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Answer FOUR questions. Answers to questions from the two Sections must be written in
separate answer books.

SECTION A

1. Discuss briefly the concept of entropy as used in statistical mechanics with particular
reference to the total entropy of a disordered lattice. An idealized system consists of
N independent paramagnetic ions each of which has a single energy level described
by a total angular momentum quantum number J . Justifying briefly the statistics
employed, show that the entropy S(H,T ) of such a system in a magnetic field H at
temperature T can be written as

S(H,T ) = Nk
∂

∂T

[
T ln

{
sinh[(2J + 1)x/T ]

sinh(x/t)

}]

where (in the usual terminology) x = gρH/2k. Hence deduce expressions for

(a) S(0, T ),

(b) Cv(0, T ) [the specific heat at constant volume at H = 0] and give a physical inter-
pretation of these two results and the fact that (∂S/∂H)T,V is negative. Describe
briefly how (a) is made compatible with the third law of thermodynamics and
hence outline the principle behind the method of cooling by adiabatic demagne-
tization.

S = k lnZ − 1

T

∂

∂β
(lnZ)

2. Explain the importance of the Lagrange parameter β (introduced into the distribution
function as the term representing conservation of particle number) in

(a) classical statistical mechanics,

(b) the discussion of the properties of metals,

(c) the conditions existing between two different materials.

Show that (at T = 0◦K) the Fermi level in an intrinsic semiconductor lies half-way
between the valence and conduction bands, whilst in a heavily doped n-type semi-
conductor it lies half-way between the donor level and the conduction band. Describe
briefly the relation between these two results.

∫ ∞
0

√
x exp(−βx)dx = 2−1π1/2β3/2



3. Describe how the X-ray diffraction pattern from a polycrystalline material may be ob-
tained, and outline the geometrical and physical factors which influence the relative
intensities of the diffracted beams.

In the crystal structure of the compound AX, the A atoms are situated at the lattice
points of a face-centred unit cell. The X atoms are thought to lie either at positions
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atomic scattering factors of A and X are almost identical and that the 200, 220, 400
and 420 reflections are all observed in the powder pattern, show which structure is the
more likely.

4. Define the reciprocal lattice. Show that the vector from the origin to the reciprocal
lattice point (ha∗, kb∗, lc∗) is perpendicular to the (hkl) planes of the space lattice
and has a magnitude equal to the reciprocal of the spacing of these planes. Give a
graphical interpretation of the Bragg law in terms of the reciprocal lattice vector, and
hence explain the formation of layer lines on a c-axis rotation photograph. Calculate
the range of the Bragg angles for reflections on the first layer line of such a photograph,
given c = 3.08 Å and λ = 1.54 Å.

SECTION B

5. Write a critical account of the development of theoretical ideas about the resistance
characteristics of metals (including specific reference to bismuth, antimony and iron)
and alloys.

6. With reference to suitable examples explain the difference between intrinsic semicon-
duction and extrinsic semiconduction. What experiments could be performed to de-
termine for a semiconductor (a) the nature of the semiconduction, (b) the separation
between conduction band and valence band, (c) information about trapping states? In
each case show how the information is extracted from the experimental observations.

7. By assuming a wave mechanical model for crystalline solids derive expressions for (a)
the effective mass of a conduction electron and (b) the effective number of conduction
electrons in a crystalline solid. Show how the quantities which you have derived depend
upon the Fermi limit and on the particular energy band structure of the conductor.
What is the significance of the Brillouin zone boundary?


