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 PHE-13  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

February, 2021 

 

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 : 53=15 

(a) The primitive translation vectors of a lattice 

are 

 

a  =  

4
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a

^
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b  = – 
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a ^
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c = c

^
k  

 Determine the volume of the primitive unit 

cell. 

No. of Printed Pages : 12 



PHE-13 2 

(b) What are Miller indices ? Determine the 

Miller indices of a plane which intersects the 

three axes at the points 3a1, 4a2 and 2a3, 

respectively, where 


1a , 


2a  and 


3a  are the 

basis vectors.  

(c) Write down the electronic configuration of 

Ge (Z = 32). What type of bonding would you 

expect in Ge ?  

(d) For a linear monatomic chain of atoms, the 

dispersion relation is given by 

 
2

ka
sin

OL
   

 Calculate the phase velocity and the group 

velocity for ka << 1.  

(e) Calculate the velocity and effective mass of 

an electron in a crystalline solid whose 

energy is given by 
m2

k3
E

22
 . 
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(f) Explain edge defects with appropriate 

diagram. 

(g) Differentiate between diamagnetic, 

paramagnetic  and ferromagnetic materials. 

(h) Differentiate between type I and type II 

superconductors. 

2. Attempt any two parts : 25=10 

(a) (i) Explain with the help of a diagram the 

Wigner-Seitz method of constructing a 

primitive unit cell for any given lattice 

structure. 

(ii) Use the Wigner-Seitz method to draw 

the first Brillouin zone of a 2D oblique 

reciprocal lattice. 3+2 

(b) Calculate the atomic packing fraction of a 

bcc lattice structure. 5 

(c) Explain the Laue method for X-ray 

diffraction. What are the limitations of this 

method ? 5 



PHE-13 4 

3. Attempt any one part : 15=5 

(a) Derive an expression for heat capacity of a 

solid on the basis of Einstein’s theory. State 

its limitation at low temperature. 4+1 

(b) Define Madelung constant. Determine the 

Madelung constant for a one-dimensional 

NaCl lattice. 1+4 

4. Attempt any two parts : 25=10 

(a) Describe the experimental arrangement for 

the Hall effect experiment with the help of a 

schematic diagram. Calculate the electron 

concentration in a specimen for which the 

Hall coefficient is 0·0125 m3 C–1. 3+2 

(b) Write down the expression for the electrical 

conductivity i of an intrinsic semiconductor 

in terms of electron and hole mobilities e 

and h. Hence show that the conductivity is : 

 i = A(T) exp
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 You may use the following relations : 
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and ni
2 = NcNv exp[– Eg/kBT] 1+4 

(c) Explain phonon-mediated electron 

interaction and the formation of Cooper 

pairs in the BCS theory of superconductivity. 5 

5. Attempt any two parts : 25=10 

(a) Describe the method of crystal growth using 

the directional freezing technique.  

(b) What is a transducer ? Describe the working 

of a polymer capacitor as a humidity 

transducer. 

(c) Classify polymers on the basis of their 

structure, temperature dependent properties 

and mechanism of polymerisation. 
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 Physical Constants : 

h = 6.62  10–34 Js  

NA = 6.023  1023 mol–1 

1 eV = 1·6  10–19 J 

kB = 1.38  10–23 JK–1 

me = 9.1  10–31 kg  
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 nr.EM.B©.-13  

{dkmZ ñZmVH$ (~r.Eg gr.) 

gÌm§V narjm 

\$adar, 2021 

 

^m¡{VH$ {dkmZ 

nr.EM.B©.-13 : KZ AdñWm ^m¡{VH$s 

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

ZmoQ >: g^r àíZ A{Zdm`© h¢ & {H$ÝVw Am§V[aH$ {dH$ën {XE JE h¢ & 

Amn H¡$ëHw$boQ>a H$m à`moJ H$a gH$Vo h¢ & àVrH$m| Ho$ AnZo 

gm_mÝ` AW© h¢ & ^m¡{VH$ {Z`Vm§H$m| Ho$ _mZ A§V _| {XE JE h¢ & 
 

1. {H$Ýht nm±M  ^mJm| H$mo H$s{OE : 53=15 

(H$) EH$ OmbH$ Ho$ A^mÁ` ñWmZm§VaU g{Xe {ZåZ{b{IV 
h¢ : 

 

a  =  

4

3
a

^
i  + 

2

a ^
j ;  


b  =  – 

4

3
a

^
i  + 

2

a ^
j ; 

 

c = c

^
k  

 A^mÁ` EH$H$ H$mopîR>H$m H$m Am`VZ {ZYm©[aV H$s{OE & 
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(I) {_ba gyMH$m§H$ Š`m hmoVo h¢ ? EH$ g_Vb Ho$ {_ba 

gyMH$m§H$ kmV H$s{OE Omo VrZ Ajm| H$mo H«$_e: {~ÝXþ 

3a1, 4a2 Am¡a 2a3 na à{VÀN>o{XV H$aVm h¡, Ohm±  


1a , 


2a Am¡a 


3a  ~o{gg g{Xe h¢ & 

(J) Ge (Z = 32) Ho$ {bE BboŠQ´>m°{ZH$ {dÝ`mg {b{IE & 

Ge _| {H$g àH$ma Ho$ Am~§YZ H$s g§^mdZm h¡,  

~VmBE & 

(K) na_mUwAm| H$s EH$na_mpÊdH$ aoIr` ûm¥§Ibm Ho$ {bE 

n[ajonU-g§~§Y {ZåZ{b{IV h¡ :  

