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1. Attempt any f ve questions of the followmg = 5 - 3x5=15

—

(@) What is the number of nearest nelghbours for the three types of cublc lattices ? What

are their nearest neighbour dlstances 7

(b) Discuss the structure of Diamond cubic unit ce]1'. :

e A

(©) Shbw--ihat 1;he reciprocal lattice of a bce lattlceﬁga fcc lattice. o

T Sl S

(d) Name the seven crystal systems in a~3-l;)_lattlce Gwe the relatlon between the length

e and angles of the axes of«um;,eejl m each type
e P e

. (e) Prove that S-fold rotatlon axis cannot exist ina crystal 1att1ce




N

©)

(#)

(¥)

(a)

(6)

(c)

(a)

(6)

; 3
(% J y[
a polar dielectric (like water) vapy from

paa gt annatin bl
How does the diclectric con

' iod e cc[}'ic ﬁC]d 7
optical frequencies of an appllbd cl
(ive mass. How does it vary with wave-vector
clive 55.

Discuss the concept of effe
»tic materials on the basis of g '
Distinguish between dia, para, and ferromagnetic materi Uscepg

How do entropy and specific heat vary with temperature for a supercondcyg g

Given the basis vector of hep structure :

a=(3/2a)i+(@/2j, b=(B/2a)i+@/2)j,c = ck ;

Find its reciprocal lattice and to which crystal class it belongs. §
Explain how the planes of a crystal are specified. Prove for an orthorhombic systaf'_
the interplanar distance s -

Ay =1/ (R [ a® + 2 [ b2 4 12 / 2)V2

Find the value of a1 for a cubic crystal with side ¢, )

atoﬂ““

7 i

Spersion curves in a 3-dimen5iona1 di
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a) Discuss the failupe

( nlm‘a of classical theory in explaining the observed f
em

perature depend
of specific heat of 3 sofid. penderice

3
B Oive the Taadibeto
(0] modifications ihcorporated by Debye and derive T3 T Calcalas the vibraticna]

frequenc 2
quency of carbon whose Debye’s temperature is 1650 K. Given h= 6.6 x 1034 Js

kg = 138 x 1023 JK. 7

(@) Obtain the Lorentz relation for local field at a point inside a dielectric. How is local

field different from Maxwell field 2 5

(b) Derive an expression for the electrqﬁic polarizability in a varying electric field. What is

the implication of complex dielectric constant ? . 10

(@) What is hysieresis ? Discuss its occurrence on the basis of domain concept. 5 g

(b)) What is the origin of mégn'eti’c':“properties in a material ? Obtain an expression for

- _paramagnetlc susceptlblhty on the ba51s of Langevm s theory Explam briefly an

experlmental method used to measure paramagnenc susceptibility. 10

a rt;m\'fheorem Obtam the energy spectrum of an electron in a one-dimensional

wﬂ-.

potentlal Show mathlilnltlng case of vanishing potential barrier leads to

3

pe
2 . e - ; . |
k- the results obtamed ina free electron model . 12 :

| ' P 4

tb) Discuss the symmetry properties of the energy spectrum as obtained from the Eaduged

zone scheme.




(4 ) - 5

(a) Starting wrth expressions of electron and holes densities, show that the Ferml Ieve

mldway between the band gap for an intrinsic semlconducfor. How does 1& :

change with dopmg concentration and temperature_f'd"' - cmfcon
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(@)

(b)

(@)

(by

(a)

(&)

¥ ) o, V \ . staanrier € fe ‘[-
What is superconductivity 7 [ixplain Meissner effec

: - son1 of ‘
Discuss the Kronig-Penny model. How does it explain the formation Of nergy bqu%

by forbidden energy gap in solids. 1

Explain hysteresis in ferromagnetic materials. Prove that work done is equal to the

of B-H curve. 4 : )

rromagnetic materials. il

Distinguish between diamagnetic, paramagnetic and fe

Explain with graph the variation of binding energy per nucleon Vs. atomic mass numb

)
P

Identify the regions which are suitable for nuclear fusion and nuclear fission. 10

Calculate the binding energy per nucleon for 28Ni64. Given mass of 28Ni54 = 63.9280u

Mass of neutron = 1,008665 u, mass of hyd;ogen atom = 1.007825 u. mass of proton

= 1.007276 u. e §
What is radioactive decaynla';v. Derive the relation between disintegration constant (!
and' half-life of radioac;tive substance. - |
Explain me_foudiying; e
(i) ', miclear fission g ? | R /"

