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BACHELOR OF SCIENCE
(B. Sc.)

Term-End Examination

December, 2024

PHYSICS
PHE-13 : PHYSICS OF SOLIDS

Time : 2 Hours Maximum Marks : 50

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

are given at the end.

1. Attempt any five parts : 5x3=15

(a) List the symmetry elements of the benzene

(CéHe) molecule.

(b) Determine the Miller indices of a plane
which intersects the three axes at the

points  2a;, 2a, and 3ag, respectively,
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> o -
where q;, a; and agare basis vectors.

Determine also the interplanar distance for
this family of planes if the lattice constant
a=4.0A.

(c) For a transverse wave represented by the

function ug =y, exp [z(kx - cot)], derive the

expression for its velocity, using the

o%u 0%u
relation §—=2 = —3.
or2 M ox?

(d) Write down the electronic configuration of
Ge (Z = 32). Explain what type of bonding

would you expect in Germanium (Ge).

(e) The expression for the energy of an

: : .. 20h2%k2
electron in a crystalline solid 1is 0n°k .
m

Calculate its velocity and effective mass.

() Explain what are Type I and Type II
super- conductors.

(g) Explain any three types of point defects in
a crystal with the help of appropriate

diagrams.
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(h) Explain the classification of polymers on

the basis of their structure.

2. Attempt any two parts : 5x2=10

(a) Define the atomic packing fraction for
crystal lattice. Calculate the atomic

packing fraction for a simple cubic lattice.
1+4

(b) Write down the primitive lattice vectors for
a face centered cubic (fcc) structure.

Determine its reciprocal lattice vectors.

1+4

(c) Determine the condition governing the
geometric structure factor for a bec lattice

and list any two missing planes. 4+1

3. Attempt any one part : 5x1=5

(a) Calculate the Madelung constant for a
hypothetical one-dimensional NaCl lattice.
(b) Derive the dispersion relation for the
vibrations of a linear chain of identical

atoms.
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4. Answer any two parts : 5x2=10

(a) State the basic assumptions of the
Sommerfeld model. Define Fermi energy.
If the Fermi temperature of Na 1is
3.75 x 104 K, calculate the Fermi energy
of Na. 2+1+2

(b) The electron and hole concentrations in an

intrinsic semiconductor are given by :

n, =N, exp —(EC]{{;—EE)
and n;, =N, exp —(EP;;B—_TEU)

Derive an expression for the intrinsic

Fermi energy EFi' Where 1s the Fermi

level located at T = 0K ? 4+1

(c) A 2D square lattice has a side of length
4.0 A. What is the momentum of an
electron whose wave terminates at the
boundary of the first Brillouin zone ? Also

calculate the energy of the electrons
(in eV). 243
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5. Attempt any two parts : 5x2=10
(a) Determine the magnetic moment of
NiZJrFngFO4 in units of Bohr magneton.

Note that is has an inverse spinel structure

and Ni2* has 4593d8 valence configuration.

(b) Describe the float zone technique of crystal
growth.

(¢) Describe the working of a photovoltaic

solar cell.

Physical constants :
h=6.62x10"34Js

N, =6.02x10%% mol-!
e=1.6x1019C
me=9.1 x 1031 kg

ks =1.38 x 1023 JK-1
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PHE-13
foa™ e (&, Ta-H)
[Aa ulre
feawr, 2024
witfae o

W Uerg-13 : O reeAr wifaent

ggg ;2 U2 JfeIFad AF ¢ 50

iz . qul g97 fErd B fag RE ey [T
T B S Pogeiex F FAT B GHT B/
ydlHl & 1 G e 81 ifas figaei
% H7 37T 7T 79 8

1. ®E 99 9 TA HIWC : 5x3=15

(%) S (CeHg) 319 & THMMG teral i
Eldg hitaq|

(@) TH GHaa i A HI HAI: 2ap,2a,
AR 3a, fagsti | fo=sfea w=xar 8, el

@, a, T o Ifa" GRw ¥ @ T
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% THer geehie fuifa &It afs s
el ¢ =4.0A T, @ W A T &
fere et €0 ot fauifa sy

() T ug =ugexpli(kx-ot)] FU =K

~

ST T & foau, fefafaa g4y,

2 2
E"aaziL;B =Cu aéxuzs
T FART HIh T h o 1 Hslh Fcd
HIfST|
(%) Ge (Z=32) & fau welite  foamg
fafaul SHf=E  (Ge) H fFE YR @
STEYA BN, FHEET

(&) frdt free@ 3™ § soa{ &l ol &l

wivm 2O 3 R w A e

m
JE SHAM YRehield hifsTd|

(A)YET [ AR g&9 [ Afqeress 1 B €,
HAART|

() 3TFH @I &1 TerIdl ¥ fohed & fh=l
9 yeR & fog v aHemEu)

(V) W@ & YR T agashl ol SRl
HHARY|
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2. HE I AN TA HITSW : 5X2=10

3.

4.

() forea STeteh & faq WU Hehes 0Tk

1 g ST Td S Ses & fau

QUHTOST Heho TUTeh Ufehfeld ShIfSTTl 1+4

(@)%erh whisd A (fec) HEA & fog
AT S Wik fafau ggs fou
oW STeleh |y FHuifd i) 1+4

(1) Sfd:hTgd TF (bee) S & faw A
e o TYiRa & areft gfaad @i
et ST IR fh= &Y g« GHde &

TG shitsq| 4+1
g Teh AN A HINT : 5X1=5

() Tk HIeqeh ThiaHg NaCl S & fag

gean fadies IRefaa shifeg|
(@)TH & GHR & YIS 6l EF J@el &
FO % T aRemur ey e Hifg|

FHIE & 9N TA BT 5x2=10

(F)TMhees  Higd H HoAgd  SIROTE
SAIZT| WHI Soll b YRYUMT STl I Na
&1 ®Hl d99H 3.75x10% K B, 9 Na @l

o o fa

HHT Soll Yiehierd °h||r\W|'{| 2+1+2
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(@) fRel =9 srdferas o o S Bia @

o

qrEaieT & e (THAfArEd © ¢

n, =N, exp —%
qem  ny, =N, exp —(EZ];TEU)

EER Tl Ep, 1 S e Fifo
T=0K T HH W Hal R T ? 4+1

(1) foeht fgfora iR Mot &1 Th s
H TEE 4.0A T SH SHERE & HaW
H1 AE F B fTEe W W, e
faqe & ) @M W gEr 8 S @ 2
S ki el (eV i Sh1edl H) o

o o (a)

qfiehfaa SifSql 2+3
5. g &I 9N BA HISC 5%2=10
(F) S HHeH &1 ghEal § NiZ Fed 0,

TEHhE AU URepfoad Hifsal = ®© 6

sqF] G faad e YHR #1 © SR

Ni2+ T Taeehdl = 45° 348 1
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(@) frea gfg & wdt S (float zone) THAH
T g0 HifSq|
(1) YehteT il 'Fﬁ'{ A (photovoltaic solar cell)

1 HEgoTert o1 faao {fem)

ifae Fradis :

h=6.62x10"34Js

N, =6.02x10%% mol-!

e=1.6x101C
me=9.1 x 1031 kg
ks =1.38 x 1023 JK-1

XX XXXXX
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