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BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

June, 2024 

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 : 3×5=15 

(a) List the symmetry elements of a methane 

(CH4) molecule. 

(b) Write the Bragg condition for diffraction 

maxima. Calculate the angle of the first 

order X-ray diffraction maxima for a family 

of planes with an interplanar spacing of 5Å 

for an X-ray with wavelength 2Å. 
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(c) How many independent elastic stiffness 

constants does a cubic crystal have ? 

Explain the significance of any two of these 

constants. 

(d) The Debye temperature for cobalt is 386 K. 

Calculate the frequency of the highest 

possible lattice vibration in cobalt. 

(e) State the limitations of the Drude-Lorentz 

theory. 

(f) Define the following terms for a 

superconductor : 

Critical temperature, critical magnetic 

field, critical current density. 

(g) Distinguish between a ferromagnet, an 

antiferromagnet ad ferrite with the help of 

appropriate diagrams of their spin 

alignments. 

(h) Distinguish between a piezoelectric and a 

ferroelectric material. Give one example of 

each.  

2. Attempt any two parts : 5×2=10 

(a) The primitive translation vectors of a 

simple hexagonal lattice are 1
ˆa ai



 , 

2
ˆ ˆ( 3 )

2

a
a i j


  , 3
ˆa ck



 . Calculate the 
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volume of the primitive cell and obtain the 

primitive lattice vectors of the reciprocal 

lattice.  2+3 

(b) Determine the atomic packing fraction for 

an fcc structure. 5 

(c) Describe the rotating crystal method for 

obtaining the x-ray diffraction pattern for a 

material. 5 

3. Answer any one part of the following : 5×1=5 

(a) Describe the basic features of van der 

Waals bonding and hydrogen bonding. 3+2 

(b) Derive an expression for the heat capacity 

of a solid based on Einstein’s theory. 5 

4. Attempt any two parts of the following : 5×2=10 

(a) Describe the experimental arrangement for 

the Hall effect experiment with the help of 

a schematic diagram. Write the expression 

for the Hall coefficient. 4+1 

(b) The number of electrons in an energy 

interval E and E + dE is : 5 
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1

T

d

e
k

  

Obtain the expression for the Fermi energy 

at T = 0K. 



 [ 4 ] PHE–13 

   

(c) Explain the formation of the depletion 

region in a p-n function. What is the built 

in potential ? On what factors does it 

depend ? 2+1+2 

5. Attempt any two parts of the following : 5×2=10 

(a) Describe the five types of point defects in a 

crystal with the help of appropriate 

diagrams. 5 

(b) What is a transducer ? Describe the 

working of a polymer capacitor as a 

humidity transducer. 1+4 

(c) What are nanostructures ? Explain how 

photolithography is used to manufacture 

microelectronic circuits ? 1+4 

Physical Constants : 

h = 6.62 × 10– 34 Js 

NA = 6.02 × 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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(iv) 

3×5=15

(CH4) 
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X-

X-

2Å
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386 K 

] ]

]

5×2=10 

1
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ˆa ck




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2+3

(fcc) 

5 

X-

5×1=5 

5×2=10 

E E + dE 
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 T = 0K 
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p-n 

2+1+2 

5×2=10 

]

(photolithography) 

h = 6.62 × 10– 34 Js 

NA = 6.02 × 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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