(ii)_ y-decay.
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/ 'C plete the following reaction :
0

@

t 4
Ay 97 + ,He

G e
el
(i) ZXA +e > N
Meponte &1

| 0 Explainnuclear‘shgllmoc_llel. = == | 0

{ (q) Name the four tj;pes_ of ﬁmdament_al _interactior_is and explain these mteracuons bemeen

elementary particles. = - = 10
() What are quarks ? Name various quaks=- - = 5
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1.  Attempt any five questions of the following : |

()

(b)

@

. Calculate the glancing an

(Write your Roll No. on the top immediately on re_cezpt of this question paper.)
Attempt Five queétie.ns m all.
Question No. 1 is compulsory.
All questions carry equal marks. ‘
' 5x3=15
Diffex)‘entiate between covalent and \;an der Waal bonding with ei(a.rnples.

gle on the cube (100) of a rock salt crystal (a-= 2.84 A)

- corresponding to second order diffraction maximum for X-ray of wavelength 0.710 A

Explam B-H curve of a ferromagnetic substance on the basis of domain theory.

Lead in superconducting state has critical temperature 6.2° K at zer0 magpetic ﬁeld and

K. Determine the critical field at 4,°..K.

i eld of 0,064/ T at 02 K. fe
i CUUCh R gy _ SUt s SR PO,



: What are the major dify:
o ) 1at are the major differences between diamagne
. 8

o e ~ae D
substances ? Give gn example of ecach

jive qu . )
(b) Giveq antum theory of paramagnetism and expl

of classical Langevin’s theory

Derive the expression for electronic polarizability in

(b) Distinguish between normal and anomalous dispersion.

potential. : %

(b) Obtain an expression for effective mass of an electron in a metal.

057

tie, paramagnetic and ferromagnetic

ain how it overcomes the shortcomings

10

a time varying electric field, 10

Discuss the Kronig Penny model for the motion of an electron in a periodic

10

(@)  Derive London’s equations for a superconductor and obtain an expression for the penetration

depth.

10

(b) The transition temperature of mercury with an average atomic mass of 200.59 amu is

4.153°K. Determine the transition temperature of one of its isotope

204
80

He

2,000
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. (a)
(%)

b
()

3. (a)
(b)

(Write your Roll No. on the top immediately on receipt of this question paper.)
Attempt any five questions.
All questions carry equal marks.

What is a Reciprocal Lattice ? Explain the properties and importance of reciprocal
lattice. 10
What do Miller indices signify ? Show the following planes diagrammatically in a simple
cubic lattice : | e

T2 1, @ Toyand (1 1), & & . 5
Obtain the Clausius-Mossotti relation between pol}arizabilily and dielectric constant of
a solid. | 8

Obtain an expression for paramagnetic susceptibility on the basis of Langevin's

theory. _ 7

Discuss the formation of allowed and forbidden energy bands on the basis of Kronig-

Penny model. AL

Define effective mass of an electron and give its physical significance, S
' : P.T.0.

10
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1851

(@)
(b)

(©)

(@)
(b)

(a)
(b)

(a)
(b)

(a)

(®)

[x5d=%) : 1851
Differentiate between h’ard and soft superconductors. : 5
What is meant by critical temperaturc of a superconductor ? 5
What ‘is a vortex state of a superconductor ? e 5
What are the features of c. B and y-decays ? ; 9

: e ke R 2
Find the binding energy per nucleon for ;H= nucleus :

Mass of neutron = 1.008665 u

Mass of IH' = 1.007825 u
Mass of {H? = 2.016490 u. s . 6
‘What are the salient features of nuclear forces ? 5 . 10

Write the following reactions by putting appropriate particles on the arrows :

0o UB8 =5 5 Th234 sy o paZ3% S 519234 o Th?30°5%, Ra220, 7 w5

Discuss the stability of nuclei on the basis of semiempirical binding energy formula. 10

‘Use the semiempirical binding energy formula to calculate- the binding energy of

20Ca% with a; = 14 MeV, a, = 13.0 MeV, a3 = 0.6 MeV. a4 = 19 MeV.
as = 34 MeV. | : s

Classify various types of elementary particles in reference to their lepton numbers, baryon

numbers and spins. ‘ : 10
What are.Leptons and Hadrons 2 g : g SN
o 2 SEE )

11
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structions for Candidates

- Write your Roll No. on the top immediately on receipt of this question paper.
~ Attempt five questions in all.

l Question No. 1 is compulsory.

