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December, 2012 

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 

- A A 

al  = 2 i — j 
-) 	A 

a2  = 2 j 
--> 	A 

a3  = 2 k 

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

planes is 1.5 A. 

(c) What are Van-der-waals forces ? List the 
three types of interactions accounted for by 
the Van-der-waals force. 
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(d) 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. 

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

(f) Draw the spin diagrams representing 

(i) ferromagnets 

(ii) antiferromagnets and 

(iii) ferrites 

(g) Explain the origin of piezoelectric action in 
a quartz crystal. 

	

2. 	Attempt any one part : 	 10 

(a) Obtain the reciprocal lattice vectors for an 
fcc lattice structure. 

(b) 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 : 	 5 

(a) The potential energy function is expressed 

a 
as U(r) = — 6 + 12 show that the 

1' 	1" 

a 2 
minimum potential energy is Urn  n 

= — 4R. 
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(b) For a longitudinal wave propagating along 
a linear monatomic chain the angular 
frequency co and wave number k of the 

wave are related as- w=cood sin 
( k a 

= 1 where (0 	2  1  — 
K 

	

01, 	M Prove that for ka <<1, 

the chain of atoms acts as a dispersionless 
medium. 

4. 	Attempt any two parts : 
(a) The number of free electrons in the energy 

interval E and E + dE is given as : 

, 	 1 
N(E) dE 

	

IT 	
y 

( 8 ML2 2  
E/ 2  dE 
v 	E-EF  

e KBT  +1 

Derive the expression for the Fermi energy 
at T= 0. If the number density of free 
electrons in metallic sodium is 
2.65 x 1028  m-3  calculate its fermi energy. 

(b) Explain the two- fluid model of 5 
superconductors. 

(c) 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 me  and 1.02 me, respectively. 

2 

5 

3+2 
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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 help of a suitable diagram, explain 
the process of photo-lithography used for 
synthesis of nanostructures. 

Physical constants : h= 6.62 x 10 - 34  Js 

NA = 6.02 x1023 	-1 

 ------ 1.6 x10-19  C 

kB =1.38 x10-23  JK-1  

me =9.1 x10- 31  kg. 
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: 	7;1141 314'-1 ct) .  I 3.77fTWW-&T rq'777 gi 377-9-  

Tir 	wv-*Tr 	5I-d-W3177-4 L-1/HP-el 

3T2f I 9tifUW 	 Hi/ 3?T 	77 g 

1. 9 1PT 	: 	 3x5=15 

(a) F-14-1 TIFT4 	 ch Ftdcto R 	1a crA : 

-* A A 

al 	2 i — j 
A 

a2  = 2 j 
A 

a3 = 2 k 

(b) 	79171 	14.  (122) 	i11 	.41-q 

31"a71dM1-zi 	1.5 A t I AM et) #2.17i-T 

c4 	 I 

(c) 

4)101 	a1-13 	t71--41-f-ff 	I 
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(d) 31T-4-al fwai-c1 \-11041 14 	gR1 
31-Tiff fd9.1-q ch.) Fcir7id 	-ur-f-a- 

	

ilTrr TR f-41T4 	t-R -Rc■ 

(e) p-n 	14 3-TqWf 0qt-A 	t ti4 1*-11? 
(f) (i) c-11 -tqW 

mrci-1-6-tqW* 

(iii) 1?677-E* 44 ici 51rIshuI 3-Tfrtg -1•1 I 

(g) qzfig..q.  r9h tz 	ri 	c I 	ci fad 	-377r9 

.14-1*.N.  I 

2. 	7W 91-  FT 	: 	 10 
(a) f cc \Turf* 	 9-wgi 3imeb Trfq-qT 

MR-1 =hl I 

(b) w.ti-ti 	(--11qd1 	-11-11N ch 

wr-fw-Tur f-4-q4ff 	 rarq gio 

ii-113ff fa47-4-4 

3. 	-W1•1 qch irrrr cbZ : 

(a) 	-ft:1-4 .:4 	Fch -14-1 orod fttif-a-7 d),3if 4101 : 

a 
Ur  () 	± 

13 
 

5 

a2 

Umin 	4f3 
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(b) W4140160 014) t{fltzE 9.Nfff 	3T#q-v1 Tf-aikd 	5 

c.1(f 	f' 	3f7 w 	cl 41 

-{itz{T k it Tr-q-fq-ff -wT4 aT c 1 757:17-T t : 

(1)=0001., sin (—k2a 	 (00L = 2  \ 	t I 

 

 	ka «1 t Fri 	IrtztrojA a;1-  

9-M1 c:11 1:1-ft":117-frei -I1R-7Fr a-C1 ate oaaw 

t ►  

4. 	 oh•• 	 : 

(a) 	),3-11' 4RM E E + dE icif 	%r19.  a,1 4(sql 3+2 

04•TIch 1-14-1R1RAci t : 

E-EF 8 mL2 '/2 	1 
Tr 	 

N(E) dE - 2  h2 
	

El/2  dE 
e  KB +1 	• 

T=0 TR 414-1 	r 	oaAch 9-0:rg 

ak 	s tilf8q1-1 14 sip?1 

N-Iccf 2.65 X1028  m-3  t, c 3t-Ic, I 4.A a)•Tli 

4FtahRld ml I  
5 

34f-dr-d•WUT 	fg- cf HMO 	I 

.) 	fork 	 5 

ITF9' 0.785 eV %, 4R1-1 -7f c-1141-11-f 	t I ?:{fq 

-51-rfa-0 Th-r c1141-11-1 Tr 300 K cich .aqf 	Tfrk 

	

4,4-1 	-grrfff it 	kr? fi 

	

(,101-1"-t 	Flo 	 4-111 9114-M: 

0.58 me  3& 1.02 me  TER 

(b)  

(c)  
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5. 	et) 0"turr ciA : 	 2x5=10 

(a) I> -9-Ftft 	 -4 (1 -1'-4-4--zr 
tr-q-pil imcbcciiik 	F-196cil 	 
elf c 41q1air? 	 UCitrr 
~lar t, ?  

(b) rcir-$d 31-fU 	i4icif 	.f" ---R-F 	-Ert 
et) 	 

(c) 39ITT 3*-{1 	ki$Iicir 14, ITT-3171:1 
1-f) 	cl-H4 

1.1r6W 	 : h =6.62 x10-34  Js 

NA = 6.02 x1023  mol 1  
e=1.6x10-19  C 
kB  = 1.38 x10 -23  JK -1  
me  = 9.1 x 10 -31  kg. 
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