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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 : 5×3=15 

(a) List all the symmetry elements of a 

benzene molecule. 

(b) Write the conditions governing the 

geometric structure factor of an fcc lattice 

and list any two missing planes. 

(c) Explain the three types of interactions that 

give rise to van der Waals bonding. 

(d) The Debye temperature of nickel is 345 K. 

Calculate the highest possible frequency of 

lattice vibration.  



 [ 2 ] PHE-13 

   

(e) The energy E of an electron in a crystalline 

solid is related to the wave number k by 

the relation 
2 215

E
k

m



. Calculate the 

velocity and effective mass of the electron. 

(f) With the help of a labelled diagram, 

explain the formation of the depletion 

region in a p-n junction. 

(g) Describe, in one sentence each, the three 

classes of polymers on the basis of their 

structure. 

(h) Describe any three point defects in a 

crystal. 

2. Attempt any two parts : 5×2=10 

(a) Prove that the reciprocal lattice of a face 

centred cubic structure is a body centred 

cubic structure. 

(b) A metallic element has a density of  

2.70 gm/cm3, a lattice constant of 4.05 Å 

and an atomic weight of 4.48 × 10–26 kg. 

Determine the number of atoms per unit 

cell of this element and predict its crystal 

structure. 
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(c) Describe the rotating crystal method of  

X-ray diffraction. 

3. Attempt any one part : 5 

(a) Determine the value of the Madelung 

constant for a one-dimensional NaCl 

lattice. 

(b) Derive the dispersion relation for a linear 

chain of identical atoms. 

4. Answer any two parts :  5×2=10 

(a) The expressions for the electron and hole 

concentrations in an intrinsic 

semiconductor are : 
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Derive the expression for the intrinsic 

Fermi level EFi, where is the Fermi level 

located at T = 0K. 4+1 

(b) (i) Describe Meissner effect in brief. 2 

(ii) Determine the critical magnetic field 

required to destroy superconductivity 

in Pb at 5 K, given that the critical 



 [ 4 ] PHE-13 

   

temperature TC = 7.19 K and  

Bac(0) = 0.0803 T. 3 

(c) Define Fermi energy. The number of 

electrons in an energy interval E to E + dE 

at a temperature T, in the Sommerfeld 

model is given by : 
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. 

using this derive an expression for the 

Fermi energy. 1+4 

5. Answer any two parts :  5×2=10 

(a) Calculate the magnetic moment of Nickel 

ferrite 2 3
2 4(Ni Fe O )   in units of Bohr 

magneton, given that Ni2+ has the 

electronic configuration 4s°3d8.  

(b) Explain how the method of photo-

lithography is used to manufacture 

microelectronic circuits. 

(c) Explain the process of photocopying based 

on the principle of Xerography. 

Physical constants : 

  346.62 10 Jsh  

  23 1
AN 6.02 10 mol  

e =  191.6 10 C
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B 1.38 10 JKk   

319.1 10 kgem     



 [ 5 ] PHE-13 

  P. T. O. 

      PHE-13 

2023

-13

]

5×3=15 

fcc



 [ 6 ] PHE-13 

   

K

ª E

k

 %

2 215
E

k

m



ª

p-n

5×2=10



 [ 7 ] PHE-13 

  P. T. O. 

2.70 gm/cm3]

4.05 Å

4.48 × 10–26 kg
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(i)

(ii) 5 K Pb

]

TC = 7.19 K Bac(0) = 0.0803 T
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5×2=10

2 3
2 4(Ni Fe O ) 

] Ni2+
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  346.62 10 Jsh  
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AN 6.02 10 mol  

e =  191.6 10 C
 

   23 1
B 1.38 10 JKk   

319.1 10 kgem  
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