


- = Definition of Radiation
| Radiation is the emission or transmission of energy in
;= the form of waves (or particles) through space or
. =z through a material medium; the term also applies to

s the radiated energy itself; i.e., the term radiation
describes both the act of emitting energy or particles
and the waves or particles themselves. The term
Includes electromagnetic, acoustic, and particle
radiation (electrons, protons, neutrons, etc...), and all
forms of ionizing radiation. )




= = There are many types of radiation- remember our

. discussion of the electromagnetic spectrum?
However oour focus for the rest of the class will

~ UV radiation receives much attention, because itis a
known carcinogen. However, the methods by which UV

radlatlon Interacts with matter (and potentially induces

cancer) are different than those of ionizing radiation, so

8 we won't consider it further.




We will characterize 1onizing radiation in two
broad ways: It’s source (I.e., how It’s created),
and the manner in which it interacts with matter.

Please understand these two concepts are separate
and distinct.




We will consider each category in turn.
Understand that in only one of the six cases
discussed Is radiation emitted by the decay of a
radioactive nucleus; I.e., there are many other
sources of radiation beyond radioactive nuclel.




# = Recall that protons in the nucleus repel each other by virtue of
o === their positive charges; however, protons and neutrons
< © . experience a strong force attraction that balances the Coulombic
“ % repulsion. This doesn’t guarantee that the nucleus is stable.
- iz Imagine a group of two protons and two neutrons bundled
s together, and imagine that this bundle is “bouncing” back and

Bl forth inside the nucleus with a staggering frequency (~102! 1/s).
Even though it is “trapped” in the nucleus, the rules of quantum
mechanics dictate that for certain nuclei (particularly more
massive ones) that there is a very small chance that each time
the bundle “bounces” off of the barrier, it will suddenly appear
on the other side (barrier tunneling). Once outside the nucleus,
It Is no longer bound by the strong force attraction and
Coulombic repulsion pushes the bundle away. This is an overly
simplistic analogy, but it gives a feel for what occurs during
alpha emission.
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Because the alpha particle has two protons and two neutrons, the
v‘Z value of the daughter is two less, and the A-value of the

daughter IS four less.

Q is calculated using Einstein’s formula E = mc2. Add up the
masses of everything on the right side of the arrow, and the
value will be less than the value obtained by adding everything
on the left side; mass disappeared and was converted to energy.

Uranium, thorium, radium, radon, and polonium all have
radioactive isotopes that emit alpha particles




The negatively charged electron is no different than
orbital electrons about which we’ve learned; in this

Instance it is called a beta particle because it originated

In the nucleus.




Whenever there is an imbalance between the number of

neutrons and protons in the nucleus (more of one type or the
other), one of these two reactions may occur; the greater the
Imbalance, the more likely the reaction. So even though the

strong force acts as a glue, it is impossible to build a nucleus

out or protons or neutrons only, because the weak force will
motivate a beta particle emission.
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The difference between the two energy states is an energy (E).
When the nucleus de-excites, it emits a gamma-ray (y) photon
with an energy equal to the difference between the excited and
original energy states (E = hv).

In this instance, the nucleus need not be radioactive to emit a
gamma ray; it simply needs to have had energy imparted to it,
giving it excess.

Often, following alpha or beta particle, the newly formed
“daughter” nucleus is “born” in an excited state and will emit a
gamma-ray photon within a very short time (roughly on the
order of nanoseconds or less- essentially instantaneously for our
purposes).

There are some pure beta emitters, however, such as H-3, C-14,
and P-32; and many alpha decays proceed directly to the ground
state of the “daughter” nucleus without the emission of a gamma

ray.




The nucleus can be induced to emit radiation via nuclear
reactions. Many types of particles can be emitted through
these reactions, some of which are very exotic.

Protons and neutrons are of interest for this course. For
example:

gO-16 + ;n-1->_N-16 + ;p-1+Q

In this reaction, the oxygen nucleus absorbs a neutron and
IS iInduced to emit a proton.

Nuclear fission and nuclear fusion are both nuclear
reactions that serve as sources of neutrons, and will be
discussed later in the class.




When an orbital electron transitions from a higher to a lower energy
state, a photon is emitted with an energy equal to the difference between
the two energy states.

These are known as characteristic x-rays, because their exact energies
depend upon the transitions between the energy states that are unique to
the atoms of a particular element (remember spectroscopy?).

Note: both x- and gamma rays are photons; the only difference between them is that
vs originate in the nucleus, while x-rays originate from electrons.

Consider free electrons (those that are not bound in an atom’s electron shells).

An accelerating charge, when not bound in a shell, radiates energy
(remember Maxwell?)

This radiation is known as Bremsstrahlung (“breaking radiation”), and
the x-ray photons emitted have a range of energies.

Bremsstrahlung was the radiation Roentgen observed in 1895 (this
Information allows us to understand the final question left unanswered

concerning Roentgen’s observations).




— When matter and antimatter come in contact, the mass
vanishes completely and in its place appear high-energy
photons (oftentimes called gamma-rays).

— Antimatter is found only in minute quantities on the
earth, and it is believed that in general, antimatter is
comparatively rare throughout the universe

— When an orbital electron is ejected from an atom during
an ionization event, it often has enough energy to itself
be considered ionizing radiation (and known as a
secondary charged particle).




Depending upon the exact interaction mechanisms, ionizing
radiation can be categorized as either directly ionizing or
Indirectly 1onizing (again, keep these two modes of
Interaction separate and distinct in your mind from the
origins of the particles).

Directly ionizing radiation has charge.

The particles that meet this criterion are grouped as follows.

— Light charged particles are: B, ¥, €7, and e* (remember, all
four of these are electrons; the symbol “B” is used simply to
Indicate that the electron originated in the nucleus).

— Heavy charged particles are o, p*, and recoil “daughter” nucleli
(or nuclei that have been accelerated to high speeds by man or
In stellar processes).

— Directly ionizing radiation interacts with matter via two
primary mechanisms.




(remember the 1/r? law?).

(or conversely,
the electric field of an orbital electron can “bump” the
directly ionizing particle).

there Is no point during the particle’s trip
through the target that it is not being “bumping” or being
“bumped”.




(remember the principle of Conservation of Energy?).

(this absorbed
energy Is known as the absorbed dose).
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(remember Maxwell?).
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