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PHE-13 : PHYSICS OF SOLIDS

Time : 2 Hours Maximum Marks : 50

Note : All questions are compulsory. However,
internal choices are given. Symbols have
their usual meanings. You may use a
calculator. The values of physical constants

are given at the end.

1. Attempt any five parts : 5x3=15

(a) List the symmetry elements cbserved in

the benzene molecule.

(b) Distinguish between Type I and Type II

superconductors.

P.T.O.

()

(d)

(e)

®

(8)

(h)
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A 2D square lattice has side 5 A. What will
be the momentum of an electron whose
wave terminates at the boundary of the

first Brillouin zone ?

Obtain Bragg's condition for X-ray
diffraction.

The Debye temperature for aluminium is
418 K. Calculate the thermal energy of one
mole of aluminium on the basis of the

classical theory at the Debye temperature.

Amongst the melt growth processes, which
crystal growth method is the cleanest ?

Give reasons.

A molecule exhibits dipole moment. If the
displacement between its positive and
negative charge centres is 0.2 A, calculate
the dipole moment per molecule, given that

the number of electrons is 20.

Write down the electronic configuration of
the carbon atom. Explain the types of
bonding in diamond crystal.
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2. Attempt any two parts :

3.

(@) Find the Miller indices of a plane that

(b)

©

(a)

(b)

makes intercepts of 2a;,4a, and 6a; along

the three axes, where 31,32 and 33 are
the basis vectors of the lattice. Also

determine the interplanar distance if the

lattice constant is 4 A. 3+2
Show that the reciprocal lattice of the bce

structure in an fee structure. 51

Derive the condition governing the
geometric structure factor of the bee lattice.

List any two missing planes. 3+2

Attempt any one part :

Derive an expression for the heat capacity

of a solid on the basis of Einstein’s theory.

5

Derive the expression for the cohesive
energy of a one-dimensional NaCl lattice

and identify the Madelung constant.  4+1

P.T.O.
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4. Answer any two parts :

(a)

(b)

(©

The band gap in silicon is 1.12 eV.
Calculate its intrinsic carrier concentration
at room temperature if the effective

density of states in the conduction band

and valence band are 2.5x 10?2 m~3 and
1.5x10% m™3 respectively. (Take kgT at

room temperature = 0.025 eV). b

On the basis of the Sommerfeld model,
derive an expression for the allowed energy

levels for an electron in a metal. 5

Describe the arrangement for the Hall
effect experiment and obtain an expression
for the Hall coefficient. 2+3

5. Answer any ftwo parts :

(a)

What are the salient features of
ferromagnetism ? Write down (two

important applications of ferromagnets.

3+2
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(b) Explain the bottom up approach method to PHE-13

obtain nanostructures. What are the

limitations of this method ? 4+1 1%5'":[ e ( o, -Q-g_-{:ﬂ- )
(¢) With the help of appropriate diagrams,

explain the different types of point defects

in a crystal. 5

I, 2022
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Physical constants :

h =662x103 Js

1eV=16x10"19]J 99 ; 2 yu2 SfirRay 37 : 50
—_ 2 -
NA—6.023X103m011 ﬂ")Z‘: g‘#m ﬁ ra_.qu ﬁ E ﬁq
kp = 1.38 x 10-28 JK-1 & v B e P
_ -31
m, = 9.1x103 kg 3 gi w1 T s wed & o
Fraarsl & o/ aig & e &
1. I gier 9 ¥ SIfST 5%3=15

(%) a9 oy ® Uk wufifEl EiEs
g

P.T.O.
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(@) 969 [ 3K &9 [I faamel § oW
G

(n) fefodta =mieR e #t T g W
e 5 A ¥l S wieER @ 9w oAm
1 B et W W, gem faqet &
H1 dM W g B S E 2

(%) ww-fen famd 9 faw v wiiey s
Hifeg)

(¥) wafnfam @ fead agam 418 K 2
fofafted faga & smum W feard

TMH W Tgfufem & @ W@ st
oY FHe ufwfed HifeQ)

() T gig =t dwAel § 9 frew gfg =t
el ug fafy $-df & ? SR 9y

P.T.O.
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(3) T v fgya oMyl weifa = 21 o
TS UIAF AN WU ITEY B
a9 # g 0.2 A 3 soEEHl @ wen
20 ®, a Wi ey fyyw onyel uftefem
Hifey)

(S) wEq W] B SoeRiw faarg fafag)
TE & o 7 59 R =1 sEyA
9 ST, WHSET

2. W g 9 T Fifa .

(%) ™ T woaw & fAeR gEwid W
Fiferg &t i e W FHE: 20,40, IR

6o, ® ATHR wM 2, W a0, T

a, afgw wfikw ¥ 9k o feri 44
B, W Siamcia g W ufesfea wifem)

3+2
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(@) fog =i f& Sa=fka o (bee) T 4. wE g 9 TA HIfGQ :
H TohA Selh T, HOh Sisa W (%) fafgs § d= oFa0a 1 99 L1126V
(fec) BT 21 5 af =em R Haewar 8§ waE

TN U WU 2.5x 1006 m-3 iR

() bec Vi % fou i S@W U
1.5x102% m-3 & @ HFW H GaHA |

fif@ w0 a1 wiaEy F1 sgafa Sk R 9 aEE o= wiEtE S
IR frdl @ gu W W gees (FR & A RV kT = 0.025eV 1)
i) 342 5

(@) Wihes Wied & MHR W, fFd ug &

3. qHAT :
B T W T i R B R e o e

(F) IR & fagra & oMuR W 5 S| g Hitog| 5
CII 7 S D o o o () T UNE YA K oHEEl GHERY SR
=i 5 Blel fadieh 1 Sdwieh I Hifo) 243

5. ﬁéﬁmmaﬁﬁq

(%) Hegerre ® W@ @& ¥ & ?
dlegas @ g geeyqul W SRy

3+2

(@) THfaH™ NaCl v & fau auses =i
W FSEF W HiGT AR AgEn FEaE
W YEEN Hifeg) 4+1

P.T.O.
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(@) 3 TE R F THe e fafy
(bottom up method) WHHRUE! 39 fafy =t
i o & 2 4+1

() I M@l &t wWermm © feew H
fafv= voR = fag W wHemy) 5

i Frat

h =6.62x103 Js

1leV=16x10"127

N, = 6.023 x 1023 moi-!

kg =1.38 x 10723 JK-!

m, = 9.1x10731 kg
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