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Challenges to the Second Law Challengers:

Prof. M. Kostic
Mechanical Engineering
NORTHERN ILLINOIS UNIVERSITY

AAAS-Limits to the 2nd Law of Thermodynamics Symposium
Univ. of  San Diego, June 16-17, 2016

•Carnot
1824

Heat Engine 
Reversibility

•Clausius
1850  NO Heat 
from cold to hot
1865  Entropy 

•Kelvin-Planck
1848 Abs. Temperature 

1865 NO Work 
from single reservoir

•Gibbs
1870’s  Entropy, 
Chem.Potential
Phys.Chemistry
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The Second Law Symposium has been a unique 
gathering of the unorthodox physicist and 
inventors (to avoid using a stronger word)

A memorable 
and inspiring

2011
Second Law 
Symposium

Thanks for 2016 Invitation!
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Second Law Conference: Status and Challenges
with Prof. Sheehan and others in Sun Diego, CA, June 2011

A memorable 
and inspiring

2011
Second Law 
Symposium

• “The Second Law of Thermodynamics 
is considered one of the central laws of nature, 
science, engineering and technology.

• For over a century it has been generally  
considered to be inviolable by the scientific 
community.

•Over the last 10-20 years, however, more than 
two dozen challenges to it have appeared in the 
physical literature - more than during any other 
period in its over 150-year history.”

Challenging the Second Law 
helps better understand it!
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Among distinguished invites were five 
keynote speakers from China and seven 

international keynote speakers: three from 
the USA and one each from Japan, United 
Kingdom, Singapore, and Spain; including 

four Academicians and
six university Presidents/Vice-Presidents.

This special, by invitation only, 
International Forum on Frontier 

Theories of Thermal Science
was organized by Prof. ZY Guo‘s Thermal 

Science Research Group, at prestigious 
Tsinghua University in Beijing, China, 

in December 2011.

My Activities since2011 …
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China 2013: Tsinghua - Beijing, 
XJTU – Xi’an, HUST - Wuhan
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Prof. Kostis retired in 2014

•www.kostic.niu.edu

2013 Wuhan, China
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China 2015: Tsinghua & Peking U. - Beijing, 
South East - Nanjing, QUST - Qingdao

Thermodynamics Section Editor-In-Chief
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What is Mass-Energy ?
“From the Sovereign Sun to the deluge of photons out of 

the astounding compaction and increase of power-density 
in computer chips …

Mass-Energy represents motion of a system structure, i.e., its 
representative particles at different space and time scales, and ultimately motion of 

photons: E=mc2

Where the Thermal Energy fits in?
From Solar to Infrared Thermal to Cosmic Radiation…
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Cause Is Adequate to the Effect …

• The philosophic axiom 

"causa aequat effectum," 
[the cause is adequate to the effect] 

is traced to ancient philosophers and 
represents the most universal and 
fundamental law of nature, including 
existence and future, i.e. past and future 
transformations. 

•www.kostic.niu.edu

Action and Reaction!

Reversible (ideal) process is a “yard-stick” for true equivalency!



Slide 10

Phenomenological Laws

• The phenomenological Laws
of Thermodynamics, and in general, have much wider, 
including practical implication and philosophical 
significance, than their simple expressions based on the 
experimental observations – they are 

the Fundamental Laws of Nature. 

• They are defining and unifying our comprehension of all 
existence in universe and all changes in time (all processes, 
including life).

•www.kostic.niu.edu

Einstein stated that, 
“After mathematicians invaded (and 
explained) my Theory of Relativity, I 

do not understand it any more.”
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The Fundamental Laws of Nature:

The Laws of Thermodynamics have much wider, including philosophical 
significance and implication, than their simple expressions based on the experimental 
observations, they are: 

The Fundamental Laws of Nature: 

• The Zeroth (equilibrium existentialism), 

• The First (conservational transformationalism), 

• The Second (forced-directional, irreversible  transformationalism),

• The Third (unattainability of emptiness). 

The Laws are defining and unifying our comprehension of all existence and 
transformations in the universe. 

•www.kostic.niu.edu

Solving practical problems helps "really" understand  theory, so that one can then solve other 
problems more effectively. If we can not solve a problem, that "proves" we do not "truly" 
understand theory -- the key is integration/synergy of theory and practice, the 
"true" UNDERSTANDING! If one thinks theory is boring, that means one is not really interested 
in understanding to solve practical problems.



Slide 12

Energy Carriers &
“Underlying” Energy Carriers 

Fundamental or “Underlying energy carriers” are the FOUR 
fundamental forces/interactions (and related particles) in physics:

1. Strong nuclear

2. Weak nuclear

3. Electro-magnetic (EM), and 

4. Gravitational

Underlying carriers for electro-chemical and thermo-mechanical 
energy are photons (EM),

And “massive (‘convective’)” carriers may be electrons (or 
electron shells) and bulk matter, including crystal shell (phonons)

•www.kostic.niu.edu

Thermo-Mechanical & Electro-Chemical Energy
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Electromagnetic Nature
of Thermo-Mechanical Mass-Energy Transfer

• Prof. M. Kostic
• Mechanical Engineering
• NORTHERN ILLINOIS 

UNIVERSITY

•International Forum on Frontier Theories in Thermal Science
Tsinghua University, Beijing, China, December 18-20, 2011

, 
during “believed-massless” heat conduction 

or mechanical work transfer, there has to be electromagnetic, 
i.e., photon mass-energy propagation 

(since they are not gravitational and not nuclear interactions)
through involved material structures, from a mass-energy source to a 
sink system. Otherwise, the mass-energy equivalence and Physics law 

of forced interactions will be violated! 