4. . All questions carry equal marks.

Attempt any five questlons of the followmg

- & 5
R 1o cp e 2.‘___
",'n ~ .y ‘-: ¥ 3 ._‘

| ,v (a) Calculate the glanc
i corfespondmg to se

ing angle'on the cube (100) of a rock salt crystal (a=2.844)
cond order diffraction maximum for X-ray of wavelength

»
A

12
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(g) The transition temperature of mercury with an average atq

200.59amu is 4.1 53°K. Determine the transition temperat

204 Ure of gpe :

goHg € its ism(,pe 1

(h) Define coherence length. Give its relationship with the Penetration 4
0 depth,

2. (a) Discuss X-ray diffraction and obtain Bragg’s law 2K.G + G = _ g}, oW tha i

geometrical interpretation leads to the concept of Brillouin zones in crystals, (5,5)

(b) Explain the concept of reciprocal lattice. Prove that the reciprocal lattice vecto, G
: ki
perpendicular to the crystal plane (hkl). - 5) *

3. (a) Derive the dispersion relation for a linear mono-atomic lattice. Calculate the numpe; of
normal modes of vibration for a monoatomic lattice. (10)

(b) How do the vibrations of a linear diatomic lattice differ from that of a monoatomic
lattice? Explain only qualitatively. )

4. (a).State the assumptions used in Einstein’s theory and obtain an expression for the specific
heat of solids. What are the limitations of this model? 9,3)

(b) The Debye temperature for diamond is 223 0°K. Calculate the highest possible vibrational
frequency in diamond.

Given: h=6.6X10Is; kg=1.38X 102 J/K ()

5. (a) What are ferromagnets? Explain the phenomenon of spontaneous magnetization and
obtain Curie-Weiss law. )

(b) Discuss the B-H Hysteresis loop for a ferromagnetic substance, Show that the area of the
hysteresis curve is a measure of energy loss per unit volume. - (3,3)

6.5 (a) Discliss various sources of polarizability. Derive an expression for electront®
pé)larizability in an ac electric field. i

)

(b) What is anamolous dispersion?
Using Kronig _penny model obtain the energy spectrum of an electron in 8 °%
L dic potential. =

dimensional perio

13
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o Obtain an expression for effective mass. What is negative mass?

apply them to explain Meissner effect in a
gt | (10)

o) Derive Londo g equatlon and

-

L""_,—“ﬁe

L5
|
{ o

i
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2. () Explain Bragg’s Iaw for X-ray anfractlon Also describe pow;der methed 6f- X-ray
diffraction with diagram. - 10

(b) Electrons are accelerated to 344 volts and are reﬂected from a crystal. The first
reflection maximum oceurs when glancmg angle i is 60° Determme the spacing of the
planes. : ,
. Planck’s constarit=6.6x 10 i js
~ Charge on electron=1.6x10"" ¢

Mass of the electron=9. Ix10° 2 beo e e 5 5

3. (a) What is Hall Effect. Discus's its significance. 8 ' 5

(b) Obtain the Clausius- Mossotti relation between polanzablhty and dielectric constant
of a solid. - : b PR : b 10_ :

4. (a) What is superconductlvuy Exp[am Meissner effect What are Type-1 and Type-z

superconductors. S .
(b) Dlscuss how Kromg-Penny Model explams the energy band structure of SOlldS 10

(a) What is Bmdmg energy. Give graph of variation of binding energy per nucleon vs ,

. atomic mass number and identify the regmns suitable for nuclear ﬁssmn and fusmn
reactions. i . 10
(b) Calculate the binding energy per nucleon of ;He* Given mass of ‘2He4 nucleus is
4.002634u, mass of hydrogen atom="1,007825 u and mass of neutron=1.008665u, mass
of proton=1.007276u. I : A 5

“PTa

15
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: 3 Hours Maximum Marks : 75

Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt of this question paper.

2. Attempt Five questions in all.

3. Question Number 1 is compulsory.

1. Attempt any five of the following : ‘ (3%5)
(a) Find coordination number and packing fraction for fcc lattice.
(b) Show that five-fold symmetry is not possible in a crystal.
(c) Explain the fact that (100) reflection line does not vanish for CsCl, having
bec structure.
(d) Prove that the number of normal modes of vibration in monoatomic lattice
of finite length is equal to number of atoms in the lattice.
(e) How does total polarizability depend on frequency ?
(f) What are ferrites 9 Why are they considered technically important solids ?
(g) Discuss P-E hysteresis Loop of ferro-electric materials. What is its
significance ?
(h) What do you understand by Cooper pairs ?
2. (a) Describe the scheme to determine the Miller indices of a plane. Show the

following planes in simple cubic lattice (111), (120), (020).
PO,

17
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(b

(c)

(a)
(b)

fsd

(©)

4. (3
(®)
(c)

5. 1a)

(b)

6. (a)
(b)
(©)

7. @)

(b)

(c) Discuss piezo and pyroelectric effects. Give examples.

