
2002 and 2003, have taken their toll. 44

The reasons for glacier growth/shrinkage are here related to short term changes.

And they vary from decade to decade. Judging the long term trends on snipped data

can lead to totally di�erent conclusions, depending on whether one picks this or that

decade.
The 1998 Greenpeace report45 shows that

Circum-Arctic Glaciers have generally lost mass over the last 30 years. In East and
West Greenland glaciers are retreating rapidly while in North Greenland the situ-
ation is unclear. Svalbard glaciers are losing mass

Central Asia From the 1950s to the 1980s, 73% of glaciers were retreating, 15% were
advancing and 12% were stable.

Tropical mountains The retreat of glaciers has been documented in the Ecuadorian
Andes, New Guinea, East Africa (Mount Kenya’s glacier has receded markedly
since the late 1800s and since the 1960s its mass has decreased by 40%), Venezuela
and Peru.

New Zealand Most glaciers have retreated during the 20th century. The Tasman
Glacier has thinned by more than 100m. Since 1983, the recession of western
glaciers has reversed and these glaciers are growing (e.g. the Franz Josef glacier).

Southern and central South America The Upsala glacier has retreating about 60m
per year over the last 60 years and this rate appears to be accelerating. In the
last 40 years, the area of the South Patagonian Ice Field has diminished by about
500km2. The Soler and Tyndall Glaciers also appear to have lost mass, while the
Pio XI glacier in Patagonia is larger now than at any time in the last 6,000 years.

43http://www.nve.no/modules/module_109/publisher_view_product.asp?iEntityId=8417
44http://www.cicero.uio.no/fulltext.asp?id=3561&lang=en
45http://archive.greenpeace.org/climate/arctic99/html/content/factsheets/oldreports/
glaciers2.html

http://www.nve.no/modules/module_109/publisher_view_product.asp?iEntityId=8417
http://www.cicero.uio.no/fulltext.asp?id=3561&lang=en
http://archive.greenpeace.org/climate/arctic99/html/content/factsheets/oldreports/glaciers2.html
http://archive.greenpeace.org/climate/arctic99/html/content/factsheets/oldreports/glaciers2.html
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Europe For the Alps as a whole, the glacial area since about 1850 has been reduced
by 30-40 percent, with about a 50 percent reduction in ice volume. However,
this has been counterbalanced by the recent growth of some larger glaciers in the
Alps such as the Grosse Aletsch in Switzerland and many Scandinavian glaciers,
resulting in a small net increase in glacial ice over the last 30 years.

Antarctica and sub-Antarctic Islands The alpine glaciers of the Dry Valleys in Antarc-
tic have fluctuated with no apparent trends. Numerous glaciers along the Antarctic
Peninsula are in retreat. Glaciers in many sub-Antarctic islands are also in retreat,
for example, some small glaciers in Heard Island have decreased by up to 65%.

A direct reading of this report simply points out that the situation is `mixed'. In
some regions we have `small net increase in glacial ice over the last 30 years', in others
there is decrease of glacier mass intermixed with an increase. The general trend would
be very di�cult to established. A more recent report The State of the Cryosphere -
what the ice is telling us, hidden quite deeply in the Greenpeace WEB pages46 gives,
for example, the following data:

The Greenland ice sheet - the biggest ice mass in the Northern Hemisphere - is losing
mass from around its margins. Some climate models predict it could lose half its mass
in the next 500-1000 years, contributing 3m to global sea level rise . . .

Under some UNFCCC mid range climate model predictions, the ice-sheet volume and
area could reduce by about 3% by 2130, and by 40% by the year 3000.

Now, the loss of 3% over a hunderd and thirty years sounds much less alarming than
a complete meltdown. As for the Antarctica, the largest ice reservoir in the World:

Antarctica — the largest ice mass in the world - presents a more complex picture,
although parts of the West Antarctic Ice Sheet and Peninsula ice shelves are in decline.
. . .

While the East Antarctic Ice Sheet appears to be close to balance, it is a different story
on the West Antarctic Ice Sheet. While there is glacial retreat and lowering of the ice
surface in the Thwaites and Pine Island basin it is thought unlikely to be a reaction to
recent climate change because of the long response times associated with the Antarctic
ice sheet. There has been a significant warming on the peninsula of about 4 degrees
Celsius in the last 50 years, associated with a regional decline in sea ice. While this is a
strong signal, it’s quite localised. Ice shelves along the Peninsula are only a few hundred
meters thick and float on the surface of the ocean and are quite sensitive to changes in
the ocean temperature and ocean circulation. . . .

Glaciers and ice caps
Water stored in glaciers and icecaps around the world would contribute 0.5m sea level
rise if they all melted. This is small compared to the 68.3m sea level rise that total
melting of the Greenland and Antarctica ice sheets would cause (6m and 62m, respec-
tively). However, glaciers respond much more rapidly than ice sheets. Glacier and ice
cap response times are typically below 100 years, which means that the bulk of the

46http://www.greenpeace.org/raw/content/international/press/reports/
the-state-of-the-cryosphere-w.pdf

http://www.greenpeace.org/raw/content/international/press/reports/the-state-of-the-cryosphere-w.pdf
http://www.greenpeace.org/raw/content/international/press/reports/the-state-of-the-cryosphere-w.pdf
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cryosphere’s contribution to anthropogenic sea-level rise over the coming century is
likely to come from these types of ice mass. There are more than 160,000 glaciers
worldwide, making measurement of glacier mass balance very difficult, but exist-
ing research indicates that glacial loss is responsible for between 0.22mm to 0.25mm a
year sea level rise.

More complex analysis is needed to understand how glaciers react once melting begins,
and what a partial loss of glacier ice would mean for its water flow system. The
assessment of historical and predicted future contributions to sea level from glaciers is
still in its infancy.

The science of glaciers is a rich one, very complicated and worth studying. There
are many factors to be taken in. Basing conclusions on a 100, or even 600 out of the
160 000 glaciers is `probably ' not su�cient. The ice age/warm period cycle has been
in existence long before humanity started to produce signi�cant greenhouse gases, and
it is very di�cult to get meaningful answers separating the `natural' changes from the
human induced ones. Which, of course does not mean that the global warming caused
by natural causes would be less of a challenge for the planet. As the quotations from the
above sources (which can hardly be considered unfair and environmentally unfriendly)
show, the situation is complicated and there is some doubt as to the extent of the glacier
melting. But we could contrast the relatively sober numbers of the Greenpeace reports
and the wording of their front page news and titles:

Melting Greenland fuels sea level rise
Greenland’s glaciers are melting even faster than previously thought and contributing
more and more to sea level rise caused by global warming. If you live near the sea and
think global warming isn’t a problem for you, it’s probably time to think again.47

Now, anyone worrying about their houses near the sea in the next thousand years

(as the report on Greenland indicates) would probably be considered really far-looking.
Should the Reader wander how the Bellamy story ended, here are the fragments of

a news item from New Scientist on 11 June 200548

Bellamy [. . . ] has since admitted that his figures on glaciers were plain wrong, and
announced in a letter to The Sunday Times on 29 May that he had ‘decided to draw
back from the debate on global warming ’. But the damage had already been done. Two
leading conservation organisations have confirmed to New Scientist that they intend to
go ahead with plans to replace him later this year.

A spokesperson for Plantlife, where Bellamy has been president for 15 years, says it
‘would be wrong to ask him to continue’. The Royal Society of Wildlife Trusts, which
manages 2500 nature reserves across the UK, says it will not renew his presidency in
November for a third term.

Crying `wolf' and comparing anyone who voices any doubt as to the `anthropogenic
component' of global warming to the people who have been silent when Hitler built the

47http://www.greenpeace.org/international/news?related_item_id=89360
48http://www.newscientist.com/channel/earth/mg18625033.300

http://www.greenpeace.org/international/news?related_item_id=89360
http://www.newscientist.com/channel/earth/mg18625033.300
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Nazi war machine is, I think, more than slightly unfair. Unless there is less bullying,

there would never be a meaningful debate between various camps. And we would not

know what to do | seriously, and in proper measure.
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11.4 Junk Science

One man’s junk is another man’s treasure
An English proverb

If it is true that in the kingdom of the blind, one eyed man is a king | then

what would be said about countries of blindfolded?

Is there anything we can do to clear our eyes?
I have described on these pages quite numerous examples of misuse of science or

pseudoscience, activities dressed up as science, and abusing the authority that proper
research has earned in the past centuries. I am not alone in pointing the absurdities,
many scientists and organisations are devoted to debunking and clarifying issues related
to false science. An example is provided by Steven Milloy's WEB page http://www.
junkscience.com. The page de�nes its purpose as describing `All the Junk that's �t
to debunk'.

‘Junk science’ is faulty scientific data and analysis used to advance special and,
often, hidden agendas. The junk science ‘mob’ includes:

• The MEDIA may use junk science for sensational headlines and programming.
Some members of the media use junk science to advance their and their employers’
social and political agendas.

• PERSONAL INJURY LAWYERS may use junk science to bamboozle juries into
awarding huge verdicts. Large verdicts may then be used to extort even greater
sums from deep-pocket businesses fearful of future jury verdicts.

• SOCIAL ACTIVISTS, such as the ‘food police,’ environmental extremists, and
gun-control advocates, may use junk science to achieve social and political change.

• GOVERNMENT REGULATORS may use junk science to expand their authority
and to increase their budgets.

• BUSINESSES may use junk science to bad-mouth competitors’ products or to
make bogus claims about their own products.

• POLITICIANS may use junk science to curry favor with special interest groups or
to be ‘politically correct.’

• INDIVIDUAL SCIENTISTS may use junk science to achieve fame and fortune.

• INDIVIDUALS who are ill (real or imagined) may use junk science to blame others
for causing their illness.

Although the description is based on US reality, I can fully con�rm that the pattern

is the same in Poland. I guess most European countries would �t as well. As for the

developing world countries, there might be some gaps in the list (for example lawyers in

less litigating societies), but the greed and power factors inherent in human nature are

the same, so the push would remain. Blindfolding the society by leaders is a common

phenomenon. The matter is made worse if, in fact the leaders, who deem themselves

to be fully aware and knowledgeable are just as blindfolded as those they wish to lead.

http://www.junkscience.com
http://www.junkscience.com
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The reasons and participants of junk science, as de�ned above should not be surprising

to anyone | the maxims cui prodest or cui bono are over 2000 years old, and clearly

still valid.

To be objective, I would point however that Milloy's comments may be as controver-

sial as the claims he sets out to debunk. A good example of the counterpart is provided

by the WEB page Correcting myths from Steven Milloy (http://info-pollution.

com/milloy.htm). I found both sources interesting and worth further reading. A good

discussion is one of the key methods to develop results, especially in science.

For other sources Skeptics Dictionary has a WEB page devoted to junk science and

pseudosciences at http://skepdic.com/tijunk.html. Among more than �fty separate

topics are zermatism49, spontaneous human combustion and orgone energy.
The problem with junk science is that it is very di�cult for a lay person to get

through to the real sources and true data. It is possible, in most cases, if you are
connected to the Internet, have a lot of available time, and the most important, the
willingness to check. I remember a case of a friend sending out an e-mail of a coughing
as a life-saving procedure for cardiac arrest. The e-mail looked serious enough:

This one is serious . . . Let’s say it’s 4:17 p.m. and you’re driving home, (alone of
course) after an unusually hard day on the job. Not only was the work load extraordi-
narily heavy, you also had a disagreement with your boss, and no matter how hard you
tried he just wouldn’t see your side of the situation. You’re really upset and the more
you think about it the more up tight you become.

All of a sudden you start experiencing severe pain in your chest that starts to radiate
out into your arm and up into your jaw. You are only about five miles from the hospital
nearest your home, unfortunately you don’t know if you’ll be able to make it that far.

What can you do? You’ve been trained in CPR but the guy that taught the course
neglected to tell you how to perform it on yourself.

HOW TO SURVIVE A HEART ATTACK WHEN ALONE

Since many people are alone when they suffer a heart attack, this article seemed in
order. Without help the person whose heart stops beating properly and who begins to
feel Faint, has only about 10 seconds left before losing consciousness. However, these
victims can help themselves by coughing repeatedly and very vigorously. A deep breath
should be taken before each cough, and the cough must be deep and prolonged, as
when producing sputum from deep inside the chest. A breath and a cough must be
repeated about every two seconds without let up until help arrives, or until the heart is
felt to be beating normally again. Deep breaths get oxygen into the lungs and coughin
movements squeeze the heart and keep the blood circulating.

The squeezing pressure on the heart also helps it regain normal rhythm. In this way,
heart attack victims can get to a phone and, between breaths, call for help.

Tell as many other people as possible about this, it could save their lives!

From Health Cares, Rochester General Hospital via Chapter 240’s newsletter. AND

49Who, without looking up, would know what it is?

http://info-pollution.com/milloy.htm
http://info-pollution.com/milloy.htm
http://skepdic.com/tijunk.html
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THE BEAT GOES ON . . . (reprint from The Mended Hearts, Inc. publication, Heart
Response)

I was interested and it took me just a few seconds to �nd the Rochester General
Hospital denial of the procedure

Important Notice: ’How to Survive a Heart Attack When Alone’

Hundreds of people around the country have been receiving an e-mail message entitled
‘How to Survive a Heart Attack When Alone.’ This article recommends a procedure
to survive a heart attack in which the victim is advised to repeatedly cough at regular
intervals until help arrives.

The source of information for this article was attributed to ViaHealth Rochester General
Hospital. This article is being propagated on the Internet as individuals send it to friends
and acquaintances - and then those recipients of the memo send it to their friends and
acquaintances, and so on.

We can find no record that an article even resembling this was produced by Rochester
General Hospital within the last 20 years. Furthermore, the medical information listed in
the article can not be verified by current medical literature and is in no way condoned by
this hospital’s medical staff. Also, both The Mended Hearts, Inc., a support organization
for heart patients, and the American Heart Association have said that this information
should not be forwarded or used by anyone.

Please help us combat the proliferation of this misinformation. We ask that you please
send this e-mail to anyone who sent you the article, and please ask them to do the
same.

Sincerely,

Rich Sensenbach
Web Development Coordinator
ViaHealth Rochester General Hospital
(585) 922-212450

My friend was sincerely surprised, not at the fact that I have found this counter-

warning, but that I have looked for additional information and sources! I should have

believed, without checking.
In fact there's more to the story. It turns out that there are medical publications

endorsing the procedure. They come from a Polish cardiology team led by dr Tadeusz
Petelenz, and are published in Polish medical journals.51 As a result, on the American
Heart Association, Inc. WEB page devoted to Adult Basic Life Support52 the following
note appears, somewhere near the end of the page:

Cough CPR
Self-initiated CPR is possible. Its use, however, is limited to clinical situations in which

50http://www.viahealth.org/body_rochester.cfm?id=329
51Self{administered cough cardiopulmonary resuscitation (c-CPR) in patients threatened by MAS

events of cardiovascular origin, Petelenz et al. (1998) and Cough cardiopulmonary resuscitation,

Petelenz (2004)
52http://circ.ahajournals.org/cgi/content/full/circulationaha;102/suppl_1/I-22

http://www.viahealth.org/body_rochester.cfm?id=329
http://circ.ahajournals.org/cgi/content/full/circulationaha;102/suppl_1/I-22
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the patient has a monitored cardiac arrest, the arrest was recognized before loss of
consciousness, and the patient can cough forcefully. These conditions are typically
present during only the first 10 to 15 seconds of the cardiac arrest. The increase in
intrathoracic pressure that occurs with coughing will generate blood flow to the brain
and maintain consciousness.

(the reader should note that this procedure is considered as `possible' and not rec-

ommended! It is worthwhile to read the whole content of the WEB page. . . )

The lessons I have taken from this incident were pretty standard: check, debunk,

debunk the debunkers, look for original sources, if and when you can.

But what about the news or information for which we have no direct way of checking:

press releases, statements of `serious people' claiming scienti�c authority, information

given by people we personally trust? Much of what today's science says goes beyond

`common sense', so this measuring stick is no longer universally applicable. This is

one of the reasons that the school education should bring more and more of scienti�c

way of thinking and facts as early as possible to the children. And also the reason for

the scientists to spend more time in educating and popularising, which, of course, puts

di�erent priorities on funding and governing science. But this is another story.
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11.5 The stupidity attraction

But what is your gut feeling?
I try not to think with my gut.

If I’m serious about understanding the world,
thinking with anything besides my brain,

as tempting as that might be, is likely to get me into trouble.
Carl Sagan53

An old joke states that the second best justly divided thing on Earth is intelli-
gence: everyone thinks they have enough of it. The only thing that beats intel-

ligence is, of course, the sense of humour: not only everybody has enough, but we all
have so much that we want to share, even forcibly. Well, the joke is, as almost always,
quite close to truth. A 1999 study Unskilled and Unaware of It: How Di�culties in
Recognizing One's Own Incompetence Lead to Inated Self-Assessments by Justin
Kruger and David Dunning (Kruger and Dunning, 1999). The study states:

People tend to hold overly favorable views of their abilities in many social and
intellectual domains. The authors suggest that this overestimation occurs, in part,
because people who are unskilled in these domains suffer a dual burden: Not only
do these people reach erroneous conclusions and make unfortunate choices, but their
incompetence robs them of the metacognitive ability to realize it. Across four studies,
the authors found that participants scoring in the bottom quartile on tests of
humour, grammar, and logic grossly overestimated their test performance and
ability. Although their test scores put them in the 12th percentile, they estimated
themselves to be in the 62nd. Several analyses linked this miscalibration to deficits in
metacognitive skill, or the capacity to distinguish accuracy from error. Paradoxically,
improving the skills of participants, and thus increasing their metacognitive competence,
helped them recognize the limitations of their abilities.

The authors of the report quote Charles Darwin (Darwin, 1882): `Ignorance more
frequently begets confidence than does knowledge'. And ignorance and self-con�dence are

the characteristics we recognize in most of our politicians. Worse | they are easily

recognizable in the behaviour and ways of thinking of whole societies. The societies

that would �ght to preserve their right to free speech, their cultures and customs (at

least where such �ght is imaginable) neglect their right to be well informed. It looks as

if, indeed, stupidity is attractive.

And my personal observations seem to corroborate this view. Many of my acquain-

tances are deliberately closing their mind to anything more di�cult than the current

political debate or the plot of a TV sitcom. There seems to be rather universal ap-

proach of ridicule to those who would like to check things for deeper meaning and look

for scienti�c truth. It seems easier to repeat pre-packaged opinions of newspapers or

53Quoted after http://www.simonyi.ox.ac.uk/dawkins/WorldOfDawkins-archive/Dawkins/Work/
Articles/2000-09-24gpeace_vandals.shtml

http://www.simonyi.ox.ac.uk/dawkins/WorldOfDawkins-archive/Dawkins/Work/Articles/2000-09-24gpeace_vandals.shtml
http://www.simonyi.ox.ac.uk/dawkins/WorldOfDawkins-archive/Dawkins/Work/Articles/2000-09-24gpeace_vandals.shtml
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something found on the Internet than to think about the consequences. And this is a

general phenomenon, valid every time and everywhere.
Scott Adams remarks that the world is full of `induhviduals '. The corporate world

that Dilbert ridicules certainly seems to be. I know. I see it everyday. Giancarlo
Livraghi has a WEB site devoted to The Power Of Stupidity.54 He quotes several `laws
of stupidity', developed mainly by Carlo M. Cipolla, Professor Emeritus of Economic
History at Berkeley. The �ve laws of Cippola are:

I (C) We always under-estimate the number of stupid people.

II (C) The probability of a person being stupid is independent of any other characteristic
of that person.

III (C) A stupid person is one who causes damage to another person, or group of peo-
ple, without any advantage accruing to himself (or herself) - or even with some
resultant self-damage.

IV (C) Non-stupid people always underestimate the damaging power of stupid people.
They constantly forget that at any moment, and in any circumstance, associating
with stupid people constitutes an expensive mistake.

V (C) A stupid person is the most dangerous person in existence.

Cippola also de�nes four basic types of people:

Hapless (or ‘hopeless’) Someone whose actions tend to generate self-damage, but
also to create advantage for someone else.

Intelligent Someone whose actions tend to generate self-advantage, as well as advan-
tage for others.

Bandit Someone whose actions tend to generate self-advantage while causing damage
to others.

Stupid We already have this definition in the Third Law.

To these laws and de�nitions Livraghi adds his own observations:

I (L) Within each of us there is a quantity of stupidity which is invariably greater than
we suppose.

II (L) When the stupidity of one person is combined with the stupidity of others, the
impact grows geometrically–by multiplication, rather than the addition of the in-
dividual stupidity factors.

III (L) Since the impact of combined intelligence can only grow arithmetically while stu-
pidity grows geometrically stupidity will, in the long term, always prevail.

Wayne McDonald has published McDonald's Classi�cation of Stupidity55

Class V stupidity is any act of stupidity that is of sufficient magnitude and posing such
immediate, dire, and potentially catastrophic consequences that only the direct
intervention of God Himself can avert the impending disaster.

54http://www.gandalf.it/stupid/stupid.htm
55http://www.associatedcontent.com/article/50241/corpus_juris_stupidicum.html

http://www.gandalf.it/stupid/stupid.htm
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Class IV stupidity is an act of stupidity that leads to 1) a direct confrontation with
an overwhelmingly superior foe, 2) a situation that can only be resolved by a
temporary suspension of the laws of nature, or 3) a frontal assault on the will of
God.

Class III stupidity is an act of stupidity that is due to stubbornness, religious fanaticism,
patriotism, nationalism, or partisan political deal-making that in turn results in a
witch hunt, religious persecution, a revolution, and/or an international or a civil
war.

Class II stupidity is an act of personal stupidity whose impact is felt no further than
five kilometers distant, and quite often no further than fifty meters, from where
the incident occurs. This type of stupidity is dangerous in that, if the act itself
does not prove fatal, it induces a form of amnesia that removes all memory of
the act itself and the ensuing consequences, leading to repetition of the act of
stupidity for an indefinite and unpredictable number of times.

Class I is the mildest, or certainly the least pathologic, form of stupidity and is usually
indistinguishable from the routine actions of daily living.

Now, this is all funny reading, but . . . how many times each of us has seen stupidity

in action? How many times we ourselves have acted this way?56 There is a saying

attributed to Albert Einstein `Only two things are infinite, the universe and human stupidity,
and I’m not sure about the former.' In such a landscape, what can be done to decrease

the stupidity? First and foremost: we should not go promoting it, despite the fact that

it may seem to be contrary to democratic ideas. Stupid votes (voices) should NOT
count equivalently to wise ones.

Ahh, one could say, but how to tell one from another?57 One of the best measures
on the planet is: Science. The communal, verifiable, answerable nature of scien-
tific research is probably the closest to become anything useful in combating the
stupidity attraction. Stupid voices and opinions should be ridiculed. Idiotic govern-
ment decisions should be censored. A good example is the case with South African
health minister Manto Tshabalala-Mismang who is called `Dr Beetroot' for promoting
prescription of olive oil, beetroot and garlic as a defense against AIDS. This has caused
signi�cant protest at the Global AIDS conference in Toronto in August 2006.