2011
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Fig.1: Electromagnetic 
Nature of Thermo-
Mechanical Mass-Energy 
Transfer Due to Photon 
Diffusive Re-Emission and 
Propagation: Steady-state, 
mass-energy transfer is 
depicted through heat 
conduction plate (right-above) 
and rotating shaft (right-
below). Energy transfer (i.e., 
Einstein’s mass-energy 
equivalency transfer, =

) has to be 
electromagnetic by photon 
transfer, either as photon 
electromagnetic waves on-long 
range through space/vacuum 
( = ), or photon 
“on-contact” transfer within 
material structures, e.g., 
through heat conduction plate 
(rt.-above) and turbine shaft 
work (rt.- below). Otherwise, 
Einstein’s mass-energy equivalency 
and the fundamental 
force/interactions in Physics will be 
violated. 

?
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… Mechanical Work Transfer …

… Again, during any work transfer process there must be a net-
propagation of photons (in addition to free electrons or other material 
particle motion, if any) and the equivalent mass will be transferred
(mtr=Etr/c2) from one material system to another, thus in the process 
effectively propagating the photon ‘inertial’ mass (total relativistic 
mass), in direction of decreasing stresses for fluids, or in direction of 
decreasing “collective stresses” (i.e. forces) for solids, even if it is too 
small to be measured. 

•www.kostic.niu.edu

What are (???)
the “energy carriers” for 
huge steady-state energy 
transfer (in 100’s of MJ/s) 
thru rotating shaft, 
from power-plant turbine 

to electric generator?

How come

???
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Mechanical Superconductor

• For ideal elastic or perfectly rigid solid having a steady-
state forced motion and transferring mechanical energy
without its acceleration, the mechanical energy and 
commensurate mass-energy propagation of photons will 
not accumulate nor accelerate the body, but only 
passing through the stressed body structure, but without 
any stress/force gradient through such intermediary, 
ideal solid body:

• It may be considered as mechanical superconductor.

•www.kostic.niu.edu
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Nature of a “Massless” Photon ?
… Questions arise about the nature of a “massless” photon 
and definition of its (relativistic) mass and “rest-mass 
transfer”: Since the photon is a ‘massless mass-energy
carrier’ while in motion with the speed of light, and when it 
is captured (absorbed) within a material particle or a body 
at rest, i.e. when its energy is bound (“foiled”) within a body 
at rest (called here “body-rested photon mass-energy”), 
then the corresponding inertial mass increase of the 
material particle, could be defined as a photon inertial 
mass-energy (or “body-rested mass-energy” with regard to 
the body reference frame), also known as its 
relativistic mass, that is:

•www.kostic.niu.edu
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Nature often defy our intuition

• Without friction, clock will not work, you could not 
walk, birds could not fly, and fish could not swim ...

• Friction can make the flow go faster

• Roughening the surface can decrease drag

• Adding heat to a flow may lower its temperature, and 
removing heat from a flow may raise its temperature

• Infinitesimally small causes can have large effects 
(“tipping point”)

• Symmetric problems may have non-symmetric 
solutions
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If we are unable to observe …
• If we are unable to measure something it does not mean it does not 

exist (it could be sensed or measured with more precise instruments or 
in a longer time scale, or in similar stronger processes, e.g.,  
mloss=Eout/c2 !

• So called "self-organizing" or entropy-decreasing processes appear 
so, since we may be unable to measure entropy change of affecting 
boundary environment, for such open processes, or entropy generation 
within, due to stealth processes within, including yet-undetected, inter-
atomic electronic-shell-nucleus reactions (“cold fusion or cold fission”:).

The miracles are until they are 
comprehended and understood!

Science thrives on “thoughtful” speculations …
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YES! Miracles are possible !
… but there is NO ideal ‘Things and Events’ …

… there are no ideal things, no ideal rigid body, no ideal gas, 
no perfect elasticity, no adiabatic boundary, no frictionless/reversible 
process, no perfect equilibrium, no a steady-state process …

… there are always processes - energy in transfer or motion, 
all things/everything ARE energy in motion with unavoidable 
process irreversibilities, however, in limit, an infinitesimally 
slow process with negligible irreversibility ‘appears’ as apparent, reversible 
equilibrium – thus, 
everything is relative with regard to different space and time 
scales  

….Let us keep our eyes and our minds ‘open’ …

‘Things and Events’ are both, MORE but also LESS complex 
than how they appear and we ‘see’ them:

it is natural simplicity in real complexity
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No imaginary Forces and Work …

… Forces and Work are due to mass-energy 
transfer tendency and fluxes, respectively, due 
to non-equilibrium, a non-uniform concentration 
(space density) of mass-energy in space, 
towards an equilibrium, a uniform mass-energy 
concentration, when the forces are balanced
and  net mass-energy fluxes cease.  

