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BACHELOR OF SCIENCE (B. SC.)

Term-End Examination

December, 2023
Physics
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.
(iti) Symbols have their usual meanings.

(iv) The values of physical constants are
given at the end.

1. Attempt any five parts : 3x5=15

(a) Write down the symmetries observed in an
ammonia molecule.

(b) A crystal plane intersects the three axes

-> - -
along the basis vectors a;,a, and ag at

2aq, 3a, and 4ag respectively. Calculate

the Miller indices of the plane and the
interplanar distance between a family of

such planes if the lattice constant is 4.0A.
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The potential energy function of a crystal
1s given by :

—Ae? B

}" =
u(r) dregr  r’
Determine the intermolecular distance at
which the potential energy is minimum.

Write down the relation between the
angular frequency ® and the wave number

k for the longitudinal wave in a linear
chain of identical atoms separated by a
distance a. Calculate the group velocity
and phase velocity for ka <<1.

Calculate the probability that an electron
in a metal will occupy an energy level with

energy E=Ep+3kgT at a temperature T,
where Er is the Fermi energy.

What are Type I and Type II super-
conductors ?

Ni2* and Fe?' are transition metals with
the same valency. Will the magnetic
moment of their ferrites be same or
different ? Justify your answer.

What 1s the  difference  between
peizoelectric and pyroelectric materials ?
Give one example of each.
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2. Answer any two parts : 5x2=10

(a)

(b)

(©

Define atomic packing fraction. Determine
the atomic packing fraction of a body
centred cubic lattice. 1+4

The primitive translation vectors of a
direct lattice are :

—

i +8;
“ 8
% A a/\

Qg =—ai+—j
2 g’

- .

as =ck
Calculate : (1) the volume of the primitive
cell and (11) the primitive translation
vectors of a reciprocal lattice. 2+3

Determine the condition governing
geometric structure factor for the body
centred cubic lattice and list 2 missing
planes. 4+1

3. Answer any one part : 5x1=5

(a) Derive an expression for the heat capacity

of a solid on the basis of Einstein’s
theory. 5

(b) List the different types of bonding in solids.

Describe any two in detail. 2+3

P.T.O.
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4. Answer any two parts : 5x2=10

5.

(a)

(b)

Describe the set up for the Hall effect
experiment and derive an expression for
the Hall coefficient. 2+3

A germanium specimen is kept at absolute
zero temperature. Calculate the intrinsic
Fermi level if the band gap is 0.74 eV. If
the temperature is raised to 300 K, what
will be the change in the Fermi energy ?

Take the effective mass of electron and

hole to be 0.56 me and 0.29 me respectively.

(¢c) State the limitations of the Drude-Lorentz
theory. What are the fundamental
assumptions on which the Sommerfeld
model is based ? 3+2

Answer any two parts : 5%2=10

(a) With the help of a schematic diagram,
explain the float zone technique of crystal
growth. 5

(b) What 1s a liquid crystal ? Explain the
structure of a liquid crystal display. 2+3

(¢ With the help of a suitable diagram,

explain the construction and working of a

solar cell. 5
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Physical Constants :

h=6.62x10"34Js

N, =6.02 x 1023 mol~ !

e=1.6x10"19C

kg =1.38x10723JK !

m, =9.1 x10~ 3l kg

P.T.O.



[6] PHE-13

PHE-13
fag™ waeR (S TE-H)
PG
faamT, 2023
wiifaen fagm
Wuerg-13 : 99 oTawm Wifdent
qag ;2 g2 AfYHaTT 37F : 50
WAT: () GH gvT ofvard 2 fag om=iReh

ooy feT 7T &

(ii) 39 HeAheleX H1 FAIT #T Ghd 2l
(iii) Tdtep! & T GrEr= 7o B
(iv) 4ifaes Fraaisl & 7@ od 9 &3 73 8

1. Tl gfer 9 & I 9T . 3x5=15
(&) ot o dfera wwfafaar fafe)

R -
(@) & fFed d9qq, sfew 9l o, q

dr o,  owfm 99wl w e
2a;, 3a, 3R 4a, W fo=dfea & 21 5@




(M)

(¥1)

(¥)

(=)

[7] PHE-13

g & e el 3R TH Th gHad
e W eTaad 3 uRefaa @it
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+ -
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(®) Ni2+* 3R Fe2* I & THH Farseha
I GHUU U1 &l STk WA &
JEhE A FAE B A A s 2
Y ST HT HIUT IqET

() @ fag@ iR @ fagq et § F =R
g ? Y% h1 Teh S0 difSU)

fr=l g Tl & S| G 5x2=10

(%) TTHTUSTE Hehe UMk shi YRHMT Q)
TH F<ahisd S See & fag
AU Hepo ToNeh fifa sifsa) 1+4

(@) Th WM Sos & 9 TIFER0l
wfegr fefated © ¢

o =ai+ 2]
“ 8
- c+ac
Ay =—al+—]J
2 8
- ~
a3=ck

3G Sk & (1) 9T Theh hI(6SHhT &I
AFA 3R (i) ohH S & 9RA
TR giewr fuifa sifs 2+3
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(M) apfsd W Soe % fau snfade
I U i e S wfaer
FI HIT IR F A< GEdA  H
geleg hitaq| 4+1

HIs Teh 91 HifeT : 5x1=5

(%) e 95T & 3R W T 39 &
FEHT-HIRAT 1 AR G IS 5

(@) 39 H fafv= g&R & sTaHl &l gHllds
HIfTyl fFl & TR & STEEAl Wl
fowar | ww=RY 2+3

HIE F 9 HIC 5x2=10

(F) T T9E FAN DI HGEl w1 foerm
ST R e Fodiss &1 =S e
EIIE 2+3

(@) SHEH & THh Yl i T I aHH
W W@ W gl AR el SRR 0.74 eV
B, A oS WHT R UReRfed sifSyl 9
ATIHH i 300K T &@T e <, @ wHi
ot § fohaTl SeE B ? SO 3R
e & U SHHE HE: 0.56 me 3N
0.29 m. ST 1+4

P.T.O.
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(M) g-dr=m fagma & ®fEE SR

grhes Aled fed ga efafedl W

i 2 =y 3+2
5. <'=|ﬁ'sc 9 ﬁﬁl@ : 5%2=10
(F) e o &t geEa 4§, fhea gfg &
TS S dehieh TSR 5
(@) sa-fpa @01 & 8 ? & sa-feed
U9 i WAl SHEE| 2+3
() sfed oM@ # WeEd ¥, TH 9R G hi
T 3R wrEfafy gremET 5

Hifaer fraaies -

h=6.62x10"34Js
N, =6.02 x 1023 mol~?

e=1.6x10"19C
kg =1.38x10723JK !

m, =9.1x 1031kg
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