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Mid-Term Exam 

 
Answer 4 out of 5 questions 
 

1. a) Draw a diagram indicating the systematic behavior of the nuclear 
binding energy per nucleon as a function of mass number A. The axes 
should be carefully labeled in a quantitative manner. 
b) Discuss the physical basis of the various terms of the semi-empirical 
(Weizsäcker) mass formula given below. 
 

 
 

2. The even-even nucleus 226U decays by alpha decay to the ground state of 
the daughter nucleus 222Th. The kinetic energy of the alpha particle 
emitted from 226U has been measured to be 7.566 MeV.  
a) Calculate the kinetic energy imparted to the recoil of 222Th in the alpha 

decay process.  
b) Given that the mass excess of 222Th is 17203 keV and the mass excess 

of 4He is 2424.9 keV, determine the mass excess of 226U. 
c) The excitation energy of the first 2+ state in 222Th is 183.3 keV. What 

would be the kinetic energy of the alpha particle emitted in the alpha 
decay of 226U to this state? 
 

3. The nucleus 87Y has a ground state spin and parity Iπ =1/2-, with excited 
states Iπ =9/2+ at an excitation energy of 381 keV and Iπ =5/2- at an 
excitation energy of 793 keV. The 9/2+ level has an experimentally 
measured half-life of 13 hours.  
a) Sketch the level scheme of 87Y and possible transitions.  
b) What are the most likely multipolarities for the transitions?  
c) Estimate the half-lives of the excited states on the basis of the 
Weisskopf estimates for transition rates.  
d) If the total internal conversion coefficient for the 381 keV transition is 
0.2, what is the effect on the predicted half-life of the decaying state? 
 

4. a) State two pieces of experimental evidence which cannot be explained 
by the liquid-drop model of the nucleus. 
b) In a simple three-dimensional potential well, the first three energy 
levels have quantum numbers 1s, 1p and 1d in order of increasing energy. 
Explain what is meant by this notation. Briefly explain what additional 
term is required in the Woods-Saxon potential to obtain the 
experimentally determined magic numbers. 
c) Using the attached shell model picture, make predictions for the spin 
and parity of the ground state for the following nuclei (for odd-odd cases 
give the possible range of spin-parities): 
i. 13C (Z=6), ii. 17O (Z=8), iii. 28Al (Z=13), iv. 40K (Z=19), v. 59Co (Z=27) 
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d) The low-lying levels in 49Ca (Z=20) are: ground state, 3/2-; 2.02 MeV, 
1/2-; 3.59 MeV, 5/2-. Interpret these states according to the shell model 
(note that experimentally shell model state orderings do not always 
follow the attached figure). Very briefly suggest why the first excited state 
in 48Ca is at almost 4 MeV in energy. 

 
5. a) Write down the decay energetics for β- decay and for β+ decay. Note 

that both β+ decay and electron capture (EC) lead from the initial nucleus 
to the final nucleus but it is not always possible to have both. Why? 
b) Briefly explain the difference between Fermi and Gamow-Teller 
allowed beta decays. 
c) Explain what is meant by forbidden beta decay. 
d) The figure below illustrates the β- decay scheme of 65Ni. The branching 
ratio from the parent to the 7/2- state in 65Cu is ~28%, to the 5/2- state 
~10% and to the ground state, 60%. The Q value for the beta decay is 
2.137 MeV. Calculate the partial half-lives for the three branches and thus 
extract the log t values. Use the attached logf(Z,EO) plot and estimate the 
corresponding log f values for the three transitions. Finally calculate the 
log ft values. Using the attached table, what type of beta decay transitions 
have you calculated (superallowed, allowed, first forbidden etc)? 
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Table: Single-particle transition rate estimates (Weisskopf estimates) for 
electromagnetic transitions. E is the transition energy in units of MeV. The 
transition rate λ is given in units of s–1. A is the mass number. 
 
Electric transitions Magnetic transitions 
λ(E1) = 1.0⋅1014⋅A2/3⋅E3 λ(M1) = 3.1⋅1013⋅E3 
λ(E2) = 7.3⋅107⋅A4/3⋅E5 λ(M2) = 2.2⋅107⋅A2/3⋅E5 
λ(E3) = 34⋅A2⋅E7 λ(M3) = 10⋅A4/3⋅E7 
λ(E4) = 1.1⋅10–5⋅A8/3⋅E9 λ(M4) = 3.3⋅10–6⋅A2⋅E9 
λ(E5) = 2.4⋅10–12⋅A10/3⋅E11 λ(M5) = 7.4⋅10–13⋅A8/3⋅E11 
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