The conference ended on Friday with a broadside delivered by the U.N. special envoy
on AIDS in Africa, Stephen Lewis, who derided South Africa’s ‘lunatic’ approach to an
epidemic which infects an estimated one in nine of its 45 million people.

South African newspapers on Sunday joined the fray, describing the Toronto display as
‘a salad stand’ and demanding President Thabo Mbeki – who is also often accused of
mishandling the AIDS crisis – sack his controversial minister.

56If the answer seems to be `never' then, my dear Reader, you are de�nitely more stupid than you

think.
57A recent Wizard of ID cartoon aptly summed it up in a dialogue between the king and his advisor.

The advisor: `We should introduce exams for voters'. King, after a short pause replies `Great idea. Those

who pass would be forbidden to vote.'
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‘Tshabalala-Mismang has become a comic figure who comes across as a clown, if her
behavior in Toronto is anything to go by’, the influential Sunday Times said in an
editorial. ‘For how long must South Africans suffer the embarrassment of a senior
cabinet minister who does not appear to take her work seriously?’58

Such reactions are a good sign, and they must be repeated everywhere there is a
need. And if one looks carefully around, there is a lot of targets. One might wonder
why we are so reluctant? Why are newspapers and TV channels actually promoting
stupidity instead of combating it? In an interview, Steve Jobs, the founder and CEO
of Apple Inc., company that has focussed a lot on educational market said

When you’re young, you look at television and think, There’s a conspiracy. The networks
have conspired to dumb us down. But when you get a little older, you realize that’s
not true. The networks are in business to give people exactly what they want. That’s
a far more depressing thought. Conspiracy is optimistic! You can shoot the bastards!
We can have a revolution! But the networks are really in business to give people what
they want. It’s the truth.

My personal evidence con�rms it: a lot of my acquaintances want to read horoscopes

and esoteric studies. And they react vigorously against attempts to debunk. This

defensive reaction is strengthened if there is any connection between contested ideas

and religion (even someone else's religion). Same with ecology. Debunking is a taboo.

Asking questions and pointing to discrepancies is taboo.

Sometimes, however, the truth wins through. In a recent trial in Poland a doctor

has been sentenced for using bogus apparatus on naive patients. The trial was not a

public court, but an internal trial by medical professional association. Two taboos had

to be broken: one of declaring some `therapy' as unscienti�c and thus declaring it a

malpractice and the second, of doctors deciding against a professional colleague (very

rare in our culture)59. But still, an open declaration that stupidity is stupidity, regard-

less of whether it could hurt someone's feelings, is very very rare. It is an exception

rather than rule. And this does not bode well for humanity at all.

58http://news.yahoo.com/s/nm/20060820/ts_nm/aids_safrica_dc
59Note to the American readers: Poland is much, much less litigatious society.

http://news.yahoo.com/s/nm/20060820/ts_nm/aids_safrica_dc
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CHAPTER

TWELVE

CONCLUSIONS

And each small candle
Lights a corner of the dark

Each small candle Lights a corner of the dark
Each small candle lights a corner of the dark

When the wheel of pain stops turning
And the branding iron stops burning

When the children can be children
When the desperados weaken

When the tide rolls in to greet them
And the natural law of science

Greets the humble and the mighty
And a billion candles burning

Lights the dark side of every human mind
Each small candle
Each small candle
Each small candle
Each small candle
Each small candle
Each small candle

Roger Waters
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12.1 Is Science still needed?

An indifference toward scientific understanding is almost considered a badge of honor.
Norman Augustine1

The largest daily newspaper in Poland, Gazeta Wyborcza does have a `Sci-

ence' section. On average there are one-two articles in a given week, buried some-

where deep inside, comprising perhaps 0.28% of the total space2. And, compared to

other dailies, Gazeta is a shining example of the popularisation of science. What the

other publications call science is usually news of the kind `an american scientist discovers

miraculous cure for cellulitis!'. Physics? Biology? Who cares!

Indeed, who cares. The newspapers are just sensible. The follow the market trends,

the preferences of their readers, to make sure enough copies are sold. The Polish edition

of the Scienti�c American (�wiat Nauki) has a total circulation of 360003, about 1

per every thousand of Poles. And a large part of this is distributed through sponsored

subscription to school libraries. How many copies are bought by individual readers is a

tough guess. The public in my country cares about politics and football, and getting and

keeping a job, without giving any thought about the issues discussed during scienti�c

conferences. Among young people there is probably more talk about Japanese manga or

latest Christina Aguilera extravaganza than about such topics as the real facts behind

ozone depletion or the mysteries of the Universe expansion. To summarize: science is

not needed. And, as we have seen in the chapter devoted to education, it is also badly

taught and considered an unnecessary burden.

This is not just a local, Polish phenomenon4. There are countries where bare survival

is a paramount problem, so one can not expect any interest in science to be important

there. There are other places where cultural or religious reasons foreclose the scienti�c

interest | with an ominous exception of the weapons research, be it biological, rocket

science or nuclear industry. But even if we just concentrate on the mostly democratic,

developed countries of the European Union or US and Canada science is a domain

available and important to very small minority. Very, very small minority, indeed.

Of course, one of the reasons is that understanding science requires preparation.

In other words - science is di�cult, and we are notorious for taking the easy way. It

is doubly di�cult, because the problem lies not only at the reader's side, but in the

task facing a scientist who wishes to communicate as well. For most specialists, used

to communication with a very small circle of their peers, trained in a highly hermetic

1What We Don't Know Does Hurt Us. How Scienti�c Illiteracy Hobbles Society (Augustine,

1998) http://www.physics.ohio-state.edu/~wilkins/writing/Supp/augustine.html
2With 6 issues per week, roughly 60 pages long, science occupies perhaps two half page articles.
3Data after June 2006 issue.
4The Scienti�c American circulation in the US is, on average 580 071 paid copies (after of-

�cial statements http://www.sciam.com/mediakit/print/images/sciam_1205_dom.pdf,http://www.
sciam.com/mediakit/print/images/sciam_1205_int.pdf). This gives about two copies per thousand

US citizens, two times better than Poland but not an impressive �gure.

http://www.physics.ohio-state.edu/~wilkins/writing/Supp/augustine.html
http://www.sciam.com/mediakit/print/images/sciam_1205_dom.pdf
http://www.sciam.com/mediakit/print/images/sciam_1205_int.pdf
http://www.sciam.com/mediakit/print/images/sciam_1205_int.pdf
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language of their discipline switching to the explanatory mode required to talk with

laymen is next to impossible. I have felt it this way when I was an active physicist. In

fact, working in completely di�erent �eld for almost �fteen years has freed me from the

need to follow only physics. And a more general approach (coupled, fortunately, with

the arrival of the Internet age) has improved my ability to describe scienti�c results5.

The race for funds and specialized research is unremitting. This is the reason why so

few scientists are willing to become popularisers. Fortunately for us, there are still a

few who decide it is important.

But perhaps there are deeper reasons for the lack of popularity of scienti�c world-

view. After all people do quite a lot of fairly di�cult things, working with a lot of e�ort

at improving their abilities in tennis, golf or dance.
Pinker (2002) points out to a di�erence in visions of the world events as introduced

by Thomas Sowell in his book A Conict of Visions. The two approaches to human
nature are called `Tragic Vision' and `Utopian Vision'. My account of these writings
is only second-hand reection, but the message has great carrying power. As Edward
W.Younkins writes in his essay Thomas Sowell's constrained vision of man and
society6

Sowell’s tragic (or constrained) vision of man and society is based on the acceptance
of the realities of the human condition – we are all limited by independent realities which
we ignore to our own detriment. According to Sowell’s vision:

1. Human nature is essentially unchanging and unchangeable – there have been no
great changes in the fundamental intellectual and moral capacities of human be-
ings;

2. Human capabilities are severely and inherently bounded for all – man is sharply
restricted in his capacity for improvement and has only a very limited ability to
affect his surroundings;

3. Life is inherently harsh and difficult – suffering and evil are inherent in the innate
deficiencies of human beings;

4. Man is basically self-centered; however, things can be improved within that con-
straint by primarily relying on incentives (rewards and punishments) rather than
on dispositions;

5. Resources are always inadequate to fulfill all of the desires of all of the people;
6) Social outcomes are a function of incentives presented to individuals and the
conditions under which they interact in response to those incentives;

6. Given the moral limitations of man and his egocentricity, the fundamental moral
challenge is to make the best of the possibilities within the constraints of man’s
nature;

7. There are no solutions, only trade-offs that leave many desires unfulfilled and much
unhappiness in the world;

5I am not the judge as to whether this improvement is satisfactory.
6http://www.quebecoislibre.org/010929-12.htm

http://www.quebecoislibre.org/010929-12.htm
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8. It is imperative to have the right processes for making trade-offs and correcting
inevitable errors;

9. It is better to cope incrementally with tragic dilemmas than to proceed cate-
gorically with moral imperatives – for amelioration of evils and for progress it is
generally preferable to rely on systemic characteristics of social processes (such
as moral traditions, the marketplace, the law, or families) rather than solutions
proposed by government officials.

As opposed, the unconstrained vision argues for man's potential and perfectability,
and the possibility of rational planning for social solutions. as Pinker characterizes it

In the Utopian Vision, psychological limitations are artifacts that come from our social
arrangements, and we should not allow them to restrict our gaze from what is possible
in a better world.

Traditions are regarded as 'the dead hand of the past, the attempt to rule from the

grave', and hence must be subject to the scrutiny of reason. Only in this fashion have

we rid ourselves of practices such as absolute monarchy, slavery and patriarchy 'that

were once thought to be rooted in human nature'. It's a vision Pinker attributes to

Jean-Jacques Rousseau, Thomas Paine, John Kenneth Galbraith and Ronald Dworkin.

`The new sciences of human nature', Pinker suggests, `vindicate some version of the
Tragic Vision and undermine the Utopian outlook'. Science has revealed the primacy of

family ties, the limited scope of communal sharing, and the universality of violence,

dominance and ethnocentrism. It has shown human nature to be �xed, human beings

to be awed and human politics constrained by the inadequacies of the human psyche.

Since `our moral sentiments, no matter how beneficent, overlie a deeper bedrock of selfishness',
so Pinker suggests, `we should not aim to solve social problems like crime or poverty, because
in a world of competing individuals one person’s gain may be another person’s loss. The best
we can do is to trade off one cost against another.' Or, as John Gray puts it, `The good
life is not found in dreams of progress, but in coping with tragic contingencies.'

One might ask what is the connection between the two visions of human condition

and the unpopularity of science. I see two such connections. The �rst, operational,

will be developed later, and relates to the best way we should popularize science | if

this is what we want. The second connection discusses the reasons for unpopularity

itself in the light of the basic human nature. Is the reluctance to delve in deep thought

and systematic analysis of causes and e�ects as natural as, say, our family structure, or

some basic fears? In other words | is the weak position of scienti�c research in general

perception a natural phenomenon or just a coincidence?

Bronowski (1965) quotes a passage from William Kingdon Cli�ord7

7An English mathematician, (1845-1879), who also wrote a fair bit on philosophy. Along with Hermann

Grassmann, he invented what is now termed geometric algebra, a special case being the Cli�ord algebras

named in his honour, which play a role in contemporary mathematical physics. He was the �rst to

suggest that gravitation might be a manifestation of an underlying geometry.
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In like manner, if I let myself believe anything on insufficient evidence, there may be
no great harm done by the mere belief; it may be true after all, or I may never have
occasion to exhibit it in outward acts. But I cannot help doing this great wrong towards
Man, that I make myself credulous. The danger to society is not merely that it should
believe wrong things, though that is great enough; but that it should become credulous,
and lose the habit of testing things and inquiring into them; for then it must sink back
into savagery.8

The key point that Bronowski stresses, is that although the belief obtained without
testing and inquiring may be true after all, this is not a reason to abandon or justify
the dismissal of testing. Indeed:

The fulcrum of Clifford’s ethic here, and mine, is the phrase ‘it may be true after all’.
Others may allow this to justify their conduct; the practice of science wholly rejects it.
. . .
The scientist derives this ethic from his method, and every creative worker reaches it
for himself.

8The Ethics of Belief, Edited by A.J. Burger, Essays by William Kingdon Cli�ord, William

James, A.J. Burger, http://ajburger.homestead.com/files/book.htm.

http://ajburger.homestead.com/files/book.htm
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12.2 Prophets of doom and gloom

. . . It seems probable that most of the grand underlying principles have been firmly established
and that further advances are to be sought chiefly in the rigorous application

of these principles to all phenomena which come under our notice.
Albert Michelson9

In the cycles of humanity enchantment and disappointment with science and
with its capacity as the tool for our happiness, justice and equality there are many

voices claiming that the age of science is nearing the end. Either because it has proven
useless (to which the simple fact that thanks to scienti�c advances and associated tech-
nical solutions there are many more people living on our planet than any time in history
| which just give more of us a chance to live); or because we would face impenetrable
wall of things clearly beyond any capacity to deal with scienti�cally; or, at last in the
opposite reasoning: because science is on the verge of discovering all that it is worth
discovery. The opening paragraph of John Horgan's The End of Science taking us
back some 15 years (Horgan, 1996), reads

It was in the summer of 1989, during a trip to upstate New York, that I begun to think
seriously about the possibility that science, pure science, might be over.

When I have �rst read this my thoughts were that this guy knows the good thriller

principle by heart. It should start with an earthquake, and then the tension should

grow and grow. Unlike the famous urban legend of the US Patent O�ce Director who

has said that there is nothing left to invent10, the quote | followed by 324 pages long

book (I refer to my own paperback edition) is authentic and deeply meant. The series

of chapters putting an end to Progress, Philosophy, Physics, Cosmology, Biology, Social

Science, Neuroscience, Chaoplexity (!), Limitology (!) draws on quotations from and

discussions with famous scientists.
Let's take for example section `Feynaman's Gloomy Prophecy'. Horgan begins quot-

ing Feynman (`The Character of Physical Law ')

The age in which we live is the age in which we are discovering the fundamental laws
of nature, and that day will never come again. it is very exciting, but this excitement
will have to go. Of course in the future there will be other interests. There will be
the interest of the connection of one level of phenomena to another — phenomena in
biology and so on, or, if you are talking about exploration, exploring other planets, but
there will not be the same things we are doing now.

9Quoted after Horgan (1996)
10The emergence of the legend of a Patent o�ce Director who has asked for closing down of his o�ce

as there is nothing left to invent is described, for example, in a special article of Skeptical Inquirer,

May-June, 2003 by Samuel Sass http://www.findarticles.com/p/articles/mi_m2843/is_3_27/ai_
100755224. The actual statement of the commissioner of the Patent O�ce in 1843, Henry L. Ellsworth,

included the following comment: `The advancement of the arts, from year to year, taxes our credulity

and seems to presage the arrival of that period when human improvement must end.' Because there were

so many inventions, not so few. . .

http://www.findarticles.com/p/articles/mi_m2843/is_3_27/ai_100755224
http://www.findarticles.com/p/articles/mi_m2843/is_3_27/ai_100755224
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Horgan adds:

After the fundamental laws are discovered, physics will succumb to second-rate
thinkers, that is, the philosophers. . .

Feynman’s vision was uncannily on target. He erred only in thinking that it would
be millenia, not decades, before the philosophers closed in. I saw the future of physics
in 1992 whan I attended a symposium at Columbia University in which philosophers and
physicists discussed the meaning of quantum mechanics. The symposium demonstrated
that more than 60 years after quantum mechanics was invented, its meaning remained,
to put it politely, elusive.

Hmm, in the space of two paragraphs, Horgan warns us with `there's nothing left to
discover ' and claims that lack of progress in study of fundamental aspects of quantum

mechanics is fulfillment of that prophecy! And, as I have attempted to show, there is a

lot of progress in QM, only in directions we have not expected, and which we still have

problems to understand.

Another section of Horgan's book is titled `No More Surprises'. Again, just in the

space of ten years from the date of publication we have found, for example, that the

Universe expands faster and faster, instead of slowing down due to gravity. That our

`normal' matter is just a few percent of the `content' of the Universe, the rest being

mysterious `Dark Matter' and `Dark Energy'. No surprises, indeed.
One of the frequently quoted passages, supposed to prove that even great scientist

might think that the active time for science is over comes from the Cambridge Lecture
of James Clerk Maxwell (quoted after his biography, http://www.sonnetusa.com/bio/
maxbio.pdf):

. . . in a few years, all the great physical constants will have been approximately
estimated, and that the only occupation which will then be left to men of science will
be to carry these measurements to another place of decimals.

What is often forgotten (or misquoted on purpose) is that directly continuing the
statement Maxwell writes:

If this is really the state of things to which we are approaching, our Laboratory may
perhaps become celebrated as a place of conscientious labour and consummate skill; but
it will be out of place in the University, and ought rather to be classed with the other
great workshops of our country, where equal ability is directed to more useful ends.

But we have no right to think thus of the unsearchable riches of creation,
or of the untried fertility of those fresh minds into which these riches will continually
be poured. . . The history of science shows that even during that phase of her
progress in which she devotes herself to improving the accuracy of the numerical
measurement of quantities with which she has long been familiar, she is preparing
the materials for the subjugation of new regions, which would have remained
unknown if she had been contented with the rough methods of her early pioneers.

How much can be lost if one accepts the initial quote as the whole truth? This is

once more a lesson: read what you cite!

http://www.sonnetusa.com/bio/maxbio.pdf
http://www.sonnetusa.com/bio/maxbio.pdf
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The Horgan's book was so heavily criticized11, that I feel too humble to pile more

arguments in. Yet, the statement that science progress is linear and once something

is discovered it usually stays discovered is true. The question remains: was Feynman

right declaring coming end to fundamental discoveries? In a sense, obviously, yes. The

principle of conservation of energy is already known. So are many less important or

fundamental results. But is that meaning the end of science? Doubly no. First, because

surprises are surprises. It would take a really bold man to proclaim `nothing will surprise

us in physics or chemistry, or biology. . . ' Second, because what Feynman himself

pointed out as linking various levels of phenomena is almost totally terra incognita.
In previous centuries, science did it's job by simpli�cation, isolation of phenomena

and usually, linearisation of the problem12. Now we know that the most interesting

phenomena (such as life, for example) are nonlinear, and are a�ected at many levels

at once. The wealth of the world to be studied is so vast, that even allowing for the

explosive growth in publication rates we are children playing at the sea shore, whilst

the great ocean of truth lays all undiscovered13.

I think the chapters on physics and cosmology have provided ample examples that

the Universe, great and small, holds still so many surprises that the prophecies of the

end of science are unfounded | for a time at least. As for the other disciplines, such

as biology or social sciences we are today at such early stages that I am surprised that

someone can say that we are close to any limits at all.
I have started this section with a partial quote from Albert Michelson, famous ex-

perimental physicist of the late XIX century. But the quote has been purposefully
`adjusted', just as is the case with Maxwell's. It is worth reminding that the whole
statement, given in a speech at the University of Chicago in 1894 (well before Rel-
ativity and Quantum mechanics revolutions started) opened with a very `promising'
caveat

While it is never safe to say that the future of Physical Science has no marvels even
more astonishing than those in the past . . .

Personally I do believe in such marvels. And my subscription to Physics News

Update14 con�rms them every month.

11A good example of thorough analysis is provided by Silverstein (1999)
12Linear problems have the wonderful quality that a sum of solutions is a solution, and that small

disturbances have small e�ects.
13`I do not know what I may appear to the world, but to myself I seem to have been only like a boy playing on

the sea-shore, and diverting myself in now and then finding a smoother pebble or a prettier shell than ordinary,
whilst the great ocean of truth lay all undiscovered before me'. Isaac Newton, quoted after `Memoirs of

the Life, Writings, and Discoveries of Sir Isaac Newton ' (1855) by Sir David Brewster (Volume II.

Ch. 27)
14The American Institute of Physics Bulletin of Physics News by Phillip F. Schewe, Ben Stein,

and Davide Castelvecchi, physnews@aip.org
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12.3 Translations

przetłumaczyć — translate
wytłumaczyć — explain

Polish-English dictionary

I hope the international Readers will forgive me for concentrating (once again)

on issues that are typical for Poland.

Some years ago, I guess it was 1990, as with a fresh PhD, I have spent some months

in England, on a post doc exchange visit. I still remember two surprises. The �rst

one was that the University Campus seemed full of communist agitators. Something

that we have not seen in Poland for many years. Under communist rule (until 1989)

there were Communist Party structures and apparatchiks, but as for real, heartfelt

believers | no, they were almost totally absent in my `real-socialism' country. Anyone

who has lived under real communism would immediately see absurdity to the claim

that it could provide a solution for all humanity woes. Just the contrary. Only the

far removed western idiots could believe the communist propaganda. And after the

overthrow of the communist rule in 1989, the internal power structures have vanished

and the weaknesses and crimes of the system were laid bare. So, I was totally surprised

to see young, apparently well educated people convinced and trying to convince others,

that Marxist economy and social structure o�ers the best future for humanity in general

and for everyone in particular. One of the activists tried to commiserate on my country

for `taking totally wrong decision and going against historical trend '. I did not know
whether I should laugh, cry, or punch the commie15 in the face outright.

The second surprise was much serious for me, as it has a�ected my later professional

career. On the second or third day after my arrival I have been invited to a small

committee meeting. Attached was a short agenda, clearly referring to previous meetings.

I have looked at the list of participants and found a mixture that seemed rather unusual

| for me. There were some people from the University Physics Department (both

theory and experimental), some people from the neighbouring Technical University,

and some representatives of what I could only identify as an industrial lab.

The �rst meeting I attended was quite astonishing for me: is seemed to consist

mainly of translations. Information, going from highly theoretical, e.g. in what types

of semiconductor structures one might expect anomalous spin splitting of energy levels

(this was what I was working on, whatever it means), to experimental setups aimed

to measure them, to machinery needed to produce such structures for research (i.e.

one or two samples), to possible applications, to machinery needed to produce in semi-

industrial quantities, to creating devices based on the e�ect and to testing stability

of such devices. My �rst observation was that in Poland such meeting was absolutely

unknown. Pure Science representatives thought that engineers are dummies who do not

15Communist (noun or adj): Label unfairly used by right-wingers to refer to leftists (http://www.
columbia.edu/cu/augustine/arch/pc_lexicon.html).

http://www.columbia.edu/cu/augustine/arch/pc_lexicon.html
http://www.columbia.edu/cu/augustine/arch/pc_lexicon.html
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understand science. Engineers seemed to think that pure science was always useless,

without any relationship to real world constraints such as manufacturing issues. Later

on I have learned that the misunderstanding goes on: managers and marketing people

think that engineers do not grasp issues of cost and e�ciency of production.

My second observation was that though I could hardly communicate my own ideas

in quantum theory of solid state to the engineers directly, it seemed rather easy with

the help of the translators. If I could �nd a common language with the experiment

guy (and any reasonably competent solid state theoretician must), then he would �nd

it possible to talk with the person responsible for small scale manufacturing, sharing

some of the same problems and issues. The committee was in fact forming a continuous

link from pure science to industry. I have learned later that at the end of that link was

one of the Japanese electronics giants.

