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NRE/MP Radiation Physics  
 
Answer any 4 of the following 6 questions. 
 
1. Discuss the neutron fission reaction.  Why do only the heaviest (largest atomic mass #) nuclei undergo 

fission with energy release when bombarded with neutrons?  Why do some heavy nuclei undergo 
fission when bombarded with low energy (thermal) neutrons, and others do not?  Explain “delayed 
neutron” release in fission.  What is the amount of energy released in the thermal neutron induced 
fission of a U-235 nucleus?  What is the average number of neutrons released in the thermal neutron 
induced fission of a nucleus of U-235? 

 
2. Consider the case that a thermal neutron is captured by a ground-state 59Co to form an excited 60Co 

nucleus.  Use Attachment A to answer the following questions:  (a) What energy, measured from the 
ground state of 60Co, is the excited state?  (b) What is the most likely πI  for the excited state? 
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NRE/MP Radiation Physics – Cont’d. 
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NRE/MP Radiation Physics – Cont’d. 
 
3. The first resonance of neutron cross section for 16O is observed at En = 443 keV in the laboratory 

system.  (a) What energy, measured from the ground state of 17O, is the excited state which gives rise 
to the above resonance?  (b) If the total width (Γ) of the resonance is 41 keV, what is the most 
probable reaction type of this resonance?  e.g. (n,γ), elastic, inelastic),..etc.  Why? (c) Will the Doppler 
Broadening effect (due to elevated temperatures) significantly change neutron interaction probabilities 
in the energy range of the resonance?  Why or why not? 

 
4. In many cases the decay of radionuclides is accompanied by the creation of new ones, either from the 

decay of a parent or from production by nuclear reactions such as cosmic ray interactions in the 
atmosphere or from neutron interactions in a nuclear reactor.  
a) If Q(t) is the rate at which the radionuclide of interest is being created, write the general form of the 

expression for the variation of the number of the radionuclide atoms with time N(t).  Assume that N0 
atoms are present at time t=0.   

b) Evaluate the general expression for the case of a constant rate of production of the radionuclide, 
namely, Q(t) = Q0.   

 
5. The fact that particles can behave like waves and that electromagnetic waves can behave like particles 

seems like a paradox.  The de Broglie wavelength of an entity can resolve this paradox.  
a) Explain this statement using quantitative expressions wherever possible. 
b) What is the kinetic energy and velocity of a neutron with a de Broglie wavelength of 10-1 

nanometers?   
c) Is this a thermal neutron?   

 
6. Use the Bethe’s stopping-power formula to calculate the collisional stopping power (dE/dx)c of: (a) a 1-

MeV proton slowing down in aluminum, and (b) a 1-MeV electron slowing down in aluminum. 
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