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Exponential Attenuation

Electron and photon interactions
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Simple Exponential Attenuation

Each particle either interacts with the flat plate of material 
d i d di ti t i ht th hproducing no secondary radiation or passes straight through 

the material unchanged in energy or direction.
Let (μ 1) be the probability that an individual particle interacts
in a unit thickness of material traversed.

Simple Exponential Attenuation

μ is the linear attenuation coefficient
or just attenuation coefficient or
narrow beam attenuation coefficient
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Simple Exponential Attenuation

for μ L < 0.05
NL/No is valid within
about a tenth of 1 %.

1/μ is the mean free path or relaxation length

Exponential attenuation for plural 
modes of absorption

Partial linear attenuation coefficient

All processes

Single process x
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Example 3.1

Example 3.1
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Narrow Beam Attenuation of 
Uncharged Radiation

Broad-beam attenuation of 
uncharged radiation

In the “straight-ahead approximation” , the μ’ is approximated 
by μ for thin absorbers layers In this case the scattered andby μen for thin absorbers layers. In this case, the scattered and
secondary particles are supposed to continue straight ahead to
until they reach the detector.
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Summary of geometries and 
attenuation

Summary of geometries and 
attenuation
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Some Broad Beam Geometries

Some Broad Beam Geometries

60CO (1.25 MeV) 203Hg (0.279 MeV)
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Some Broad Beam Geometries

Spectral Effects

• So far we have ignored the energy response of theSo far we have ignored the energy response of the 
detector, except to require a constant response per 
unit of radiant energy for ideal broad beam 
attenuation. For monoenergetic beams this is not a 
problem. 

• In broad beam geometry we have scattered and 
secondary particles produced that reaches thesecondary particles produced that reaches the 
detector, one must consider the detector response 
for these particles, which tend to degrade the 
primaries to lower energies.
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• The simple counting of particles (fluence) is

Spectral Effects

• The simple counting of particles (fluence) is 
not useful for attenuation 
measurements.Our interest in radiation 
dosimetry is the ability of the radiation to 
ionize or excite matter. Therefore, it is more 
important to weight the particles by their p g p y
energy, in other words, to the energy 
fluence or the radiant energy arriving at the 
detector (detector response function).

Spectral Effects
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Spectral Effects

• The narrow beam attenuation for a given• The narrow beam attenuation for a given 
medium and spectra will have a mean μ that 
depends on the attenuator thickness L as well as 
the detector response function.

The Buildup Factor
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The Buildup Factor

The Buildup Factor
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The reciprocity theorem

Exact for P=Q
For P≠Q
Exact only if 
scattering is the same
or approximately the
same as in the case
of Compton effect

The reciprocity theorem
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Proof of the reciprocity theorem

Medium: Air
Homework assignment for Monday

Medium: Air
If there were no attenuation, the photon fluence Φ at 

dv for an irradiation time of Δt

dA=A’ρ1ds
A’= specific activity (Bq/kg)
ds = elementary volume (m3)ds = elementary volume (m3)
Assumption:
decay of one photon with 
energy E per disentegration

Kerma in volume V due to activity in volume S
Also, D=Kc 

The reciprocity theorem

Still considering no attenuation
Only primary radiation Dose at dv due to S

D(V,S) = integral of Dtotρ2dv

D(V,S)=D(S,V) if (μen/ρ2)E,V= (μen/ρ1)E,S



9/16/2009

14

The reciprocity theorem

The dose at any internal point P in S due to a uniformly distributed source throughout S 
itself is equal to the average absorbed dose in S resulting from the same total source 
concentrated at P.