During my four months in the UK I have made some small contributions, some of

them were rejected as impractical, some were tested experimentally. As the road to any

technical solution is much longer, I do not know their later fate, but I can safely guess

that if they were dropped, it was not because of the lack of common language.

Upon my return to Poland I have started to look for similar activities. With ex-

tremely rare exceptions there were (and still are) no such translation services. My own

institute could not o�er anything even close to the practice I found in the UK. Instead

there were and still are discussions and publications lamenting the lack of funding for

science and, on the other hand, the lack of usefulness of science. These discussions are

not too frequent, as science is not a hot topic, compared to politics or media stars. Yet,

the theme seems to be quite consistent:

� Science in Poland is underfunded, compared to other industrialized countries;

� Our brave and ingenious scientists overcome the lack of funding and produce

world-class results. OK, some of them do. At least some of them think they do.

Aren't the results published in internationally recognized papers? This should be

proof enough for the `industrial barons ' !

� But, despite these successes the industry representatives do not queue up at the

scientist door with grants and exclusive production rights proposals;

� On the other hand, many researchers who studied at the same Universities and

worked in the same Institutes, but happened to spend some time abroad, seem

not only to achieve pure science results, but also good cooperation with industry.

� At the same time, Polish commercial companies treat scientists as useless money

spenders, unable to product anything worth manufacturing. Innovations? You

get them from US. Technology? License it and there are no more worries.

� So young, talented people leave Science totally (becoming bankers, or entrepreneurs)

or leave Poland, deciding to follow scienti�c careers in the US, Canada, or even

(the less fortunate) France.
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As I mentioned, exceptions from these rules are very few. Recent accession to EU has

opened ways to direct information ow, so changes are becoming visible, especially in

biotechnology.

The key point I want to make is the necessity of comprehensive chain of organiza-

tions, understanding the problems and issues of the neighbouring links. I have had the

fortune (or misfortune) of moving from research to purely commercial IT environment

and I have learned how di�erent are many motivational factors in the two worlds and

how di�erent are working environments and pressures. It is now no surprise for me that

representatives of the two cultures look upon each other with distrust and (sometimes)

disgust. We really need translation services. Science to industry, science to society,

industry to science and industry to society (other than products). Getting research

closer to practice16.

Here we come again to the particularities of Polish language and the Polish culture.

In most European languages the word for translation comes from Latin. `Translation' is,

etymologically, a `carrying across': the Latin translatio derives from transferre (trans,
`across' + ferre, `to carry'). In Polish the origin comes from the word `tªumaczy¢ '
which has the primary meaning of `explain'. This etymology has inuenced my own

thinking about the chain of translations (explanations) in the ow of information, from

scienti�c discovery to technical implementation to cultural relationships and inuences.

As I try to broaden the picture, the same language gap exists, for example, in

ecological issues. Research on e�ects of industrial policies (e.g. power generation, usage

of forest resources) and research on environmental aspects of such policies (e.g. health

hazards or species extinction) and research on social policies related to the previous two

issues | they all have to be coordinated. The controversy on e�ectiveness and cost of

implementation of the Kyoto Protocol shows how di�cult is to match economy with

environment protection. Not (or not only) because of conicting aims and expectations,

but because it is very hard to �nd a common language acceptable to all sides of the

table.

Is science such a language? Not entirely, as I have shown previously. Science cannot

comment on moral and ethical aims and systems. Science cannot also de�ne what

constitutes acceptable and excessive business pro�ts. Yet scienti�c rigour and method,

and properly checked and formulated results can provide factual basis to evaluate certain

action outcomes or possibilities in the moral or business perspective. As old computer

saying goes `garbage in, garbage out '. Of course, having good data in the system

is no guarantee against stupid decisions, but making consistently good decisions on

inaccurate or false data is simply impossible.

Thus, for anti-government activists and for the governments, for ecologists and for

nuclear power proponents the language of science, in the form of research results and

16There are institutionalised programs to encourage this, such as the Framework Programme of the EU

(already in the seventh edition). Notably, there are already scienti�c analyses of the previous editions

(FP5) of the programme, done from the point of view of network science (Almendral et al., 2007).
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methods, is a good base for sensible discussion. But, in many cases, for political reasons,

both sides shy away from using science. The language seems not only too di�cult, but

also tainted. Recently I have obtained a Polish translation of Dixon (1973), which more

than thirty years ago lists the same symptoms. Bernard Dixon is the former editor of

the New Scientist and the editor of Medical Science Research. The fact that the book

has been translated and published in Poland in 1984 may be well explained by the

fact that Dixon sees most of the faults on the science's side, in its relationship to the

Western military and the governments. High costs of research programs `removed far

from the everyday life' such as the Apollo program or elementary particle research using

accelerators is abundantly described. Dixon writes that the `quality' of such research

programs in very low. Well, in some cases it is true. But should that be the reason

for attack? Especially, as most of the attacks are concentrated on the US and UK.

Perhaps the original version had comparable criticisms of USSR, but they are absent

from the censored Polish edition. But somehow I do not believe it. The Vietnam war

is mentioned every �ve pages, with the clear exposition of the `guilt' of the American

scientists. Such book is a good example of the rationalization that some humanists use

in disparaging science, although I doubt if most of them would be able to repeat the

eloquent, quotation rich expose of Dixon. For the defenders of naive ecology it is easier

to appeal to the heart, than to the reason. And the governments, thinking about the

next elections, also prefer oversimpli�ed messages (and tough decisions taken behind

closed doors).

12.3.1 Poets vs. Physicists
The issue of translation, that is so important in the ladder leading down from the ivory
tower to the masses, has also reference in relationship between high arts and science.
In his Rede lecture, given almost half a century ago, Charles Percy Snow has described
the rift between the two cultures | at this time meaning the two polar groups: literary
intellectuals and scientists.17 Snow, as he describes himself `a writer by vocation, a
scientist by training ' notes (Snow, 1964, pages 14-15)

A good many times I have been present at gatherings of people who, by the standards
of the traditional culture, are thought highly educated and who have with considerable
gusto been expressing their incredulity at the illiteracy of scientists. Once or twice I
have been provoked and have asked the company how many of them could describe the
Second law of Thermodynamics. The response was cold: it was also negative. Yet I
was asking something which is about the scientific equivalent of: Have you read a work
of Shakespeare’s?

I now believe that if I had asked an even simpler question — such as, What do you
mean by mass, or acceleration, which would be the scientific equivalent of saying, Can
you read? — not more than one in ten of the highly educated would have felt that I

17Today the word `culture ' is used to describe a much wider range of groups, societies and environments.

We have taken the traditional achievement o� its pedestal, and we even speak of the skinhead culture

(well, sometimes sub-culture term is used in this context).
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was speaking the same language. So the great edifice of modern physics goes up, and
the majority of the cleverest people in the western world have as much insight into it
as their neolithic ancestors would have had.

Remember: this has been said in 1959! Today, the situation is even worse. Almost
forty years later, adding to the very words of Snow, Sokal (1996b) remarks

One significant change has taken place since C. P. Snow’s time: while humanist in-
tellectuals’ ignorance about (for example) mass and acceleration remains substantially
unchanged, nowadays a significant minority of humanist intellectuals feels entitled to
pontificate on these subjects in spite of their ignorance (perhaps trusting that their
readers will be equally ignorant).

A remarkable passage describes the way the representatives of these cultures perceive
each other:

The non-scientists have a rooted impression that the scientists are shallowly opti-
mistic, unaware of man’s condition. On the other hand, the scientists believe that the
literary intellectuals are totally lacking in foresight, peculiarly unconcerned with their
brother men, in a deep sense anti-intellectual, anxious to restrict both art and thought
to the existential moment.

It is very interesting to read today the two essays of Snow, separated by four years.

Now that �fty years have passed since his analysis, it is quite remarkable to see which

things did change and which are still the same. For example, �fty years ago Snow

was writing about constrained and restricted attitude of literary intellectuals and loud,

trumpeting voice of scientists (Snow, 1964, page 4). Today it is the triumphant and

bellicose voice of the lit-crit crowd versus the quiet and timid response of the scientists,

blamed for every possible social illness around us. On page 7 Snow compares the

progressive and pro-social attitudes of scientists and political wickedness of literary

types. Today? The postmodernist, leftist social and cultural circles openly attack

the conservatist and racist scientists (who are most likely on the payroll of military-

industrial complex).

Snow has had the fortune to get a really impressive sample of �rst hand evidence

(having interviewed some forty thousand scientists in wartime England), his impressions

about the limited knowledge of cultural issues by the `hard science' representatives

can not be denied. Yet, my own, very limited experiences are to the contrary. The

only person with whom I was able to discuss details of evolution theory and Dawkins'

Extended Phenotype concept (Dawkins, 1982) was a hard nosed Cisco networking

engineer. Most of my math-phys friends and co-workers did know more about poetry

than I, indeed, many of them were quite well versed on the subject. Which can not be

said about the few `humanist' acquaintances I have: they do not know anything about

physics, and they are proud of it!
In a lovely piece of essay, The Abacus and the Rose, disguised as dramatic dialogue,

Jacob Bronowski (Bronowski, 1965), presents two conicting ways to prioritize the
perceptions of the world, similarly to Snow. The two antagonists are Amos Harping,
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who represents the `literary furies ', and Lionel Potts, who represents science. The
dialogue ranges from the appreciation | or rather existence | of beauty of `a splendid
sundown', where the stance of Harding is that there is no beauty in nature, only in
works of art. This leads to rather interesting discussion about the meaning of terms
judgement and description, especially in science, in which Potts stresses the presence of
judgements within scienti�c description. This comes from the Science representative!
The dialogue continues, and, keeping with the Galilean tradition, the `good side' has the
last word: Harping admits that he is impressed by the fact that `science gives scientists
the sense of unity of nature, which is better founded than the shy moments of euphoria'.
Through the characters of the dialogue Bronowski expounds his well documented claim
the best cultural and social achievements are coexistent with scienti�c and technical
achievements, perhaps even resulting from them, giving examples of Athens of Sophocles
or Florence of Dante or England of Shakespeare. In his �nal words, Potts describes
scientist position as follows

Science is a culture. We are visionaries of action; we are inspired with change. We
think the past preserves itself in the future of itself, the way Isaac Newton is changed
and still preserved in Albert Einstein. We are the culture of living change. [. . . ]

What we are changing is the division of life. We are making a unity — a complete
culture, a unity out of variety. [. . . ] We have shown that the structures of biology
become intelligible when we treat them, not as strings of mysteries, but as strings of
molecules. Those are the changes in the picture of the world that we drive for.

I doubt if Harping really understood the arguments of Potts. But what is very

interesting is to see, how in the past �fty or forty years the roles and strengths have

changed. Today, such dialogue, if it could be arranged at all (and not end up with

pouring icy water over antagonist head), would be devoted to completely di�erent

issues. Beauty and unity of nature? Who cares! Today, the `literary furies' would

attack political stance of the scientist | or of the science as a whole, an Eurocentric,

reactionary cabal of the power-hungry. Social issues, whether real or imaginary would

probably be the topic. And there would be even less capability, on the part of modern-

day Harpings, to understand what we Pottses are trying to say. Not only the gap

between the two cultures did not diminish: it grows everyday, and it grows with full

acceptance on the part of the `nonscienti�c intellectuals'.

One may well quote another mid-XX Century text. Russell (1961) closes his book,
�rst published in 1946, with the following paragraph

In the welter of conflicting fanaticisms, one of the few unifying forces is the scientific
truthfulness, by which I mean the habit of basing our beliefs upon observations and
inferences as impersonal, and as much divested of local and temperamental bias, as is
possible for human beings. To have insisted upon the introduction of this virtue into
philosophy, and to have invented a powerful method by which it can be rendered fruitful,
are the chief merits of the philosophical school of which I am a member. The habit
of careful veracity acquired in the practice of this philosophical method can be
extended to the whole sphere of human activity, producing, wherever it exists,



12.3. Translations 781 Draft, January 2, 2008

a lessening of fanaticism with an increasing capacity of sympathy and mutual
understanding.

Unfortunately, the sixty years that have passed since these words were published

did not move us far upon the path of uni�cation. Last ten-twenty years see probably

more fanaticism then Russell would expect. And the respect for scienti�c truthfulness

is falling, not growing.

As I have already remarked: I have observed the same phenomenon in Poland. The

contempt that my humanist friends show at the physical sciences; the open, no, even

triumphant statements `I never could understand math nor physics ' (as if it would
be something to be proud of) are not exceptions. They are the rule. And the statement

is followed, frequently, by detailed recipes on how world energy problems should be

solved, environment protected, how we should never ever use atomic energy or how to

balance the national budget18. So is there any chance of bridging the gap, of educating

the anti-scientists? In most cases I have stopped arguing. There seems no way that

during a casual conversation, or even formal debate, I could recover all the time lost,

make them catch up to even basic foundations of the issues at hand. This has to be

done in a more systematic way, starting much earlier and as a continuing activity.

12.3.2 Let’s teach and let’s learn

There are two approaches to the issue of scienti�c illiteracy. I cannot decide which

of them is less utopian. The �rst is based on increasing education of basic scienti�c

method to as wide an audience as possible. Not just facts and formulae , but how

they are obtained and how they di�er from all the pseudoscienti�c rubbish. Facts must

be taught, because without knowing the basic theories and explanations one can not

discuss anything, but what is crucial is to show how these facts and theories are relevant

to problems at hand. Doing exactly the opposite to the trend I have described in the

Polish teaching system.

Second approach relies on re-establishment of traditional19 distinction and respect

that science, with it's rigorous method, with the aim of unraveling non-relativist, nature-

corresponding truth, should have. This approach relies on teaching the ability to ask

good questions, and to respect the way the answers are build, not just the authority of

the person who gives them.

Lets tackle the education approach �rst.

Physicist Morris Shamos has written a book which will sadden any who hope the

public will soon become `scienti�cally literate' (Shamos, 1995). He brings a broad

perspective to his writing: physicist at NYU, teacher at elementary through graduate

school levels, director of a national elementary school curriculum development program,

18Which, surprisingly, requires math, to make 2 + 2 = 4. Whether this is considered to be important

and universal truth, we can check at page 839
19This word must sound awful to all progressive readers. Yes, I do mean going backwards in time.
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and industrial scientist. This gives weight to his conclusion that none of the initiatives

in curriculum and instruction presently under way will have any more success than their

predecessors. Shamos ends with a proposal for a new attempt to achieve a modi�ed

goal.

The book begins by examining claims of a crisis in science education, pointing out

that earlier fears of a shortage of scientists and engineers have not been justi�ed. The

quality of those scientists and engineers remains high. Thus, the only crisis relates to

science education for the general public.

The goal for the general public is often termed `scienti�c literacy.' In his second and

fourth chapters, Shamos searches for a de�nition of this term and �nds many, which are

not entirely consistent with each other. Some authors have meant understanding the

process of the human quest to learn about nature. Others have seen science as a way

of thinking which should be learned and applied in many areas of life. Still others have

had purely practical goals related to workforce needs. The current goal seems to be to

make citizens `su�ciently sophisticated in science to reach independent judgements on

those issues that are brought to public notice by special interest groups or though the

mass media.' Of course, Shamos accepts the desirability of this goal, but he concludes

that it will never be attained by more than a small fraction (3 to 6%) of the public. He

also notes that social issues are more often based in technology than science.

Shamos follows this line of reasoning: scienti�c illiteracy is widespread, great e�orts

have been made to eliminate it, therefore it is impossible to eradicate. He o�ers only a

bit of evidence to support his �rst point, but it is probably already widely accepted. He

documents the second point in great detail, citing curricular revision and teacher im-

provements programs at all levels. To some degree, he undercuts his argument that we

have made a maximum e�ort to reach scienti�c literacy by expressing cynicism about

e�orts in teaching science to non-majors: `How else to account for such promotional ti-

tles as Physics for Poets?'20; `Their purpose, of course, is to attract the mathematics-shy

student'; `The well-known custom of science departments to draw in students through

attractive course titles, or by announcing no mathematics requirement, or by gaining

the reputation for `easy courses'.' He also calculates the rate of scienti�c literacy nec-

essary to make it very likely that a group such as a jury would include at least one

literate, if not excluded by challenge. He �nds the increase needed is far beyond what

seems feasible.

The solution he proposes depends on a new de�nition of scienti�c literacy, which

Shamos feels is both adequate and feasible. He wants a public that: knows what science

is about; has an awareness of how it works; understands what can be expected from it;

and knows how the public can best express itself in social/scienti�c matters. This last

is taken to mean understanding how to use expert advice.

Shamos' program to achieve this is:

20Examples taken from ads found at Amazon.com: PreCalc and Trigonometry for the Clueless,

Calculus I for the Clueless, Calculus Made Easy, How to Ace Calculus: The Streetwise Guide
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(a) introduce all topics through some relevant problems or issues in technology... mean-

ingful to students;

(b) work back to the underlying science where, and only to the extent, it is needed to

account for the technology;

(c) use the underlying science. . . to discuss. . . the role of experiment and the meaning

of scienti�c truth, facts, laws, theories, etc.;

(d) return to technology... for discussing the science/society interface;

(e) conclude with when and how to use expert advice.

This would certainly meet the objection that many students have to science courses

{ there is no opportunity for them to express their opinions. Shamos notes risks in

implementing such a program: `technology education has been tried several times but

without much success'; and there is little experience in teaching the use of experts. He

also points out that a science curriculum does not stand alone, so `the new curriculum

approach proposed here, barring other needed changes in our educational system such

as better teaching, improved facilities, and greater support for education generally, may

be equally ine�ectual.' Shamos remarks, many times, on cultural resistance to science,

and seems to assume that it is immutable. He may well be right, but a major change

in attitudes toward smoking occurred despite a lot of spending to preserve that status

quo, so perhaps this attitude might also change. Shamos is attempting to reform sci-

ence education, not mathematics education, but achieving his goals would seem also to

require a good general statistics course because so much scienti�c information comes to

the public through the lens of statistical summary or inference.

A much more optimistic view is presented in an article by physics Nobel Laureate

Leon M. Lederman. `Getting High School Science in Order ', Technology Review,

April, 1996, describes the �ght for scienti�c literacy (in the traditional sense) as a

winnable war. Endorsing the program of ARISE (American Renaissance in Science

Education), Lederman sees reversing the usual high school science sequence { biology,

chemistry, physics { as the key to success. This makes sense because chemistry is basic

to biology and physics is basic to chemistry. The proposed courses would be somewhat

less separated along disciplinary lines, even beyond use of prerequisite material from

other sciences. Some topics would be revisited at more sophisticated levels as the

students progressed. Of course, if large numbers of high school students were to take a

three year sequence, it would, in itself, present the opportunity for great progress.

Lederman sees di�culties in providing new laboratories and teaching material, and

in teacher preparation. If the mathematics program is not also revised, it would appear

to create a serious di�culty that he has not mentioned. Although physics need not

be taught in a highly mathematical manner, tenth-graders today have had very little

geometry and no trigonometry. Can they do much physics without such background?

Let me quote Dallas Morning News that surfaced high on a google search for
ledreman:

Schools consider teaching physics before biology
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04/08/2002
By KATIE MENZER and ALEXANDRA WITZE / The Dallas Morning News21

As a veteran high school science teacher, Richard Taylor knows that the simple
days of formaldehyde and frog dissections are long past. ‘Biology class used to be
about cutting up critters and looking at their innards,’ said the physics teacher at The
Hockaday School, an all-girl private school in Dallas. ‘Now it’s all molecular. It’s about
DNA and double helixes.’ And to understand those molecules – what they are and how
they work – Mr. Taylor thinks that students first need to know physics and chemistry.
That’s why Hockaday plans this fall to reverse the sequence in which high school science
courses have traditionally been taught.

Hockaday is one of many high schools, private and public, rethinking the order in
which they teach science classes. Instead of biology in ninth grade, chemistry in 10th
grade, and physics in 11th or 12th grade – a tradition for more than a century – some
schools are rearranging classes to teach physics first, followed by chemistry and then
biology. The approach is controversial, but it has been praised by many of the schools
that have tried it. ‘There is a fundamental flaw in the order of teaching now,’ said Gerald
Wheeler, executive director of the National Science Teachers Association in Arlington,
Va. In teaching biology first, he said, ‘we just point out things, and biology classes
turn into a huge vocabulary lesson.’ Rather, he said, students should learn physical
science basics first – studying atoms (physics) before moving on to molecules
(chemistry) and the action of molecules in the body (biology).

Richard Olenick, a physicist at the University of Dallas in Irving who develops high
school physics curricula, agreed. ‘Physics is such a wonderfully logical framework that
learning it benefits the other sciences,’ he said. More than 100 schools have adopted
this physics-first approach. The San Diego school district, the nation’s eighth-largest,
is piloting a physics-first curriculum this year for the first time. Districts in Cambridge,
Mass., and Providence, R.I., have been experimenting with the new sequence as well.
Some Texas districts are also changing their curricula as they prepare for new state
testing that will evaluate students’ knowledge of science.

The traditional order of biology-chemistry-physics was established in the
1890s by a group of 10 educators, led by Harvard University president Charles Eliot,
as part of a move to structure American high school education. But changing that or-
der, Nobel Prize-winning physicist Leon Lederman believes, could help students improve
their science literacy. Dr. Lederman, former director of the Fermi National Accelerator
Laboratory in Illinois, started the physics-first trend at a 1995 workshop for science ed-
ucators. ‘We have this dream that the high school graduate will be literate in all ways,’
Dr. Lederman said. Everybody, he said, should know enough science to be able to
make informed decisions about their lives, such as whether to worry about genetically
modified foods or whether cellphones cause cancer. ‘This is a war on ignorance,’ he
said. Opposition to idea But not everyone thinks teaching physics first is a great idea.
Six in 10 high school physics teachers prefer the traditional approach, according to a
new survey by the American Institute of Physics. ‘There’s really quite a bit of opposition
to the idea,’ said Michael Neuschatz, director of the survey.

21http://home.hockaday.org/HockadayNet/academic/physics/NewsWeek/DMNHockadayPhysics.
pdf

http://home.hockaday.org/HockadayNet/academic/physics/NewsWeek/DMN Hockaday Physics.pdf
http://home.hockaday.org/HockadayNet/academic/physics/NewsWeek/DMN Hockaday Physics.pdf
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Every four years, the institute quizzes more than 2,000 physics teachers on many
topics. The most recent survey, conducted last year, asked teachers to agree or disagree
with the statement, ‘The sequence of high school sciences should be reversed so that
students take physics first, before chemistry or biology.’ Preliminary results show that
61 percent of the teachers disagreed. Dr. Neuschatz speculated that teachers who are
used to high school juniors or seniors might feel they would have to dumb down the
course for freshmen. Or teachers might not want to tackle the challenge of making
physics accessible to all, not just the academically elite. ‘It’s easy to mandate, ’Let’s
make this change’ ,’ Dr. Neuschatz said. ‘It’s much more difficult to put in place the
machinery necessary to make it successful and positive for the people who are involved.’
The number of new teachers, equipment and retraining needed if all public high school
students took physics would be a significant drain on districts, said David Anderson,
curriculum director for the Texas Education Agency. In 2001, about 246,000 Texas
students were enrolled in biology. Only 66,000 students took physics. ‘I believe you
get a better biology class when students have a working understanding of physics and
chemistry,’ Mr. Anderson said. ‘Any district that does this really has to plan carefully
for it, though.’