2

. axpression for interplanar gpacing between nearest plane .
Derive an L.\ptu.mmf for | I e o)
a cubic crystal of side "a .

and deduce Bragg’s law in vector form

Discuss Ewald construction
(4,5'6)

What are Phonons ?

Derive dispersion relation for monoatomic chain. How it is different frqp,

continuous string ?

e variation of group and phase velocity in First Brillouin
(2,8,5)

Discuss th
Zone.

State the assumptions made in Debye’s theory of specific heat of solids,

Derive a formula for Debye’s T3 law for molar heat capacity of solids.

nstein model to explain the low temperature behaviour

Compare Debye and Ei
(2,10,3)

of lattice heat capacity.
Obtain an expression for diamagnetic susceptibility using Langevin’s theory.
What is the significance of negative susceptibility ?

Discuss the physical origin of domains in ferro-magnetic materials. (10,3)

What is electronic polarizability ?
Derive an expression for the electronic polarizability in a varying field.

Obtain an expression for complex_dielectric constant. What is 1t

significance ? 2,67

Discuss Meissner effect and distinguish between Type I and Type Il

superconductor.

Determine the critical field required to destroy superconductivity at 5K in PO
whose T_ 18 7.19K and H (0) = 0.0803 T.

(6,3:0)

18
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Maximum Marks : 75

Name of the Paper

Semester
Time : 3 Hours

[nstructions for Candidates : |
(a) Write your Roll No. on the top immediately
on receipt of this question paper.

(b) Attempt any five questions. Question No.
1 is compulsory. All questions carry equal

marks
L. Attempt any five of the following :

o 20x3=18

(a) Prove that c/a "ratio in hcpisus
o
3

(b) Sketch the dependence of polarization in
dielectrics on the frequency of the applied
electric field clearly indicating frequency
ranges for the electronic, ionic, and dipolar
polarization. y

P.T.O.




6677

5. (a) Derive an expression f01j diamg
susceptibility on the basis of ¢]
langevin's theory.

gnetje
aSSiCaJ

9
(b) Distinguish between dia, para, ferro-and

ferri-magnetic materials with examples.
6

6. (a) Obtain an expression for local electric fielq
inside a dielectric with cubic Symmetry,

10
(b) Derive Clausius-Mossotti formula constant,

S

7. (a) Discuss the Kronig — Penny model for a
linear lattice. How does it lead to the

formation of énergy bands in solids ? Find
the energy of electron with the change in

the strength of the periodic potential under
following cases : 9+3+3

(1) Voo
(i1) Vv — 0

8. (a) Derive London equations for a
Superconductor and obtain an expression

for penetration depth, 12

(b) A sUperconducting tin has a critical
temperature of 3,7 K in zero magnetic field

and a critical field of 0,0306 tesla at OK.

Find the critical field at oK. 3

4 1800

20
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structions for Candidates

Write your Roll No. on the top immediately on receipt of

this question paper:
Do any five questions.

Question No. 1 18 compulsory:

Attempt any five:

(a) Give the differences betwe

substances with 0B¢ exam

(b) Distance between

2A°. Determin€ the

21
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(¢) Prove that the volume of the reciprocal lattice ig invers
3¢

of the volume of direct lattice.

(d) What is the significance of the complex dielectri

constant?

(e) Distinguish between conductors, semiconductors ang

insulators on the basis of band theory of solids.

(f) What is the origin of diamagnetism in a free atom?

(g) What is Hall effect? Give one application. (3x5)
(a) How are X rays useful for investigating thp structure of
a single crystal?

(b) What is meant by geometrical factor. Calculate it for

bee unit cell and determine from which planes X rays
will not be reflected? (5,10)
!

