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Part 1: Classical Physics 
August 26, 2008 

 
 
Work four problems, at least one from each group.  Circle the numbers below to 
indicate your chosen problems. 
 
 

 
 

Group A      Group B            Group C 
 
 
 

1. Write in your code letter here:  
2. Write your code letter and a page number (in sequential order) on the top 

right-hand corner of each submitted answer sheet. 
3. Write only on one side of each answer sheet. 
4. Start each problem on a new answer sheet. 
5. Stack your answer sheets by problem and page number, and then staple 

them (at the top left-hand corner) with this cover sheet on the top. 

1 2  3  4 5  6 7  8 



Group A: Problem #1 
 

 



Group B: Problem #2 
 

 



Group B: Problem #3 
 

 



Group B: Problem #4 
 

 



Group C: Problem #5 
 

 



Group C: Problem #6 
 

 



Group C: Problem #7 
 

 



Group C: Problem #8 
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Part 2: Modern Physics 
August 28, 2008 

 
 
Work four problems, at least one from each group.  Circle the numbers below to 
indicate your chosen problems. 
 
 

 
 

Group A      Group B   Group C 
 
 
 

1. Write in your code letter here:  
2. Write your code letter and a page number (in sequential order) on the top 

right-hand corner of each submitted answer sheet. 
3. Write only on one side of each answer sheet. 
4. Start each problem on a new answer sheet. 
5. Stack your answer sheets by problem and page number, and then staple 

them (at the top left-hand corner) with this cover sheet on the top. 

1 2  3  4 5  6  7 



Group A: Problem #1 
 

 
 
 

(Each problem is 5 points) 



Group B: Problem #2 
 

 



Group B: Problem #3 
 
A given system of two identical particles may occupy any of the three energy 
levels: 
 

ε n = n ε,  n = 0, 1, 2. 
 

The lowest energy state is doubly degenerate. The system is in thermal 
equilibrium at temperature T. For each of the following cases, determine the 
canonical partition function and the energy and carefully sketch the allowed 
configurations: 

a) The particles obey Fermi-Dirac statistics; [7 pts] 
b) The particles obey Bose-Einstein statistics; [6 pts] 
c) The (now distinguishable) particles obey Maxwell-Boltzmann statistics; 

[6 pts] 
d) Discuss the condition(s) under which fermions or bosons may be 

treated as Boltzmann particles. [6 pts] 
 



Group B: Problem #4 
 
Consider a simple particle moving in a one-dimension and under the influence of 
a restoring force F = -kx5, k > 0. 

a) Write down the Schrodinger equation for the wave-function y(x) of such a 
particle.  [7 pts] 

b) Show that for very large x, y(x) decays exponentially with some power of 
x; and this asymptotic wave-function . [7 pts] 

c) Writing , and the differential equation that determines f(x). 
[7 pts] 

d) Consider now varying k and independently n for the restoring force F = -
kxn.  Which of these two variations does (does not) preserve the qualitative 
features of the energy spectrum, and why (why not). [4 pts] 



Group C: Problem #5 
 
In a particular model of the thermal behavior of crystalline solids, each of the 
N atoms of the solid behaves like three independent harmonic oscillators. The 
3N harmonic oscillators, which are on distinguishable sites, all have the same 
angular frequency of vibration ω0.  

 
(a) Write explicit expressions for the total energy E and canonical 

partition function Z of the solid. [7 pts] 
(b) Calculate the Helmholtz free energy, F, of the solid. [7 pts] 
(c) Obtain the heat capacity C(T), and to leading order, calculate the 

low-T and high-T limits. [7 pts] 
(d) Sketch the graph of C(T) vs T. [4 pts] 

 
 



Group C: Problem #6 
 

 
 

(Each part is 5 pts) 



Group C: Problem #7 
 

 