 
2

ka
sin

OL
  

 ka << 1 Ho$ {bE àmdñWm doJ Am¡a g_yh doJ 

n[aH${bV H$s{OE & 

(L>) EH$ {H«$ñQ>br` R>mog _| EH$ BboŠQ>́m°Z H$s g§nyU© D$Om© 

{ZåZ{b{IV h¡ : 

 
m2

k3
E

22
  

 Bg BboŠQ´>m°Z H$m doJ Am¡a à^mdr Ðì`_mZ n[aH${bV 

H$s{OE & 
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(M) Cn`wº$ AmaoI Ho$ gmW H$moa Xmof g_PmBE & 

(N>) à{VMw§~H$s`, AZwMw§~H$s` Am¡a bmoh-Mw~§H$s` nXmWmªo _| 

A§Va ~VmBE & 

(O) àê$n I Am¡a àê$n II A{V-MmbH$m| _| A§Va ~VmBE & 

 

2. {H$Ýht Xmo  ^mJm| H$mo H$s{OE : 25=10 

(H$) (i) Cn`wº$ AmaoI H$s ghm`Vm go {H$gr OmbH$ 

g§aMZm Ho$ {bE A^mÁ` EH$H$ H$mopîR>H$m H$s 

aMZm H$s {d½Z¡a-gmBQ²>µO {d{Y g_PmBE & 

(ii) {d½Z¡a-gmBQ²>µO {d{Y Ûmam EH$ 2D {V`©H²$$ 

ì`wËH«$_ OmbH$ Ho$ {bE àW_ {~«bwdm§ joÌ 

Amao{IV H$s{OE & 3+2 

(I) bcc OmbH$ g§aMZm Ho$ {bE na_mÊdr` g§Hw$bZ JwUm§H$ 

n[aH${bV H$s{OE &  5 

(J) EŠg-{H$aU {ddV©Z H$s bmCE {d{Y g_PmBE & Bg 

{d{Y H$s H${_`m± Š`m h¢, ~VmBE & 5 
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3. {H$gr EH$  ^mJ H$mo H$s{OE : 15=5 

(H$) AmBÝñQ>mBZ {gÕm§V Ho$ AmYma na EH$ R>mog H$s  

D$î_m-Ym[aVm H$m ì`§OH$ ì`wËnÞ H$s{OE & {ZåZ 

Vmn_mZ na Bg {gÕm§V H$s H$_r ~VmBE & 4+1 

(I) _¡S>¡bw§J {Z`Vm§H$ H$s n[a^mfm Xr{OE & EH${d_ NaCl 

OmbH$ Ho$ {bE _¡S>¡bw§J {Z`Vm§H$ {ZYm©[aV H$s{OE & 1+4 

4. {H$Ýht Xmo  ^mJm| H$mo H$s{OE : 25=10 

(H$) hm°b-à^md à`moJ Ho$ {bE àm`mo{JH$ ì`dñWm H$m dU©Z 

BgHo$ ì`dpñWV AmaoI Ho$ gmW H$s{OE & EH$ à{VXe© 

H$s BboŠQ´>m°Z gmÝÐVm n[aH${bV H$s{OE `{X CgHo$ {bE 

hm°b-JwUm§H$ 0·0125 m3 C–1 hmo & 3+2 

(I) BboŠQ>́m°Z Am¡a hmob ({N>Ð) H$s J{VerbVmE± e Am¡a 

h Ho$ nXm| _| EH$ Z¡O AY©MmbH$ H$s d¡ÚwV MmbH$Vm 

i H$m ì`§OH$ {b{IE & Bggo {gÕ H$s{OE {H$ 

MmbH$Vm {ZåZ{b{IV h¡ :  

 i = A(T) exp
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 Amn {ZåZ{b{IV g§~§Ym| H$m à`moJ H$a gH$Vo h¢ :  
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 Am¡a ni
2 = NcNv exp[– Eg/kBT] 1+4 

(J) A{VMmbH$Vm Ho$ BCS {gÕm§V _| \$moZmZ _Ü`ñWVm Ho$ 

H$maU CËnÞ BboŠQ´>m°Zm| Ho$ ~rM AÝ`moÝ`{H«$`m Am¡a 

Hy$na ẁ½_m| H$m {Z_m©U g_PmBE & 5 

5. {H$Ýht Xmo  ^mJm| H$mo H$s{OE : 25=10 

(H$) {X{eH$ {h_rH$aU VH$ZrH$ Ho$ à`moJ Ûmam {H«$ñQ>b d¥{Õ 

H$s {d{Y H$m dU©Z H$s{OE &  

(I) Q´>mÝgS>çyga Š`m hmoVm h¡ ? EH$ ~hþbH$ g§Ym[aÌ, 

AmÐ©Vm Q´>mÝgS>çyga Ho$ ê$n _| H¡$go H$m`© H$aVm h¡, dU©Z 

H$s{OE & 

(J) g§aMZm, Vmnm{lV ì`dhma Am¡a ~hþbH$Z H$s {H«$`m{d{Y 

Ho$ AmYma na ~hþbH$m| H$m dJuH$aU H$s{OE & 
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^m¡{VH$ {Z`Vm§H$ :  

h = 6.62  10–34 Js  

NA = 6.023  1023 mol–1 

1 eV = 1·6  10–19 J 

kB = 1.38  10–23 JK–1 

me = 9.1  10–31 kg  


