
Physics 522, Spring 2016 
Problem Set #4 

Due: Thursday Feb. 18, 2016 @ 5PM 
 

Problem 1:  Cohen-Tannoudji et al. Vol. I, Prob. 5, p. 767 (10 Points). 
 

 
 
Problem 2:  Cohen-Tannoudji et al. Vol. I, Prob. 6, p. 768 (20 Points). 

 



 
 
 
 
Problem 3:  The rigid rotator (15 points) 
Consider a dumbbell model of a diatomic molecule, with two masses attached rigidly to a 
massless rod of length d. 
 
 
 

 
 
(a)  Assuming d cannot change, and its center of mass does not change, show that the 
Hamiltonian is 

� 

ˆ H =
ˆ L 2

2I2  

where 

� 

ˆ L 2 is the squared angular momentum and I is the moment of inertia of the masses 
for rotation perpendicular to the dumbbell. 
(b) What are the energy levels of the system?  What is their degeneracy?  What are the 
energy eigenfunctions?  Sketch a level diagram. 
 
(c)  Diatomic nitrogen, with d=100 pm.  Suppose a quantum jump occurs from level 
denoted by quantum number l+1 to l.  What this the wavelength of the emitted? 
 
(d)  Suppose you measured the spectrum of emitted light between different transitions.  
Explain how you would you it to measure the moment of inertia of the molecule. 
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