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NRE/MP Radiation Physics  
 
Answer any 4 of the following 6 questions: 
 
1. A gold foil weighing 3.5 mg is irradiated by a thermal-neutron flux density of 1013 n cm-2 s-1. The 

interaction cross section is σ = 96 × 10-24 cm2/atom, and the half-life, τ1/2 = 2.70 d for 198Au. The value 
of Avogadro’s constant is 6.023 × 1023 atoms/mole. The gram-atomic weight of gold is 197.0 g/mole. 
One curie (1 Ci) is 3.7 × 1010 Bq.   

 
a) How long will it take for the foil to achieve an activity of 100 mCi of 198Au? 
b) What is the equilibrium level of activity? 
c) How long would it have taken to reach the same activity if the decay of 198Au were negligible during 

that time? 
d) What is the true activity reached at that time? 

 
2. Answer the following questions regarding photon interactions with media. State your assumptions if 

necessary.   
 

a) Is the Compton mass attenuation coefficient larger in carbon (Z= 6; A=12) or lead (Z=82; A=207)? 
Why? 

b) On the basis of the Klein-Nishna theory, what is the ratio of the Compton interaction cross sections 
per atom for lead and carbon? 

c) Suppose two photons with hν = 2 and 20 MeV, respectively, undergo pair production interactions 
with a medium. What is the average energy of the charged particles resulting from pair production 
in the nuclear field for each photon? What is the average energy of the charged particles resulting 
from pair production in the electron field (i.e., triplet production) for each photon?        

 
3. Answer the following questions regarding charged particle interactions with media. State your 

assumptions if necessary.   
 

a) Compare the passage of charged and uncharged particles through matter. What is the 
approximate probability of a single charged particle achieving a pathlength equal to twice its 
range? What is the approximate probability of a single photon having a pathlength twice as great 
as the mean free path 1/μ (Assume the photon is totally absorbed in its first interaction). 

b) Briefly describe the general types of interactions that contribute to the collision stopping power, 
(dT/ρdx)c. 

 

4. The semi-empirical nuclear binding energy formula is given below: 
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 (a) Explain the physical meaning of each of the five terms in the above formula. 
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 (b) Use the formula to calculate the mass of  nucleus.  Other data needed: Pb208
82

MeV u   and u,  u, 494.93110072765.1008665.1 === pn mm  

 (c) Discuss the discrepancy between your result of (b) and that shown in Attachment A. 
    
5. In an alloyed Pu(Be) neutron source, neutrons are produced from the interactions of alpha 

particles (emitted from 238Pu) with the 9Be nuclei.  That is, 
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 (a) Use the mass table (Attachment A) to calculate the kinetic energy of the alpha particle. 

 (b) Given that the nuclear radius obeys the formula,  and that fmAR   3/125.1 ×= 44.1
4 0

2
=
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e  

MeV fm, use the classical approach to estimate the coulomb barrier (in MeV) for the 
above (α,n) reaction. 

 (c) Use the classical approach to estimate the cross section (in barns) for the above (α,n) 
reaction, and discuss how the cross section should be modified by the quantum-
mechanical approach. 

 

6. The first resonance is observed at En = 2.077 MeV in the neutron total cross section for   
  in a laboratory experiment.  (a) What energy, measured from the ground 

state of 
CCn 13121

0 →+
13C, is the excited state which gives rise to the above resonance?  (b) If the total 

width (Γ) of the resonance is 8 keV, what is the most probable reaction type of this 
resonance?  e.g. (n,γ), (n, elastic), (n, inelastic),.. etc.  Why? 
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