If the education approach is di�cult, the second path, leading to re-establishment of

Science in the popular mind as achievement, not a curse of humanity, is even tougher.

The past sixty years have seen a cumulative erosion of the perception of science. On one

hand it is blamed for many pitfalls of our societies, from atomic bomb to globalisation

and industrialisation threatening poor countries and environment. Scientists have been

accused of being willing servants of military-industrial clique, soulless automatons who

know nothing of moral issues and of forming a closed society that stops the really revo-

lutionary approaches, whether it is a perpetuum mobile discovery or feminist algebra.

At the same time, the real importance of science is eroded by quite frequent abuse of

the `scienti�c' adjective by advertisers: we are bombarded by `scienti�c breakthroughs'

in new cosmetic line, `utilizing to the full the regenerative properties of bamboo shoots'

(or anything else); as proven by scientists in laboratories of company XXX. It is no

surprise, then, that science is less and less perceived as possible source of solutions for

humanity problems22. Yet, all the e�orts at directing kids toward science will fail, if

at the same time they are brainwashed into thinking that science is either morally bad

or irrelevant. What we need is a change of attitude, getting back to the times when

science was not only respected, but when it was seen according to the value it brings,

as a way of understanding the world and taking decisions.

And one thing we might learn from religious fundamentalists of the late XXth Cen-

tury and the �rst decade of the XXIst, is that going back in social time is possible!
The increase of illogical, spiritual, even fanatical religious movements that sweeps many

countries and societies, turning us back to early middle ages (keeping European per-

spective) proves that the clock can turn back. What we need | and in my opinion

22Unless the problem is cellulitis. And judging by the number of articles in popular press and the

number of TV ads, cellulitis seems to be one of the biggest problems that humanity as a whole faces

today.
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quite desperately | is to aim the clock at a di�erent epoch, the one when it all started:

the Enlightenment. Perhaps we can succeed.



12.4. The new Enlightenment 787 Draft, January 2, 2008

12.4 The new Enlightenment

Shake off all fears of servile prejudices, under which weak minds are servilely crouched.
Fix reason firmly in her seat, and call on her tribunal for every fact, every opinion.

Question with boldness even the existence of a God, because, if there be one,
he must more approve of the homage of reason than that of blindfolded fear.

Thomas Jefferson

Science is a way of thinking much more than it is a body of knowledge
Carl Sagan

What can we do about the present situation? Provided, of course that we

want to do something, which is by no means obvious,as could be clearly seen

from some of the examples described in this book. There are quite a few social groups

that would prefer people to stay as ignorant as possible, from governments, through or-

ganized religions, environmental movements, commercial companies to certain factions

in the academia. The fact that I have listed these examples does not mean that all of
such organisations are anti-scientific. Some are, without the slightest doubt squarely

committed to science as basis for rational decisions, even if they do reserve moral or

political decisions to be dictated by other sources. There are, however, many, many

examples of individuals and groups that thrive on the fact that most of the people are

increasingly ignorant of scienti�c principles, methods and results. This allows directing

the society not through rational process but by manipulation, emotions and fear.

What we can do depends on our own background and abilities. There are two

counsels I would venture here. the �rst one is for those of us that are scientists. The

social obligation | on top of every research topic and direction | is to make the

aims, results, method and current status understandable to the `general public'. Every

scientist should not only try, but actively improve his or her skills in translating speci�c

knowledge they have and popularising them. Special attention should be paid not just

to ashy (or less ashy, as may be) results, but to the way they were achieved and to

the possible implications. I have to admit that during my research career I did not

attach much importance to explaining to others what I do and how and why. In fact,

even when directly asked, what is the topic of my PhD thesis, I used to resort to a stack

of canned responses `well, you know, semiconductors are used in computers'23. Which

drew the questions to a safer ground of `Ah, then you are interested in computers. . . Can

you tell me what is the latest version of program XXX?'.

Only well after I have moved to commercial world of IT, I have found how important

are such explanations of what, how and why scientists do what they do. I'd think that

though I do not remember the actual calculations of my thesis, I could probably explain

23In fact it was devoted to a study of 2D electron systems in narrow-gap, semimagnetic semiconductors.

Easy to explain, neh?
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it better today than 20 years ago. This is what I have learned in the commercial world:

explaining and convincing. Science needs public relations, and very smart ones. To

`sell' science, we need salespeople. Or we might call them preachers | the point is we

need to go out, pass the good word.
This is recognized even by the die-hard ideologists of the Science for the People

movement. Instead of downplaying Science's role or making it easy enough for everyone
(which kills the whole purpose of being accurate and coherent), some of the activists
actually call for something which is very close to my own views. Malcolm Povey, (whom
I have already quoted in Chapter 3.2) puts it in this way:24Page 101

In addition, these disciplines [Physics, Chemistry, Mathematics] are an essential part of
the culture of today’s society and deserve to be understood far more widely than they
are. Science needs to break out of its ’elitist’ laager and become an integrated part of
discourse throughout society. Everyone is a scientist and general scientific debate is not
taken anything like seriously enough. Scientists themselves need to engage much more
widely with the media and the public.

Fortunately, the technical advances enable such action, if there is a will. We can

both teach (or preach) and learn, without the infrastructure of cathedrals and shopping

malls. But such technology: the Internet, interactive TV, multimedia, is not without

its costs and dangers.

For example, the easy availability of resources through Internet and other me-

dia is both a blessing and a curse. Blessing, because so much good information is

available. Curse, because real treasures are often buried under an avalanche of rub-

bish. Fortunately more and more people are working on ways that help to distin-

guish between the trash and the diamonds. From purely commercial services aimed

at subscribing scientists, through grand services such as Google Scholar, done as `free

service' for the research community (and everyone else), the Wikipedia to individ-

ual sites devoted to promotion of science in its various aspects (such as, for example

http://www.ems.psu.edu/~fraser/BadScience.html, devoted to examples of the bad

science often taught in schools, universities, and o�ered in popular articles and even

textbooks.

Thus for many of us the excuse of the external barrier is no longer valid. If you want

it you can follow the developments of sciences, at various levels of detail. From general

popularisations to breakthrough results. The only required element is the will to do it.

Of course, there are regions of the world, or even sections of our `�rst world' societies

that do not have access to these resources. Quite often, lack of Internet access is the

least problem in such societies: poverty, hunger, epidemic illnesses and war and violence

are much more pressing. I think, however, that the success in �ghting any of these grand

evils depends on and requires that the education level must be increased at the same

time. Wise and moral decisions, acceptance of democratic principles and their use
for the good of society require understanding of the problems facing the society and
of the solutions that are to be used.

24http://www.scienceforthepeople.com/index.php?name=News&file=article&sid=78

http://www.ems.psu.edu/~fraser/BadScience.html
http://www.scienceforthepeople.com/index.php?name=News&file=article&sid=78
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While this thought is, at least for me, an obvious one, there are intellectuals that
openly claim irrelevance of Science to our decisions and future. For example, Salvadore
Luria, a Nobel Prize laureate in Physiology or Medicine in 1969, in an interview with
Ullica Segerstr�ale has said:

I believe in the integrity of science — I don’t believe in the importance of science.
There is no question that music or literature are more important. . . I am not terribly
interested in what scientists have to say, since I am convinced that, when it comes to
matters of social importance, it is not sociology, and possibly not even psychology, but
is politics that matters. I prefer to have a poet interested in Marxism than a great
scientist interested in sociobiology!

It seems to me that the problems of humanity are the problems of choice and not
the problems of knowledge — somehow one has to make a commitment in absence of
significant knowledge.25

Coming from a Nobel laureate, the words are very strong indeed. Is science unim-

portant? Or, as Luria seems to suggest, should it be unimportant? While my own cre-

dentials, compared to Luria's are non-existent, I dare to disagree. First and foremost,

even if in some situations we have to make commitments in absence of significant
knowledge then our task is to reduce the gap in the knowledge. Yes, problems of

humanity are problems of choice, but the actual choices we make should not | must

not | be made blindly! What Luria proposes is exactly the blindfolding of society that

I am afraid of. Perhaps the fact that Luria's political views are Marxist have something

to do with the derogative approach to knowledge. While Luria has spent most of his

life in France and then in the United States, I had the misfortune to see Marxism in

action in Poland. And the denial of knowledge necessary for making informed, rational

choices was a part of the Communist government policy. For example, people were often

misinformed or shielded from information on economic, social, health and environment

issues, not to speak about the true political situation. The aim was simple: keeping

in power the Marxist regime, by force and by lies, exactly as in Orwell's 1984. If for

Luria an artist is more relevant than a scientist, then he should have paid attention to

the analyses of Orwell or Solzhenitsyn.

Secondly, so much of humanity's current environment is permeated by results of

science, more: depending on science accuracy, integrity and validity, that not listening

to a scientist is a grave mistake. Gut feelings, poetic visions and political doctrines

(such as Marxism) would not solve issues related to, for example, food production in

third world, ozone hole or global warming. Without science, the two latter issues
would not even be recognized! So how could we make any choices about them?

And if my opinion may be regarded as biased (it evidently is!), putting scienti�c
research above irrational beliefs (such as religion) perhaps it would be worthwhile to
quote Albert Schweitzer26

25Quoted after Segerstr�ale (2000)
26Quote from The Philosophy of Civilisation, Part I, Decay and Restoration, after Bronowski

(1965)
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Rationalism is more than a movement of thought which realized itself at the end of the
eighteenth and the beginning of the nineteenth centuries. It is a necessary phenomenon
in all normal spiritual life. All real progress in the world is in the last analysis produced
by rationalism. The principle, which was then established, of basing our views of the
universe on thought and thought alone is valid for all time.

Perhaps, this argument, coming from a theologian whose worldview was based on

his idea of reverence for life it may have more value to the reader. But the problem

is, that no matter how many favourable quotes, from really respected sages I would

produce, this does not change the statistical truths about our human population and

its approach towards science.

The age of Enlightenment, with all social injustice and misery, which has to be

acknowledged, was the age when at least some section of the society (and quite impor-

tantly, the very section that partook in many critical decisions) has been intimately

interested in Science. In the idea of progress and understanding. In fact the progress of

humanity condition and the slow improvement of equality is a result of the ideas and

activities coming from the age of Enlightenment. The situation today is much more

complicated. Signi�cantly more people do take part in the critical decisions. But the

attitude towards the basis of such decisions, understanding of the relationships between

causes and e�ects, tragedy of mis-education, more: the interest in explanation of the
real issues is at a very low level. In fact, Science is often blamed for the very problems

it attempts to solve. People turn away from scienti�c explanations, not realizing that

they turn away from reality. What we need is a New Enlightenment. If we do not

break this trend, this triumphing ignorance, if we do not take away the blindfolds, we

are going to have new Dark Ages instead. With just a few privileged and educated

and masses of dumbfounded. Despite the awesome technologies of instant access, new

generations if Internet etc. Darkness can come just as well from too much light blinding

the eyes.
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12.5 Can we take off the blindfolds?

It’s extraordinary how we go through life with eyes half shut,
with dull ears, with dormant thoughts.

Perhaps it’s just as well; and it may be that it is this very dullness that
makes life to the incalculable majority so supportable and so welcome.

Joseph Conrad27

I am not totally naive. I know that it is not only poor or misdirected education

that drives people away from mathematics or physics or from understanding biolog-

ical relationships in ecological system. With almost seven billion people in the world

pure statistical laws describe the inevitability of those for whom it would always remain

a mystery why we have seasons or why Earthquakes happen. Science is not for every-

one, nor even for a majority. It is too di�cult, too complex, too large in scope. So, it

would never become the real common ground for all the people. However I do not agree

with the multiculturalist ideologists who do claim that `poetic vision of the world' or

`native science of the H'Tungu tribe' is equivalent to scienti�c method when it comes

to understanding of natural phenomena or prediction of the results of human activities

(such as deforestation). I think that science has this special position of providing the

closest link with reality. My deep belief is that promoting the scienti�c, rationalist basis

for decision making is the only way we | as whole humanity | can survive the coming

centuries.
Yet, at times I feel as if I am an alien. I work with well educated and intelligent

people, managers with MBA's and engineers with CCIE and MCSE certi�cates that
require a lot of study and high mental abilities. Yet, my delicate probing has shown
that they know a lot about motorcycles or horses or best practices of sauna construction
(of course in addition to the common professional basis, in our case IT) | but they take
pride in not knowing anything about the Universe, or the di�erence between a bacteria
and a virus. The lack of curiosity is, for me, totally astonishing. This stance reminds
me, every time, of a song that I have heard �rst performed by Simon and Garfunkel:

What a wonderful, wonderful world this would be
What a wonderful, wonderful, wonderful, wonderful world

Don’t know much about history
Don’t know much biology
Don’t know much about a science book
Don’t know much about the French I took
(But I do know)
But I do know that I love you
And I know that if you love me, too
What a wonderful, wonderful world this would be

27Lord Jim
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Don’t know much about geography
Don’t know much trigonometry
Don’t know much about algebra
I don’t know what a slide rule is for
(But I do know)
But I do know ‘one and one is two’
And if this one could be with you (A wonderful world)
What a wonderful, wonderful world this would be
What a wonderful, wonderful, wonderful world

. . .

Don’t know much about the Middle Ages
Looked at the pictures then I turned the pages
Don’t know nothin’ ’bout no ‘Rise and fall’
Don’t know nothin’ ’bout nothin’ at all
(But I do know)
Girl it’s you that I’ve been thinkin’ of
And if I could only win your love (oh girl)
What a wonderful, (what a) wonderful world this would be
What a wonderful, wonderful world this would be

What a wonderful, wonderful, wonderful, wonderful world
What a wonderful, wonderful, wonderful, wonderful world28

Ever since I have �rst heard this song I wondered why `not knowing nothin’ ’bout
nothin at all' could be a recipe for a wonderful world.

Thus, if even among what might be assumed to be intellectually privileged, there

is no will, no interest in probing into reality via the scienti�c methods, how can we

hope of taking o� the blindfold of the lack of basic knowledge? The second blindfold

we would probably never take o� is religion. I serves so many purposes: from the very

practical help for parents and governments in guiding their ock to providing personal

feeling of security. Recent years have shown how powerless is the secular, scienti�c

approach confronted with fundamentalist religions, such as Islam or some branches of

Christianity. Iran, Iraq, or { to keep a much closer example { my own country provide

very good and painful examples.

In the moments of pessimism I wonder if, indeed, there is any change at all since

our tribal days. For example, if the proportion of those who understand { or even try

to understand { the world around them has increased. It used to be a small community

of shamans and midwives, and the best hunters who were divining and drawing up the

rules of the behaviour of the prey, and, somewhat later, priests who knew how to count,

observe the stars and build temples. These communities were very small, but equally,

the size of their societies was small. Today, we have thousands and millions of scientists

28 What A Wonderful World, written by Sam Cooke, Herb Alpert and Lou Adler
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and engineers who discover the laws of nature and build more and more complicated

machines, but we have billions of people who use these machines without understanding

them. The question I pose here is: has the ratio changed in any way during the past

twenty thousand years? Are we moving forward, on the path of progress, or, as many

artists claim, we are moving away from some Golden Age?

Of course, the absolute number of people capable of receiving advanced forms of in-

formation (such as reading) grows. I believe the statistics that show that the percentage

of such people grows as well. The problem is that the complexity of the world grows

much faster, and what would be considered a social achievement two centuries ago,

is far from su�cient today. Moreover, the uneducated masses have much greater say

in the world policy determination, either via democratic process or via mass violence,

terror or, as seen in Africa and South America, via actions that actually destroy the life

sustaining environment they live in.

Long, long time ago, the kings and queens have had semi-godly status. Sometimes

(only sometimes, alas) they have surrounded themselves with wise men, who then had

much to say in important issues. Today, in the democratic societies, the utter moron

that cannot tell astrology from aspirin has the same voting right as the Nobel prize

winner. The masses follow the call of [insert your least favourite politician name here],

who in turn does (probably) not have any clue about fundamental issues resulting

directly from science, for example the environmental issues. The blind lead the blind.

With mutual consent.

If there is any hope, it lies in our curiosity, not in political regimes. There is a chance,

that the ease of communication, established in the second half of the XXth Century

and expanding almost exponentially would allow the people interested in obtaining and

sharing the knowledge to act constructively and in coordinated fashion. That some

sort of `grassroots' movement of scientists and activists for rationality would use the

communication resources e�ectively, appealing to the inner sense of wonder, allowing

more and more people to discover the science or re-discover it.
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12.6 All the Wonders of the World

There exists a single creative activity, which is displayed alike in the arts and in sciences.
It is wrong to think of science as a mechanical record of facts,

and it is wrong to think of the arts as remote and private fancies.
What makes each human, what makes them universal, is the stamp of the creative mind.

Jacob Bronowski29

During my liceum days I was lucky to have a great teacher of literature. He was
merciless | demanded reading of the texts even from die-hard `scienti�c types'

as myself. He has drawn me to a lot of eye opening books, even though he was unable
to convince me as to the value of contemporary poetry. Among the authors that I have
learned to admire was Joseph Conrad. And it is only suitable to quote here his preface
to the Nigger of the Narcissus.

Art itself may be defined as a single-minded attempt to render the highest kind of
justice to the visible universe, by bringing to light the truth, manifold and one, underlying
its every aspect. It is an attempt to find in its forms, in its colours, in its light, in its
shadows, in the aspects of matter and in the facts of life, what of each is fundamental,
what is enduring and essential — their one illuminating and convincing quality — the
very truth of their existence.

Now, my deepest feeling is that the same sentence applies as well to science.
Conrad agrees | but only partially:

The artist, then, like the thinker or the scientist, seeks the truth and makes his
appeal. Impressed by the aspect of the world the thinker plunges into ideas, the scientist
into facts — whence, presently, emerging they make their appeal to those qualities of our
being that fit us best for the hazardous enterprise of living. They speak authoritatively
to our common-sense, to our intelligence, to our desire of peace or to our desire of
unrest; not seldom to our prejudices, sometimes to our fears, often to our egoism —
but always to our credulity. And their words are heard with reverence, for their concern
is with weighty matters: with the cultivation of our minds and the proper care of our
bodies, with the attainment of our ambitions, with the perfection of the means and the
glorification of our precious aims.

It is otherwise with the artist.
Confronted by the same enigmatical spectacle the artist descends within himself, and

in that lonely region of stress and strife, if he be deserving and fortunate, he finds the
terms of his appeal. His appeal is made to our less obvious capacities: to that part of
our nature which, because of the warlike conditions of existence, is necessarily kept out
of sight within the more resisting and hard qualities — like the vulnerable body within
a steel armor. His appeal is less loud, more profound, less distinct, more stirring — and
sooner forgotten. Yet its effect endures forever. The changing wisdom of successive
generations discards ideas, questions facts, demolishes theories. But the artist appeals
to that part of our being which is not dependent on wisdom; to that in us which is a

29Science and Human Values , (Bronowski, 1965)
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gift and not an acquisition — and, therefore, more permanently enduring. He speaks
to our capacity for delight and wonder, to the sense of mystery surrounding our lives;
to our sense of pity, and beauty, and pain; to the latent feeling of fellowship with all
creation — and to the subtle but invincible conviction of solidarity that knits together
the loneliness of innumerable hearts, to the solidarity in dreams, in joy, in sorrow, in
aspirations, in illusions, in hope, in fear, which binds men to each other, which binds
together all humanity — the dead to the living and the living to the unborn.

Now, as may have been obvious from the preceding chapters, my view is that

the delight and wonder, the sense of mystery surrounding our lives that science brings
to the questioning mind is just as real and just as deep as the artist's vision. The fact

that this wisdom changes as new discoveries are made is a source of new delights, not

a cause for concern. That we should constantly question facts (and theories) seems

obvious in the light of our experiences.

Be a Scientist | professional or amateur, it does not matter. Being a Scientist

means simply try to understand using the same approach as the scientists do. It is not

unnatural: `Scientists show that children think like scientists' claims a recent report of MIT

(http://www.innovations-report.com/html/reports/studies/report-57209.html)

Even preschoolers approach the world much like scientists: They are convinced
that perplexing and unpredictable events can be explained, according to an MIT brain
researcher’s study in the April issue of Child Development.

The way kids play and explore suggests that children believe cause-and-effect re-
lationships in the world are governed by fundamental laws rather than by mysterious
forces, said Laura E. Schulz, assistant professor of cognitive science and co-author of
the study ‘God Does Not Play Dice: Causal Determinism and Preschoolers’ Causal
Inferences.’

‘It’s important to understand that kids are approaching the world with deep as-
sumptions that affect their actions and their explanations and shape what they’re able
to learn next,’ Schulz said. ‘Kids’ fundamental beliefs affect their learning. Their theo-
retical framework affects their understanding of evidence, just as it does for scientists.’

While previous research had suggested that children do not accept the idea that
physical events occur spontaneously, Schulz took that concept one step farther: Would
young children accept the idea that physical causes might only work some of the time?

Schulz and colleague Jessica Sommerville of the University of Washington tested
144 preschoolers to look at whether children believe that causes always produce effects.
If a child believes causes produce effects deterministically, then whenever causes appear
to work only some of the time, children should think some necessary cause is missing
or an inhibitory cause is present.

In one study, the experimenters showed children that a switch made a toy with a
metal ring light up. Half the children saw the switch work all the time; half saw that
the switch only lit the ring toy some of the time. The experimenters also showed the
children that removing the ring stopped the toy from lighting up. The experimenters
kept the switch, gave the toy to the children and asked the children to stop the toy
from lighting up.

http://www.innovations-report.com/html/reports/studies/report-57209.html
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If the switch always worked, children removed the ring. If the switch only worked
some of the time, children could have removed the ring but they didn’t–they assumed
that the experimenter had some additional sneaky way of stopping the effect. Children
did something completely new: they picked up an object that had been hidden in the
experimenter’s hand (a squeezable keychain flashlight) and used that to try to stop the
toy. That is, the children didn’t just accept that the switch might work only some of
the time. They looked for an explanation.

Schulz said she believes this is the first study that looks at how probabilistic evi-
dence affects children’s reasoning about unobserved causes. The researchers found that
children are conservative about unobserved causes (they don’t always think mysteri-
ous things are happening) but would rather accept unobserved causes than accept that
things happen at random.

‘We sometimes think that preschoolers are very concrete and work just with what
they see,’ said Schulz, but this research suggests that preschoolers actually have quite
abstract beliefs about causal relationships. ‘Four-year-olds have more sophisticated
reasoning than adults tend to give them credit for,’ she said.

If the kids can do it, why wouldn't the adults? Is it because the ability is not

nurtured enough? Or even deliberately damped? This is what I am worried about.