•www.kostic.niu.edu

At a scale of interest, the forces may be balanced and net mass-energy 
fluxes ceased within a non-uniform system-structure and/or force fields, 

thus representing more complex, “structural equilibrium.”
In general, equilibrium is structural, or complex on smaller scale and on 

average appears as a uniform mass-energy concentration on larger scale.
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Living and Complex Systems

• Many creationists make claims that 
evolution violates the Second Law. 
Although biological and some other 
systems may create local non-equilibrium 
and order, the net change in entropy for all 
involved systems is positive and conforms 
to the Laws of Nature and the Second Law 
for non-equilibrium open systems.

•www.kostic.niu.edu
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Crystal “self-formation”…

… and Plant Cells growth
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Objectives…Up-Down Reasoning View

• The objective here is to express a 
phenomenological-thermodinamicist, 
an up-down thought-reasoning view
as complement to (and independent from) the quantum-
mechanicist, down-up modeling view , and/or 
probabilistic view.

After all, the thought-reasoning are necessary for 
concepts beyond reach of reliable experimental 
observations

•www.kostic.niu.edu

The logical reasoning offered here is “crystal-clear” to me, but if not 
clearly presented, I would be glad to clarify further by answering your 

relevant questions and constructive criticism.
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As the fundamental laws of nature and thermodynamics
are expended to different space and time scales …

• ... and to much more complex systems in biology, life and intelligent 
processes, there are more challenges to be comprehended and understood.

• There is a need to better discern the fundamental concepts at different 
scales and complex systems, like more complex “structural equilibrium,” 
a self-sustained, steady-state without net-fluxes at scale of interest, but 
with non-uniform concentration-potentials under coupled force fields; 
e.g., hydrostatic pressure and adiabatic temperature distributions in gravity 
field, charge and concentration distributions in electromagnetic-chemical 
fields, 

… as well as, to differentiate between transient and stationary 
processes under influence of known and stealth internal, boundary and field 
conditions.

•www.kostic.niu.edu

Entropy can be decreased, but cannot be destroyed!
Related issues will be reasoned and analyzed here.
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“Second Law Challengers,” are 'bravely' 
challenging the Second Law universal validity

• A growing, but small group of creative physicists and inventors, the 
“Second Law Challengers,” are 'bravely' challenging the 2nd Law 
universal validity, often based on a fact that they have been 
successful in achieving a non-equilibrium, using innovative and 
creative methods and processes, and hoping to utilize it to produce 
energy from the environment, as a single thermodynamic reservoir. 

• However, nobody has been successful to achieve sustained 
conversion of environmental (thermal) energy to work (stationary or 
cyclic), nor to provide reliable evidence (comprehensive energy and 
entropy 'accounting') of achieving a sustainable overall process 
efficiency, higher than the Carnot's (100% the 2nd Law efficiency, 
which is zero-impossible from only a single thermal reservoir).

•www.kostic.niu.edu

Entropy can be decreased, but cannot be destroyed!
Related issues will be reasoned and analyzed here.
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“Second Law Challengers,” need to demonstrate and 
quantify destruction of entropy, if possible at all …

• The 'challengers' need to demonstrate and quantify 
destruction of entropy to challenge universal validity of the 

Second Law. After all, the 'wishful' Maxwell's Demon
could not be realized since 1867.

•www.kostic.niu.edu

Entropy can be decreased, but cannot be destroyed!
Related issues will be reasoned and analyzed here.

Sgen X ???...!!!
NOT possible

Entropy is always generated

Wishful Maxwell’s Demon
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A Change/Process is a Forceful Work Transfer 
…

No change/process could be done without work transfer, thus 
without non-equilibrium work potential. Since reversible process is 
limiting ideal process at infinitesimal potential difference, the latter 
needed for process to take place along negative potential gradient 
direction (process must have forceful direction), thus all processes 
must be at least infinitesimally irreversible (infinitesimally 
dissipative), i.e., no process (change) in equilibrium. Equilibrium is 
when all processes (work transfer) ceases to nothing, no net mass-
energy current fluxes at the scale of interest. So, to create any non-
equilibrium a work is needed, and reversibly, any non equilibrium 
has a work potential equal to one required to create it under most 
efficient, ideal reversible process with infinitesimal irreversibility.

•www.kostic.niu.edu

Mass-energy, forced-flux directional tendency is towards lower potential 
… then, the Fundamental Laws could be reasoned and proven … 
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Non-Equilibrium Work Potential 
Dissipates towards Equilibrium …

… until it ceases to exist. Reversibly, work is required 
to “create” non-equilibrium (and vice versa - reversible 
equivalency), thus the latter is possible on the expense 
of  another existing non-equilibrium work. Ideally, non-
equilibrium is conserved, but in reality such work 
potential is dissipated/converted to thermal heat, with 
irreversible generation (production) of entropy, until 
equilibrium is achieved, resulting in no further work 
potential and maximum entropy at equilibrium.

