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NRE/MP Radiation Physics 
 
Answer any 4 of the following 6 questions. 
 
 
1. In an alloyed Am(Be) neutron source, neutrons are produced from the interactions of 5.5-MeV alpha particles 

(emitted from 241Am) 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
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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. 
 
2. As a follow-up question of problem 1, use the mass table (attachment C) to calculate the energy range of 

neutrons emitted in the LAB system. 
 
3. Show that it is impossible for a gamma photon to conserve momentum in pair production without the presence of 

a third body (i.e. a nucleus or an electron). 
 

4. For the following 1D potential function, 
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where  is positive. 0V

a. Assuming particles are incident from +∞=x  in the direction toward , with energies 
, write down the Schrodinger equations for different regions.  
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b. Using boundary conditions, solve the Schrodinger equation.  Evaluate all undetermined coefficients 

in terms of a single common coefficient, but do not attempt to normalize the wave function. 
c. In the region ax > , based on the solution of b), calculate the wave reflection coefficient. 

   2 



NRE/MP Radiation Physics – Cont’d. 
 
5. The ordering of the single particle nuclear energy levels is  

...2,1,1,2,1,1,1,1 2/32/72/32/12/52/12/32/1 pfdsdpps  

For the following nuclei , ScSNaLi 41
21

33
16

23
11

7
3 ,,,

a. Using the independent-particle shell model, find the configurations of the protons and neutrons, 
and then determine the ground state spin and parity. 

b. In the shell model, the first excited states can be produced either by 
 1. excitation of the unpaired nucleon into the next higher subshell, or 
 2. pairing this nucleon with another excited from the next lower subshell. 
Determine the spin and parity for these two types of excited states for each of the four given nuclides. 
 

6. Consider the 3 component decay chain 1 2
1 2 3

λ λ⎯⎯→ ⎯⎯→X X  . X
a. Derive an expression for the amount and the activities of X2 and X3 at any time t as a function 

of decay constants.  Assume at time t=0, only amount of X1 is present. 0
1N

b. When will these radionuclides be in secular equilibrium? 

   3 



NRE/MP Radiation Physics – Cont’d. 
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NRE/MP Radiation Physics – Cont’d. 
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NRE/MP Radiation Physics – Cont’d. 
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