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1. Consider equilibrium between a solid and a vapor made up of monatomic molecules. 

It is assumed that the energy φ is required for transforming an atom from the solid to 
vapor. For simplicity, take the Einstein model for the solid, i.e., assuming that a three-
dimensional harmonic oscillator with a frequency ω represents each atom 
independently. Evaluate the vapor pressure as a function of temperature.  
  

2. Determine the translational, rotational, and vibrational contributions toward the molar 
entropy and the molar specific heat of carbon dioxide at 300K. Assume the ideal-gas 
formulae and use  the following data: molecular weight M = 44.01 atomic mass unit; 
moment of inertia I of a CO2 molecule = 71.67x10-40 gcm2; wave numbers of the 
various modes of vibration: ν1 = ν2 = 667.3 cm-1, ν3 =  1383.3 cm-1, and ν4 = 2439.3 
cm-1 (ε=hcν).  

3. Consider an ideal Bose gas confined to a region of area A in two dimensions. Express 
the number of  particles in the excited states, Ne, and the number of particles in the 
ground state, N0, in terms of z, T , and A, and show that the system does not exhibit 
Bose–Einstein condensation unless T à 0 K.  

   Refine your argument to show that, if the area A and the total number of particles N 
are held fixed and we require both Ne and N0 to be of order N, then we do achieve 
condensation when 

  T ~ h2

mkl2
1
lnN

  where l = A / N  is the mean interparticle distance in the system. 

Of course, if both A and N à ∞, keeping l fixed, then the desired T does go to zero. 

4. For N ideal Fermi gas particles (ε=p2/2m) moving in a two dimensional plane within 
an area A at T=0, find  
a. The density of state 
b. The Fermi energy. 
c. Total energy.  
	
  

	
  
	
  

	
  
	
  	
  	
  



Quantum Mechanics Ph.D. Qualifying Exam (Spring 2014)

I. A particle in one dimension is trapped between two rigid walls,

V (x) =

{

0, for 0 < x < a ;
∞, for x < 0, x > a.

At t = 0 it is known to be exactly at x = a/2 with certainty. What are the relative probabilities
for the particle to be found in various energy eigenstates? Write down the wave function for t > 0.

II. Discuss the spectrum and eigenfunctions of the three-dimensional rigid rotator, with quantum
Hamiltonian

H =
~L2

2I

and I the moment of inertia. Comment on any degeneracies you may find. How does the spectrum
compare to the classical result? Can you name three quantum mechanical systems where the above
results have physical relevance?

III. Consider two spatially localized spin-1
2
particles coupled by a transverse exchange interaction

and in an inhomogeneous magnetic field. The Hamiltonian is

H = h1S
z

1 + h2S
z

2 − J (S+

1 S−

2 + S−

1 S+

2 ) .

Here h1 and h2 are proportional to the magnetic fields at the two sites, and J measures the strength
of their exchange coupling.
a) Find the eigenvalues of H.
b) If both spins are up at time t = 0, what is the probability that they will both be up at a later
time t ?

IV. In a simplified nuclear model for the Deuteron the potential energy part of the Hamiltonian
is V = V1(r)+V2(r)Sp ·Sn. Here V1 and V2 are some functions of the separation r, the proton and
neutron masses are given by mp and mn, and Sp and Sn are their respective quantum mechanical
spin operators.
(a) The quantum-mechanical eigenvalue problem can be reduced to a one-dimensional problem in
the variable r. Write out explicitly the Schrödinger equation in this variable.
(b) Assuming V2 < 0, discuss the ground state configuration of the Deuteron.


























