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BACHELOR OF SCIENCE (B. SC.)
PHYSICS
Term-End Examination
June, 2026
PHE-013 : 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.

1. Attempt any five parts : 5x3=15

(a) List all the symmetry elements of a
benzene molecule.

(b) What is a primitive unit cell ? Draw the
Wigner-Seitz construction for a 2D

lattice.
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(¢) Arrange the following bonds in
ascending order of their strength and
write one example of each :
(1) Van der Waals bond
(1) Ionic bond
(i11) Covalent bond

(d) The energy of an electron in a

. i Th®k*
crystalline solid 1s given by &(k) = .
m

Calculate 1its velocity and effective

mass.

(e) List independent elastic stiffness
constants of the cubic crystal. Explain
how any two of these constants relate
stress and strain.

(f) Draw the resistivity versus temperature
plot for an 1ideal metal and a
superconductor.

(g) What should be the properties of a
material so that its crystals can be
produced by the melt-growth process ?
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(h) Explain classification of polymers on

the basis of their structure.

2. Attempt any two parts : 2x5=10

(a)

(b)

(©

Define atomic packing fraction for a
crystal structure. Calculate the atomic
packing fraction for an fcc structure.
Determine the primitive translation
vectors of the reciprocal lattice for a
simple cubic structure. Prove that the
volume of the unit cell in the reciprocal
lattice 1s inversely proportional to that
of the direct lattice for a simple cubic
structure.

Explain why X-rays are used for
probing crystal structures. Derive

Bragg condition for diffraction maxima.

3. Attempt any one part : 1x5=5

(a)

(b)

Derive an expression for heat capacity
of a solid based on Einstein’s theory.

Derive the dispersion relation for the
vibrations of a linear chain of identical

atoms.
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4. Answer any two parts : 2x5=10

() @

(i1)

(b) @)

(i)

State the limitations of the Drude-

Lorentz theory.

The experimentally observed value

of electrical conductivity of a metal
is  10°Q7'm™. Calculate the

relaxation time.

Take : e=1.6x10"1°C,
m=9.1x10"°1 kg and
n=2x10*m™. 3+2

Explain the origin of the periodic
potential field experienced by
electrons in a crystalline solid.

State Bloch’s theorem for the wave

function of an electron in a periodic

potential. 3+2

(¢c) The expressions for the electron and

hole concentrations iIn an intrinsic

semiconductor are : 4+1
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n, =N¢ exp{—%}
B

(Ep —qu

ny, =Ny exp{— T

Derive the expression for intrinsic

Fermi level Eg;. Obtain the location of

Fermi level at T=0 K.

5. Attempt any two parts : 2x5=10

(a)

(b)

(c)

Describe with the help of diagrams the
different types of point defects in
crystals. 5

Describe the photolithography method
of nanostructure fabrication. 5
Describe the salient features of ferro-
magnetism. Explain remanence and

coercivity in a ferromagnetic material.

3+2
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(@) ST Tweh wifsssl &N B ¢ 2 fgfarda

S & faq foR-wRes @ &1 o™
Hifgu |

(1) frAfafed syl &1 g7 9 & MEUR |

I HH § Hafeyd Sifoy 3R Yds

Teh-Teh ST SIS
(i) SIS AT SEY
(ii) ST STeY
(iii) FEHASH 3Tree
(%) el forteeia 39 ¥ SoisA &1 &Sl

: TheR? y
o g(k) = ——— ¥ TR H A SR

m

JYTE} eI TReahfed shifsTu |

() T T fhed & @ad TARY gied
TUTehi 1 Feihd Hitee | fh=dl & Toiehi &
fau avemET fF o7 4 gfqaa iR famfa =
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() TF Y ug iR sk eifqere & fau
YiqIeehdl & dTIHM o @T9el ARG SFRET |

(B) freht werdd & o Ui W =ifed foed 6

Y forted, Tem-gfg gfshan & o= < 9ah ?

(§) 9= &% STER W §gclehi Wl SRl
AT |

for=gl @ Wi <kl B HIfST ; 2x5=10

(%) frdt fhea o= & fou e daghed
UM 1 GRWTST ST et whigd SHA
(fcc) T & faq TRHUSTE oo™ TN

qRehieTd Shifald |

(@) T WA o T & U SJohd Sdsh &
A WA iy fgiRa Fifew) fag

FHIaY foh WA o = & kA Selh

%1 Weheh hITSIHT o1 SATIA, STh T HHT

STk i Ueheh HISSH] & 3MIAH ol
FIh AT Bl & |
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(M) TuEmET o feea g=m fulfa =@ & foau

TeRg - TR ToT hT SU=ITT R o Siran § 2 farerda

3feass & foe s ufasis e it |
3. Tl wer Wi =1 & hifSIC : 1x5=5

() M fagd & STUR W 3T &l SHeATeran

1 STk Fcd= HITT |

(@) T & TR & TEE H @E J@e &
FHEET % foTu aRETU Geie Feq— hifae |

4. TH=Et < Wil =1 7 ST 9x5=10
(F) () GS-R=g fagr Fi il aq=u

(i) fwdt o1g = g rAhar 1 YRR

fed 9 107 Q 'm ! §1 fasifa s

gierferd  ®INTl e=1.6x10"°C,
m=9.1x10"1kg AR

n=2x10%8m™=3 o | 3+2
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(@) () freda 39 § oweH & 57 ST
et fawa &9 #1 SgwE W O®,

HHLARY |

(i) omad fawa # Ul Soeed & o

eld & Tl saie 9T 1 heH fafan |
3+2
(1) 9 AR H 3o iR B i wrEdl &
e fAfafed € :
n, =Ng exp{—_(E(;e];fF)}
E.-E
ny, =Ny exp[——( FkBT V)}

IS ®H S By, 1 S g i |
T =0 K T %A &R 1 fefa I sifsw 1 4+1

5. Tw=i | url &1 & SIS . 2x5=10
() 3ME & 9 fpead 4 98 9H o faf=
YRR o foig il k1 foexor <SS | 5

D-4288/PHE-013



[11] PHE-013

(@) T-G=T w1 W-sAered fafy @ 9o
e | 5
(1) Ae-reehed & THE &0 o1 foeRor Hifer |
dR-grEd TRl & faw Jechrmerr
(remanence) 3R fHNfEAr  (coercivity)

HAARU 3+2

X X X X X
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