(a) Derive and discuss the dispersion relation for a line®
diatomic lattice,

(b) Discuss the behaviour in the limits

(i) M and m are equal

22
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Name of the Paper Solid State Physics
Name of the Course B.Sc. (H) Physics
Semester - s V.se ‘
Duration‘: 3 ﬁours T . - Maximum Marks : 75,

(Write your Roll No. on the rofu immediately _cm recc%ipt of this question paper.)
Attempt any five .q_uéstions. Qut':stim‘l I;_Io.. 1 is compulsory.
.All qq@stions carry equal marks. -
s Attexﬁpt any ﬁve- of the-f(jlloﬁir_lg-_:-. ' : = 5><3%15'

(a) Draw P-E hysteresns loop for a ferroelectric material. Write
mathematical statement of Cune-Welss law for ferroelectrlc- 3
materials. -

(b) Differentiate between acoustical ‘and optical phonons.
(¢)  Explain the formation of cooper pair in superconductors. ;
ors of hexagonal

(d  Write the primitive translational vect

lattice. VL : R T
| | i B

23



(2) 10,

(¢) Show that every reciprocal lattice vector (;,,, is normal

to the plane (h k /).
(N Calculate the Hall coefficient of Na based on free electron

model, Na has b.c.c structure and side of the cube js

4.28 A.

(g)  Draw the variation of total polarizability with frequency

of external electric field.
(h) ~ What is the difference between Phonon and Plasmon 2
(a) - Derive Bragg's law in the reciprocal lattice. : 8

()  Inasimple cubic crystal, show that the first order reflection
from (n00) planes is equivalent (mathematically) to the nth

order reflection from (100) plane ? A 7

(@)  Derive an expression for the specific heat of a solid on
the Debye model and show that, at low temperature, it

follows T>-law. ‘ 10

(b)  Derive the dispersion relation for a linear monoatomic
lattice and show that the group velocity and phase velocity

of a wave are equal in the long wavelength limit. 3

(a) Show that the classical paramagnetic 'susceptibility I8

N - .
given by x = ‘g‘%:f (%, where symbols have their usual

: 10
meanings.

24




108

. {3
/ [}
(b) Howwas the classical Langevin's theory of paramagnetism
modified by Weiss ? 5
¢ (@ Derive an expression for the electronic polarizability in
a time varying electric field, and hence derive the Cauchy
and Sellmeir relations. 12
(b)  Distinguish between normal and anomalous dispersion 243
6 @ Eiplain_th_e formation of allowed and forbidden energ){
bands for the motion of an electron in one-dimensional -
periodic potential in’solids. 5 10 =
(b)) Prove that effective mass of e]eetron 1s glven by
& “ m* = # l(dQEldzk) - = =
(a) Explam how the Me:ssner-ejfect ‘was explamed by
London. = e - _;_ = 6
(6) What is Isotope effect ? - | _ 3
© Wh : =
; at do you understand b)’ Plezoelectnc effect
P
yreelectrlc effect & Electrostnctwe effect '>
& (@ Prove
t
hat recnprocal lattice of bcc is fcc and that of fq
is bcc
that ﬁve—fold rotational symme
.':_. 13 ¢ 5 : b m]!’ju» d

*_‘__.‘.‘A.‘-r/'..'. — fy' \ “-:"‘_-‘—' "y

25
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cmpt any five of the followmg (5x3=15) ‘“'i

ences betyoen amorphous and
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(d) What are phonons? Differentiate between

acoustical and optical phonons,

(e) Explain Meissner effect with the help of ,

diagram.

(f) What do you understand by the term ‘Domains’? 14,
Why do large number of domains exist ip a

ferromagnetic material?

(g) Distinguish between Conductors, Semiconductors

and Metals on the basis of E-K curve. ;
(h) What are plasmons?
2. (a) What are Miller Indices? How are they defined

for a plane? Name the six faces of a unit cube in
terms of Miller Indices. (3)

(b) Derive Bragg’s Law and express it in terms of |3

Reciprocal lattice vector (_‘; ()

(c) Show that Reciprocal Lattice of a bec is fec.

(5)

; : x ! ; 1c
3. (a) Derive the dispersion relation for a linear monoatom!

; : Wik s H0 o aan
lattice and discuss under what conditions it ¢

(10)

act as a ‘low pass filter’,

27
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v
(b) Discuss three types of E.y Z0ne-gcp, ol
representing them diagrammatically_ ("s(; f
|
7. (a) What is Superconductivity? Give 4 applicatigp, of ¥
superconductors. 9

(b) With the help of diagram discuss Type | and

Type
II superconductor.

(%)
(c) What is the effect of magnetic field on Critica] 'bI
temperature of a superconductor? @1
(
Values of constants
L ="6.6" 1034 ] I
k =1.38 x 102 J/K :

28



