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QUESTION ONE
(a) Define a state variable in thermodynamics. (3 marks)

(b) Consider a system consisting of N distinguishable particles, each of which has only three

possible energy states. The energies of the states are, £, = 0,E; = ¢, E, = 2¢. The

system is in equilibrium with a heat reservoir which is at temperature T.

What is the partition function Z for a single particle? (Note that it has only three

energy levels) (2 marks)
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ii. What is the partition function for the entire system of N particles? (Note that the N
particles are distinguishable). You can give your answer in terms of Z from part (i)
above.(2 marks)

(c) State the postulates upon which statistical mechanics is based.(4 marks)
(d) Boltzmann’s hypothesis defines entropy S in terms of the number of microstates as

S = kg In Q. Show that the entropy for a combined system of two subsystems 1 and 2 is

S =51+ S,, where S; and S, is the entropy of 1 and 2 respectively. (4 marks)

(e) What are fermions and bosons? Distinguish between them and give two examples of each.
(6 marks)
()
I. What is an ensemble? (1 mark)
ii. Distinguish between the different types of ensembles in statistical mechanics
(6 marks)
QUESTION TWO (20 marks)
a. The Gibbs free energy is defined as G = E — TS + pV, where E is internal energy, T is
temperature, S is entropy, p is pressure and V is volume.

i. Show that dG = —SdT + Vdp + udN(3 marks)
ii. Use the equation given in (i) to show that V = Z—g) (3 marks)
T,N

. . .. . . aS av
. Use the equation given in (i) to derive the Maxwell’s relation - —) = —)
dap TN aT p.N

(4 marks)

b. Taking S and V to be Independent variables with Xx=T and y=V, derive the Maxwell’s

(a—P) stating from the relation dU = Tds —
%4

thermodynamic relation (6—T)S=_ -

av

pdV for an infinitesimal reversible process. (10 marks)

QUESTION THREE (20 marks)
Consider a particle in one-dimensional box of width, L, and infinite barriers. For such a

system the energy eigen values are,

h2m?
— 2 —
n = 2mL2n , n=12,3...
2
I.  Show that, the partition function can be writtenas, Z = Ai where Ap = ZT:T IS
D

the de Broglie wavelength. (9 marks)
ii.  Calculate the Helmholtz free energy (3 marks)

iii.  Calculate the entropy. (4 marks)
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Derive the equation of state by extending the discussion above to a 3-D box.
(4 marks)

QUESTION FOUR (20 Marks)

a. What do you understand about the principle of equipartition theorem? (2 marks)
b. Consider a huge number of systems, N, in thermal contact and let N; be in microstate

1, N, in microstate 2... and N; be in microstate i, show that the entropy per system is,
S = —k; P;In P;(5 marks)

Suppose system A is in contact with a with a huge reservoir with which the system
can exchange both heat and particles. Show that the probability that A is in the i"" state
IS,

e~ (Ei—uN)/kpT

-
)
—

Where E = ¥; e~ Ei7#N/ksT s the grand partition function.(13 marks)

QUESTION FIVE (20 marks)

Consider a two dimensional monoatomic gas i.e. gas molecules can move freely on a plane

but are confined within an area A. Assume that the molecules obey Boltzmann statistics and

that molecules are point particles which exert no force on one another when they collide.

Show that the partition function for a two dimensional monatomic gas of N particles

2mAn kgT
h2

Find the velocity distribution function (4 ¥ marks)

isgivenby Z =

(5 marks)

Use the result from (ii) above to calculate the force per unit length which the gas
exerts on its 2-D container. Express this pressure in terms of the temperature to get the
equation of state. (4 %2 marks)

Using the partition function in part | above, derive the expression for the entropy and

heat capacity of this two dimensional monatomic gas. (6 marks)
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