•www.kostic.niu.edu

In general, Equilibrium may be defined as a sustained state 
with balanced forces and no net-fluxes,  no work potential and 

maximum entropy, for a given stable structure.
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Useful Energy: Work potential, or 
Exergy concept

Two systems in non-equilibrium have potential of extracting work (useful
energy). The maximum work potential is if they are reversibly brought to 
mutual equilibrium while the work is extracted (thus re-arranging the non-
equilibrium: entropy is conserved, thus over-all isentropic), otherwise part 
or in-whole that work potential (i.e., non-equilibrium) will irreversibly 
dissipate via heat to thermal energy and generate entropy. 

If one system is fixed (an infinite thermal reservoir) and taken as a 
reference (like environment at To & Po), then that maximum work potential 
depends on the other system state (T,P), i.e., it is independent of the 
process path, thus, could be considered the system property, called 
Exergy. 

NOTE that there will be a need to reversibly exchange heat (and entropy) at the reference 
temperature or reversibly regenerate heat internally, except for isentropic processes.

•www.kostic.niu.edu

Work-potential is equal to the Exergy-difference, which is not 
dependent on reference “dead state,” even though the Exergy is.
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Temperature may be increased by work only!

… since heat is transferred to lower temperature 
only, the maximum temperature of all interacting 
systems may be increased by work only (reversible 
work transfer or irreversible work dissipation). 
Therefore, a heat transfer to lower temperature has 
the reversible Carnot’s work potential for work 
extraction (as in heat engine) if not irreversibly 
dissipated to heat at lower temperature (as in heat 
exchangers). 

•www.kostic.niu.edu

This is elusive but very important, 
and reflects the meaning of the 

thermal work potential.
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Wishful Maxwell Demon …
• … Changing thermal-equilibrium to 

different structure will require work to 
force such thermal equilibrium into 
another, non-equilibrium structure with 
due work potential. 

• A wishful Maxwell Demon cannot do it 
without due work. 

• It may appear that it could be done with 
negligible,  infinitesimal work per 
thermal particle, but considering large 
number of thermal particles, it will add 
up finite value at least equal to work 
potential at such displaced, non-
equilibrium thermal structure. 

•www.kostic.niu.edu

If a Maxwell Demon 
could create non-

equilibrium without 
external work input, it 
will violate existence 
of prior equilibrium, 
defined as sustained 

state without any work 
potential. 
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A second-law paradox or challenge does not 
necessarily imply a second-law violation …

• Actually, most second-law paradoxes and 
challenges have been resolved in favor of the 
Second Law…

•www.kostic.niu.edu

Challenging the Second Law helps better 
understand it!

… and may help in discovery of new & 
useful processes and devices “to tap into 

a hidden sources of energy” without 
violating the 2nd Law !
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A second-law paradox or challenge does not 
necessarily imply a second-law violation (2) 

• It is hard to believe that a serious scientist, who 
truly comprehend the 2nd Law and its essence, 
would challenge it based on incomplete and 
elusive facts…

•www.kostic.niu.edu

The current frenzy about the 2nd Law 
violation (getting 'useful energy' from 

nowhere-PMM2) is in many ways similar to 
the prior frenzy about the 1st Law violation 

(getting 'energy' from nowhere-PMM1)!
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The Second Law of Thermodynamics
Is Universal and Valid Without any Exceptions 

… since non-equilibrium work-potential cannot be 
created  but only transferred and dissipated, the 
Second Law is universal without any exceptions on 
any space and time scale, as quantified by 
irreversible entropy generation on any scale … and 
there is no way to destroy entropy, i.e., there is no 
way to create non-equilibrium from within an 
equilibrium, or to create more work than available 
work potential within all interacting (sub) systems, 
i.e., in nature.

•www.kostic.niu.edu

Violating the 2nd Law would result to violation of the 1st Law of “available work” 
conservation and its wishful creation, against the forceful tendency in nature.
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Here Is a Logical Reasoning 
about 2nd Law and Some of Its 
Challenges/Misconceptions: 

Tapping into a Structural Equilibrium, may appear to be 
getting work potential from within an equilibrium and 
thus violating the 2nd Law, but it is against the mass-
energy forced-tendency and work-potential (energy) 
conservation, i.e., it is only an elusion due to 
overlooking the underlining mass-energy sub-structures 
and all systems’ interactions … 

•www.kostic.niu.edu

Violating the 2nd Law of “work-potential conservation and degradation” is in 
some ways similar to violating the 1st Law of “energy conservation.” Neither 
could be created from nothing, but in addition the existing thermal-motion 

(thermal-roughness) contributes to work dissipation until the “true 
equilibrium,” without remaining work-potential is reached. Quasi, structural-

equilibrium may trick us into believing otherwise.

Sgen
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Every Process Require Work and 
Expends Work-potential…

• Work (directional mass-energy displacement, work-potential 
transfer) is required to force a process and “transfer” non-
equilibrium, which then have the work-potential (a stored-work 
within systems’ non-equilibrium structures).

• Work-potential is a reversible forced-tendency to “push-back” 
previously stored work and transfer it to (sub)systems at lower 
potential.

