
ENGY.3310  Fundamentals of Nuclear Science and Engineering 
Spring 2016 

HW #6:  Nuclear Stability and Various Radioactive Decay Processes 
 

Problem 1   The Semi-Empirical Mass Formula   (10 points) 
Compute the binding energy per nucleon (BE/A) for O-16 and O-17 using the semi-empirical 
mass formula (use the form and specific coefficients from your text).  Also compare this 
“theoretical” result with the values determined from the measured masses (these were computed 
as part of HW #5).  Comment on your results... 

 

Problem 2   The Chart of the Nuclides (Isobar A = 149)   (10 points) 
In the nuclear science literature, an isobar identifies nuclides with constant A (i.e. N and Z can 
change, but A = N+Z = constant).  One of the important isobars when considering thermal 
reactors is for A = 149.  Using the Chart of the Nuclides from the National Nuclear Data Center 
(NNDC) at Brookhaven National Lab (www.nndc.bnl.gov), establish the various nuclides 
associated with isobar A = 149 starting at Ba-149 and continuing until you reach a stable nuclide.  
For each nuclide within the range given (Ba-149  ⋅⋅⋅  stable nuclide), identify the following 
properties (if they are available): 

nuclide,  decay mode,  half-life,  thermal capture cross section, σn,γ,  and the 
U-235 fission product yield 

With this information, can you rationalize why the A = 149 isobar is important in thermal 
systems? 

Note:  The Chart of the Nuclides is an essential resource for any Nuclear Engineering or 
Radiological Science student and for every practicing engineer in the NSE field.  You should 
spend some time getting familiar with the interactive version of this tool at the NNDC and then 
collect and tabulate the data requested here… 

 

Problem 3   Q-value for Radioactive Decay   (10 points) 
Write out the formal reaction equation and compute the Q-value for the following two 
radioactive decay reactions.  Assume that any neutrinos or anti-neutrinos that appear in the 
balance equations have negligible rest masses.  Also be especially careful with the treatment of 
the number of electrons on each side of the reaction equation… 

a.   β− decay of Cs-137  b.   EC in Ce-139 
 

Problem 4   Energy Distribution of Radioactive Decay Reaction Products   (10 points) 
In class, we developed an expression for the energy of the two particles emitted in a two-body 
radioactive decay scheme.  In doing this we assumed that the energy and momentum of the 
daughter nucleus could be characterized by a classical treatment, and that the lighter product 

http://www.nndc.bnl.gov/
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needed, in general, a relativistic treatment.  Another key assumption in this analysis was that the 
kinetic energy and momentum of the reactants (the parent nuclide in our development) were 
negligible. 

a. Re-do this analysis for the case where both products can be treated as classical particles. 

b. Is the result from Part a consistent will the relativistic treatment done in class?  Explain… 

 

Problem 5   Decay Energetics (Pu-238 α decay)  (10 points) 
Pu238 is an alpha emitter that decays to several different energy levels associated with its 
daughter.  However, the most common decay scheme is to the ground state of the daughter (this 
occurs nearly 71% of the time).  For this particular decay mode, determine the following: 

a. The daughter nucleus. 

b. The Q-value. 

c. The kinetic energy of the alpha particle. 

d. The kinetic energy of the daughter. 
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