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This document to a great extent relies on information explain on the previous document 
labeled “week 5 lecture 9”, it would be best to make sure the knowledge there has sunk 
before moving on to think presentation.

A lot of the lecture slides of this particular lecture is repetition and revision of principles 
learned in previous lectures, thus i'm only going to go throw fresh material presented 
herein.

What does radiation actually do? If you ask anyone they will tell you that “radiation is 
bad”. Why? What's the mechanism that causes all the mess radiation may cause in 
tissues, and how does it interact with living tissues.

In one word the answer would be “ionization”. Ionization is the soul component 
responsible for the interaction and damage radiation causes biological systems. We 
know by now that alpha and beta particle are ions. Alpha particles have +2 positive 
charge while beta negative have -1 negative charge. Beta positive has a +1 charge, but 
that charge in the form of a positron is soon annihilated after it leaves the nucleus and 
causes 2 Gamma rays to be liberated. Gamma rays also cause ionization. Lets see how.

Lets say I am an alpha particle. I have a relatively large mass (4 Atomic Mass Units) and 
a relatively high charge of +2. I was shot off out of a nucleus into the surrounding, lets 
say muscle tissue. As soon as I leave I have all of my kinetic energy that was given to 
me by the radioactive decay, so now i'm flying through muscle cells.
Now being that i'm very massing and have a high positive charge a lot of electrons will 
be attracted to me and will want to bind with me, so these electrons leave the atoms and 
molecules they are on and get “drug” after me as I shoot through the tissue. 
As I am slowing down and losing my energy, it's easier for electrons to interact with me, 
and thus more electrons leave atoms in the tissue and those tissues are left ionized 
because their electrons left them to chase after my positive charge. Now so many 
electrons are interacting with me, i'm slowing down even more and lose my kinetic 
energy abruptly. As soon as I stop I can't hold off the electrons from getting to me, and 
the first two electrons that interact with me after I stopped settled in my orbital and I 
have now turned to a regular He helium atom, that stopped reacting with its 
surroundings.
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This is well described via graph in slide #5, in the bottom right corner. The y axis 
represents the ion pairs that are generated per area as the alpha particle is going through 
the tissue, and the x axis represents the distance the alpha particle travels. 
By looking at the graph we see that the more the alpha particle travels the more ion pairs 
it can create, because it's slowing down, losing its kinetic energy and more electrons are 
able to interact with it, leaving the atoms they are bound to, leaving them ionized.
As soon as the kinetic energy is reduced to zero, the alpha particle stops abruptly and we 
reach the “bragg peak” (important to remember) at this point the alpha particle lost it's 
kinetic energy, and has turned into a He helium atom. 

It's important to note that compared to an electron (beta negative) or a photon (Gamma 
radiation) the alpha particle is huge, thus it won't be able to penetrate as much as the 
smaller particles, but being that it is massive and double in charge of the electron, it will 
be able to cause quite a few more ionization events in the distance it moves.

Lets consider the electron's path in tissues: we know that an electron, being quite a bit 
smaller than an alpha particle, can penetrate considerably deeper. As it goes in, it 
interacts with electrons on orbitals in atoms, bouncing off of them, ionizing them and 
sending them flying off in random direction, the electron slowly loses it's kinetic energy, 
after bouncing randomly off of atoms like in a pinball machine. We can see such graph 
respresentation also on slide #7 on the bottom right side.
One electron can penetrate deeply causing several ionization and excitation events with 
other electrons orbiting atoms that are in its path.
Beta negative (electron) radiation penetrates more than alpha particles, but causes less 
damage (ionization events) relative to the distance it travels.

We have our final player to consider here – the Gamma photon. We learned back in the 
X ray presentation that photons entering the body go through compton effect and 
photoeffect, causing ionization of electrons. Such a photon can penetrate the skin, cause 
ionization of several electron and may lose all of its energy doing so. But the interesting 
thing is that most of the damage is caused by the electrons the Gamma photon ionized. 
These electrons are bounced off of their orbitals by the photon that impart a greart 
amount of kinetic energy, and suddenly you have a few electrons, that all behave like 
Beta negative radiation, electrons penetrating deep into the tissues causing numerous 
ionization events each.
We can say, and we'll be right to, that the majority of the damage of the interactions of 
Gamma radiation with tissues is due to the electrons It ionizes, this is called “secondary 
ionizing radiation”. (as written in lecture slide #10)

We can see such a comparison between Beta negative and Gamma radiation in lecture 
slide #15. Beta negative in the top graph and gamma in the bottom graph of the lecture 
slide. 



LET – Linear Energy Transfer  - this is also referred to as “ionization density”. Each 
radiation particle has a specific characteristic LET value to it. LET is a measure oh how 
efficiently the ionizing particle can transfer energy to its surrounding. 
We already mentioned that alpha particles have a high ability to cause ion pains as it 
goes through the tissue, being that it's massive and highly charged. Thus alpha particles 
have the highest LET, compared to other forms of radiation we've learned about. In 
addition alpha particles have the lowest penetrability. A table illustrating the LET values 
of various radiations is shown on lecture slide #16. (Don't get hung over the differences 
between Gamma and negative Beta decay LET, since in tests they tend to ask about 
differences between Gamma/Beta negative and alpha, which are quite substantial)

Scintilation detector – this detector is a way of measuring radiation, a major component 
of such a detector is the photomultipleir tube, and it has a whole minimal well 
explaining how it works – minimal #54. It'll be a great deal easier looking at the sketch 
of the scintillation detector on slide #20, on the right side to understand what 
components i'm mentioning. Basically what happens in such a device is that many such 
scintillation detectors are faced into the possible radiation source with the crystal side 
first. When the scintillation crystal is hit with Gamma radiation, that crystal turns the 
incident photon that hits it into a flash that is then transmitted to electrons. Those 
electrons reach the photocathode and from there they are accelerated due to a voltage 
difference to a near by positively charged plate called a “diode”. As it accelerates it 
gains additional kinetic energy, and when it impacts the diode material it has enough 
energy to liberate another electron from the diode material, then both electrons 
accelerate to the next diode due to increasing voltage difference (each diode is 
powerfully more positively charged than the previous diode), also impacting it with 
enough force for each electron to cause another electron to be ejected from the diode 
material, and the process keeps occurring from diode to diode, as it progresses the 
amount of electrons is multiplying successively (thus a photomultipleir) when the 
electrons reach the end of the photomultipleir tube they are read as current and 
interpreted to map the intensity of the radiation that hit that specific scintillation 
detector. These are principle detectors for a Gamma Camera, SPECT and PET imaging 
methods, which you will learn about and may be asked about in SCTs. So better get 
familiar with these little scintillation detector guys, and the way they function. 

GM counter – The Geiger–Müller counter measured ionizing radiation. It can detect 
alpha, beta and gamma particles due to a series of interactions between the gas 
molecules within theGM tube and the positive and negative cathode and anode in the 
tube. It is much easier to understand with visualization techniques, so instead of using 
the rest of the space on this page to explain how it works, I would suggest you go on 
YouTube and find a decent animation (there are many) explaining how GM counters 
work, thatll give you a fair enough understanding as to the functionality of the GM 
counter in virtually a minute. minimals #304 (lab minimals) and minimals #46, and #55.


