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BACHELOR OF SCIENCE (B. Sc.) 
Term-End Examination 

June, 2021 

PHE-13 : PHYSICS OF SOLIDS 

Time : 2 Hours     Maximum Marks : 50 

Note : (i) All questions are compulsory. However, 

internal choices are given.  

 (ii) You may use a calculator.  

 (iii) Symbols have their usual meanings.  

 (iv) The values of physical constants are 

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 
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3a1, 4a2 and 4a3 on the x, y and z-axes 

respectively. Also calculate the interplanar 

distance given that the lattice constant is 

3.0 Å. 

(b) From which of the following planes is X-ray 

reflection observed in a bcc crystal ? 

(100), (200), (111)  

 Justify your answer. 

(c) What is the limitation of Einstein’s theory 

of heat capacity ? Write the basic 

assumptions of Debye’s theory.  

(d) State the shortcomings of the Drude-

Lorentz’s theory for electrical conductivity. 

(e) The energy of an electron in a crystalline 

solid is given by : 

2 212E k
m

=   

where k is the wave number. Calculate its 
velocity and effective mass. 
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(f) What is the critical magnetic field of a 

superconductor ? Distinguish between 

Type I and Type II superconductors. 

(g) Ni2+ and Fe2+ are both transition metals 

with same valences, but the magnetic 

moment of their ferrites are different. 

Explain why this is so.  

(h) What is the difference between 

piezoelectric and pyroelectric materials ? 

Give one example of each.  

2. 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 : 

1 2 3 ˆˆ ˆ ˆ; [ 3 ];
2
aa ai a i j a ck→ → →

= = + =   

Calculate (i) the volume of the primitive 

cell and (ii) the primitive translation 

vectors of the reciprocal lattice. 5 
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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 

3. 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 : 

12 6
( ) 4Eu r

r r

⎡ ⎤σ σ⎛ ⎞ ⎛ ⎞= −⎢ ⎥⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠⎢ ⎥⎣ ⎦

  

Calculate the minimum potential energy. 

4. Answer any two parts :   

(a) Given the following expressions for the 

electron and hole concentrations in an 

intrinsic semiconductor : 

C F
C

B

(E E )N exp
T

i
e k

⎡ ⎤−
η = −⎢ ⎥

⎣ ⎦
  

F V
V

B

(E E )N exp
T

i
h k

⎡ ⎤−
η = −⎢ ⎥

⎣ ⎦
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Derive an expression for the intrinsic 

Fermi level EFi, Where is the Fermi level 

located at T = 0 ? 4+1 

(b) Describe the experimental setup for the 

Hall effect experiment and derive an 

expression for the Hall coefficient. 2+3 

(c) On the basis of the Sommerfeld model, 

derive an expression for the allowed values 

of energy of an electron in a metal. 5 

5. Answer any two parts :    

(a) Write down the typical structure for an 

inverse spinal ferrite. Calculate the 

magnetic moment of magnetite in units of 

Bohr magnetons.  1+4 

(b) Describe a photovoltaic solar cell with the 

help of a diagram. 5 

(c) Explain, with the help of a schematic 

diagram the float zone technique of crystal 

growth. 5 
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Physical constants : 

−= × 346.62 10 J-s  

23 1
AN 6.023 10 mol−= ×  

e = −× 191.6 10 C 

319.1 10 kgem −= ×  

− −= × 23 1
B 1.38 10 JKk   
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      PHE-13 

foKku Lukrd (ch- ,l&lh-) 

l=kkar ijh{kk 

twu] 2021 

ih-,p-bZ--13 % ?ku voLFkk HkkSfrdh 

le; % 2 ?k.Vs     vf/dre vad % 50 

uksV % (i) lHkh iz'u vfuok;Z gSaA ijUrq vkUrfjd 

fodYi fn, x, gSaA 

 (ii) vki dSydqysVj dk iz;ksx dj ldrs gSaA 

 (iii) izrhdksa ds vius lkekU; vFkZ gSaA  

 (iv) HkkSfrd fu;rkadksa ds eku var esa fn;s x;s gSaA  

1- fdUgha ik¡p Hkkxksa ds mÙkj nhft, % izR;sd 3 

(d)  ,d lekarj lery lewg ds feyj lwpdkad 

fyf[k, tks ,x y  vkSj z &v{kksa dks Øe'k% 

1 23 , 4a a  vkSj 34a  ij izfrPNsfnr djrs gSaA 
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varleryh; nwjh Hkh ifjdfyr dhft, ;fn 

fn;k x;k gks fd tkyd fLFkjkad 3-0 Å gSA 

([k)  ,d bcc fØLVy esa fuEufyf[kr esa ls fdu 

leryksa ls ,Dl&fdj.k ijkorZu izsf{kr gksxk \  

(100)] (200)] (111)  

 viuk mÙkj le>kb,A 

(x)  vkbULVhu ds fl¼kUr dh deh D;k gS \ fMckbZ 

fl¼kUr dh ewyHkwr ladYiuk,¡ fyf[k,A 

(?k)  oS|qr pkydrk ds MªwMs&ykWjsUV fl¼kUr dh 

dfe;k¡ crkb,A 

(Ä)  fØLVyh; Bksl esa bysDVªkWu dh ÅtkZ 

fuEufyf[kr O;atd }kjk ifjHkkf"kr gS % 

2 212E k
m

=   

 tgk¡ k  rjax la[;k gSA bysDVªkWu dk izHkkoh 

nzO;eku vkSj osx ifjdfyr dhft,A  
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(p)  fdlh vfrpkyd dk Økafrd pqEcdh; {ks=k 

