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Before answering the question-paper, candidates must

ensure that they have been supplied with correct and

complete question-paper. No complaint, in this regard

will be entertained after the examination.

Note : Attempt Five questions in all, selecting one

question from each Unit. Q. No. 1 is

compulsory. All questions carry equal marks.

(d) What do you understand by persistent

current in superconductors ? Explain its

physical significance. 4

Unit I ( I)

2. Evaluate the geometrical structure factor F
hki

,

for reflection from the (hkl) planes in an FCC

lattice and show that the factor vanishes unless

the numbers h, k and l are all even or all odd.

16

FCC (hkl) 

F
hki

h, k l
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1

1. (a) The Bragg angle for reflection from the

(1 10) planes in bcc iron is 22° for an

X-ray wavelength of  = 1.54 A°.

Compute the cube edge for iron. 4

bcc (1 10)

22° X

 = 1.54 A°

(b) Derive the phonon density of states for

an isotropic solid, if the dispersion

relation for lattice vibrations is

max sin
2

ka
   for all directions. 4

max sin
2

ka
 

(c) Find the number of states in a band for

a linear crystal of length L extending

from x = 0 to x = L. How many electrons

can be accommodated per band ? Take

interatomic separation as a. 4

x = 0 x = L

a
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3. (a) Show that Face-Centered Cubic (BCC)

is the most closely packed of the three

cubic structures by computing their

packing fractions. 6

(BCC)

(b) Derive Laue equations and hence deduce

Bragg’s law of X-ray diffraction. 10

X

Unit II ( II)

4. Obtain dispersion relation for one-dimensional

atomic crystal and discuss the nature of acoustic

and optical modes. Show that group velocity

vanishes at the zone-boundary. Also give the

physical interpretation of the result. 16

s

E(k) = E
0
--4(cos k

x
 a cos k

y
, a + cos k

y
,

a cos k
z
 a + cos k

z
 a cos k

x 
a) E

0

7. (a) A cyclotron resonance experiment was

done at a frequency of 68 GHz. Three

consecutive resonances were found at

magnetic fields of 0.74, 0.59 and 0.49

Tesla. Calculate the effective mass of the

electrons in the material. 4

68 GHz

0.74, 0.59

0.49
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5. (a) Write down the characteristics of lattice

vibrations or phonons. Describe inelastic

scattering of neutrons for the experimental

determination of phonon spectra. 12

(b) For a three-dimensional crystal having N

primitive unit cells with a basis of p

atoms, find the number of optical

branches. 4

N

p

Unit III ( III)

6. Discuss tight binding approximation. The fcc

lattice has 12 neighbors at a (0, ± 1, ± 1),

a (±1, 0, ± 1) and a (± 1, ± 1, 0). Using tight

binding approximation shows that the energy

band constructed from an atomic s-state, upto

nearest neighbors, is given as E(k) = E
0
--

4(cos k
x
 a cos k

y
, a + cos k

y
, a cos k

z
 a + cos

k
z
 a cos k

x 
a), where E

0
 is the free atom

energy. 16

fcc

12 a (0, ± 1,

± 1), a (±1, 0, ± 1) a (± 1, ± 1, 0)
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(b) Discuss the Nearly Free Electron

approximation for a 1D lattice and find

E versus K relations. Explain the

discontinuity in the E-K curve at the zone

boundaries. 12

1D

E

K

E-K

Unit IV ( IV)

8. (a) Describe how Cooper pairs are formed.

What is the importance of cooper pairs

in superconductivity ? 6

(b) Derive London equation and explain the

concept of London penetration depth in

superconductors. 10

9. Explain the origin of ferromagnetism with

reference to Weiss theory. Show, how the

susceptibility of ferromagnetic materials varies

with temperature. Also explain what the Cuire

temperature is. 16


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