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Candidotes are required to give their answers

in their own words as far as practicable.

Group - A

1. Answer Nry fwe of the following questions : 2x5:10

(a) In a crystalline solid, the energy band structure

(E-ft relation) for an eiectron of rnass m is given

h'h 2k-3
. Find ttre effective mass ofby E=

8n m

the electon in the crystal.

(b) The critical temperature for rnercury with isotope

mass 202 at 4.159K. Determine its critical
temperature when its isotope mass is 2AA.7.

(c) A plane makes intercepts af l, 2,3 A on the

crystallographic axes of an orthorhombic crystal

with a : b: c=3 :2: l. Determine the Miller indices

of this Plane' 
P.T.o.
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(2)
(d) Conarnent on how the resistivrty of a metal varies

with temperature (T) when T <<eowtd T >> eD.

(e) What is piezoelectricity? Give an example of a
crystal that is piezoelectic but not ferrcelectic.

(f) Determine the percentage of ionic polarizabitity for
water which has the optical index of refraction and
the static dielectric constant as 1.33 and 8.1

respectively.

(g) Plot the dispersion relation for one-dimensional
diatomic lanice containing heavier atom with infinite
mass. Write down the physical significance of this
diagmm.

0r) The high temperature magnetic susceptibility of
solids har,ing ions with magnetic moments can be

described by X=+, T' r-0' as absolute

temperature and 0 as a constant. How do the

values of 0 assume in the cases of paramagnetic

and ferromagnetic substances?

Group - B

Answer anypzr from the following questions :

5x4:20

2. 0 Copper (fcc) has a lattice parameter of 3.61A. The
first order Bragg reflection from (l1l) planes
appear at an angle of 2I.7o. Determine the
wavelength of x-rays used.



(3 )

(ii) Calculate the geometical sructurc factor fot firc fcc
structure. Explain the fact that (111) reflection line

vanishes far KCI but not fat NaCl, both having the

/cc structure. 2+(2+1).

3. (a) 'frfhy cloes the concept of local field originate for

a dielectic? Derive the expression of the local field'
1+3

(b)

4. (a)

(b)

(c)

s. (a)

o)

What is the significance of complex dielectric

constant in case of a dielectric? 1

State arguments behind {he emergence of 'critical

magnetic field'. 1

I'he critical field and critical temperatwe of Leait

arc 6.5 * 10a A/rn and 7.18K, respectiveiy. To

what temperature it rnust be cooled to become a

superconductor in a magnetic field of 2 x 104 A/m.
2

Give a shofi account of Cooper Pair. 2

Deduce the }Iall coefficient for a semiconductor

sample of width (b) and thickness (t) when the

current through the sarnple is I and the applied

magnetic induction is B. 3

Consider a doped semiconductor having the

electron and the hole mobilities *, and pr,
respectively. Its intdnsic carrier density is n. Derive

the expression of the hoie concentration (p) for
which the conductivity is minimum at a given

temperature. 2

PT.O.
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(4)
6. (a) Show that the total nurnber of possible wave

fimctions in any ene(S/ band is equal to the number

of primitive unit cells.

@) Determine the reciprocal lattice vectors in case of
bcc crystal. 3+2

7. (a) Prove why S-fold or 7-fold rotational symrnetries

ate not possible in perfect crystal strrcttres. 3

O) A phosphorous doped silicon semiconductor
(doping density; i0t7/cm3) is heated from i00oC

to 200oC. Will the Fermi level stay as before or

move? Comment. 2

Group.- C

Answer afly one o,f the following questions :

10x 1:10

(i) Discuss Lhe limitations of Debye model of lattice

specific heat capacity? What is Debye temperature?

(ii) The resistivity of an intinsic semiconductor is 4.5

ohm-m at 20oC and 2.0 ohm-m at 32oC. What

is the'enerry band gap?

(ii) What are Brillouin Zones? Obtain and construct

first Brillouin Tnnes for a sqtrare lattice.

(2+l)+4+3

9. (a) Derive the expression of the susceptibility of a

diamagnetic substance. 5

8



(s )

S) What type of magnetic material is a
superconductor? Find out the susceptibility of an
ideal superconductor. l+l

600 K

+

o
-2xl0a+
(CGS unit)

I

T

y-5t54

(c) Inverse susceptibility (l / X)as a function of
temperature, 7 for a material undergoing
paxamagnetic to fenomagnetic tansition is given in
the figure, where O is the origin. The Curie
temperahre (fc) is expressed as the product of the
Curie constant (C) and the Weiss molecular field
constant (I). Calculate the values of C and I in

. CGS units. 3

T


