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BACHELOR OF SCIENCE (B. Sc.)

Term-End Examination

June, 2021 (b)

PHE-13 : 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.

(d)

(iii) Symbols have their usual meanings.

(iv) The values of physical constants are

(e)

given at the end.

1. Attempt any five parts : 3 each

(a) Write down the Miller indices of a family of

parallel planes which make intercepts of

P.T.O.
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3a1, 4a2 and 4as on the x, y and z-axes
respectively. Also calculate the interplanar

distance given that the lattice constant is

3.0A.

From which of the following planes is X-ray

reflection observed in a bee crystal ?

(100), (200), (111)
Justify your answer.
What is the limitation of Einstein’s theory
of heat capacity ? Write the basic

assumptions of Debye’s theory.

State the shortcomings of the Drude-

Lorentz’s theory for electrical conductivity.
The energy of an electron in a crystalline
solid is given by :

12 71%k?
m

E

where £ is the wave number. Calculate its
velocity and effective mass.



2.
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(f) What is the critical magnetic field of a

superconductor ? Distinguish between

Type I and Type II superconductors.

(2) Ni%2* and Fe?* are both transition metals
with same wvalences, but the magnetic
moment of their ferrites are different.

Explain why this is so.

(h) What 1s the difference  between
piezoelectric and pyroelectric materials ?
Give one example of each.

Attempt any two parts :

(a) What is rotational symmetry in a lattice ?
Show that five fold rotational symmetry is

not possible in a 2D lattice. 1+4

(b) The primitive translation vectors of a

hexagonal direct lattice are :
ai=ai; a» =%[f+\/§]]; as=ck

Calculate (1) the volume of the primitive
cell and (1) the primitive translation

vectors of the reciprocal lattice. 5

P.T.O.

3.

4.
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(c) Write down the expression for the
geometric structure factor for a bcc lattice
and obtain the conditions governing the
structure factor. 5

Attempt any one part : 5

(a) Derive the dispersion relation for a linear

chain of identical atoms.

(b) The potential energy function for a system

of atoms is given by :

-5 (3]

Calculate the minimum potential energy.
Answer any two parts :

(a) Given the following expressions for the
electron and hole concentrations in an

intrinsic semiconductor :

" (Ec-Ep)
— N exp| - = —Ei)
Ne c &Xp I kBT
| (Eq-Ey)
=N, exp| - ——¥~
Nh v €Xp I keT
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(b)
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Derive an expression for the intrinsic

Fermi level Er;, Where is the Fermi level
locatedat T=0? 4+1
Describe the experimental setup for the
Hall effect experiment and derive an
expression for the Hall coefficient. 2+3
On the basis of the Sommerfeld model,
derive an expression for the allowed values

of energy of an electron in a metal. 5

Answer any two parts :

()

(b)

(©

Write down the typical structure for an
inverse spinal ferrite. Calculate the
magnetic moment of magnetite in units of

Bohr magnetons. 1+4

Describe a photovoltaic solar cell with the
help of a diagram. 5
Explain, with the help of a schematic
diagram the float zone technique of crystal

growth. 5

P.T.O.
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Physical constants :
ho=6.62x1073% J-g

N, = 6.023 x 1023 mol~!
e=1.6x107"19C

m, = 9.1x1073 kg

kg =1.38 x 10723JK!
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PHE-13 Aagmacia g ff ufefoa wifse afg
fean e = foF ek feeriem 3.0 A Rl

foqm™ waes (st Ta-4t,) ) e
Tt e (@) Th beec forea o f=fafea & 9 foa
Tdel B Te- TR wredy ik s ?
S, 2021

W Uerg-13 : =9 oTawern Hifdent (100), (200), (111)
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ey T 7T & fagra #1 gor@ HewerA Y fafau)
(ii) 39 BHeTHeI FT FIT FT T &/ (F) FE@ AEEA@ w ge-ane fagm w
(iii) THT F a7 A A E Fferr e
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(@) foed efares &1 wifde TE®E &F

F OB € 2 WEY | IR UET

Afqemers o SR sarEu)

(®¥) Niz+ 3R Fe?* Al & Hpwo uqd ¥,

fSTeRT HaASTRdl aUeR 2| 99T R e

BES H FEhF Tl 9= o= B 2

(S) <E-foga ok am-foga ol § omR
TARUI YIS H Tah S0 I

fr=t a7 Wil & I e .

(%) et § ol wEidta @ g 2 ? fag

Hifsg f 2-D Mot § 5-9ad HUM
gafafa geve & 2 1+4

(@) THh qd\ohwﬁq TE STelsh o6 319
ATl gfey frefafed ©
_a

ai=ai; as = > [l +/3]]; a3 =ck
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TH ST & (i) 319N Woheh hIS3eh! ol
JEA AUl (i) gohH ok & 3THNA
T gfger fuifa i) 5

() bec WS & AU SAMHAE F=AT T[0T
1 oo Ty iR o= 7o Freifa
FE e gfqay g e 5

. IS T 9N A HIFGT : 5

(%) T & FhR & AN i WF @l
% fau aReqo gy Fea= it

(@) Tt &t T e w fau fefas

o oo

Sl o fefafed g

u(r) = 4E mm ‘(%ﬂ

e ferfas st fuifa sifag)

. HIE FT 9N BA HIWT :

(%) T A9 oFefaeis | SOl SR gl i
grEdl & fou spfafed e Ko T e
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=N exp| (Ec—EFi)} (@) oN@ & WY TH YHE dGedd R o
e~ '°C - T
L kT &1 foeror S| 5
- | (Em-Ey) () EE AN % WY e ghe ®1 e
Ny = Ny exp T
B M qehh US| 5
IS BH WR E, W1 Sl o i) sifaer faaies :

_ T ?
T=0 W B &R el f&d 8 2 4+1 b = 6.62 x 10-3 Jog

(@) sfa g¥E & fau gEifiee =ewen o N, = 6.023 x 1023 mol !
foorm dfSw eiR @@ qoTw w1 =S e=1.6x10"19C

m, = 9.1x10731 kg
A hifSU| 5
kg = 1.38 x 10723 JK!
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ToiE % fow orgAd S % AA
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5. I 9 g SIS
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KL 1+4 PHE-13
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