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Absorbed dose in radioactive 
Media

Two limiting cases

• In a small radioactive object (volume V) CPE is 
well  approximated at any internal point that is at 
least a distance d from the boundary of V. If 
d<<1/µ then all photons escape and D is equal to 
the energy per unit mass in the medium given to 
cp.

• In a large radioactive object (r >>1/µ) RE is well 
approximated and D then the sum of the energy 
per unit mass of medium that is given to cp and γ-
rays in radioactive decay

How large is large enough?

It depends on the attenuation coefficient

For intermediate sizes we need to 
calculate the Absorbed Fraction 

(AF)

1. V is surrounded by another volume with homogeneous
medium identical to V but not radioactive (organ in the body)

2.   V is surrounded by vacuum (object in air).

radiant energy 
emitted by source
in dv

Part of energy
that is spent in V

Ratio of energy
of D under RE

energy escaping V

1. V is surrounded by another volume with homogeneous
medium identical to V but not radioactive
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2.   V is surrounded by vacuum.

Radioactive disintegration 
processes

Alpha disintegration
Heavy nuclei emits an alpha particle
It happens mainly in heavy nuclei

Absorbed dose from α-
disintegration

Under CPE, if n disintegrations occurred in each gram of matter
then D =4.77n MeV

Under RE, D = 4.78n MeV, because it includes the 0.18 MeV
fotons

In the nonstochastic limit we use average branching ratios.

Beta disintegration
Nuclei having excess neutrons tend to emit an electron
Nuclei having excess protons tend to emit a positron

32S is positively charged and then captures an electron
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Absorbed dose from beta 
disintegration

Under CPE, D = n Eavg, not n Emax

Electron-capture (EC) transitions
In EC, the nucleus instead of emitting an electron, it captures
One of the orbital electrons and emits a monoenergetic neutrino.
It is competitively with β+ desintegration, which requires more
than 2moc2 energy.  

Electron-capture (EC) transitions

Minimum 
1.022 MeV
for beta dis
to occurs 

Absorbed dose for EC process

• If an EC event occurs almost all the energy 
is carried away by the neutrino.

• The only remaining energy available is 
contained in the electron binding energy, 
which is very small compared to the 
neutrino energy

• Check example 5.4

Internal conversion vs γ-ray emission
Excited nucleus, instead of gamma emission, impart the energy
Directly to its own atomic electrons, which escapes the atom

Absorbed dose for internal 
conversion

IC results in a small net increase in D in small objects
because if replaces electrons replace the gamma-ray

IC bE h Eν= −
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Tables for dose estimation in 
Appendix C

• Appendix C is based on tables of Dillman
and Von der Lage (1975).

• Its gives 
– The types of radiation emitted
– The mean energy per particle
– Equilibrium dose constant=energy contributed 

to the absorbed dose, per unit activity and time, 
under RE (or CPE for cp)


