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Fundamental Radiation Concep
1 FUNDAMENTAL RADIANG@ONCEPTS

1.1 THE RADIOACTIVE ATOM

The atom contains a nucleus consisting of protons and neutrons with electrons revolving in circular and
elliptical orbits abat the nucleus. Electrons carry a negative charge, protons carry positive charge, and the
neutrons have no electrical charge. An atom normally has one electron for each proton in the nucleus, leaving
the atom electrically neutral.

The atomic structure of an elementdenoted as®where:

o} is theMass Numbey defined as the sum of the number of protons and neutrons & th
nucleus. Thus) minus®gives the number of neutrons.

@ is thechemical symbol of the element.

(%) is theAtomic Number defined as the number of protons in the nucleus. This determines -
chemical identity of the eleent and therfore which element the atom belongs to.

Each individual arrangement of protons angltrons is referred to as Muclide Nuclides which have the same
number of protons are calleldotopes Shown below are examples of isotopes of Hydrogen:

H Hydrogen ’H Deuterium H Tritium

Figurel Three isotopes of Hydrogen.

Many nuclides, but not all, are utable or "radioactive". In the above examples, only tritium is radioactive.
Radioactivity is defined as the spontaneous disintegration of unstable that results in the formation of new
nuclei.Usually such a disintegration results in emission of radiaoability of the nucleus is related to its

ratio of neutrons to protons. Fdight numbered elements, approximately equal numbers of neutrons and
protons in the nucleus are necessary for stability. For elements of higher atomic number, the ratio rises to
approximately 1.6 to 1. As a nuclide departs from this stable ratio, changes in the nucleus occur which tend to
bring the product to a more stable arrangement. This approach to stability is accomplished by one @f more
five "radioactive decay modes".
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1.2 BETA DECAY

When the neutron to proton ratio is too high, a neutroft NI y & F 2 NI & £
into a proton and electron with the electron being ejected from the
nucleus. The ejected electron is called a "beta partideta particles
are not emitted with a single enerdput are emitted with a rangef
energies up to some maximum value. This is due to a division of the
total energy of each disintegration between the beta particle and a
neutrino. The Neutrino is a massk, chargeless particle that carries
off varying amounts of the released energy. The neutrino has a
negligibly small mass and no charge. It therefore travels great
distances, losing little energy in nearby materials and causes no
biological damage.

The mergy of the ejected beta particle is characteristic of each
nuclide and is one criterion used for identification purposes. In

S Figure2 B .
general, the average energy per particle is about gure2 Beta decay

1/3 of the maximum energy.

The generalized atomic equation for beta decagsigollows:

&= Original (parent) atom
@= New (daughter) atom

I = Beta particle (electron)
’ = Neutrino

GO o 1 %

Examples of Beta decay
‘0° "'0Q 18t p WEQ o | it

MeV= 1 million electron volts

max = maximum beta particle energy

6° & MudQL i




















































































































































































