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BACHELOR OF SCIENCE (B. Sc.)
Term-End Examination
June, 2025
PHE-13 : PHYSICS OF SOLIDS

Time : 2 Hours Maximum Marks : 50

Note : (i) All questions are  compulsory.

However, internal choices are given.
(it) You may use a calculator.

(iti) Symbols have their usual meanings.

(iv) The values of physical constants are

given at the end.

1. Attempt any five parts : 5x3=15

(a) What are Miller indices ? Determine the
Miller indices of a crystal plane which
Iintersects the three axes at the points
3a,, 2a9 and lag, respectively, where

- > -
a1, a2 and ag are the basis vectors.
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(b) Show that reciprocal lattice of simple

cubic structure is also a simple cube.

(¢) For a linear monatomic chain of atoms,

the dispersion relation is given by :

. ka
o= (DOL Sln?

Determine the expression for the group

velocity for ka <<1.

(d) The potential energy is expressed as :

Calculate the inter-molecular distance

(r,) for which the potential energy is
minimum.
(e) State the limitations of the Drude-

Lorentz’s theory for electrical

conductivity in metals.
(f) Write the expression for the Hall

coefficient. State 1ts two uses.

(2) Distinguish between piezoelectric and
ferroelectric  materials. Give one

example of each.
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(h) What are the factors that determine the
amount of power available from a

photovoltaic device ?

2. Attempt any two parts : 2x5=10

(a) What is a rotational symmetry ? Show
that 5-fold rotational symmetry is not

possible in a 2-D lattice. 1+4

(b) Calculate the atomic packing fraction of

a bce lattice structure. 5

(c) Explain the Laue method for X-ray
diffraction. What are the limitations of

this method ? 4+1

3. Attempt any one part : 1x5=5

(a) Derive an expression for the heat
capacity of a solid on the basis of
Einstein’s theory. State its limitation at

low temperature. 4+1

(b) Derive the Madelung constant for an
NaCl lattice assumed to be arranged in

one dimension. 5
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4. Attempt any two parts : 2%x5=10

5.

(a)

(b)

(©

(a)

(b)

On the basis of the Sommerfeld model,
derive an expression for the allowed
values of energy of an electron in

metals. 5

Consider a 1-D crystal of length L
having N unit cells. Show that the total
number of energy states (n) for an
electrons in an allowed band of a
crystalline solid is equal to the number

of unit cells. 5

Explain qualitatively phonon-mediated
electron interaction leading to the
formation of Cooper pairs in the BCS

theory of superconductivity. 5

Attempt any two parts : 2x5=10

With the help of a diagram, explain the

float zone technique of crystal growth. 5

What are nanostructures ? Describe the
bottom up method to obtain nano-

structures using a schematic diagram.

1+4
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(¢c0 What are transducers ? Derive the
expression for gauge factor of a resistive

strain transducer. 1+4

Physical constants :

h=6.62x10"3*Js

N, =6.02 x10%® mol !
e=1.6x10"1C

kp =1.38 x107 23 JK !

m, =9.1x10"31 kg
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(W) FFEEAN 2 Bt § 2 Sfud o™ &) e

T AT AT W TG I hid bl

fafyr =1 gwEmET | 144

(1) TESTR F B € ? gfadedt fomfa TraegmR

% ISl ek hl Holch a— HIToIU | 1+4
aiferen e

h=6.62x10"3* Js

N, =6.02 x10%% mol ™!

e=1.6x10"1C

kp =1.38 x107 23 JK !

m, =9.1x10 3 kg
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