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Exposure
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* |If the medium is AIR and we're collecting ION PAIRS and
counting CHARGE only then we are measuring EXPOSURE

D5smS) X=Q/m

Unit=C/kg=R &
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Q is the total charge of the ions (of one sign) produced when all
the electrons liberated by photons in air of mass m are completely
stopped in m.

Sl Unit: Coulomb per kilogram (C/kQ)
Special Unit: Roentgen (R)

Exposure: a measure of photon beam energy available for
ionization
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Exposure: a measure of photon beam energy
available for ionization

charge in coulombs

X —unit [SI] =

mass of arr im kg

L i — 333 x10"°C
Roentgen [older] = =S o

mass of air [of 1cc]
T 0.001293 g @ STP
[0°C =273K, 760 mm Hg]

1R=258x 104X
1X=3876R

* What does it take to ionize matter??

# ~3040 eV | 34 eV for air, known as W; )
» # of ionizations generated by an MeV entity : LARGE
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1Mev +34=30000
e What does it take to ionize matter??
> ~30-40 eV (34 eV for air, known as W¢ )

» # of ionizations generated by an MeV entity : LARGE !
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1 Roentgen will cause production of 2.58 x 10 Coulombs of
lonization per kilogram of air
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* lonization electrons and ions (ion pairs) can be collected using an electric
circuit

* Using an electric field, it is easy to collect precisely these ion pairs in air
because of its low density.
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Exposure measurement: Free-air chamber

Standard chamber used in national calibration laboratories
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electronic equilibrium (loss = gain)
“primary", "gold-standard” measurement
may get bulky or impractical
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Points of ponder :
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Points to Ponder:
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B A measure of the number of photon beams
based on their ability to ionize air.

B Energy fluence is proportional to exposure.

B Mixture of elements in air is close to that of
living tissues.

B Used principally in radiation safety and
diagnostic radiology.

B |n practice, exposure cannot be applied for
energies larger than 3 MeV as the mass of air
required to completely stop electrons is too
large.

Limitation of exposure:
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Limitations of Exposure

B Only applies to photons: X and y rays.

B Only shows the effects in air and not other
materials.

B Inaccurate to measure for high energy photon
beams due to the long range of the secondary
electrons: no electronic equilibrium =
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lonizations gained is equal to ionizations lost
in V.

B Upper limit at about 3 MeV.

100 R/min LS sl Cpdile S oa s A
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100 mR/hr il (5551l (o s )R-

0.01 mR/hr e ) audim i
Exposure: typical numbers (exposure rates)
* Output of a Co-60 radiotherapy machine -- 100 R/min

(at patient treatment distance)

e Qutput from alinear accelerator — XXXXX!

 Diagnostic radiology: CT scanner, fluoro -- 100
mR/hr

 “Natural” background -- 0.01
mR/hr

 Exposure - summary

« Useful to characterize beams before they enter the
patient
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 Concept is easy but limited:
« Air only
 Photons only
 Energies less than 3 MeV in practice

 Used mostly in diagnhostic radiology & radiation safety;
almost never in radiation therapy

Need another descriptor for measuring the effect of radiation
in living tissue
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