• In these processes the random thermal motion is ‘on the way’ 
of directional work transfer, thus causing further randomization, 
the work potential dissipation to thermal heat (thermal friction), 
i.e., diminishing work potential that ceases at equilibrium.  

•www.kostic.niu.edu

In ideal limit, without dissipation, the work-potential is conserved, but in reality is always 
dissipated to heat, thus generating entropy! Work potential cannot be generated without 

being transferred from elsewhere, thus entropy cannot be destroyed by any means.
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If the 1st Law is Valid,
the Only Way to Violate the 2nd Law…

… would be to transfer work-energy in direction opposite from 
existing forcing-tendency while wishfully self-increasing energy 
density potential … and that would have been catastrophically 
unstable, would syphoned-in all existing mass-energy into an 
infinitesimally-small, black-like hole with infinite force potential, 
so we would not exist now in the present form.

• NOTE that the above would require an infinite work potential 
to accomplish, a kind of super-gravity force … 

• However, forcing mass energy transfer towards lower potential 
asymptotically results in a stable and sustained equilibrium …

•www.kostic.niu.edu

In ideal limit, without dissipation, the work-potential is conserved, but in 
reality it is always dissipated to heat, thus generating entropy! Work-potential 
cannot be generated without being transferred from elsewhere, thus entropy 

cannot be destroyed by any means.
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If the 1st Law is Valid,
the Only Way to Violate the 2nd Law…

… would be to transfer work-energy in direction opposite from 
existing forcing-tendency while wishfully self-increasing energy 
density potential … and that would have had syphoned-in all 
existing mass-energy into an infinitesimally-small, black-like hole 
with infinite force potential, so we would not exist now in the 
present form.

•www.kostic.niu.edu

… BUT THIS is NOT POSSIBLE! It would be opposite from forced causual
reality  and would be unstable and catastrofic! Work-potential cannot be 

sponteniousely generated within stable equilibrium, without being transferred 
from elsewhere, thus entropy cannot be destroyed by any means.

MASS

F=-M*a

? Acceleration in
Opposite direction ?

Force/Forcing
direction
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All processes are transient …

All processes are transient (work and heat transfer in 
time), even Eulerian steady-state processes (space-
wise) are transient in Lagrangian form (system-wise, 
from input to output), 

… but equilibrium processes and even quasi-static 
(better, quasi-equilibrium) processes are 
sustainable/reversible, as a concept but cannot exist in 
reality (in nature)!

The existence in space and transformations in time are manifestations 
of perpetual mass-energy forced displacement processes: with net-zero
mass-energy transfer in equilibrium (equilibrium process) and non-zero
mass-energy transfer in non-equilibrium (active process) towards 
equilibrium.
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Quasi-StaticEquilibrium Process :
in limit, energy transfer process with infinitesimal potential 

difference (still from higher to infinitesimally lower 
potential, P). 

Then, if infinitesimal change of potential difference direction 
is reversed

P+dP → P-dP
with infinitesimally small external energy, since dP→0, 
the process will be reversed too, which is characterized 

with infinitesimal entropy generation, 
and in limit, without energy degradation (no further energy 

disorganization) and no entropy generation
thus achieving a limiting reversible process. 

Elastic processes are quasi-equilibrium (infinitesimal potential gradient) 
and may be very fast, thus not necessarily quasi-static… 
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Instant Quasi-Equilibrium:
At instant (frozen) time, a locality around a point in space 

may be considered as instant-quasi-equilibrium with 
instantaneous, averaged properties well-defined, 
regardless of local gradients. 

Quasi-equilibrium is due to very small energy fluxes due to 
very small gradients and/or very high impedances so that 
changes are infinitely slow, for all practical purposes 
appearing as equilibrium, with net-zero energy exchange. 

Therefore, we can define thermodynamic properties for transient and 
non-equilibrium processes, as relevant time and space averages 

of the related thermal motion quantities. 
We also may talk about a particle equivalent properties, but be aware that 

thermal properties are related to average of larger number of thermal particles
so that thermal randomness could be meaningful. Without the latter the 

thermodynamics becomes dynamics for small number or a single particle.
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Complex, “Structural Equilibrium” …

• Complex, “Structural Equilibrium” is everywhere and could be 
“created” on the expense of another Work-potential, and thus in 
effect is a Quasi-equilibrium, i.e., a quasi-stable non-equilibrium 
that could be “unlocked” as a source of  “hidden” work-potential 
within.

•www.kostic.niu.edu

Similarly to hydrostatic pressure gradient, also adiabatic temperature gradient, 
chemical potential gradient, etc. Just achieving a sustainable non-equilibrium state, 

a “Structural Equilibrium,” is not a violation of the Second Law.
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Tapping into ‘Structural-Equilibrium’ may trick 
some into challenging the 2nd Law …

• Tapping into a Structural Equilibrium, may appear to be getting 
work potential from within an equilibrium and thus violating the 
2nd Law, but it is contrary to the Equilibrium existence, and 
against the mass-energy forced-tendency and work-potential 
(energy) conservation, i.e., it is only an elusion due to 
overlooking the underlining mass-energy sub-structures and 
force-flux mass-energy interactions.

