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PHYSICS
PHE-13 : PHYSICS OF SOLIDS
Time : 2 hours Maximum Marks : 50

Note : All questions. are compulsory. However internal choices

are provided. You may use log tables or non-

programmable caluclators. Symbols have their usual

meanings. Values of physical constants are given at the

end.
1.  Attempt any five parts : 3x5=15
(a) Draw the unit cell represented by the vectors
4 A A
a; = 21— ]
- A
ay = 2 ]
- A
az = 2k

()
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Calculate the lattice constant of a cubic
crystal when interplanar distance for (122)

planes is 1.5 A

What are Van-der-waals forces ? List the
three types of interactions accounted for by
the Van-der-waals force.
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Draw the actual potential experienced by
an electron in a 1-D periodic crystalline
lattice. Sketch how this potential is
represented in the Kronig - Penney model.

Explain how the depletion region in a p-n
junction is formed.

Draw the spin diagrams representing

(i)  ferromagnets

(ii) antiferromagnets and

(iii) ferrites

Explain the origin of piezoelectric action in
a quartz crystal.

2.  Attempt any one part :

(a)

(b)

Obtain the reciprocal lattice vectors for an
fec lattice structure.

Explain with the help of appropriate
Ewald’s construction, how the crystal
structure can be determined by the rotating
crystal method of x-ray diffraction ?

3.  Attempt any one part :

(a)
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The potential energy function is expressed

« B
as U(r)=— & + vl show that the
0L2
minimum potential energy is U, . = — g -
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(@)

(b)
(©)
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For a longitudinal wave Propagating along 5
a linear monatomic chain the angular
frequency w and wave number k of the

(3

K
where oo, =2 ’,M Prove that for ka <<1,

wave are related as- w=wg

the chain of atoms acts as a dispersionless
medium.

Attempt any two parts :

The number of free electrons in the energy 5, 2
interval E and E + dE is given as :

w (8mi2 V2 1
1 E-E

N(E) dE= 7 [Tf Phae o
Derive the expression for the Fermi energy
at T=0. If the number density of free
electrons in  metallic sodium s
2.65%10%8 ;=3 calculate its fermi energy.
Explain the two- fluid model of 5
superconductors.
An intrinsic germanium Specimen with a 5
bandgap of 0.785 eV is kept at absolute zero
temperature. If its temperature is raised to
300 K, what is the change in the value of
the energy of the intrinsic Fermi level ?
Assume the effective masses of electrons and
holes to be 0.58 m, and 1.02m,, respectively.
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5. Attempt any two parts : 5x2=10
(a) Explain remanence and coercivity in
ferromagnetic materials with the help of a
typical hysteresis loop. What is the
application of a ferromagnetic material
which has a broad hysteresis loop ?

(b)  Explain the float - zone technique of crystal
growth with the help of a labelled diagram.

(c) With the helpofa suitable diagram, explain
the process of photo-lithography used for
synthesis of nanostructures.

Physical constants : h=6.62x1073* s
N, =6.02x10% mol ™!
e=16x10"1C
kg=138x10"2 JK™!
m,=9.1x1073! kg.
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1. @ G YT & : 3x5=15
(a) fre wiewl @ s T iftewT fafa =i
- A A
ap =21i—j
- A
az =2 )
- A
33 =2 k

(b) TH THE Iew H (122) guadl & &
SiaEea 3R 15 A §1 Siereh feadisn aftewferd
Exdl

(c) dretEed o M 8 § 2 FreEed el &
HROT T TR A SR g B
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(d) Uw-fafmg smadt fred o § sorwem g
TIYA fava =1 fafm w8 W@ =t
SIf-Tmied ¥ 70 39 fava =1 H8 frefg
F T ?

(€) p-n WY A raar &5 HQ w71 § e ?

6 (@) g
(i) wfa-Teges
(iii) TYES F HIH TEHIN ARG T |

() FRS frwa ¥ g foaga yua %1 safy
HHAT |

?ﬁs‘qawmﬁ

() fec STAF =N & U oorn sos gfew
UTH L |

(b) SUTH TACE W HI Hedl @ GuC
- T fored™ & wpoff-farea fafy gro &
Tt drameil @1 frufor 9 =@ §

HI3 Tah W HY
(a) Tag =¥ f& frfafen frafis s v

U(r)z—r% + r%%ﬁqwﬁexﬁaw

2
(¢4 .
umin == 43 %I
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(b)

e Y fEen F erfen wafd
a@éﬁa@%ﬁqﬁvﬂamﬁlmamw
dEa k F gatud w1 Al =WEE B

sin(%)\ aﬁwOL=2\[—]I\<; 21
fag 1 % ka <<1 ¥ forg, I AT

sfEre T TRETT-fagi HIeH H TE AR
FIA T

W=0OL

4. Hﬁi&?"lﬂﬂqﬁ

(a)
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5t 709 E ¥ E+dE § 99 e &l el
1 =iee FEfafEd ©

m (8 mL? 2 —71——
N(E) dE=3[ x rE% dE Gt
T=omwﬁw%vmmsﬂaﬂaﬁl
Ifz oifcas Sfead # o TagEl S el
T 2.65x 108 m~3 ¥, It Bl Sl
piicacicad
SAfaTerawa &1 fg-ga wed wHed |
SAfEE &1 U wiaed, e dg s=ua &
T 0.785 eV ¥, T I dOHH W1 A 3™
gfaeel &1 aaEE &9 300 K @k oG <, Al 36
351 Wt Sl w1 AT fRa seerm 2 wiaed |
TR SR Bt & YTe FeHl S AT S
0.58 m,, 3R 1.02 m, W o

3+2
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5. I g W &t 2x5=10

() T Tt A - %t werar d de-gu
Tt # Jersharadiy sk fronfiar quem LI
Aferes o At wie- et et % <
&Il §, S ?

(b) ﬁ%ﬁ@ﬁ@ﬁ%@%&mgﬁgﬁw
ST I T |

(c) SYIH IRG ® WeRd @, W-3797 @ g
A T T w5 fafy-wme
ifoes fraaias h=6.62x10"34 s

N, =6.02x10% mol !
e=1.6x10"1 C
kp=1.38x10"2 JK -1
me=9.1><10_31 kg.
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