
Chemical Physics Cumulative Examination 
November 14, 2005 

 
This exam focuses on the magnetic and electric properties of nuclei.  The exam will be graded out of 
100 points, with the distribution indicated at the start of each question.  
 
I. Magnetic dipole moment of the proton and neutron 

a. (10 points).  The classical treatment of the magnetic dipole moment considering a circular 
loop carrying current i and enclosing an area A produces µ = iA; from this starting point, 
show that the rotation of a nuclear charge e (1.602 x 10-19 C), moving with velocity v in a 
circle of radius r can lead to the working definition of the nuclear magnetic moment 
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where m is the mass of the proton (1.672 x 10-27 kg), l is the angular momentum quantum 
number of the orbit, and == π2hh 1.055 x 10-34 Js. 
 

b. (10 points).  The neutron has no net electric charge, yet has a non-zero magnetic moment 
[µ(n) = –1.91 µN].  This is not expected based on the relation given in equation (I.1).  Please 
explain. 

 
c. (10 points).  Equation (I.1) can be rewritten in a more useful form for a single nucleon: 

NsN sgg µµµ += ll   (I.2) 
where both the orbital ( ) and spin (s) contributions are now considered and  l
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is the nuclear magneton (5.050 x 10-27 J/T).  For spin-1/2 point particles, the Dirac equation 
gives gs = 2.  The gs value for the free electron is 2.0023, close to the Dirac expectation.  
However, the value of gs for the free proton is 5.5856 and for the free neutron gs = –3.826.  
Provide an explanation for this apparent discrepancy. 

 
II. Magnetic dipole moments of multi-nucleon systems 

a. (10 points)  The deuteron (2H) consists of a single proton and single neutron coupled to total 
angular momentum I = 1 in the lowest energy configuration (the ground state).  Using 
information provided in question I.c, estimate the magnetic dipole moment of 2H. 

 
b. (10 points)  The ground-state wavefunction of 2H is believed to contain a small admixture of 

d state ( l ) along with the pure 2= 0=l component as calculated in question II.a.  Give 
expressions for both the wavefunction and magnetic moment of 2H that include the 
amplitudes as and ad of the s- and d-state contributions. 

 
c. (10 points)  How would you measure the magnetic dipole moment of 2H? 

 
d. (10 points)  The nucleus 20Ne contains 10 protons and 10 neutrons, yet the magnet dipole 

moment of the ground state of this nucleus is zero.  Please explain. 

Over → 



  
III. Electric quadrupole moments of multi-nucleon systems 

The electric quadrupole moment of a nucleus can be estimated assuming the nucleus has a 
spheroid shape generated by rotating an ellipse about one of its axes.  The resulting relation is  
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where Ze is the nuclear charge, and c and a are the semi-minor and -major axes, respectively. 
a. (10 points) For 181Ta, Q/e = +4.20 barns.  Calculate the ratio of the semi-major to semi-minor 

axes of this nucleus.  Note that 1 barn = 10-24 cm2 and R2 = 0.5(a2+c2) = 1.2 fm A2/3. 
 
b.  (10 points)  In the figure below, the ground state electric quadrupole moments of selected 

odd-mass nuclides are plotted as a function of the number of odd nucleons (protons or 
neutrons) in the system.  Notice that, for nuclei with certain nucleon numbers (8, 20, 28, 50, 
82, 126), that Q ~ 0.  Provide an explanation for this observation. 

 
IV. Electric dipole moment of the neutron   

The search for an electric dipole moment (EDM) of the neutron is one of the exciting 
possibilities for finding physics beyond the current standard model.  The current experimental 
limits are all consistent with zero, in agreement with the predictions of the standard model. 
a. (5 points)  Provide an estimate for the magnitude of the EDM of the neutron.  Be sure to 

justify your estimate by clearly stating all assumptions made in your calculation. 
 
b. (5 points)  Presence of a neutron EDM larger than standard model predictions would have 

serious implications on CPT symmetry, which is believed to be exact.   Define the acronyms 
C, P, and T.  Also indicate which of the three (C, P, or T) a non-zero neutron EDM violates.  
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