•www.kostic.niu.edu

Violating the 2nd Law of “work-potential conservation” is in 
some ways similar to violating the 1st Law of “energy 

conservation.” Neither could be created from nothing, but 
in addition the existing thermal motion contributes to work 
dissipation until the “true equilibrium,” without remaining 
work-potential is reached. Quasi, structural-equilibrium 

may trick us into believing otherwise.
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Thermodynamics *) becomes 
Dynamics on microscale …

The Thermodynamics and the 2nd Law is not about disorder 
and probability per se (or any other math or physics 'tools' per 
se used to describe it), but about spontaneous, forced-
tendency (natural process-forcing displacement) of mass-
energy redistribution in certain, irreversible direction (process 
driving force), from higher to lower energy-potential (mass-
energy density in space). Spontaneity implies forced-
directionality and in turn irreversibility. No spontaneous, 
irreversible process could ever be completely reversed or 
undone.

*) We do disservice to Thermodynamics if we ‘blindly’ apply it to a 
microscopic scale, since it is a macroscopic science of a large number of 
interacting thermal-microparticles in thermal-motion.

All processes in nature are irreversible and thus ‘over-all’ spontaneous!
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Thermal Motion (chaotic, random in all 
directions) of Thermal Particles …

… give rise to all thermal phenomena including:

• all thermal properties and thermal quantities, like 
Temperature, Thermal energy, Thermal or 
Heat Capacity, Thermal conductivity, Entropy,

…etc.
Entropy is Thermal dynamic space and/or 
Thermal displacement

• When thermal motion ceases at absolute zero 
temperature (0 K), then all thermal quantities 
cease, do not exist.

•www.kostic.niu.edu

Third Law of Thermodynamics
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Maxwell-Boltzmann velocity distribution 

For Ideal Gas 

•www.kostic.niu.edu

Thermal-motion equilibrium velocity-distribution  is not uniform but random, 
approximated with Boltzman distribution. Rearranging it to uniform or 
to two sets of different random distributions will require external work and 

cannot be done by wishful Maxwell Demon for “free.”

100 oK

300 oK

200 oK
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Thermal Motion and Equilibrium …

… Balanced and sustained, thermal random-motion in 
thermal equilibrium, has its statistical distribution of 
velocities in space (approximated by Boltzmann 
distribution), and any other rearrangement will require work 
resulting in a non-equilibrium with work potential, thus the 
magic Maxwell's demon cannot operate without expenditure 
of outside work, regardless how small it appears per 
thermal particle, or to utilize unobserved inner non-thermal 
non-equilibrium. There is ‘no hope’ for wishful-thinking if it 
contradicts the very fundamental cause-and-effect 
fundamental natural interactions and related fundamental 
laws.

•www.kostic.niu.edu

Equilibrium may be defined as a sustained state 
with balanced forces and no net-fluxes,  no work potential and 

maximum entropy.
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Heat Transfer Is Unique and Universal:
 Heat transfer is a spontaneous irreversible process where all 

organized (structural) energies are disorganized or dissipated 
as thermal energy with irreversible loss of energy potential 
(from high to low temperature) and overall entropy increase.

•2009 January 10-12•© M. Kostic 
<www.kostic.niu.edu>

Thus, heat transfer and thermal energy are 
unique and universal manifestation of all 
natural and artificial (man-made) processes, 

… and thus … are vital for more efficient cooling and heating 
in new and critical applications, including energy production 
and utilization, environmental control and cleanup, and bio-
medical applications. 
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Heat Is Transfer of Thermal Energy

• Philosophically, you cannot transfer 
something that does not exist.
For example, you cannot transfer water unless you have 
water. You cannot transfer energy (type) without having 
it somewhere (stored) to transfer, and then store it 
somewhere else. In the process (while transferring) you 
may convert/reprocess (modify the "original structure") 
while conserving the underlying substructure (true 
elementary particles): existential conservationism.

• Some deny existence of ‘thermal energy.’ 
It is the same as denying existence of heat transfer!

•041115© M. Kostic 
<www.kostic.niu.edu>

…thus Q=Uin-transfer
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Nothing is wrong with the 
Caloric Theory … 

… if there is no heat generation and work 
interactions - then, the thermal energy is 
conserved, i.e., when the “Carnot thermal work 
potential” is dissipated then the thermal 
energy/caloric is conserved, i.e. calorimetry and 
classical heat transfer theory are as valid as 
always! 

•www.kostic.niu.edu

… Caloric is Thermal-energy and its transfer is Heat Q=Uin-transfer
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Thermal and Mechanical energies

•041115© M. Kostic 
<www.kostic.niu.edu>

1 kJ heating is NOT the SAME as 1 kJ compressing!
Thermal and Mechanical energies are distinguishable, 
NOT the same Internal energy (as argued by some)!
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Sadi Carnot’s far-reaching treatise of 
heat engines was not noticed  at his 
time and even not fully recognized 
nowadays!

Sadi Carnot laid ingenious foundations for the Second Law of 
Thermodynamics before the Fist Law of energy conservation was known 
and long before Thermodynamic concepts were established.

In 1824 Carnot gave a full and accurate 
reasoning of heat engine limitations almost 
two decades before equivalency between 

work and heat was experimentally 
established by Joules in 1843 

Heat to Work Conversion ?

