
Preliminary Examination: Thermodynamics and Statistical Mechanics

Department of Physics and Astronomy
University of New Mexico

Fall 2013

Instructions:

•The exam consists of 10 short-answer problems (10 points each).

•Where possible, show all work; partial credit will be given if merited.

•Personal notes on two sides of an 8⇥11 page are allowed.

•Total time for this test: 3 hours.

Information that could be useful:

•1 joule = 6.2⇥ 10

18
eV.

• kT at room temperature is approximately equal to 0.025 eV.

• Z 1

�1
e

�ax

2

dx =

p
⇡/a.
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P1: A cup of hot co↵ee at 80 C is mixed together with two cups of cold co↵ee at 40 C at constant

pressure in an insulated container. The specific heat for co↵ee at constant pressure is known to be

4.2 J/g/deg at room temperature and 1 atmosphere. Determine the resultant temperature of the

mixture. Make, and state clearly, any reasonable approximations you need to obtain your result.

P2: The non-interacting Fermi gas is a useful model for understanding the electronic properties

of a metal. Suppose that the chemical potential for electrons in the conduction band of a certain

metal is 4 eV at room temperature. Sketch a graph of the corresponding Fermi-Dirac distribution

function at room temperature (T ⇡ 300 K) as a function of energy lying between 3.9 eV and 4.1

eV. Also show on your graph, for comparison, the shape of the distribution function at T = 0 K

and T=100000 K.

P3: State the Fermi-Dirac distribution, the Bose-Einstein distribution, and the Maxwell-

Boltzmann distribution describing the occupation number of a fixed numberN of particles each with

a given energy ✏ in terms of the chemical potential µ and temperature T . The crucial ratio in these

expressions is (✏� µ)/k

B

T . Consider the argument that the ratio goes to zero as the temperature

becomes very large and that consequently the Fermi-Dirac distribution becomes classical in the

small temperature limit. What is wrong in this argument? (Remember that it is usually said that

the classical limit is the large temperature limit. Explain.

P4: The ideal gas law PV = nRT states the relationship between the pressure P exerted by a

gas on the walls of the container of volume V to the temperature T of the gas, n being the number

of moles and R the universal gas constant. Consider collisions of the gas molecules with the walls

of the container and derive under reasonable assumptions the relationship

1
2mv

2
=

3
2kBT between

the translational kinetic energy of a molecule of the gas and the temperature of the gas. Carefully

explain the assumptions you make during the derivation and show what the connection is between

the Boltzmann constant k

B

and the gas constant R.

P5: The underlying equations of mechanics are reversible in time. Yet every day behavior we

observe is irreversible. Briefly explain how you understand the resolution of this paradox.

P6: Which of the two statements below (if either) is correct and under what physical con-

ditions? If neither is correct, write a corrected version of each and if the statements or slight

modifications are valid under other physical conditions point it out carefully. A legalistic answer

will not give you credit. Treat this question as an opportunity to show the examiners that you

understand the relevant physics:

Statement 1: In thermal equilibrium, a large enough system occupies its energy states of energy

E with equal probability.

Statement 2: In thermal equilibrium, a large enough system occupies its energy states of energy

E with probability proportional to the factor exp(�E/k

B

T ) where T is the temperature.
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P7: You are required to calculate the classical partition function of a free particle of mass m

confined to a 3-dimensional container of volume V at temperature T . Noticing that this calculation

involves an integration over coordinates x and momenta p and that the product of x and p has

the dimensions of Planck’s constant h, introduce a multiplicative factor 1/h

3
to make the partition

function dimensionless. Now show that the result so obtained for the partition function has the

suggestive form of the ratio of the container volume V to another volume characteristic of the

particle. Comment on this and state clearly the physical significance of the other volume. Hint :
The other volume sometimes goes under the name of the thermal de Broglie volume of the particle

at temperature T , and involves h, the temperature, and the mass of the particle.

P8: Planck’s radiation law states that the spectral energy density E

⌫

in a black body at

frequency ⌫ is given by

8⇡h(⌫/c)

3

e

h⌫/kBT � 1

.

For 0.75 of the credit of this problem, state (with clear explanation) how this expression would be

modified in Flatland (2-dimensional universe.) For full credit derive an expression for that case.

P9: Einstein’s theory of the specific heat of an insulator relies on envisaging the solid as a

collection of identical independent oscillators each of frequency ! and computing the average energy

of each oscillator to be given by

✏̄ =

✓
n̄+

1

2

◆
~!

where n̄ =

�
e

~!/kBT � 1

��1
. Consider a similar situation with the di↵erence that each oscillator

is replaced by a two-level system, the energy di↵erence between the two levels being �. Calculate

the specific heat, and show how its behavior at low and high temperatures would di↵er from that

of the Einstein model. Indicate also what you mean by high and low (temperature.)

P10: A gas of N ⇠ 10

23
non-interacting spin-1/2 fermions of mass m and temperature T = 0

is confined to a cubic region of edge length L and volume V = L

3
. Find an expression for the

largest occupied single particle energy "

f

(the Fermi energy) and express it as a function of the gas

particle density ⇢ = N/V . Compute the total internal energy U of the gas, and use this to compute

the pressure exerted by the gas on the container that holds it.
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