As I said, in moments of pessimism I am overwhelmed by the apparent tendency ofPage 741

the human race to choose the easy and stupid path of non-thinking30 and fanaticism.

When even deeper pessimism hits me, I think that we are, collectively, incapable of

attaining the level of knowledge necessary for wise decisions. But, in the moments of

optimism I see that for those who wish to participate, the scienti�c e�ort is today more

accessible than ever. And it is a very active adventure, with numerous controversies,

discrepancies and questions, paving the grounds for new discoveries. Even the multitude

of cranks surrounding many �elds of science that we have met on the pages of this book

are just a prof of the importance and activity of Science. Discussions prove that the

disciplines are healthy.

One should stand in marvel at the fact that it has been possible that human societies

and individuals, using the same `biological' mental equipment | the brain | that has

existed in the current form for at least tens of thousands of years, to reach ever wider,

higher and deeper. It is a pity that this really exciting world seems to have a limited

appeal. There are today many more wonders of the world than seven. And there are

many dangers that are worse than images from horror movies. And to react to them

in time and with proper measures we need to understand them. The wonders and the

dangers can be seen | all it takes is to take off the blindfolds.
Have courage to use your own understanding! Sapere aude!

30This is far from the Zen ideal of wu-wei, non-acting, knowing when to act and when not to act.
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13.1 Copyright considerations

This work, by its very nature, uses many outside sources, frequently quoted

verbatim. As, at the moment, I have neither means nor legal muscle to check all

applicable permissions and restrictions, I had to �nd some umbrella clause to cover the

legality of quoting the articles, web pages and books.

From my early science days I remembered the fair use approach, that allowed us to

use and quote scienti�c results of other researches, provided that the proper credit is

given and results are not `stolen'. And as this book is, at least in some threads, about the

openness of scienti�c method, this had seemed appropriate, even though some authors

(mainly those from the outside of mainstream science!) may have di�erent views on

what is quotable and what is their copyrighted property.
Trying to �nd more speci�c formulation I have found the fair use guidelines issued

by the U.S. Copyright O�ce:

One of the rights accorded to the owner of copyright is the right to reproduce or to
authorize others to reproduce the work in copies or phonorecords. This right is subject to
certain limitations found in sections 107 through 118 of the copyright act (title 17, U.S.
Code). One of the more important limitations is the doctrine of “fair use.” Although
fair use was not mentioned in the previous copyright law, the doctrine has developed
through a substantial number of court decisions over the years. This doctrine has been
codified in section 107 of the copyright law.

Section 107 contains a list of the various purposes for which the reproduction of
a particular work may be considered ‘fair,’ such as criticism, comment, news report-
ing, teaching, scholarship, and research. Section 107 also sets out four factors to be
considered in determining whether or not a particular use is fair:

1. the purpose and character of the use, including whether such use is of commercial
nature or is for nonprofit educational purposes;

2. the nature of the copyrighted work;

3. amount and substantiality of the portion used in relation to the copyrighted work
as a whole; and

4. the effect of the use upon the potential market for or value of the copyrighted
work.

The distinction between ‘fair use’ and infringement may be unclear and not easily de-
fined. There is no specific number of words, lines, or notes that may safely be taken
without permission. Acknowledging the source of the copyrighted material does not
substitute for obtaining permission.

The 1961 Report of the Register of Copyrights on the General Revision of the
U.S. Copyright Law cites examples of activities that courts have regarded as fair use:
‘quotation of excerpts in a review or criticism for purposes of illustration or comment;
quotation of short passages in a scholarly or technical work, for illustration or clarification
of the author’s observations; use in a parody of some of the content of the work parodied;
summary of an address or article, with brief quotations, in a news report; reproduction
by a library of a portion of a work to replace part of a damaged copy; reproduction by a
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teacher or student of a small part of a work to illustrate a lesson; reproduction of a work
in legislative or judicial proceedings or reports; incidental and fortuitous reproduction,
in a newsreel or broadcast, of a work located in the scene of an event being reported.’

Copyright protects the particular way an author has expressed himself; it does not
extend to any ideas, systems, or factual information conveyed in the work.1

Thus, to all authors o�ended by my use of their material in this work I can only

o�er my sincere statement: the purpose has clearly been to illustrate and to comment,

sometimes to ridicule, but never to steal.

There is one problem with some of the published articles quoted in this book. Today,

most of the scienti�c publications, in addition to printed versions in highly expensive

refereed journals (accessible usually only in libraries of research institutions) appear as

preprints (for example in the arXiv database. For such articles, there is no problem of

pointing simultaneously to the printed version and to the freely accessible web archive.

But there are papers which do not have electronic pre-print version. How a person such

as myself, or many of the readers, might obtain access to the quoted work? There are,

of course, electronically available archives of the publishers: usually requiring either a

subscription to the paper version, or signi�cant purchase price for an article, up to 100

US dollars. To limit the references to such sources would mean that one of the aims of

my book, namely, allowing the Reader to follow up on my sources and make his or her

own opinion would be di�cult. For this reason, and using the spirit of the copyright

note quoted above, I have decided to supplement the o�cial publication data with the

Web addresses of the copies, scans and transcriptions of the articles freely available on

the Web. This might encroach on the rights of the publishers, but I deem it within the

limits of free scienti�c enquiry.

1http://www.copyright.gov/fls/fl102.html

http://www.copyright.gov/fls/fl102.html
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13.2 Cosmology: equations and solutions

The purpose of this section is to present some equations used in cosmology and

a more detailed background to discussions in Sections 7.3{7.5. We start with some

basic conditions imposed on the model, so that calculations may be relatively simple.

The conditions are: isotropy and homogeneity. We know that these conditions are

not true at local scale, but the assumptions are reasonably supported by evidence at the

largest scales of the Universe. The almost perfect uniformness of the Cosmic Microwave

Background radiation and observations of galaxy clusters and superclusters seem to

con�rm the Copernican principle, that the Universe should look alike to all observers,

at least above certain scale. The third condition is the 3 + 1 dimensionality of space,

ingrained in the traditional Einstein's General Relativity. With these conditions it is

possible to formulate a simple analytical model of the Universe, which is the basis for

the current cosmological theories.

13.2.1 FLRW model

The model used in most standard cosmology works is known as Robertson-Walker,

Friedman-Robertson-Walker or Friedman-Lemâ�tre-Robertson-Walker (FLRW). We will

start with the de�nition of the metric that follows from the conditions of homogeneity

and isotropy

ds2 = −dt2 + a2(t)

[
dr2

1− kr2
+ r2(dθ2 + sin2 θdφ2)

]
(13.1)

a(t) is the scale factor and k describes the curvature of space, k = +1 corresponds to

positive curvature (spherical geometry), k = 0 corresponds to local atness, k = −1

corresponds to hyperbolic, negatively curved local space. We use c = 1 and (−,+,+,+)

metric here.

A very frequently used concept is that of comoving coordinates. If there are no

external forces, the particles2 that are at rest at a given coordinate and time will remain

at rest. These particles would just move with the expanding or contracting space. We

call these to be comoving with the expansion. Distance between such particles are given

by

physical distance = a(t) · comoving distance (13.2)

D = a(t)

∫ r

0

dr

(1− kr2)1/2
(13.3)

We now can combine the FLRW metric with the Einstein's equation

Gµν = Rµν −
1

2
Rgµν = 8πGTµν − Λgµν (13.4)

2At the scale that we are talking the particles may well be entire galaxies. . .
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where Rµν is the Ricci tensor, R is the Ricci scalar, gµν is the metric tensor and Tµν
is the energy-momentum tensor. We have written the equation with the cosmological

term Λ.

The usual approach is to use the form of the energy-momentum tensor corresponding

to perfect uid

Tµν = (ρ+ p)UµUν + pgµν (13.5)

Here ρ is the uid density and p is the pressure. In the comoving coordinates Uµ =

(1, 0, 0, 0) so that

Rµν =


ρ

p

p

p

 (13.6)

it is convenient to incorporate the cosmological constant term into the Tµν tensor by

rewriting it as just another energy-momentum component

TΛ
µν = − Λ

8πG
gµν (13.7)

The `density' and `pressure' corresponding to Λ are ρΛ = Λ/8πG and pΛ = −ρΛ.

The Ricci tensor components for the FLRW metric are

R00 = −3
ä

a
(13.8)

R0i = 0 (13.9)

Rij =

(
ä

a
+ 2

ȧ2

a2
+ 2

k

a2

)
gij (13.10)

and Ricci scalar

R =

(
6
ä

a
+ 6

ȧ2

a2
+ 6

k

a2

)
(13.11)

Where dots describe conventionally the time derivatives. Therefore the Einstein tensor

components Gµν are

G00 = 3

(
ȧ2

a2
+
k

a2

)
(13.12)

G0i = 0 (13.13)

Gij = −
(

2
ä

a
+
ȧ2

a2
+
k

a2

)
(13.14)

As the result we obtain two separate equations linking the density and pressure

(including the cosmological constant contribution) and the scale factor

3

(
ȧ2

a2
+
k

a2

)
= 8πGρtot (13.15)

−
(

2
ä

a
+
ȧ2

a2
+
k

a2

)
= −8πGptot (13.16)
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Combining the two equations gives the so called acceleration equation

ä

a
= −4πG

3
(ρ+ 3p) (13.17)

The description in terms of a, ȧ, ä may be connected to the traditional astronomical

language by noting that the Hubble parameter is given by

H =
ȧ

a
(13.18)

The last element needed is the equation of state for the matter-energy, connecting ρ

and p. For the cosmological constant we have already noted pΛ = −ρΛ. Other typically

considered types of the content of the Universe are ordinary matter, which is usually

described as pressurefree dust pM = 0, and radiation, for which pR = ρR/3. It is

convenient to express the equation of state in a common form

p = wρ, (13.19)

where w is the state parameter; wM = 0, wR = 1/3, wΛ = −1.

We can now connect the evolution of a with evolution of ρ and p via the energy

conservation conditions

∇µT
µν = 0, (13.20)

which gives

ρ̇+ 3
ȧ

a
(ρ+ p) = ρ̇+ 3H (ρ+ p) = 0 (13.21)

Taking Equations 13.15, 13.16 and 13.21 together we derive the evolution of ρ(a) in

the simple cases

ρ(a) = a(t)−3(1+w), (13.22)

thus for dust ρ(a) ∼ a−3; for radiation ρ ∼ a−4 and for the cosmological constant

ρ = const.

Another useful de�nition is the critical energy density ρc, de�ned at any given time

as

ρc ≡
3

8πG

ȧ2

a2
=

3H2

8πG
(13.23)

This density is de�nes in a way, that Equation 13.15 for ρc implies k = 0 | i.e. at

Universe. Usually, the critical density is used to introduce density parameter Ω de�ned

as

Ω =
ρ

ρc
, (13.24)

and the corresponding density parameters for each type of the constituent of the Uni-

verse (matter, radiation etc.):

Ωi =
ρi
ρc
. (13.25)

Density parameter is often used in publications to describe the `reasons' for the overall

curvature of the Universe, of course Ω = 1 implies at universe.
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For such conditions one can solve the FLRW equation system to obtain

a(t) = a(t0)

(
t

t0

)2/3(1+w)

, (13.26)

for w 6= −1, and

a(t) ∼ eHt (13.27)

(exponential growth) for w = −1. Thus for matter dominated Universe (w = 0), we

have a(t) ∼ t2/3, and for radiation dominated (w = 1/3): a(t) ∼ t1/2.

To complete the description we recall here the expression connecting the scale factor

a with the observed red-shift z:

1 + z =
a(t0)

a(t)
. (13.28)

Let's analyse how Ω behaves in the matter or radiation dominated Universes. Ω = 1

condition, which is equivalent to at Universe is an unstable solution. With passing of

time any small deviation of curvature k 6= 0 leads to Ω diverging from 1.

Ω− 1 =
k

H2a2
. (13.29)

for example during matter domination |Ω − 1| ∼ t2/3 and whan radiation dominates

|Ω− 1| ∼ t.

This brings out one of the problems that required the inationary model to be

introduced. As we estimate the current value of Ω close to 1 (certainly within ranges

of 0.1÷ 10, this implies extremely strong conditions on the values og Ω in the past, for

example at the age of nucleosynthesis (ca. 1 second after Big Bang) |Ω − 1| < 10−16.

Why would the density parameter be so �nely tuned?

The answer lies in any situation when ä > 0, that is when the expansion accelerates.

The density parameter then is getting closer to 1, rather than away from it. The

condition means that the expansion accelerates, and it is the core of the ination model

13.2.2 Inflation model

As we have seen the condition for the accelerated expansion, or ination is the ä > 0.

But because

ä = −4πG
ρ+ 3p

3a
(13.30)

this means that ρ + 3p < 0. For the types of matter and energy that we have already

encountered (such as radiation or dust) this condition is impossible. But there is a way

to obtain `something' with the desired property. This mysterious entity is a `scalar �eld'.

Such �elds were introduced in elementary particle physics long before the ination, to

describe special kinds of particles. The most widely known is the `Higgs boson' , which

is responsible for masses of elementary particles, and for which the experimental search
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continues.3 Suppose that there is (was) a real scalar �eld φ(x), the inaton, with

symmetric potential energy density V (φ(x)) (in the further notation we would drop the

position x, unless it is necessary. The energy-momentum tensor for such a �eld is

T µν = ∂µφ ∂νφ− gµν
[

1

2
∂λφ ∂

λφ+ V (φ)

]
. (13.31)

Then the energy density and the pressure are given by

ρ = T 00 =
1

2
φ̇2 +

1

2
(∇i φ)2 + V (φ), (13.32)

p =
1

3

3∑
i=1

T ii =
1

2
φ̇2 − 1

6
(∇i φ)2 − V (φ). (13.33)

For homogeneous (or at least only slowly varying) �eld one obtains to a good ap-

proximation

ρ =
1

2
φ̇2 + V (φ), (13.34)

p =
1

2
φ̇2 − V (φ). (13.35)

The �rst term may be thought as the `kinetic energy' and the second as `potential

energy'. For �elds that are slowly changing in time we obtain ρ ≈ −p, the condition we

have looked for. Under such model, the equations governing the fate of the Universe,

driven by the scalar �eld as dominant content, become:

φ̈+ 3Hφ̇ = −dV/dφ, (13.36)

H2 +
k

a2
=

8π

3

(
1

2
φ̇2 + V (φ)

)
, (13.37)

where H = ȧ/a is the Hubble `constant' and k = 1, 0,−1 is the curvature term.

The origins of the ination are di�erent in di�erent scenarios. The `old ination'

model of Guth (1981) has been based on a particular form of potential V (φ) with a

minimum at φ = 0 (false vacuum) but a deeper minimum V = 0 at some value φ0.

The potential has been depending on the temperature. The reasoning may be de-

scribed roughly as follows. Before the inationary phase, the Universe was at very high

temperatures. This has forced the e�ective potential V (φ), including the temperature

corrections which are due to interactions with other �elds and matter in the Universe,

to form a) in Figure 13.1. In thermal equilibrium φ is driven to the minimum of V ,

at φ = 0. But as the temperature of the Universe drops below a critical value Tc, the

minimum of V at φ = 0 becomes a local one and a true minimum with V (φ0) = 0

3As a sidenote, while Higgs boson plays a crucial role in understanding the di�erence between the

massless photon and the very heavy W and Z bosons, and has resulted in Nobel Prizes for electroweak

theory, it has not been detected experimentally. The physicists would, apparently, believe in everything

they fancy. . .
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a)

b)

c)

V(  )

o 
0

o 

o 

Figure 13.1: Temperature dependent form of potential energy of inaton �eld V (φ) in the `old

ination' scenario. Line a) corresponds to T � Tc, line b) to T = Tc, line c) to T � TC .

develops. The value of the potential energy at φ = 0 becomes �nite which starts the

ination process of exponential growth. The growth would continue forever but the

inaton �eld in various places may `tunnel' according to quantum mechanical rules to

the φ0 true vacuum, which ends the ination at this point. Such process creates local

environments where ination has ended, called by Guth `bubbles'. The described sce-

nario has a serious aw, as the bubbles fail to connect (percolate, to use the physicists

language). This is because the bubbles grow with the speed of light, while the regions

that have not yet undergo the tunnelling process grow exponentially. As a result, the

Universe becomes extremely inhomogeneous (if we are able to observe multiple bubbles)

or impossibly small (if we are limited to a single bubble).

The `new ination' scenario of Linde (1982) and Albrecht and Steinhardt (1982)

has assumed a di�erent form of the ination potential V (φ) and starting mechanism of

ination. This scenario uses high temperature form of V that includes the corrections

due to interaction with the other �elds (line a) in Figure 13.2). As the temperature

drops, the potential takes the form indicated by line c), with at maximum around

φ = 0. The equations governing the evolution of φ (Eqs. 13.36 and 13.2.2) take over

and φ `rolls down' the slope towards the minimum value of φ0. The process does not

have the quantum tunnelling uncertainties, and any di�erences in the timing of the

rolling come from the pre-ination uctuations. Thus the `bubbles' problem is absent.

However, the question of initial condition φ = 0 remains. To achieve good thermal

contact with the rest of (presumably small4) �elds and matter in the universe one needs

4Because we need an Universe dominated by the inaton �eld.



Draft, January 2, 2008 806 Chapter 13. Addenda

a)

b)

c)

V(  )

o 
0

o 

o 

Figure 13.2: Temperature dependent form of potential energy of inaton �eld V (φ) in the `new

ination' scenario. Line a) corresponds to T � Tc, line b) to T = Tc, line c) to T � TC .

large interaction between them and the inaton. On the other hand this would mean

a steep form of the potential near φ = 0. This, in turn would mean that the roll down

the slope is quick and there is simply not enough time for the e70 scale of inationary

growth of the Universe. In other words, while the new ination model has worked much

better than the model proposed by Guth, and could be tuned to reect the observed

properties of the Universe (at least in the 1980s), it required �ne tuning. And while the

physicists can readily admit existence of something they can not see or touch (even with

most precise instruments), they seem to abhor any unwanted, additional parameters. . .

The next scenario of chaotic ination has been introduced exactly to avoid the

`arti�cial' starting conditions. Here even the basis of the model is di�erent. It is

assumed that inationary period in the history of the Universe may follow directly

from quantum uctuations of the initial phase, be it string theory, quantum gravity

or whatever. The thermal equilibrium between the inaton �eld and the rest of the

Universe is not necessary. In fact the values of φ in various locations may be di�erent.5

In many (most) places, φ would be large, even very large, where the potential V (φ)

dominates over all other terms in the energy-momentum tensor. As a result, in such

5The Reader may have already asked himself what size was the Universe we speak of before the

ination. This is indeed not a trivial question. The part of the Universe that we observe today was

indeed very, very small (remember that it has grown ca. e70 times). But was that the whole starting

Universe? Were there other places, patches with perhaps di�erent values of φ and other constants? The

beauty of the chaotic scenario comes from the ability to consider this. For more philosophical discussion

see Linde (2002)
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V(  )o 

o 

Roll down

Quantum
fluctuations

Figure 13.3: General form of potential energy of inaton �eld V (φ) in the chaotic ination

scenario. While the governing equations force φ down the slope from an initial value, quantum

uctuations of the �eld may equally decrease the value or increase it. In the latter case, the

ination would continue in a given patch of the Unverse.

places we may already have conditions for exponential expansion. In fact the `little

datails' of the behaviour of the potential at small φ become less relavant, and the

scenario can be realised even for simple potentials of V = 1
2
mφ2 or V = 1

4
λφ4. But

the question remains, whether such expansion would last long enough, as the �eld φ

should roll down the slope rather quickly (see Figure 13.3). But here again quantum

e�ects begin to play a crucial role. Imagine a patch with initially high value of φ.

This patch grows exponentially because the condition p = −ρ is ful�lled there. The

evolution of φ would tend to push it towards lower values and the equilibrium point

(perhaps at φ = 0). But thanks to quantum uctuations there may be subregions where

φ has actually grown or at least not diminished. These sub-patches would continue to

grow exponentially. In the `race' between the roll-down and growth, the exponential

expansion ensures that the regions of ination could stay in this mode for long enough.

In fact, some regions would have to grow inde�nitely | this is the basis for the `eternal

chaotic ination'. For more detailed calculations I point to Linde (1990, 1994); Kinney

(2003).
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13.3 Bell theorem

Take any explanations of Bell inequalities or quantum non-locality,
and substitute ping pong balls for every quantum particle in the account.

Then, if what the author is selling as paradoxical still remains true,
he/she isn’t telling you anything about quantum mechanics after all.

Reinhard F. Werner, Michael M. Wolf

And now for something completely mathematical. As promised I will stick

with the Clauser, Horne, Shimony and Holt (CHSH) version of the theorem

(Clauser et al., 1969). The basic con�guration is presented in Figure 13.4. The reason

for this Section is to present a rather complete proof of a version of Bell inequality |

because despite the publicity of the theorem, and a great number of expositions and

examples I found it rather hard to get a complete presentation on the Web. Probably

the best and clearest is Bell (1993b), but it is available only in paper form. So, at the

risk of repeating a lot of the works, I'll present the proof.

We assume that two, specially prepared (more on this in a moment) particles are

emitted from the source and y in two opposite directions (say, along the y axis).

The detectors at A and B may be separated by considerable distance (several meters,

kilometres or even millions of lightyears). We assume that the particles do not interact

with anything during the ravel from the source to the detectors, so the distance should

not really matter in anything other than serving to separate what is happening at A

from what is happening at B.

I have mentioned that the particles are `specially prepared'. This means that they

are in a special quantum state, called spin singlet state. Such initial state ψi can be

described by a formula

|ψi〉 =
1√
2

(∣∣ a+
1 a
−
2

〉
−
∣∣ a−1 a+

2

〉)
, (13.38)

where indices 1, 2 denote particles 1 and 2, and a+ and a− denote the spin states of an

individual particle. Such state ensures that the total spin of the two particles is zero.

The detectors may be oriented along di�erent directions, which we will denote by

a, a′, b, b′. What is interesting are the correlations of measurements for di�ering orien-

tations of detectors: we will show that for some combinations of them, the predictions

of Quantum Mechanics are di�erent from those of the classical physics. This is the core

of the Bell Theorem. So little | and yet so much: the fact that predictions of QM

contradict the limits set by classical analysis, based on a few very intuitive assumptions

shows an unassailable gap between the two worlds.

Let me start with a general analysis | classical case, without any `quantumness'.

I'll start with general expressions for situation where detector A, oriented along a, gives

speci�c result A (which may be ±1), while the detector B, oriented along b, gives result

B = ±1. The result would depend on the orientations a, b, but this is not all: it may

depend on all the details that we are unable to observe, on the speci�c interactions at
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a′

b′

Figure 13.4: The gedanken experimental setup for a proof of Bell's theorem. S represents the

source of entangled particles, travelling toward two detectors A and B. At each of the detectors

there is a possibility to measure two components of the spin along the xA and zA (respectively

xB and zB) axes. The axes at A and B may be arbitrarily rotated and are represented by vectors

a1, a2, b1, b2.

the source S, perhaps on all other particular settings of the detectors A and B. And

on the known and unknown states of all relevant physical systems: the choice of the

melody in lab assistant MP3 player (how can you be sure it is not relevant?) or the

state of passing tramway or the proturberance of Betelguese. The whole idea of the

hidden parameters is to restore our faith in determinism. We may not know which

parts of reality are relevant to a particular setup | it might be impossible to describe

| but we believe there is such a set.