Work to Heat Conversion !
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Fig. 1: Similarity between an ideal 
heat engine (HE) and a water wheel (WW)

(instead oh heat, entropy is conserved in ideal engine)

Sadi Carnot 
reasoned the 

maximum heat 
engine efficiency

Based on 
ingenious 
reversible 

equivalency, 
and erroneous
impossibility 
of violating 

the 
“conservation 

of caloric,” 
i.e., the  

impossibility 
of  (caloric) 
Perpetual 

Motion of the 
1st kind,

…

… BUT in effect ,
Sadi Carnot 
reasoned the  
impossibility 
of Perpetual 
Motion of the 

2nd kind,
the 

impossibility 
of violating 

the 
“conservation 
of maximum 

work 
potential,” 

i.e., the 
maximum 
efficiency 
of a heat 
engine.
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•Importance of Sadi Carnot's treatise of reversible 
heat-engine cycles for Entropy and the 2nd Law
definitions:
Carnot's ingenious reasoning of limiting, reversible engine 
cycles allowed others to prove that entropy is conserved 
in ideal cycles (Clausius Equality - definition of 
entropy), that entropy cannot be destroyed since it 
will imply supper-ideal cycles, more efficient than 
100%-reversible ones, but is always irreversibly 
generated (overall increased) due to dissipation of 
any work potential to heat (Clausius Inequality) in 
irreversible cycles. 
These are easily expanded for all reversible and 
irreversible processes and generalization of the 2nd Law of 
Thermodynamics.

Sadi Carnot could not and did not  derive the Carnot-cycle efficiency: 
(1-To/T) , as often erroneously cited, since Kelvin temperature 

and the 1st Law were not known at the time.
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Clausius (In)Equality:
(2nd Law - Entropy Generation) Entropy

•www.kostic.niu.edu
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…inequality could be 
proven to be 

ALWAYS valid 
for any steady or 
transient process

…since T=Tabs>0, then…
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Reversibility & Irreversibility:
ENERGY TRANSFER AND DISORGANIZATION, 

RATE AND TIME, AND 
IRREVERSIBLE ENTROPY GENERATION

• Net-energy transfer is in one direction only
(in forcing direction), from higher to lower mass-
energy-potential (forcing concept), and the 
process cannot be reversed (against forcing). 

• Thus all real processes are irreversible in the 
forcing direction of decreasing energy-potential 
(like pressure, temperature, voltage, etc…)

• Even reversible processes has to be
“infinitesimally irreversible”, only equilibrium 
concept is “reversible and sustainable” but 
cannot exist in reality, i.e., in nature!
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Entropy Is …

Kostic, M.M. The Elusive Nature of Entropy and Its 
Physical Meaning. Entropy 2014, 16, 953-967.© M. Kostic 

<www.kostic.niu.edu>

Entropy is the most used 
and often abused 
concept in science, but 
also in philosophy and 
society.

Entropy is a thermal 
displacement (dynamic
thermal-volume) of heat 
or thermal energy due to 
absolute temperature as 
a thermal potential:

dS=dQSys/T=dUTh/T

=(dQTr+dQGen )/T

dQ =TdS similar to dW =PdV
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Kostic, M.M. The Elusive Nature of Entropy and Its 
Physical Meaning. Entropy 2014, 16, 953-967.
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Entropy Generation (Production) is always irreversible in 
one direction only, occurring during a process within a system 
and stored as entropy property. Entropy cannot be 
destroyed under any circumstances, since it will imply
spontaneous mass-energy fluxes against forcing, like heat 
transfer from lower to higher temperature or imply higher 
efficiency than the ideal Carnot cycle engine (>100%!).

Entropy Generation (Production)

Sgen
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Entropy Primer:
Entropy is associated with heat/thermal energy only,

and not with work and other energies!

Entropy could be transferred in reversible processes 
along with heat transfer, and additionally generated if 
any work potential (including thermal energy’s) are 
disorganized at the lower thermal potential during 
irreversible processes.

Once a process completes, any generated entropy due to 
irreversibility becomes (permanent) system property and 
cannot be reversed/destroyed by any process in nature
(thus, a permanent change). 

There is NO way, no any process in Universe to destroy Entropy. 
It will imply a spontaneous heat transfer from lower to higher 
temperature or more efficient heat engine than Carnot’s, 
i.e., against natural forcing !!!
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Entropy …

… entropy of a system for a given state, a state property, is 
the same, regardless whether it is reached by reversible 
heat transfer or irreversible heat or irreversible work 
transfer. 

However, the source entropy will decrease to a smaller 
extent over higher potential, thus resulting in overall 
entropy generation for the two interacting systems, and 
thus globally for the universe.

We could consider a system internal thermal energy and 
entropy, as being accumulated from absolute zero
level, by disorganization of organized or higher level 
energy potential with the corresponding entropy 
generation.

Thus entropy as system property is associated with its 
thermal energy ONLY. 
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Sir Arthur Stanley Eddington (1882–1944)

The law that entropy always increases, 
holds, I think, the supreme position among 
the laws of Nature. 

