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PHYSICS

PHE-13 : PHYSICS OF SOLIDS

Time : 2 hours	 Maximum Marks : 50

Note : Attempt four questions in all. Questions No. 1 and 2
are compulsory. Symbols have their usual meaning.

You may use log-table or non programmable calculator.

1. Answer any five parts :	 5x3=15

Prove that for a close packed hcp lattice

c \F8_
a	 3 •

What are Miller indices ? Discuss a scheme
to determine the Miller indices of a plane.

Explain ionic bonding and give two
examples.

The energy E of an electron in a crystalline
solid is related to wave number k by the

relation E	 k2   Calculate effective
m

mass and velocity of the electron.

(e) Distinguish between piezoelectrics and
pyroelectrics.
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What is Meissner effect ? How does it
influence the perfect conductor model of a
superconductor ?

What are liquid crystals ? Discuss their
technological importance.

2.	 Answer any three parts :	 3x5=15

(a) List all possible symmetry operations in
cubic crystals. Explain your statements.
Draw all possible axis of rotational
symmetry in a cube.

For a simple cubic lattice with lattice
constant a, calculate the distance
between a family of (9, 5, 2) planes.

Calculate the volume of the unit cell
with the following basis vectors :

a IA A)	 a (A A
al = —

2
 j + k ; a2 = —

2 
k + i);

a
2 
r A)

a3 = — + j
Define mobility of a charge carrier. Obtain
an expression for conductivity of an intrinsic
semiconductor. How does it vary with
temperature ?

Explain the term diamagnetism. Derive an
expression for the susceptibility of a
diamagnetic substance.

PHE-13	 2



Derive the dispersion relation for a linear diatomic 7+3
lattice. Explain the acoustic and optical modes of
propagation in a diatomic crystal.

OR

State the assumptions of Debye model of lattice 2+8

heat capacity. Obtain an expression for heat
capacity of a solid at low temperatures on the basis
of Debye's models.

Derive an expression for fermi energy of free 7+3
electrons in a crystalline solid for which the
number of energy states in the energy range E and
E + dE is given by :

3/2

Z(E)dE —	
8m L2

EY2 dE.
2	 h2

The Fermi Energy of gold is 5.52 eV. Calculate
the fraction of electrons excited above the Fermi
level at room temperature.

OR

What is the optimum order of X-ray wavelengths 
2+8

and energy to observe diffraction effects ? Describe
powder method for X-ray diffraction. Discuss
formation of diffraction pattern on photographic
film.

5.	 (a) What are nano-structures ? List the 	 5
methods to obtain nano structures.
Describe any one of them.
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(b) How is thin film different from a bulk	 5
material ? Discuss the electrical and thermal
properties of thin films.

Physical Constants :
kB =1.38 x10 -23 JK-1.
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