Following CHSH I will describe this enormous set of unknown circumstances by a

single notion of `hidden variable' parameter λ. Of course λ is just a sort of collective

sign, obviously not a single number, but all the operations can be described in such

simple notation without losing the generality. We would denote the set of all possible

parameters for it as Λ, of which a particular λ in a given experiment is a member. We

will also assume that the probability of the unknown circumstances being described by λ

is given by a probability distribution function ρ(λ), such as ρ(λ) ≥ 0 and
∫

Λ
ρ(λ)dλ = 1.

For a given value of λ the results of the measurement are thought to be deterministic.

But as we do not know | by de�nition | the hidden parameters, we are stuck with

probabilities of results, probabilities that overtly depend on the known parameters, i.e.

the detector orientations. Thus the probability of getting a result of A,B is given by:

P (A,B; a, b) =

∫
Λ

p(A,B; a, b, λ)ρ(λ) dλ. (13.39)
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The expression p(A,B; a, b, λ), which describes the outcome of a given measurement for

a speci�ed λ and a, b may be simpli�ed if we take into account the locality of classical

physics. This is the crucial step in the derivation of the inequality. We start with a

simple rede�nition, along the lines of probability calculus, rewriting p as a product for

conditional probabilities:

p(A,B; a, b, λ) = p1(A|B; a, b, λ)× p2(B; a, b, λ), (13.40)

Where A|B denotes, as usual `result A if B is measured. The next step uses the �rst

physical reasoning, so called Parameter Independence: results of measurements on one

particle should be independent of the results of the property being measured for the

other particle. Thus the `remote' detector orientation drops from the expressions for

measurements at each detector:

p(A,B; a, b, λ) = p1(A|B; a, λ)× p2(B; b, λ). (13.41)

To understand this step, lets repeat again: we are dropping the dependence of the result

measured at detector A on the local settings of detector B. In such way we exclude the

mysterious interactions at great distances.
The next step (Outcome Independence), is similar in origin, but applies to the out-

comes of the measurements: we now assume that the probability of gettingA for particle
1 at detector A should be independent of the outcome of measurement performed at B.
Bell (1993b) remarks on this step:

It is notable that in this argument nothing is said about the locality, or even localizability,
of the variable λ. These variables could well include, for example, quantum mechanical
state vectors, which have no particular localization in ordinary space-time. It is assumed
only that the outputs A and B, and the particular inputs a and b, are well localized.

Thus we �nally arrive at factorized, local expression of the outcome function:

p(A,B; a, b, λ) = p1(A; a, λ)× p2(B; b, λ), (13.42)

which can be inserted into the integration formula for the probabilities:

P (A,B; a, b) =

∫
Λ

p1(A; a, λ)× p2(B; b, λ)ρ(λ) dλ. (13.43)

One additional remark here: there are examples of literature (e.g. Gabora et al.

(2000) where purely classical systems are shown to break the Bell inequalities. In

most cases this can be traced to nonful�llment of either the Parameter or Outcome

independence conditions. If the setting of the instrument at A directly a�ects the results

at B, we can not factorize the conditional probabilities. As a result the calculations that

follow can not separate the two parts of the assembly, and �nal inequalities might not

arise.
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The next step is constructing correlation function, where we put the ± values that

A,B can take explicitly in:

E(a, b) = P (+,+; a, b) + P (−,−; a, b)− P (+,−; a, b)− P (−,+; a, b). (13.44)

This is, of course equivalent to

E(a, b) =

∫
Λ

[
p1(+; a, λ)× p2(+; b, λ)

+ p1(−; a, λ)× p2(−; b, λ)

− p1(+; a, λ)× p2(−; b, λ)

− p1(−; a, λ)× p2(+; b, λ)
]
ρ(λ) dλ, (13.45)

which can be rewritten in a simpli�ed form

E(a, b) =

∫
Λ

(
p1(+; a, λ)− p1(−; a, λ)

)
×
(
p2(+; b, λ)− p2(−; b, λ)

)
ρ(λ) dλ(13.46)

=

∫
Λ

A(a, λ)B(b, λ)ρ(λ) dλ (13.47)

where the values of A(a, λ), B(b, λ) denote expectation values of the measurements at

detector A and B. This is why E(a, b) is called correlation function.

So far we have concentrated on describing results of measurements for particular

orientation of detector angles a, b. We are now ready to construct the �nal quantity,

that describes correlations of measurements at di�erent settings a, b, a′, b′:

S(a, b, a′, b′) = E(a, b)− E(a, b′) + E(a′, b) + E(a′, b′) (13.48)

=

∫
Λ

[
A(a, λ)

(
B(b, λ)− B(b′, λ)

)
+A(a′, λ)

(
B(b, λ) + B(b′, λ)

) ]
ρ(λ) dλ (13.49)

This looks like a formidable task: we are to integrate unknown values over unknown,

in principle unlimited set of hidden parameters λ with an unknown probability distri-

bution ρ(λ). But we may now recall that the values of A and B are limited by ±1, so

that

|A(a, λ)| ≤ 1 (13.50)

|B(b, λ)| ≤ 1. (13.51)

Therefore we may use upper bounds to estimate the value of the integral 13.49:

|S| ≤
∫

Λ

∣∣[A(a, λ)
(
B(b, λ)− B(b′, λ)

)
+ A(a′, λ)

(
B(b, λ) + B(b′, λ)

)]∣∣ ρ(λ) dλ (13.52)

≤
∫

Λ

[∣∣A(a, λ)
∣∣ ∣∣(B(b, λ)− B(b′, λ)

)∣∣
+
∣∣A(a′, λ)

∣∣ ∣∣(B(b, λ) + B(b′, λ)
)]∣∣ ρ(λ) dλ (13.53)

≤
∫

Λ

[∣∣(B(b, λ)− B(b′, λ)
)∣∣+

∣∣(B(b, λ) + B(b′, λ)
)∣∣] ρ(λ) dλ (13.54)
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However, it is quite easy to see that because |B(b, λ)| ≤ 1 the expression∣∣(B(b, λ)− B(b′, λ)
)∣∣+

∣∣(B(b, λ) + B(b′, λ)
)∣∣ (13.55)

is limited by 2. Should we put, in its place in Eq. 13.54, the upper limit of 2, inte-

gration becomes trivial, as the only function is the probability distribution, for which

the integral is by de�nition 1. So, �nally, we have the famous CHSH version of Bell

inequality:

|S(a, b, a′, b′)| = |E(a, b)− E(a, b′) + E(a′, b) + E(a′, b′)| ≤ 2. (13.56)

It is valid for all types of hidden parameters and detector orientations for the two

particle, singlet state observations.

Let me turn now to the quantum case. We already know the initial state |ψi〉.
The quantum recipe of getting the probability of measurement result of, say, +,+ with

directions a, b (which we will denote by a+
1 , b

+
2 ) is given by the square of a matrix

element of 〈ψf |ψi〉 where 〈ψf | =
〈
a+

1 , b
+
2 |. Similar reasoning works, of course for all

other combinations of + and −. We can calculate the value of the matrix element in

question: 〈
ψf (a

+
1 , b

+
2 ) |ψi〉 =

〈
a+

1 , b
+
2 |

1√
2

(∣∣ a+
1 a
−
2

〉
−
∣∣ a−1 a+

2

〉)
=

1√
2

〈
a+

1 , b
+
2

∣∣ a+
1 a
−
2

〉
− 1√

2

〈
a+

1 , b
+
2

∣∣ a−1 a+
2

〉
(13.57)

The second term vanishes, as it contains matrix element
〈
a+

1

∣∣ a−1 〉 = 0. Thus we have〈
ψf (a

+
1 , b

+
2 ) |ψi〉 = 1√

2

〈
b+

2

∣∣ a−2 〉, because of course 〈a+
1

∣∣ a+
1

〉
= 1. We can now calculate

the
〈
b+

2

∣∣ a−2 〉, by rotating the basis. Thus a−2 can be expressed via b±2 basis through

rotation operator (we assume that the detector A { source { detector B axis is along y

coordinate) (
cos (θab/2) sin (θab/2)

− sin (θab/2) cos (θab/2)

)
(13.58)

where θab is tha angle between a and b. We have then∣∣ a−2 〉 = sin (θab/2)
∣∣ b+

2

〉
+ cos (θab/2)

∣∣ b−2 〉 , (13.59)

and �nally we obtain for the matrix element〈
ψf (a

+
1 , b

+
2 ) |ψi〉 =

1√
2

sin (θab/2) , (13.60)

and therefore for the probability

P (+,+; a, b) =
1

2
sin2 (θab/2) . (13.61)
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Similar calculations may be performed for other combinations of +,− results, so that

we can construct the correlation function E(a, b)

E(a, b) = P (+,+; a, b) + P (−,−; a, b)− P (+,−; a, b)− P (−,+; a, b)

= sin2 (θab/2)− cos2 (θab/2)

= − cos (θab) . (13.62)

We turn now to calculation of the correlations for measurements with di�erent de-

tector orientations, described by S.

S(a, b, a′, b′) = − cos (θab) + cos (θab′)− cos (θa′b)− cos (θa′b′) . (13.63)

out of the four angles θab, θab′, θa′b, θa′b′ only three are independent, as θab′ = θab −
θa′b + θa′b′. This can be seen from Figure 13.5. We can look for values of S(a, b, a′, b′)

as function of three variables. However symmetry of the function leads to a simpli�ed

condition: each of the angles θab, θba′ , θa′b′ would be the same, θ, with θab′ = 3θ. Then

the value of S can be calculated as function of θ. The result is presented in Figure 13.6,

where it is clearly seen that QM calculation predicts that for a broad range of detector

orientations the QM results would violate the limits set within local hidden variable,

classical theory.

a′

b′

θab
θab′

θa′b

θa′b′

Figure 13.5: Angles between the detector orientations a, b, a′, b′

It is interesting that the proof of the CHSH version of the theorem does actually

contain, as a special case, the original Bell (1964) inequality. This has been nicely shown

by Bell (1993a, page 38): when one puts a′ = b′ and assumes also perfect anticorrelation
(which is not assumed in the CSHS version) E(b′, b′) = −1 then Equation 13.56 becomes

|E(a, b)− E(a, b′) + E(b′, b)− 1| ≤ 2, (13.64)
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which can be reworked to the form presented in the original paper:

|E(a, b)− E(a, b′)| ≤ 1 + E(b′, b). (13.65)

θS
(a

,b
,a

′ ,
b′

)
Classical limit

Classical limit

Quantum prediction

Figure 13.6: Comparison of predictions of local, classical (hidden variable) theories and results

of quantum mechanical calculation for the CHSH experimental setup. The grey areas indicate

regions of detector orientation angles (θ) for which QM predictions violate the |S| ≤ 2 limit set

by classical analysis.
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13.4 Rainbows

Do not all charms fly
At the mere touch of cold philosophy?

There was an awful rainbow once in heaven:
We know her woof, her texture; she is given

In the dull catalogue of common things.
Philosophy will clip an angel’s wings,
Conquer all mysteries by rule and line,

Empty the haunted air, and gnomed mine
Unweave a rainbow.

John Keats6

I have borrowed the motto of this section, shamelessly, from Richard Dawkins7.

This is a sign of my personal weakness: I do not like poetry, and have stopped read-

ing poetry, for the sake of poetry, many years ago. The snippets and occasional whole

poems catch my interest via other people. But this case illustrates this phenomenon

very well: I can not disagree with Keats more. For me, the fact that we do know how

the rainbow forms adds to its beauty, because the beauty in in the eye8 of beholder.

And what is quite amazing, most of the people seem to `know ' how rainbows form.

Because of their spectacular nature, the phenomenon gets `explained' quite early in

schoolbooks. But . . .most often the explanation is dead wrong! The reason is, the

proper understanding of why rainbow forms requires some knowledge about physics,

and, as we shall see, mathematics going slightly beyond elementary. Some years ago,

returning from a business trip, I have spent some hours writing a popularizing article

explaining rainbows, and to check it I wrote small Excel spreadsheet9. Yes, the rainbows

can be unweaved | and lose nothing of their beauty.

13.4.1 Introduction to rainbows

Rainbows are considered beautiful, one could say almost instinctively. Perfect colours,

perfect shape, untouchability | it is a heavenly phenomenon that visits earthly domin-

ion from time to time. One of the �rst accounts of the rainbow came from Theodoric

of Freiberg in 1307. He has postulated that when sunlight falls on individual drops of

moisture, the rays undergo two refractions.
Wikipedia gives the following account of the history of development of theories of

rainbows:

The Persian astronomer Qutb al-Din al-Shirazi (1236-1311), or perhaps his student
Kamal al-din al-Farisi (1260-1320), is thought to have first given a fairly accurate ex-

6Lamia, 1820
7Dawkins (2000)
8And, actually, more in the brain than eye. . .
9Alas, for the tools given to today's `elite'. But they can be used towards good purposes.
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Figure 13.7: Typical explanation of rainbow formation: ray of light ray entering wa-

ter droplet gets refracted, reected and refracted again (http://en.wikipedia.org/wiki/
Image:Rainbow1.png). One may ask why is the angle 42◦, and what happens to light rays

entering the droplet at other places?

planation for the rainbow phenomenon [1]. The work of Robert Grosseteste on light
was continued by Roger Bacon, who wrote in his Opus Majus of 1268 about exper-
iments with light shining through crystals and water droplets showing the colours of
the rainbow. Theodoric of Freiberg is also known to have given an accurate theoretical
explanation of both the primary and secondary rainbows in 1307. He explained the
primary rainbow, noting that “when sunlight falls on individual drops of moisture, the
rays undergo two refractions (upon ingress and egress) and one reflection (at the back
of the drop) before transmission into the eye of the observer” (quoted from David C,
Lindberg, Roger Bacon’s Theory of the Rainbow: Progress or Regress?, Isis, Vol. 57,
no. 2, p. 235). He explained the secondary rainbow through a similar analysis involving
two refractions and two reflections.

Descartes, in 1637, further advanced this explanation (Descartes, 1637). Knowing
that the size of raindrops didn’t appear to affect the observed rainbow, he experimented
with passing rays of light through a large glass sphere filled with water. By measuring the
angles that the rays emerged, he concluded that the primary bow was caused by a single
internal reflection inside the raindrop and that a secondary bow could be caused by two
internal reflections. He was able to back this up with a derivation of the law of refraction
(subsequently, but independently of, Snell) and correctly calculated the angles for both
bows. His explanation of the colours, however, was based on a mechanical version of
the traditional theory that colours were produced by a modification of white light.

http://en.wikipedia.org/wiki/Image:Rainbow1.png
http://en.wikipedia.org/wiki/Image:Rainbow1.png
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Isaac Newton was the first to demonstrate that white light was composed of the
light of all the colours of the rainbow, which a glass prism could separate into the
full spectrum of colours, rejecting the theory that the colours were produced by a
modification of white light. He also showed that red light gets refracted less than blue
light, which led to the first scientific explanation of the major features of the rainbow.
Newton’s corpuscular theory of light was unable to explain supernumary rainbows, and
a satisfactory explanation was not found until Thomas Young realised that light behaves
as a wave under certain conditions, and can interfere with itself.

Young’s work was refined in the 1820s by George Biddell Airy, who explained the
dependence of the strength of the colours of the rainbow on the size of the water
droplets10. Modern physical descriptions of the rainbow are based on Mie scattering,
work published by Gustav Mie in 1908. Advances in computational methods and optical
theory continue to lead to a fuller understanding of rainbows.

But today, the typical `explanation' of the rainbow rarely goes beyond the drawing

in Figure 13.7. A single ray of white light is shown to enter the spherical droplet, gets

split into primary colours (just as Newton has described), refracted, reected from the

back of the droplet, then refracted again when going `back' at an angle of roughly 42◦.

The angle depends (a little) on the colour, and thus we see the separate colours in the

great arc of the rainbow. So far so good | ask your 10-12 year old kid and there's a

chance you will get an answer like this. If you are lucky and your kid goes to school

where they do teach a bit of physics.

But a naive question: `what happens to other incident rays, do they get the same

exit angle?' rarely gets answered. And to anyone with even basic knowledge of optics

it is obvious that the angle may be very di�erent than 42◦. For example, for the light

ray entering the droplet centrally there is no refraction, so after the reection the angle

is 0◦!

So, how is it in reality?

13.4.2 Cold calculations

We would consider here the `primary rainbow', that it the one that forms, indeed, due to

two refractions and one reection within the droplet as used in the shallow `explanation'

on Figure 13.7. I think that the fact that so many people accept the schematic drawing

as fully explaining the phenomenon comes from the fact than in most schoolbooks the

rainbow description follows the section on splitting white light into colours with the

use of the prism11. This is natural and correct: notions of refraction and of refractive

index that may be di�erent for di�erent light colours must be introduced �rst. The

problem is that for all parallel light rays the angle of deection in a prism is the same

| because the `slopes' of the prism are at �xed angle. Spherical droplet behaved

10See Hammer (1904)
11And, of course, due to lack of curiosity, dullness of the way physics is presented at school and �nally,

blind respect for authorities | take your pick.
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di�erently, and requires careful taking into account of what happens to each light ray

entering it. in fact this was the method employed by Ren�e Descartes | item missing in

the Wikipedia historical account. Descartes has described his e�ort in Les M�et�eores
(1637)12. His approach consisted of calculating the paths of various light rays entering a

water droplet and calculating how many of them would be reected in a given direction.

It is a tribute to the hunger for understanding that his calculations were done by hand,

for 10000 possible rays, a task that today would simply be considered impossible for

human unaided by a computer. . .

φ

φ

Figure 13.8: False analogy with a prism refraction. In a prism all parallel light rays of the same

colour get refracted by the same angle.

Let us assume that the distant Sun light rays are parallel to each other and that

they fall uniformly on a spherical droplet of size R. The light rays have di�erent

wavelengths λ (colours) and possibly di�erent refraction coe�cients nλ. Figure 13.9

shows schematically the path of a single ray, entering the droplet at a distance x from

the centre. The angle of the ray versus droplet surface is α, after the refraction { β.

Geometrical considerations show all the appropriate angles.

The `exit' angle φ depends not only on the wavelength λ but �rst and foremost,

on the parameter x. For example, for x = 0 (i.e. light ray coming in centrally) we

have φ = 0. For other values of x this angle would take di�erent values. How then

is it possible to see well de�ned rainbow? The reason is buried in some mathematical

details.

Let's begin from direct calculation of the dependence of φ on x. From Figure 13.9

we see that

φ(x) = 4β − 2α (13.66)

We would measure x relative to droplet size (so that w 0 < x < 1) therefore it is easy

to see that

x = sin(α) (13.67)

12http://classiques.uqac.ca/classiques/Descartes/meteores/meteores.pdf

http://classiques.uqac.ca/classiques/Descartes/meteores/meteores.pdf
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α

α

β
β

β

β

x

φ
4β

Figure 13.9: De�nitions of angles within a droplet.

or

α = arcsin(x). (13.68)

From Snell's law of refraction we know that

sin(α) = nλ sin(β) (13.69)

Where we have used an approximation that the refractive index for air is ≈ 1. It follows

that

β = arcsin(x/n). (13.70)

and therefore

φ(x) = 4 arcsin(x/n)− 2 arcsin(x). (13.71)

Figure 13.10 shows two examples of the dependence of φ on x. The general shape

of the function is similar, but the maximum of φ(x) depends on nλ. We can see that

indeed the rays of light are sent back in a variety of angles. But as we shall shortly see,

the amount of rays sent back in a given direction is far from constant: the shape of φ(x)

decides about the angle under which the largest part of the rays would be reected.

If we look at the droplet from the `front' (i.e. direction of the incoming rays) the

number of incoming rays at a distance x from the centre, at an surface element between

x and x+ dx and some angle θ and θ + ∆θ is (see Figure 13.11):

N(x) ∼ 2π x dx∆θ. (13.72)

However, the number of rays sent back to the angle φ(x) is given by the number of

incoming rays and the slope of the function φ(x) for a given x. In fact we have

N(φ(x)) ∼ 2π ∆θ x

∣∣∣∣∣
(
dφ

dx

)−1
∣∣∣∣∣ . (13.73)
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Figure 13.10: Examples of dependence of φ(x) for two values of refractive index nλ.

x

dx

∆θ

Figure 13.11: Front view of the droplet. Number of incoming rays into element ∆θ × dx at

distance x, N(x) is proportional to x∆θ dx.

The reason for this is illustrated in Figure 13.12. When we substitute the formula for

φ(x) (Eq. 13.71), we obtain

dφ

dx
=

4√
n2 − x2

− 2√
1− x2

. (13.74)

Finally we have the formula for the number of rays sent back at an angle φ, N(φ(x)).

The following Figure 13.13 shows the behaviour of the number of rays reected in

direction φ (using nλ = 1.3 as example). Most of the rays are in the direction around

the maximum of the function φ(x), which we would denote φmax. In fact this is the

angle that we see a given colour in the rainbow.
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Figure 13.12: Inuence of the slope of function φ(x) on the number of rays reected in a given

angle φ. Remember that the number of rays is proportional to ∆x, thus the smaller the slope

dφ(x)/dx, the more rays are sent back at the angle φ.

 0  10  20  30  40  50  60

N

φ

φmax

Figure 13.13: Number of rays sent back to angle φ. As can be seen there is very strong maximum

for the rays sent back at the maximum angle φmax. Two lines correspond to rays incoming at

the below and above of the xM value.

In fact, the already quoted Wikipedia article on rainbows13 has a very interesting

13http://en.wikipedia.org/wiki/Rainbow

http://en.wikipedia.org/wiki/Rainbow
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drawing showing just this e�ect | graphically (Figure 13.14). But in my personal

opinion, the dramatic maximum of N(φ) as shown in Figure 13.13 indicates the reason

for a well de�ned reection angle much better.

Figure 13.14: Light rays enter a raindrop from one direction (typically a straight line from

the Sun), reect o� the back of the raindrop, and fan out as they leave the raindrop. The

light leaving the rainbow is spread over a wide angle, with a maximum intensity of 40.6◦{42◦.

(http://en.wikipedia.org/wiki/Image:Rainbowrays.png)

The value of φmax may be obtained through the following calculations. First we

calculate derivative of φ(x) and look for the solution of the equation:

dφ

dx
=

4√
n2 − x2

− 2√
1− x2

= 0 (13.75)

In the range of x we are interested in, the solution is

xM =
√

(4− n2)/
√

3, (13.76)

�nally we obtain the expression we are looking for

φmax(n) = 4 arcsin(
√

(4− n2)/
√

3n)− 2 arcsin(
√

(4− n2)/
√

3). (13.77)

Figure 13.15 shows the dependence of the value for di�erent refractive indexes nλ.

Visible light has a narrow range of values of nλ, indicated in the Figure. What is an

interesting observation is that if water had the refractive index greater than 2, then we

would not have any rainbows at all!