“If someone points out to you that your pet theory of the 
universe is in disagreement with Maxwell's equations —
then so much the worse for Maxwell's equations. If it is 
found to be contradicted by observation — well, these 
experimentalists do bungle things sometimes. 

But if your theory is found to be against the second law of 
thermodynamics I can give you no hope; there is nothing 
for it but to collapse in deepest humiliation.”

•www.kostic.niu.edu

… No Hope ...
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For further Info 
you may contact Prof. Kostic at:

kostic@niu.edu or 
Prof.M.Kostic@gmail.com

or on the Web:
www.kostic.niu.edu

Prof. M. Kostic
Mechanical Engineering

NORTHERN ILLINOIS UNIVERSITY
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Thank you! Any Question ?

Source: http://www.energygroove.net/atoms.php
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Stretching the mind further …
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Stretching the mind further …

Mass may be a special tensor-like quantity due to "over-all-
isotropic in all-directions" motion of elementary particles (that 
make up its structure) and thus give rise to inertia if accelerated 
in any direction, i.e., resisting change of motion in any and 
all directions with equal components (the isotropic mass inertia). 
There may be anisotropic masses, with bulk linear or rotational 
motion, being the extreme cases. Note that fundamental 
particles (without inertial mass, like photons and similar, but with 
relativistic masses E/c^2) has to always move with ultimate 
speed of light in vacuum, and such particles (some yet to 
be discovered) might be moving (orbiting with twisting, string-
like vibration and rotation) within virtually infinitesimal spaces 
and thus making-up other "massive" so-called elementary 
particles
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Force and Forcing …

Force or Forcing is a process of exchanging 
useful-energy (forced displacement) with net-
zero exchange at forced equilibrium. The 
Second Law provides conditions and limits for 
process forcing (energy exchange direction
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Deterministic vs. Probabilistic

All interactions in nature are physical and based on 
simple cause-and-effect conservation laws, thus 
deterministic and should be without any exceptional 
phenomenon. Due to diversity and complexity of large 
systems, we would never be able to observe 
deterministic phenomena with full details but have to 
use holistic and probabilistic approach for observation; 
therefore, our observation methodology is holistic and 
probabilistic, but phenomena have to be deterministic, 
not miraculous nor probabilistic
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Elementary Particles: Electron?

There is no proof that an electron, or any other elementary 
particle, has or does not have a structure. The concept of 
elementary particle is intrinsically problematic (just because we 
cannot observe or reason a structure which exhibits certain 
phenomena, does not mean it does not exist). Past and recent 
history proved us to be wrong every time. Particularly 
problematic is the current theory which requires elementary 
particle annihilation/creation (“miraculous creationism”) while 
using conservation laws. At the very least (in phenomenological 
view) the elementary particles should be conserved and be the 
building structure for other particles and systems. Note that 
many concepts (in modern physics) are "virtual" entities that are 
part of the mathematical theory, but are not directly observable.
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Boundary Forces …

There is no such thing as a unidirectional force or a force that 
acts on only one body (no imaginary boundary vector-
forces). Put it very simply: a forcing (force-flux cause-and-effect 
phenomena) acts between an interface of pair of objects (forced 
interaction: action-reaction, including process-inertial forces), 
and not on a single object. The Newton Laws and the Laws of 
Thermodynamics imply that all forces are mass-
energy interactions (forced displacements with momentum and 
energy transfer and conservation) between different particulate 
bodies due to non-equilibrium (available energy or work 
potential, cause of forcing) towards the equilibrium.
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No Perfect Rigidity …

All matter must be somewhat elastic (can be 
compressed or stretched). If bodies could be 
perfectly rigid we'd have infinite forces acting with 
infinite speeds for infinitesimal times (if you pushed 
on one end of a perfectly rigid stick, the other end 
would move instantaneously). System 
components (bodies) that exert forces have to 
be massive (2nd Newton Law) and with 
accompanying reaction forces (3rd Newton 
Law).
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Energy is bound by forced motion …
Energy is possessed (thus equilibrium property) by material 
systems and redistributed (transferred) between and within 
system(s), due to systems' non-equilibrium, via forced-
displacement interactions (process) towards the equilibrium 
(equi-partition of energy over mass and space); thus energy is 
conserved (the 1st Law) but degraded (the 2nd Law).
Effects are consequences of Causes except at Equilibrium they are 
equal (reversible). The existence in space and transformations in 
time are manifestations of perpetual mass-energy forced displacement 
processes: with net-zero mass-energy transfer in equilibrium 
(equilibrium process) and non-zero mass-energy transfer in non-
equilibrium (active process) towards equilibrium. System components 
(particles and bodies) that exert forces have to be massive (2nd 
Newton Law) and with accompanying reaction forces (3rd Newton 
Law).
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Processes … Miracles

"Nothing occurs locally nor in the universe without 
mass-energy exchange/conversion and irreversible 
entropy production.

It is crystal-clear (to me) that all confusions related to the 
far-reaching fundamental Laws of Thermodynamics, and 
especially the Second Law (Abstract), are due to the lack 
of their genuine and subtle comprehension."

The miracles are until they are comprehended and 
understood.
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