D;k gksrk gS \ izk:i I  vkSj izk:i II  

vfrpkyd esa vUrj crkb,A 

(N)  2Ni +  vkSj 2Fe +  nksuksa gh laØe.k /krq,¡ gSa] 

ftudh la;kstdrk cjkcj gSaA le>kb, fd buds 

iQsjkbV dk pqEcdh; vk?kw.kZ fHkUu D;ksa gS \ 

(t)  nkc&fo|qr vkSj rki&fo|qr inkFkks± esa vUrj 

crkb,A izR;sd dk ,d mnkgj.k nhft,A  

2- fdUgha nks Hkkxksa ds mÙkj nhft, %  

(d)  tkyd esa ?kw.kZu lefefr D;k gksrh gS \ fl¼ 

dhft, fd 2-D tkyd esa 5&oyu ?kw.kZu 

lefefr lEHko ugha gSA 1$4 

([k)  ,d "kV~dks.kh; lkekU; tkyd ds vHkkT; 

LFkkukarj.k lfn'k fuEufyf[kr gSa % 

1 2 3 ˆˆ ˆ ˆ; [ 3 ];
2
aa ai a i j a ck→ → →

= = + =  
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 bl tkyd ds (i) vHkkT; ,dd dksf"Bdk dk 

vk;ru rFkk (ii) O;qRØe tkyd ds vHkkT; 

LFkkukarj.k lfn'k fu/kZfjr dhft,A 5 

(x)  bcc tkyd ds fy, T;kferh; lajpuk xq.kd 

dk O;atd fyf[k, vkSj lajpuk xq.kd fu/kZfjr 

djus okys izfrca/ izkIr dhft,A  5 

3- dksbZ ,d Hkkx gy dhft, % 5 

(d)  ,d gh izdkj ds ijek.kqvksa dh jS[kh;  Ük`a[kyk 

ds fy, ifj{ksi.k lEcU/ O;qRiUu dhft,A 

([k)  ijek.kqvksa dh ,d fudk; ds fy, fLFkfrt 

ÅtkZ iQyu fuEufyf[kr gS % 

12 6
( ) 4Eu r

r r

⎡ ⎤σ σ⎛ ⎞ ⎛ ⎞= −⎢ ⎥⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠⎢ ⎥⎣ ⎦

 

U;wure fLFkfrt ÅtkZ fu/kZfjr dhft,A 

4- dksbZ nks Hkkx gy dhft, %  

(d)  ,d uSt v/Zpkyd esa bysDVªkWuksa vkSj gksyksa dh 

lkUnzrk ds fy, vxzfyf[kr O;atd fn, x, gSa % 
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C F
C

B

(E E )N exp
T

i
e k

⎡ ⎤−
η = −⎢ ⎥

⎣ ⎦
  

F V
V

B

(E E )N exp
T

i
h k

⎡ ⎤−
η = −⎢ ⎥

⎣ ⎦
 

 uSt iQehZ Lrj FiE  dk O;atd O;qRiUu dhft,A 

T 0=  ij iQehZ Lrj dgk¡ fLFkr gksxk \ 4$1 

([k)  gkWy izHkko ds fy, izk;ksfxd O;oLFkk dk 

fooj.k nhft, vkSj gkWy xq.kkad dk O;atd 

O;qRiUu dhft,A 5 

(x)  lksejiQsYM ekWMy ds vk/kj ij fdlh /krq esa 

bysDVªkWu ds fy, vuqer ÅtkZ ds ekuksa dk 

O;atd O;qRiUu dhft,A 5 

5- dksbZ nks Hkkx gy dhft, %  

(d)  ,d izfrykse fLiuy iQsjkbV dh izk:fid 

lajpuk fyf[k,A cksj eSXusVkWu ds inksa esa 

eSXusVkbV dk pqEcdh; vk?kw.kZ ifjdfyr 

dhft,A 1$4 
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([k)  vkjs[k ds lkFk ,d izdk'k oksYVh; lkSj lsy 

dk fooj.k nhft,A 5 

(x)  O;oLFkk vkjs[k ds lkFk fØLVy o`f¼ dh Iyoh 

tksu rduhd le>kb,A 5 

HkkSfrd fu;rkad % 

−= × 346.62 10 J-s  
23 1

AN 6.023 10 mol−= ×  

e = −× 191.6 10 C 
319.1 10 kgem −= ×  
23 1

B 1.38 10 JKk − −= ×  
 
 
 
 
 
 
 
 
 
 
 

PHE–13   