Using the data from physical tables for water and visible light we get the following

values:

http://en.wikipedia.org/wiki/Image:Rainbowrays.png
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Figure 13.15: Dependence of the φmax angle on the refractive index nλ, for wide range of nλ
values. For nλ ≥ 2 there is no rainbow! Colour lines correspond to refractive index of visible

light in water.

Colour Wavelength λ Refractive index nλ φmax

red 686 nm 1.3305 42.45o

orange-yellow 589 nm 1.333 42.06o

green 527 nm 1.3352 41.75o

blue 486 nm 1.3371 41.45o

purple 397 nm 1.3435 41.00o

However, a careful reader should note that we were talking all the time about the

angle φ by which the incoming light ray is scattered back by a water droplet. How does

this angle compare to the angle of observation? Well, it is the same angle! It is easily

seen from Figure 13.16.

So, after many too many equations and drawings we are done with the rainbows.

We have calculated where it should appear. Of course we have taken the Snell's law for

granted while it is a topic worthy of a lengthy discussion (see for example Feynman's

QED: The Strange Theory of Light and Matter (Feynman, 1985)). We did not

discuss why the refractive index in water is di�erent for di�erent colours of light, and

why it is about 1.3. But for the limited task of understanding the geometry of the

rainbow, we have solved it.

Or did we? There is still some work left for the Reader. For example how the

secondary rainbow forms? (the calculation, though cumbersome goes exactly along the

lines described above).

There are also, so called, supernumerary rainbows, consisting of several faint rain-
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Observer

φmax

φmax

Rainbow arc

Incoming Ray

Outgoing ray

Observation angle

Figure 13.16: Rainbow from the point of view of the incoming and outgoing rays and from the

point of view of the Observer. The angle of perceived arc of the rainbow is exactly the φmax
calculated by us.

bows on the inner side of the primary rainbow, and very rarely also outside the secondary

rainbow. They are slightly detached and have pastel colour bands that do not �t the

usual pattern. It is not possible to explain their existence using classical geometric

optics. How then would one explain them?

As we can see, deconstruction or unweaving of a rainbow can be very fruitful and,

at least for some of us, increase the wonder of the world, rather than diminish it.
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13.5 Human Universals

Some time ago, Donald E Brown collected a list of some 200 'human universals'.

The list came from parsing many anthropology texts, studies of di�erent societies,

both existing and historiical. I have found this list �rst in Steven Pinker's The Blank
Slate, which includes an alphabetical version. Jorn Barger has re-sorted them in 'evo-

lutionary' order which should be more instructive (http://www.robotwisdom.com/ai/

universals.html). I �nd the list a very interesting topic to read and muse on. Ac-

tions that are so much common among cultures show how much of our constitution

comes from common, biological origins. `Biological' does not mean `bad', neither does

`cultural' mean `right'. But it is extremely interesting to see that cultures and soci-

eties which di�er so much in conditions of existence, technical development, habits and

customs share, to pick an example, ideas of cyclical time or preference of sweets. I

encourage the reader to give some thought his or her personal experiences and `internal

de�nitions' of the various ideas listed below and to try to relate them to the universal

basis. For me, in many cases it was a very revealing exercise.

Why is even a thought about eating some technically edible substances revolting?

Why are some gestures universally recognizable, even between very di�erent societies?

Why do we fear death? Why do we feel pride? And so on. . . I copy this list here as

a sort of an exercise for the Readers: go through the items and ask yourself: Can you

imagine where do they come from? How is their universality possible? How are they

`implemented', individually and in society? Are all of them cultural? Or perhaps some

do have biological roots? What purpose they serve? Is there an imaginable alternative?

And lastly: how do our heritage of feelings and activities, both universal and di�ering

between cultures, inuence our future on Earth? Can we and should we do something

to strengthen some of them or to combat some others?

Ask yourself these questions as you go through the list. . .

environment, adjustments to

binary cognitive distinctions

pain

likes and dislikes

food preferences

making comparisons

time

time, cyclicity of

memory

anticipation

habituation

choice making (choosing alternatives)

intention

http://www.robotwisdom.com/ai/universals.html
http://www.robotwisdom.com/ai/universals.html
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ambivalence

emotions

self-control

fears

fear of death

fears, ability to overcome some

risk-taking

daily routines

rituals

sexual attraction

sexual attractiveness

sex differences in spatial cognition and behaviour

mental maps

territoriality

conflict

self distinguished from other

sweets preferred

tabooed foods

childbirth customs

childcare

females do more direct childcare

preference for own children and close kin (nepotism)

weaning

childhood fears

childhood fear of loud noises

childhood fear of strangers

pretend play

play

toys, playthings

play to perfect skills

practice to improve skills

husband older than wife on average

sexual regulation includes incest prevention

incest between mother and son unthinkable or tabooed
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incest, prevention or avoidance

hygienic care

family (or household)

biological mother and social mother normally the same person

attachment

mourning

affection expressed and felt

gestures

empathy

food sharing

turn-taking

group living

sexual jealousy

kin, close distinguished from distant

kin groups

kinship statuses

anthropomorphization

interest in bioforms (living things or things that resemble them)

critical learning periods

murder proscribed

males dominate public/political realm

males engage in more coalitional violence

males more aggressive

males more prone to lethal violence

males more prone to theft

males, on average, travel greater distances over lifetime

dreams

symbolism

social structure

dominance/submission

leaders

cooperation
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coalitions

collective identities

conflict, means of dealing with

conflict, mediation of

decision making, collective

good and bad distinguished

distinguishing right and wrong

judging others

fairness (equity), concept of

economic inequalities

economic inequalities, consciousness of

envy

envy, symbolic means of coping with

etiquette

insulting

interpreting behavior reciprocity, negative (revenge, retaliation)

redress of wrongs

resistance to abuse of power, to dominance

rape

rape proscribed

pride

taboos

rites of passage

cultural variability

dispersed groups

visiting

sickness and death seen as related

healing the sick (or attempting to)

medicine

sucking wounds

snakes, wariness around

sexual modesty

copulation normally conducted in privacy
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diurnality

thumb sucking

tickling

property

materialism

prestige inequalities

trade

tools

tool dependency

tool making

tools patterned culturally

tools, permament

tools for pounding

weapons

lever

directions, giving of

aesthetics

customary greetings

generosity admired

gift giving

stinginess, disapproval of

self-image, awareness of (concern for what others think)

self-image, manipulation of

manipulate social relations

self-image, wanted to be positive

self is responsible

shame

psychological defense mechanisms
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shelter

nonbodily decorative art

right-handedness as population norm

onomatopoeia

fire

spear

tools for cutting

death rituals

body adornment

hairstyles

containers

tying material (ie, something like string)

intertwining (eg, weaving)

measuring

cooking

tools to make tools

music

music related in part to dance

music related in part to religious activity

music seen as art (a creation)

music, vocal

musical redundancy

musical repetition

musical variation

melody

rhythm

dance

actions under self-control distinguished from those not under control
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conjectural reasoning

continua (ordering as cognitive pattern)

corporate (perpetual) statuses

coyness display

crying

culture

decision making

differential valuations

entification (treating patterns and relations as things)

ethnocentrism

feasting

government

groups that are not based on family

hope

hospitality

identity, collective

imagery

in-group distinguished from out-group(s)

in-group biases in favor of

institutions (organized co-activities)
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interpolation

jokes

logical notions

logical notion of ’and’

logical notion of ’equivalent’

logical notion of ’general/particular’

logical notion of ’not’

logical notion of ’opposite’

logical notion of ’part/whole’

logical notion of ’same’

magic

magic to increase life

magic to sustain life

magic to win love

weather control (attempts to)

marriage

meal times

mentalese

mood- or consciousness-altering techniques and/or substances

moral sentiments

moral sentiments, limited effective range of

normal distinguished from abnormal states

Oedipus complex

past/present/future

planning

planning for future
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possessive, intimate

possessive, loose

role and personality seen in dynamic interrelationship

(i.e., departures from role can be explained in terms of individual personality)

sanctions

sanctions for crimes against the collectivity

sanctions include removal from the social unit

self as neither wholly passive nor wholly autonomous

self as subject and object

senses unified

socialization

socialization expected from senior kin

socialization includes toilet training

statuses and roles

statuses, ascribed and achieved

statuses distinguished from individuals

succession

triangular awareness (assessing relationships among the self and two other people)

violence, some forms of proscribed

clusters

semantic components, sex

sex (gender) terminology is fundamentally binary
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sex statuses

sexual regulation

sexuality as focus of interest

statuses on other than sex, age, or kinship bases

numerals (counting)

one (numeral)

phonemes, range from 10 to 70 in number

pronouns, minimum two numbers

two (numeral)

black (color term)

white (color term)

cooperative labor

division of labor

division of labor by age

reciprocal exchanges (of labor, goods, or services)

division of labor by sex

age grades

age statuses

age terms

male and female and adult and child seen as having different natures

mother normally has consort during child-rearing years

music, children’s

baby talk

belief in supernatural/religion

beliefs, false

beliefs about death

beliefs about disease

beliefs about fortune and misfortune

classification

classification of age

classification of behavioral propensities

classification of body parts

classification of fauna

classification of flora



13.5. Human Universals 835 Draft, January 2, 2008

classification of inner states

classification of kin

classification of space

classification of tools

classification of weather conditions

nomenclature (perhaps the same as classification)

classification of sex

classification of colors

face (word for)

facial communication

facial expression of anger

facial expression of contempt

facial expression of disgust

facial expression of fear

facial expression of happiness

facial expression of surprise

facial expressions, masking/modifying of

oligarchy (de facto)

recognition of individuals by face

abstraction in speech & thought

discrepancies between speech, thought, and action

figurative speech

music, vocal, includes speech forms

special speech for special occasions

stop/nonstop contrasts (in speech sounds)

symbolic speech

antonyms

conflict, consultation to deal with

contrasting marked and nonmarked sememes (meaningful elements in language)

culture/nature distinction

divination

dream interpretation

explanation

father and mother, separate kin terms for

folklore

future, attempts to predict

gossip

grammar
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hand (word for)

inheritance rules

insulting

jokes

kin terms translatable by basic relations of procreation

language

language employed to manipulate others

language employed to misinform or mislead

language is translatable

language not a simple reflection of reality

language, prestige from proficient use of

law (rights and obligations)

law (rules of membership)

linguistic redundancy

marking at phonemic, syntactic, and lexical levels

meaning, most units of are non-universal

metaphor

metonym

morphemes

myths

narrative

nouns

overestimating objectivity of thought

person, concept of

personal names

phonemes

phonemes defined by set of minimally constrasting features

phonemes, merging of

phonemic change, inevitability of

phonemic change, rules of

phonemic system

poetry/rhetoric

poetic line, uniform length range

poetic lines characterized by repetition and variation

poetic lines demarcated by pauses

polysemy (one word has several meanings)

precedence, concept of (that’s how the leopard got its spots)

private inner life

promise

pronouns

pronouns, minimum three persons
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proper names

proverbs, sayings

proverbs, sayings - in mutually contradictory forms

semantics

semantic category of affecting things and people

semantic category of dimension

semantic category of giving

semantic category of location

semantic category of motion

semantic category of other physical properties

semantic components

semantic components, generation

sememes, commonly used ones are short, infrequently used ones are longer

synesthetic metaphors

synonyms

tabooed utterances

taxonomy

true and false distinguished

units of time

verbs

vocalic/nonvocalic contrasts in phonemes

vowel contrasts

world view
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13.6 News and comments

The rate of change in today's science is mind boggling. There is no way

one could follow all the developments. And for an author in my situation it

becomes quite impossible to adjust already written passages to the new information,

discoveries and, more importantly, controversies. To deal with situations such as these

I have decided to add here a Section devoted to these news pieces that have caught my

attention. One might say that these are random steps within the random walk. There

is no particular order nor are all the snippets of the same relative importance. But,

perhaps the Reader would be interested in following the Brownian motion of my own

attention. . .

Study Questions Big Bang (Scientists Question the Study) (Monday, September 11th,

2006) A controversial study, led by Richard Lieu at the University of Alabama,

has failed to detect distortions in the ancient microwave radiation many scientists

have linked to the creation of our universe in nearby galaxy clusters14. The �nding

is interesting as tit throws some (some say: large) doubt on the current under-

standing of the CMB radiation. Or, alternatively, on the data from the WMAP

probe, or our understanding of galaxy cluster. original source: Lieu et al. (2006).

See Section 7.3.1

Universe may not be spherical. A recently published study by Campanelli et al. (2006)

indicated that the quadrupole anomaly in the WMAP spectrum may be due to

the fact that the surface of last scattering is slightly non-spherical. The authors

suggest that if the universe did not expand as a sphere after atoms �rst formed

but instead as a slightly more elongated shape known as an ellipsoid, that would

explain the odd cosmic microwave intensities seen at the largest scales. This

would mean that there is a preferred axis in the Universe (at least the part of the

Universe that is observable). This is a very interesting solution to the problem we

have mentioned in Section 7.12.Page 444

Are political orientations genetically transmitted? This is the title of a presentation
of a comprehensive study of political attitudes and behaviours by Alford et al.
(2005). An analysis of the di�erential correlations of the attitudes of monozygotic
twins and dizygotic twins shows that indeed, genetics plays an important role
in shaping political attitudes and ideologies. What I �nd especially interesting
is that the work is authored by Political Science professors, not biologists. And
that the data is based on research on twins conducted by Reverend Dr. Lindon
Eaves, who is Priest-In-Residence at St. Thomas' Episcopal church in Richmond,
Virginia, and Professor of Human Genetics and Psychiatry at Virginia Common-
wealth University. And then I found that Reverend Eaves, in his Advent sermon
at St Thomas parish has said:

14http://news.yahoo.com/s/space/20060911/sc_space/studyquestionsbigbangscientistsquestionthestudy

http://news.yahoo.com/s/space/20060911/sc_space/studyquestionsbigbangscientistsquestionthestudy
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Not long ago, the Board of Education in Cobb County, Georgia decided to fix a
problem with the biology textbook. They had little stickers printed to go inside
the front cover of every biology textbook in the county. It said something like
“Evolution is only a theory”. The Board insisted on equal classroom time for
evolution and creationism. Last week, I suggested to Sue that we should have little
stickers printed to go inside all our prayer books in the pews with the words “God
is only a theory” and give equal pulpit time to Jesus and Darwin. [. . . ]

Evolution is only a theory. So is God – only a theory. There is no certainty.
Xenophanes was right. There are only guesses to guide us. But that is the way
it is. Our faith is not that God has beamed us up to a higher plane of knowing.
There is no higher plane of knowing. Our faith is a fragile hope that God lives with
us in the reality of our darkness, in our search for truth, in the bold guesses we try
to live by. It’s all only a theory. The question is whether it leads anywhere.15

A very interesting Advent thought.

New measurements of the fine structure constant. Two recent papers have provided

a great improvement on both experimental and theoretical calculations of the elec-

tron magnetic moment. Careful observation of a single electron in an atom trap

over a period of several months has resulted in the best measurement yet of the

this quantity and an improved value for alpha, the �ne structure constant, the

parameter which sets the overall strength of the electromagnetic force (Odom

et al., 2006; Gabrielse et al., 2006). What is especially interesting, these deeply

quantum measurements were performed in a setup that deliberately used some

classical properties. The observations resulted in 6-fold improvement in accu-

racy, and may lead { �nally! { to demise of the last `human made' standard in

measurements, the kilogram mass held near Paris, replacing it with a combina-

tion of nature constants. For a short introduction in less specialised terms see

http://www.aip.org/pnu/2006/split/783-1.html.

2 + 2 = 5 While searching for works of Robert Lanza, I have chanced upon the neigh-
bouring article titled 2 + 2 = 5, published by Robert A. Orsi in The American
Scholar 16 The title has intrigued me, and although it was far from the original re-
search path on quantum brains, I decided to read through. What I have found was
discussion of religious understanding of the world, with the stance that Catholic life
was lived askew to the modern world. And deep inside the article was the following
passage:

In a stunning book of sermons, Oxford theologian Marilyn McCord Adams writes:
‘Saint Paul says, the Spirit groans within us with sighs too deep for words, and
we respond with babbling, even unconscious acquaintance. Like motherlove, the
Spirit’s presence strengthens, empowers us to grow and learn. Our Paraclete and
inner teacher, the self-effacing Spirit, is ever the midwife of creative insight, subtly

15http://www.stthomasrichmond.org/Parish.life/sermons/advent3.lindon.pdf
16http://www.theamericanscholar.org/sp07/225-orsi.html

http://www.aip.org/pnu/2006/split/783-1.html
http://www.stthomasrichmond.org/Parish.life/sermons/advent3.lindon.pdf
http://www.theamericanscholar.org/sp07/225-orsi.html
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nudging, suggesting, directing our attention until we leap to the discovery that
‘2 + 2 = 5’. Human nature is not created to function independently, but in
omnipresent partnership with its Maker.’

These sentences provoked me. I think of myself as an empiricist, but I want an
empiricism capable of the world Adams describes in Saint Paul’s words. I want an
empiricism up to ‘the powerful reality of non-existent objects’.

If that is the way to proposed to integrate religious thinking and scienti�c empiri-

cism, then I'll stick with the old 2 + 2 = 4.

Famous theorems Continuing the `easy equations' line, it is quite revealing that some

mathematical theorems and conjectures, which have perplexed human mathe-

maticians for ages (some still do!) are often very simple to state. Only a bit

more complicated than 2 + 2 = 4. Good examples are Fermat's Last Theorem,

Goldbach conjecture or Catalan's conjecture (today Mih�ailescu's theorem, in hon-

our of Preda Mih�ailescu, who has succeeded in proving it in 2002), mentioned in

Chapter 2.2.1. The Fermat's Last Theorem can be stated in one line of text: If an
integer n is greater than 2, then an + bn = cn has no solutions in non-zero integers a, b,
and c. Catalan Conjecture is only a little more di�cult to state: The only solution
in the natural numbers of xa − yb = 1 for x, a, y, b > 1 is x = 3, a = 2, y = 2, b = 3.
Lastly, still unproven Goldbach conjecture is so provocatively simple that it must

have something sinister hidden behind it: Every even integer greater than 2 can be
written as the sum of two primes. So deceptively simple. Yet, we are quite far from

the proof. Yes, it has been veri�ed for small numbers (i.e. smaller than 4× 1017),

but mathematicians need `real proofs' ! And the history of attempts spans more

than 250 years. Yet, the success of the e�ort directed at Fermat's Theorem and at

Catalan Conjecture may give us hope that there might, eventually, be a solution.

But let me ask the following meta-question: why, sometimes, are such simple
statements so difficult to prove? Is is some mischievousness of the ideal world

of mathematics? Or, if one prefers the constructionist way of looking at it, have

we constructed mathematics in a way that makes answering this type of questions

di�cult?
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G. J. Chaitin. Gödel’s Theorem and Information. International Journal of Theoretical Physics,
22:941{954, 1982. URL http://www.cs.auckland.ac.nz/CDMTCS/chaitin/georgia.html.
Cited on page(s): 59,

G. J. Chaitin. Randomness in Arithmetic. Scienti�c American, 259(1):80{85, July 1988. URL
http://www.cs.auckland.ac.nz/CDMTCS/chaitin/sciamer2.html.
Cited on page(s): 59,

G. J. Chaitin. Computers, Paradoxes and the Foundations of Mathematics. American Scientist,
90:164{171, 2002. URL http://www.cs.auckland.ac.nz/CDMTCS/chaitin/amsci.pdf.
Cited on page(s): 59,

G. J. Chaitin. Leibniz, Information, Math and Physics. In Wissen und Glauben / Knowledge

and Belief. Akten des 26. Internationalen Wittgenstein-Symposiums 2003., pages 277{
286. �OBV & HPT, Wien, 2004a. URL http://www.cs.auckland.ac.nz/CDMTCS/chaitin/
kirchberg.html.
Cited on page(s): 59 and 60,

G. J. Chaitin. On the Intelligibility of the Universe and the notions of simplicity, complexity and irre-
ducibility. In Grenzen und Grenz�uberschreitungen, XIX. Deutscher Kongress f�ur Philoso-

phie Bonn, 23.-27. September 2002, Vortr�age und Kolloquien, pages 517{534. Akademie
Verlag, Berlin, 2004b. URL http://www.cs.auckland.ac.nz/CDMTCS/chaitin/bonn.html.

http://nedwww.ipac.caltech.edu/level5/Carroll/frames.html
http://nedwww.ipac.caltech.edu/level5/Carroll/frames.html
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=1974IAUS...63..291C&link_type=ARTICLE&db_key=AST
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=1974IAUS...63..291C&link_type=ARTICLE&db_key=AST
http://arxiv.org/pdf/quant-ph/0211162
http://arxiv.org/pdf/0710.3256
http://www.antievolution.org/features/wedge.html, http://www.aclu.org/evolution/legal/wedgedoc.pdf
http://www.antievolution.org/features/wedge.html, http://www.aclu.org/evolution/legal/wedgedoc.pdf
http://www.cs.auckland.ac.nz/CDMTCS/chaitin/sciamer.html
http://www.cs.auckland.ac.nz/CDMTCS/chaitin/georgia.html
http://www.cs.auckland.ac.nz/CDMTCS/chaitin/sciamer2.html
http://www.cs.auckland.ac.nz/CDMTCS/chaitin/amsci.pdf
http://www.cs.auckland.ac.nz/CDMTCS/chaitin/kirchberg.html
http://www.cs.auckland.ac.nz/CDMTCS/chaitin/kirchberg.html
http://www.cs.auckland.ac.nz/CDMTCS/chaitin/bonn.html


Draft, January 2, 2008 858 BIBLIOGRAPHY AND INDEX

Cited on page(s): 59,

G. J. Chaitin. Irreducible complexity in pure mathematics, 2005. URL http://www.cs.auckland.
ac.nz/CDMTCS/chaitin/xxx.pdf. Lecture, Mykonos.
Cited on page(s): 59,

D. J. Chalmers. Facing up to the problem of consciousness. Journal Of Consciousness Studies,
2:3, 1995. URL http://consc.net/papers/facing.pdf.
Cited on page(s): 626,

D. J. Chalmers. On the search for the neural correlate of consciousness. In S. Hamero�, A. Kasz-
niak, and A. Scott, editors, Toward a Science of Consciousness II: The Second Tucson

Discussions and Debates. MIT Press, 1998. URL http://consc.net/papers/ncc.pdf.
Cited on page(s): 589 and 590,

D. J. Chalmers. Philosophy of Mind: Classical and Contemporary Readings, chapter Con-
sciousness and its Place in Nature. Oxford, 2002a. URL http://consc.net/papers/nature.
html.
Cited on page(s): 626, 628, and 631,

D. J. Chalmers. What is a neural correlate of consciousness? In T. Metzinger, editor, Neural
Correlates of Consciousness: Empirical and Conceptual Questions. MIT Press, 2002b.
URL http://consc.net/papers/ncc2.html.
Cited on page(s): 589,

