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Answer any five questions.

1. (a) What is the essential difference between the nearly free electron model and tight binding
approximation for an electron in a periodic potential? Both are extremely simplified
models, so how do you justify the existence of bands from these theories?

(b) If you regard the periodic potential as a perturbation for an otherwise free electron, what
is the effect of first order perturbation on the energy?

If you apply second order perturbation theory, what happens at the Bragg plane?

(c) Show that for a partially filled band, the total current density can be attributed to holes.

(2+2)+3+3

2. (a) How do the Debye theory and Einstein theory, in the context of heat capacity of phonons,
differ in terms of assumptions and results? (No derivation required)

(b) Find the density of states for phonons in two dimensions. Hence, using the Debye theory,
show that the phonon heat capacity of a two dimensional crystal is proportional to T 2.

4+(2+4)

3. (a) Consider the BCC lattice as two interpenetrating simple cubic lattices C1 and C2 which
are occupied by two types of molecules A and B. Number of molecules for both A and
B is N . The number of A type molecules on C1 is given by 1

2
(1 + P )N .

Calculate the free energy of the system in terms of P , N and the interaction strengths
between the different components.

(b) The Hamiltonian for N electrons in presence of a magnetic field ~B can be written as
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(All other symbols carrying usual significance)

What kind of susceptibility is dominating in the following three cases?

(i) L = 1, S = 1/2
(ii) L = 1, S = 1
(ii) L = 0, S = 0

4+6

4. (a) Find an expression for the temperature dependence of magnetic susceptibility for a fer-
rimagnetic sample in the mean field approximation. Does the antiferromagnetic suscep-
tibility show a divergence?



(b) State and explain the line broadening mechanism in NMR. What do you mean by mo-
tional narrowing?

(3+2)+5

5. (a) What are the differences between the Laue and Bragg diffraction theories of X ray diffrac-
tion by a crystal?

(b) Calculate structure factor SG for a BCC lattice. Identify the planes from which diffraction
peaks can be observed for the following examples
(i) (100) (ii) (200) (iii) (111) (iv) (211).

(c) Explain with diagram the characteristics of the radial distribution function for an amor-
phous material.

(d) Draw the first and second Brillouin zones of a square lattice.

2+4+2+2

6. (a) What do you mean by the flux quantization in a superconducting ring? Show that the
quantum of flux φ0 is inversely proportional to the charge of a Cooper pair.

(b) Establish the phenomenon of interference of currents through a pair of Josephson junc-
tions connected in parallel.

(c) Calculate the frequency of the AC field produced when a DC voltage of 5µV is applied
across a Josephson junction.

(1+3)+3+3

7. (a) Write down the Landau free energy expansion for the second order ferroelectric transition.
Determine and plot the temperature dependence of the inverse susceptibility above and
below the critical temperature.

(b) What is molecular polarizability? Show that the polarizability due to permanent dipole
moment of a molecule is (µ2/3kT )E. The symbols have their usual meanings.

(c) State and explain the Lyddane-Sachs-Teller relation for the polarization in a dielectric.

4+4+2


