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NB.: (1) All questions are compulsory
(2) Figures to the right indicate full marks.
(3) Use of non-programmable calculator is allowed.
(4) Symbols have their usual meanings unless otherwise stated.

1. (a) Attempt any one : <L 10
(1) Explain relaxation time, collision time and mean free path as applied 10‘1:436
clectrons in metals. e

(ii) Derive an expression for density of energy states of a metal usingé\
Sommerfeld's model.

é\‘?‘
(b) Attemptany one : 5
(i) The Fermi temperature of copperis 8.18x 10*K. Calculate@?ermi velocity
of electrons in copper.
Given : K, =1.38 X 102 J/K Cgv\*
m, =9.109 x 10 kg. X"
(ii) Derive an expression for Fermi energy at absol@\ zero for a given metal in
terms of the number of free electrons per unﬁ”olume.
S
2. (a) Attempt any one : »@‘
(1) Using E-K curves, derive an C)(prcssién for effective number of electrons
N, inan energy band of a crystalufnce explain how band theory
distinguishes between condu nsulator and semiconductor.

(ii) What is Meissner effect in Q@'erconductor? Discuss type I and type II
superconductor? @)
(b) Attempt any one : &
(i) Consider a two dim@onal square lattice of side 0.3 nm. At what electron
momentum val@.o the sides of the first Brillouin zone come? What is the
energy of the gc electron with this momentum?

10

(ii) Explainho superconducting transition temperature vary with magnetic field.
3. (a) Attempt a.ny@?:

(i) : is diamagnetism? Obtain an expression for the Larmor Frequency of

{H ession of angular momentum vector about the direction of applied field,
\flence derive an expression for diamagnetic susceptibility,

Q_sgi.i) Discuss the quantum theory of Parama
N paramagnetic susceptibility at ordina
&E’Attcmpt any one :
\,Y' (i) Give t';he comparison of the Weiss molecular field theory with the
A £ ;j[(:emr'xental results in ferromagnetic materials.
99' (ii) Magnetic field strength in a material is 1200 A/m, If the magnetic susceptibility
" CM-Con. : 2238-15,
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gnetism., Derive an expression for
ry field strength and normal temperature,
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i) 'hvaﬁomduuwtmponcntsm a biased p-n junction. Derive ang
~ expression for the total current in a p-n diode as a function of the apphe@
: voltage. Q‘Y. 5
(b) Attempt any one : R
(i) Explain the Hall effect. State the expressions for the Hall voltag Hall
cocfficient.

(ii) Find the forward current and static (dc) resistance of a p-n _] Yon gcunmﬁum

diode if the temperature is 300 K and I, = 1 1 A for an ed forward bias
voltage of 0.2V. Given:e=1.6x 10" C, KB—13 ﬁg”m(

5 (a) Attemptany one: \Z\‘r i
(i) Discuss the variation of Fermi distribution fm;ﬁon with temperature.

(ii) Calculate the electronic contribution to sp cg'ic heat of copper using quantum
formula at 300 k. Fermi energy of Gop@t 300K is 7.05 eV,

Given:K;=138x 102 J/K,e= 16%1 B2 N, =6.023 x 10% /kilo mole. 4
(b) Attempt any one : Q)

(i) Discuss the conclusion of Kron@?"enney model with the Scattering power P.
(@ P—0 (b) P
(if) The critical temperature gésuperconductor 15 6.4 K in Zero magnetic field.
fo

The critical magnetlc r the same material at 0K is 7.5 x 10 A/m.
Find the critical ﬁe

(c) Attemptany one Y*
(i) Calculate par'g%etic susceptibility at normal temperature for a substance
having 6x1Qatom/m’ and magnetic moment of each atom is 1.6 x 102 A.m?

Given: ‘;é‘inxm-T H/m,Kg =1.38x10-3 J/k, T =300K
(ii) Writolghotc on "Antiferromagnetism". 3
(d) Attempt ahyone :
(i) d the diffusion coefficient of holes of a single crystal at 300 K, if the
NMuobility of holes is 0,025 m?/ V.S
\- Given:e=1.6x 10Y.C

%b K, = 1.38x10% JK
| ,& (ii) Explain qualitatively the formation of depletion layer at the i Junction at thermal
T | \,\» equilibrium.
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