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QUESTION ONE "

(a) In statistical thermodynamics, particles exist in phase space.
(i) Briefly explain what is meant by phase space. (2 marks)

(i1) Dra“;' a clearly labelled simple axis illustration of a volume element in phase space for
x, v, z and Py, Py, P, coordinates. (1 mark)

(b) Briefly explain the following terms:
(1) Statistical weight ; (2 marks)
(ii) Degeneracy (2 marks)

(¢) Four coins marked a, b, ¢ and d are tossed. The number of heads (H) and the number of tails
(T) obtained in a toss define a macrostate.

(i) Write down all the possible macrostates. (2 marks)

(ii) Find the number of microstates corresponding to each of the above macrostates using

the formula:
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(iii) What is the most probable configuration of the system? Explain your reasoning.

(2 marks)

(d) Derive the following Maxwell-Boltzmann distribution function for a system of classical par-
ticles in thermal equilibrium:
s = Js ea+ﬁ65,

where the symbols have their usual meanings. (10 marks)




QUESTION TWO [ 0,

(a) Bricfly explain the relationship between entropy and thermodynamic probability?

(3 marks)

(b) Show that the entropy of a system is related to the weight by the following equation:

S =k InW
(8 marks)
(¢c) (i) State the equipartition theorem. (2 marks)
(i) What does the partition function tell us about a system of particles? (2 marks)
(iii) Briefly explain the Gibb’s paradox. (2 marks)

(d) Consider a particle having energy due to its motion in the x direction being made up of

quadratic terms in position z, that is E, = az?. Show that

1
Bgtor = '2" kT

(8 marks)




QUESTION THREE { (%

(a) Briefly explain the following:

(i) The difference between extensive and intensive variables and give examples in each

case, (4 marks)
(ii) Non-interacting or weakly interacting particles. (2 marks)
(iii) An isolated system of particles. (2 marks)

(b) Show that for a classical gas, the specific heat is given by the following expression:

Oln Z 0%n Z
Cy = Nk | 2T o+ T
v T oT
(4 marks)
(c) Given the density of states of a system of particles:
2m 8 1
g(e) de = 73 V (2m)2 €% de
and that h
7= Yo
8
(i) Show that for a classical perfect gas, the partition function is given by:
|4 3
Z = ﬁ(%rka)?
(i) Show that for classical perfect gas, the total energy is given by: {7 marks)
3
FE=-NKT
2
{6 marks)




QUESTION FOUR

ek
(a) Briefly explain the following terms associated with a system of bosons:
(i) Bose-Einstein condensation (2 marks)
(ii) Stefan-Boltzmann law ‘ (2 marks)
(b) State the difference between photons and phonons.
(2 marks)

(¢) Helium 4 (*He) obeys Bose-Einstein statistics, however, as it cools down it exhibits inter-
esting behaviour. Briefly explain the behaviour of “He as it is cooled down.

{4 marks)

(d) Given that a simple harmonic oscillator can exist only in any of the discrete energy states

with energy:
1
€ = — | hw
(n + 2)

Derive the expression for its mean energy, given that:
R

€ = kT? a%mz
(10 marks)

(e) (i) Sketch a grath showing the variation of Cy with temperature of an insulator according
to Einstein’s theory. (3 marks)

(ii) Explain the graph in (d)(i) with reference to the classical Dulong-Petit law. (2 marks)




QUESTION FIVE

(g
(a) Given the Fermi function for a system of fermions as: -
Fles) = g
e & 1
Evaluate f{e} for the following cases:
(i) € > epr(0).
(2 marks)
(i) & < er(0).
(2 marks)
(iii) Explain in detail the results obtained in (a)(i) and (a)(ii).
(4 marks)

(b) The Fermi level of a metal is -6.8 eV.

(i) Find the probability that an electron can have energies 0.1 eV and 1.0 eV above the
Fermi level at T = 300 K and T= 400 K. (6 marks)

(ii) Comment on the results obtained in (b)(i). (2 marks)

(c) The Fermi energy of such a system of fermions is given by:

(3N
B om \ 8V
(1) Define Fermi energy.

(2 marks)

(ii) Calculate the Fermi energy of a metal, which has a density of 8.6 102 kg.m™3 and
atomic weight of 39. Give your answer in electron volts.

(5 marks)
(iii) Considering that Tp = &p/k. Calculate the Fermi temperature for the metal in (a)(1).

(2 marks)




APPENDIX 1

Useful definite integrals




APPENDIX 2

Table of physical constants

QUANTITY SYMBOL VALUE
Speed of light c 3.00 x 103 m.s~!
Plank’s constant h 6.63 x 1073 I.s
Boltzmann constant ; 1.38 x 102 J K1
Electronic charge e 1.61 x 107¥% C
Mass of electron Me 0.11 x 1073 kg
Mass of proton My 1.67 x 107%" kg
Gas constant R 8.31 J.molL.K!
Avogadro’s number Ny 6.02 x 10%
Bohr magneton LB 9.27 x 1024 J.171
Permeability of free space 140 4 x 107" H.m™!
Stefan constant o 5.67 x 1078 Wm—2.K*

Atmospheric pressure
Mass of yHe atom
Mass of SHe atom

Volume of an ideal gas at STP

1.01 x 10° N.m~2

6.65 x 10727 kg

5.11 x 107% kg
22.41 mol 1




