
Compulsory task in FYSKJM4710 

Interaction theory and dosimetry 

 

a)  Describe the general types of interactions that contribute to the collision stopping power, 

(dT/ρdx)C? 

What is the maximum energy transferred from a 50 MeV proton to an electron in a hard 

collision? 

Find the I and Z/A values of air and water from Appendix B.2. (Derive Z/A from NAZ/A). 

Calculate the total collision stopping power, (dT/ρdx)  of 50 MeV protons in air and water. C

 

b)  In Appendix D.1 the electronic Klein-Nishina cross-sections are given.  

Find from this table the K-N-values of the electronic cross-section, eσ, and the electronic cross of 

energy-transfer, eσtr, of 50 keV photons. 

Calculate contribution of the Compton interaction to the mass attenuation coefficients, σ/ρ, and 

the mass energy-transfer coefficients, σ tr/ρ, of 50 keV photons in air and water. Use the electron 

density (NAZ/A) from Appendix B.2.  

The total coefficients are: (µ/ρ)air = 0.206 cm2/g  and (µtr/ρ)air = 0.0406 cm2/g 

 (µ/ρ) water = 0.225 cm2/g  and (µtr/ρ)water = 0.0418 cm2/g 

Calculate the fraction of the total coefficients that are due to Compton interaction, both 

attenuation and energy-transfer? 

Why are the fractions due to Compton interaction of the mass energy-transfer coefficients, µtr/ρ, 

less than that of the mass attenuation coefficients, µ/ρ?  

 

c)  A photon enters a small volume of interest in which the interactions as shown occur:  

 

 
hν 

hνΚ 

hν' 

 T' 

Which process terminates the incoming photon?  

What process is the origin of the photon of energy hv’? 

Determine εtr energy transferred, εn
tr net energy transferred 

and ε absorbed energy. (No calculations should be done, 

express the answers by hν, hνK, hν' and T'). 



d) Why can the mass energy-absorption coefficient µen/ρ be approximated by µtr/ρ, when the photon 

energy is 50 keV and the medium is air or water?  

Define exposure and how dose to air is derived from this parameter from photon radiation with 

charged particle equilibrium. 

 

e)  An air filed ionization chamber is placed in water. By use of an electrometer a charge of 

Q = 50 nC is measured during 2 minutes – the radiation is a 50 keV monoenergetic photon 

source (CPE may be assumed). The chamber has an air volume of V = 0.65 cm3, the air density 

is ρair = 1.2×10-3 g/cm3 and average energy per charge in air is W/e = 33.97 J/C. 

What is the exposure X in the ionization chamber?  

What is the energy fluence of the photon field?  

What is the absorbed dose in air?  

What is the absorbed dose and dose rate in water? 

 

f)  Define the charge measurement in problem e) as M. From the definition of the calibration factor 

of absorbed dose in water, what is the calibration factor ND,water (in mGy/nC) at the current 

photon energy?  

The same exposure is produced by 50 MeV protons. Use Bragg-Gray theory and the value of 

collision stopping power calculated in a) to estimate the energy fluence of the proton field?  

What is the absorbed dose in water from the protons? 

For this 50 MeV proton field, estimate the radiation quality correction kQ, related to the 

calibration factor ND,water calculated from the 50 keV photons. 
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