M. Chalmers. Stringscape. Physicsworld, pages 35{47, 2007. URL http://download.iop.
org/pw/PWSep07strings.pdf.
Cited on page(s): 457,

E. Chancellor. Devil Take the Hindmost: A History of Financial Speculation. Plume, 1990.
Cited on page(s): 708,

R. Chellappa, C. Wilson, and S. Sirohey. Human and machine recognition of faces: a survey.
Proceedings of the IEEE, 83:705{741, 1994. URL http://www.umiacs.umd.edu/~sirohey/
TR3339-Chellappa.ps.Z.
Cited on page(s): 637,

D. R. Chialvo. Critical brain networks. Physica A Statistical Mechanics and its Applications,
340:756{765, Sept. 2004. URL http://arxiv.org/pdf/cond-mat/0402538.
Cited on page(s): 593,

D. R. Chialvo. The brain near the edge, 2006. URL http://xxx.lanl.gov/pdf/q-bio.NC/
0610041. Contribution to the 9th Granada Seminar in Computational and Statistical Physics,
`Computational and Mathematical Modelling of Cooperative Behavior in Neural Systems'.
University of Granada, Granada (Spain), 2006.
Cited on page(s): 593,

D. R. Chialvo and P. Bak. Learning from mistakes. Neuroscience, 90(4):1137{1148, 1999. URL
http://www.chialvo.net/Publications/Papers/xx-1999-chialvo.pdf.
Cited on page(s): 593,

http://www.cs.auckland.ac.nz/CDMTCS/chaitin/xxx.pdf
http://www.cs.auckland.ac.nz/CDMTCS/chaitin/xxx.pdf
http://consc.net/papers/facing.pdf
http://consc.net/papers/ncc.pdf
http://consc.net/papers/nature.html
http://consc.net/papers/nature.html
http://consc.net/papers/ncc2.html
http://download.iop.org/pw/PWSep07strings.pdf
http://download.iop.org/pw/PWSep07strings.pdf
http://www.umiacs.umd.edu/~sirohey/TR3339-Chellappa.ps.Z
http://www.umiacs.umd.edu/~sirohey/TR3339-Chellappa.ps.Z
http://arxiv.org/pdf/cond-mat/0402538
http://xxx.lanl.gov/pdf/q-bio.NC/0610041
http://xxx.lanl.gov/pdf/q-bio.NC/0610041
http://www.chialvo.net/Publications/Papers/xx-1999-chialvo.pdf


BIBLIOGRAPHY AND INDEX 859 Draft, January 2, 2008

C. B. Chiu, E. C. G. Sudarshan, and B. Misra. Time evolution of unstable quantum states and a
resolution of zeno’s paradox. Phys. Rev. D, 16(2):520{529, Jul 1977. doi: 10.1103/PhysRevD.
16.520. URL http://wildcard.ph.utexas.edu/~sudarshan/pub/1977_004.pdf.
Cited on page(s): 381,

N. Chomsky. Rationality / Science From Z Papers Special Issue. http://www.zmag.org/
zmag/articles/chompomoart.html, 1992. URL http://www.zmag.org/zmag/articles/
chompomoart.html.
Cited on page(s): 89,

J. Christian. Disproof of Bell’s theorem by Clifford algebra valued local variables. 2007a. URL
http://lanl.arxiv.org/pdf/quant-ph/0703179.
Cited on page(s): 315 and 316,

J. Christian. Disproof of Bell’s theorem: Further consolidations, 2007b. URL http://lanl.
arxiv.org/pdf/0707.1333.
Cited on page(s): 315 and 317,

J. Christian. Disproof of bell’s theorem: Reply to critics, 2007c. URL http://lanl.arxiv.org/
pdf/quant-ph/0703244.
Cited on page(s): 317,

M. H. Christiansen and N. Chater. Language as shaped by the brain. Santa Fe Institute
Working Paper 07-01-001, 2007. URL http://www.santafe.edu/research/publications/
workingpapers/07-01-001.pdf.
Cited on page(s): 670, 672, and 673,

M. H. Christiansen and S. Kirby. Language Evolution, chapter Language Evolution: The
Hardest Problem in Science?, pages 1{15. Oxford University Press, 2003a. URL http:
//www.oup.co.uk/pdf/0-19-924484-7.pdf.
Cited on page(s): 666, 667, and 670,

M. H. Christiansen and S. Kirby. Language evolution: consensus and controversies. TRENDS

in Cognitive Sciences, 7:300{307, 2003b. URL http://www.ucd.ie/artspgs/langevo/
langevoreview.pdf.
Cited on page(s): 670 and 671,

J. F. Clauser, M. A. Horne, A. Shimony, and R. A. Holt. Proposed Experiment to Test Local
Hidden-Variable Theories. Physical Review Letters, 23:880{884, Oct. 1969. URL http://
prola.aps.org/pdf/PRL/v23/i15/p880_1;http://www.qiji.cn/eprint/abs/592.html.
Cited on page(s): 297, 299, 302, 308, and 808,

A. Clauset, C. Moore, and M. E. J. Newman. Structural inference of hierarchies in networks, 2006.
URL http://arxiv.org/pdf/physics/0610051.
Cited on page(s): 695,

I. Cohen. About the nature of dark matter and dark energy and a model of cosmology that may solve
the cosmic coincidence problem, 2003. URL http://arxiv.org/pdf/astro-ph/0304029.
Cited on page(s): 445 and 452,

http://wildcard.ph.utexas.edu/~sudarshan/pub/1977_004.pdf
http://www.zmag.org/zmag/articles/chompomoart.html
http://www.zmag.org/zmag/articles/chompomoart.html
http://www.zmag.org/zmag/articles/chompomoart.html
http://www.zmag.org/zmag/articles/chompomoart.html
http://lanl.arxiv.org/pdf/quant-ph/0703179
http://lanl.arxiv.org/pdf/0707.1333
http://lanl.arxiv.org/pdf/0707.1333
http://lanl.arxiv.org/pdf/quant-ph/0703244
http://lanl.arxiv.org/pdf/quant-ph/0703244
http://www.santafe.edu/research/publications/workingpapers/07-01-001.pdf
http://www.santafe.edu/research/publications/workingpapers/07-01-001.pdf
http://www.oup.co.uk/pdf/0-19-924484-7.pdf
http://www.oup.co.uk/pdf/0-19-924484-7.pdf
http://www.ucd.ie/artspgs/langevo/langevoreview.pdf
http://www.ucd.ie/artspgs/langevo/langevoreview.pdf
http://prola.aps.org/pdf/PRL/v23/i15/p880_1; http://www.qiji.cn/eprint/abs/592.html
http://prola.aps.org/pdf/PRL/v23/i15/p880_1; http://www.qiji.cn/eprint/abs/592.html
http://arxiv.org/pdf/physics/0610051
http://arxiv.org/pdf/astro-ph/0304029


Draft, January 2, 2008 860 BIBLIOGRAPHY AND INDEX

J. D. Cohn. Living with Lambda. arXiv:astro-ph/9807128v2, 1998. URL http://arxiv.org/
pdf/astro-ph/9807128.
Cited on page(s): 448 and 470,

A. M. Colman. Thomas C. Schelling’s psychological decision theory: Introduction to a special
issue. Journal of Economic Psychology, 27:603{608, 2006. URL http://www.le.ac.uk/
psychology/amc/thomsche.pdf.
Cited on page(s): 712,

E. Conte, O. Todarello, A. Federici, F. Vitiello, M. Lopane, and A. Khrennikov. A preliminar
evidence of quantum like behavior in measurements of mental states, 2003. URL http://arxiv.
org/pdf/quant-ph/0307201.
Cited on page(s): 608 and 609,

C. J. Copi, D. Huterer, D. Schwarz, and G. Starkman. The uncorrelated universe: Statistical
anisotropy and the vanishing angular correlation function in wmap years 1-3, 2006a. URL http:
//www.arxiv.org/pdf/astro-ph/0605135.
Cited on page(s): 446,

C. J. Copi, D. Huterer, D. J. Schwarz, and G. D. Starkman. On the large-angle anomalies of the
microwave sky. Mon. Not. Roy. Astron. Soc., 367:79{102, 2006b. URL http://www.arxiv.
org/pdf/astro-ph/0508047.
Cited on page(s): 446,

C. J. Copi, D. Huterer, and G. D. Starkman. Multipole vectors–a new representation of the cmb
sky and evidence for statistical anisotropy or non-gaussianity at 2 ≤ l ≤ 8. Phys. Rev., D70:
043515, 2004. URL http://www.arxiv.org/pdf/astro-ph/0310511.
Cited on page(s): 446,

L. Cosmides and J. Tooby. Encyclopedia of Cognitive Science, chapter Evolutionary psy-
chology: Theoretical Foundations, pages 54{64. London: Macmillan., 2003. URL http:
//www.psych.ucsb.edu/research/cep/papers/A0529.pdf.
Cited on page(s): 652,

J. Cramer. A Transactional Analysis of Interaction-Free Measurements. Foundations of Physics
Letters, 19(1):63{73, 2006. URL http://arxiv.org/pdf/quant-ph/0508102.
Cited on page(s): 343,

J. G. Cramer. The Transactional Interpretation of Quantum Mechanics. Reviews of Modern

Physics, 58:647{688, 1986. URL http://www.npl.washington.edu/npl/int_rep/tiqm/
TI_toc.html.
Cited on page(s): 329, 341, and 342,

J. G. Cramer. An overview of the transactional interpretation. International Journal of Theo-
retical Physics, 27:227, 1988. URL http://mist.npl.washington.edu/npl/int_rep/ti_
over/ti_over.html.
Cited on page(s): 341 and 342,

arXiv:astro-ph/9807128 v2
http://arxiv.org/pdf/astro-ph/9807128
http://arxiv.org/pdf/astro-ph/9807128
http://www.le.ac.uk/psychology/amc/thomsche.pdf
http://www.le.ac.uk/psychology/amc/thomsche.pdf
http://arxiv.org/pdf/quant-ph/0307201
http://arxiv.org/pdf/quant-ph/0307201
http://www.arxiv.org/pdf/astro-ph/0605135
http://www.arxiv.org/pdf/astro-ph/0605135
http://www.arxiv.org/pdf/astro-ph/0508047
http://www.arxiv.org/pdf/astro-ph/0508047
http://www.arxiv.org/pdf/astro-ph/0310511
http://www.psych.ucsb.edu/research/cep/papers/A0529.pdf
http://www.psych.ucsb.edu/research/cep/papers/A0529.pdf
http://arxiv.org/pdf/quant-ph/0508102
http://www.npl.washington.edu/npl/int_rep/tiqm/TI_toc.html
http://www.npl.washington.edu/npl/int_rep/tiqm/TI_toc.html
http://mist.npl.washington.edu/npl/int_rep/ti_over/ti_over.html
http://mist.npl.washington.edu/npl/int_rep/ti_over/ti_over.html


BIBLIOGRAPHY AND INDEX 861 Draft, January 2, 2008

F. Crick. Central Dogma of Molecular Biology. Nature, 227:561{563, 1970. URL http://www.
nature.com/nature/focus/crick/pdf/crick227.pdf.
Cited on page(s): 527,

F. Crick. The astonishing hypothesis : the scienti�c search for the soul. Simon & Schuster,
1995.
Cited on page(s): 583,

F. Crick and C. Koch. Towards a neurobiological theory of cosciousness. The Seminars in Neu-

rosciences, 2:263{275, 1990. URL http://profiles.nlm.nih.gov/SC/B/C/F/D/_/scbcfd.
pdf.
Cited on page(s): 583 and 585,

F. Crick and C. Koch. The problem of consciousness scientific american. Scienti�c American,
pages 10{17, 2002. URL http://www.klab.caltech.edu/refweb/paper/464.pdf.
Cited on page(s): 583 and 584,

F. Crick and C. Koch. A framework for consciousness. Nature Neuroscience, 6:119{126, 2003.
URL http://psy.ucsd.edu/~dmacleod/221/cortex.pdf.
Cited on page(s): 583 and 586,

F. Crick, C. Koch, G. Kreiman, and I. Fried. Consciousness and neuroscience. Neurosurgery,
55:273{282, 2004. URL http://www.klab.caltech.edu/refweb/paper/490.pdf.
Cited on page(s): 583, 585, and 586,

A. C. Crombie. Medieval and Early Modern Science. Doubleday, Garden City, N.Y., 1959.
Cited on page(s): 150 and 205,

J. W. Cronin. CP symmetry violation-the search for its origin. Reviews of Modern

Physics, 53:373{383, July 1981. URL http://www.nobel.se/physics/laureates/1980/
cronin-lecture.pdf.
Cited on page(s): 467,

P. Cvitanovi¢, R. Artuso, R. Mainieri, G. Tanner, and G. Vattay. Chaos: Classical and quantum,
2005. URL http://chaosbook.org/.
Cited on page(s): 237,

D. J. Daley and D. G. Kendall. Epidemics and rumours. Nature, 204:1118, 1964.
Cited on page(s): 710,

L. Dall'Asta. Ph�enom�enes dynamiques sur des r�eseaux complexes (Dynamical Phenomena

on Complex Networks). PhD thesis, Universit�e de Paris 11, 2006. URL http://arxiv.
org/pdf/physics/0609124.
Cited on page(s): 689,

U. D'Ambrosio. Ethnoscience and ethnomathematics: a historiographical proposal for
non-western science, 2000. URL http://iascud.univalle.edu.co/libro/libro_pdf/
Ethnoscienceomathematics.pdf.
Cited on page(s): 80,

http://www.nature.com/nature/focus/crick/pdf/crick227.pdf
http://www.nature.com/nature/focus/crick/pdf/crick227.pdf
http://profiles.nlm.nih.gov/SC/B/C/F/D/_/scbcfd.pdf
http://profiles.nlm.nih.gov/SC/B/C/F/D/_/scbcfd.pdf
http://www.klab.caltech.edu/refweb/paper/464.pdf
http://psy.ucsd.edu/~dmacleod/221/cortex.pdf
http://www.klab.caltech.edu/refweb/paper/490.pdf
http://www.nobel.se/physics/laureates/1980/cronin-lecture.pdf
http://www.nobel.se/physics/laureates/1980/cronin-lecture.pdf
http://chaosbook.org/
http://arxiv.org/pdf/physics/0609124
http://arxiv.org/pdf/physics/0609124
http://iascud.univalle.edu.co/libro/libro_pdf/Ethnoscienceomathematics.pdf
http://iascud.univalle.edu.co/libro/libro_pdf/Ethnoscienceomathematics.pdf


Draft, January 2, 2008 862 BIBLIOGRAPHY AND INDEX

E. G. d'Aquili and A. B. Newberg. The neuropsychology of aesthetic, spiritual and mysti-
cal states. Zygon, 35:39{52, 2000. URL http://www.andrewnewberg.com/pdfs/2000/
AestheticPaper3.pdf.
Cited on page(s): 164,

D. Darcet and D. Sornette. Emergence of human cooperation and altruism by evolutionary feedback
selection, 2006. URL http://xxx.lanl.gov/pdf/physics/0610225.
Cited on page(s): 551,

L. Darden and J. A. Cain. Selection type theories. Philosophy of Science, 56:106{129, 1989. URL
http://www.philosophy.umd.edu/Faculty/LDarden/Research/pubs/dardencain.html.
Cited on page(s): 517,

C. Darwin. On the origin of species by means of natural selection. John Murray,
London, 1 edition, 1859. URL http://www.literature.org/authors/darwin-charles/
the-origin-of-species/.
Cited on page(s): 513 and 515,

C. Darwin. The expression of the emotions in man and animals. John Murray, Lon-
don, 1872a. URL http://pages.britishlibrary.net/charles.darwin3/expression/
expression_intro.htm.
Cited on page(s): 513,

C. Darwin. On the origin of species by means of natural selection. John Murray,
London, 6 edition, 1872b. URL http://www.literature.org/authors/darwin-charles/
the-origin-of-species-6th-edition/.
Cited on page(s): 513 and 516,

C. Darwin. The descent of man and selection in relation to sex. John Murray, London, 2 edi-
tion, 1882. URL http://pages.britishlibrary.net/charles.darwin/texts/descent/
descent_front.html. Second Edition [�rst edition published in London, John Murray, 1871].
Cited on page(s): 513, 515, and 762,

P. C. W. Davies and C. Lineweaver. Finding a second sample of life on Earth. Astro-

biology, 5:154, 2005. URL http://aca.mq.edu.au/PaulDavies/publications/papers/
FindingSecondSample.pdf.
Cited on page(s): 559,

T. M. Davis and C. H. Lineweaver. Expanding Confusion: common misconceptions of cosmological
horizons and the superluminal expansion of the Universe. http://arxiv.org/pdf/astro-ph/
0310808, 2003. URL http://arxiv.org/pdf/astro-ph/0310808.
Cited on page(s): 415 and 416,

R. Dawkins. The Sel�sh Gene. Oxford University Press, New York, 1977.
Cited on page(s): xiv, 128, 176, 517, 518, 519, 546, 549, and 648,

R. Dawkins. The Extended Phenotype. Freeman, San Francisco, 1982.
Cited on page(s): xiv, 517, 518, 519, 523, 546, and 779,

http://www.andrewnewberg.com/pdfs/2000/AestheticPaper3.pdf
http://www.andrewnewberg.com/pdfs/2000/AestheticPaper3.pdf
http://xxx.lanl.gov/pdf/physics/0610225
http://www.philosophy.umd.edu/Faculty/LDarden/Research/pubs/dardencain.html
http://www.literature.org/authors/darwin-charles/the-origin-of-species/
http://www.literature.org/authors/darwin-charles/the-origin-of-species/
http://pages.britishlibrary.net/charles.darwin3/expression/expression_intro.htm
http://pages.britishlibrary.net/charles.darwin3/expression/expression_intro.htm
http://www.literature.org/authors/darwin-charles/the-origin-of-species-6th-edition/
http://www.literature.org/authors/darwin-charles/the-origin-of-species-6th-edition/
http://pages.britishlibrary.net/charles.darwin/texts/descent/descent_front.html
http://pages.britishlibrary.net/charles.darwin/texts/descent/descent_front.html
http://aca.mq.edu.au/PaulDavies/publications/papers/FindingSecondSample.pdf
http://aca.mq.edu.au/PaulDavies/publications/papers/FindingSecondSample.pdf
http://arxiv.org/pdf/astro-ph/0310808
http://arxiv.org/pdf/astro-ph/0310808
http://arxiv.org/pdf/astro-ph/0310808


BIBLIOGRAPHY AND INDEX 863 Draft, January 2, 2008

R. Dawkins. The Blind Watchmaker. Norton, New York, 1986.
Cited on page(s): xiv, 517, and 546,

R. Dawkins. Burying the vehicle. Behavioral and Brain Sciences, 17:616{617, 1994.
URL http://www.simonyi.ox.ac.uk/dawkins/WorldOfDawkins-archive/Dawkins/Work/
Articles/1994burying_the_vehicle.shtml.
Cited on page(s): 521,

R. Dawkins. Unweaving the Rainbow: Science, Delusion and the Appetite for Wonder.
Mariner Books, April 2000. ISBN 0618056734. URL http://www.amazon.fr/exec/obidos/
ASIN/0618056734/citeulike04-21.
Cited on page(s): 815,

R. Dawkins. Extended phenotype – but not too extended. a reply to Laland, Turner and
Jablonka. Biology and Philosophy, 19:377{396, 2004a. URL http://www.godslasteraar.
org/assets/ebooks/Dawkins_Extended_Phenotype_but_not_too_extended.pdf.
Cited on page(s): 525, 526, and 527,

R. Dawkins. What Use Is Religion? Free Inquiry, 24(5), August / September 2004b. URL
http://www.secularhumanism.org/library/fi/dawkins_24_5.htm.
Cited on page(s): 127,

R. Dawkins. The God Delusion. Bantam Press, 2006.
Cited on page(s): 166,

R. Dawkins and S. Pinker. Is science killing the soul? Edge, (53), April 8 1999. URL
http://www.edge.org/documents/archive/edge53.html. A Guardian-Dillons Debate at
the Westminster Central Hall on February 10, 1999.
Cited on page(s): 192,

A. L. T. de Carvalho and W. A. J. Rodrigues. The non sequitur mathematics and physics of the
’new electrodynamics’ of the aias group. Random Operators and Stochastic Equations, 9:
161, 2003. URL http://arxiv.org/pdf/physics/0302016.
Cited on page(s): 262,

M. M. de Robertis and P. A. Delaney. A Survey of the Attitudes of University Stu-
dents to Astrology and Astronomy. R.A.S. CANADA. JOURNAL, 87:34{+, Feb.
1993. URL http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=1993JRASC.
.87...34D&link_type=ARTICLE&db_key=AST.
Cited on page(s): 134,

G. Dean and I. W. Kelly. Is Astrology Relevant to Consciousness and Psi? Journal of Con-

sciousness Studies, 10:175{198, 2003. URL http://www.imprint.co.uk/pdf/Dean.pdf.
Cited on page(s): 135 and 485,

S. Deerwester, S. T. Dumais, G. W. Furnas, T. K. Landauer, and R. Harshma. Indexing by latent
semantic analysis. Journal of the American Society for Information Science, 41:391{407,
1999. URL http://lsa.colorado.edu/papers/JASIS.lsi.90.pdf.
Cited on page(s): 312,

http://www.simonyi.ox.ac.uk/dawkins/WorldOfDawkins-archive/Dawkins/Work/Articles/1994burying_the_vehicle.shtml
http://www.simonyi.ox.ac.uk/dawkins/WorldOfDawkins-archive/Dawkins/Work/Articles/1994burying_the_vehicle.shtml
http://www.amazon.fr/exec/obidos/ASIN/0618056734/citeulike04-21
http://www.amazon.fr/exec/obidos/ASIN/0618056734/citeulike04-21
http://www.godslasteraar.org/assets/ebooks/Dawkins_Extended_Phenotype_but_not_too_extended.pdf
http://www.godslasteraar.org/assets/ebooks/Dawkins_Extended_Phenotype_but_not_too_extended.pdf
http://www.secularhumanism.org/library/fi/dawkins_24_5.htm
http://www.edge.org/documents/archive/edge53.html
http://arxiv.org/pdf/physics/0302016
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=1993JRASC..87...34D&link_type=ARTICLE&db_key=AST
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=1993JRASC..87...34D&link_type=ARTICLE&db_key=AST
http://www.imprint.co.uk/pdf/Dean.pdf
http://lsa.colorado.edu/papers/JASIS.lsi.90.pdf


Draft, January 2, 2008 864 BIBLIOGRAPHY AND INDEX

D. Dehlinger and M. W. Mitchell. Entangled photons, nonlocality, and Bell in-
equalities in the undergraduate laboratory. Am. J. Phys, 70(9):903{910, 2002.
URL http://users.icfo.es/Morgan.Mitchell/MMGroup/localhost/MMGroupHome/
linkeddocs/DehlingerMitchellAJP2002EntanglementNonlocality.pdf.
Cited on page(s): 300,

D. C. Dennett. Breaking the Spell: Religion as a Natural Phenomenon. Allen Lane, 2006.
Cited on page(s): 166,
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