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December, 2023 

Physics 

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) Write down the symmetries observed in an 

ammonia molecule. 

(b) A crystal plane intersects the three axes 

along the basis vectors 1 2,a a
 

 and 3a


at 

1 22 , 3a a  and 34a  respectively. Calculate 

the Miller indices of the plane and the 

interplanar distance between a family of 

such planes if the lattice constant is 4.0 Å . 
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(c) The potential energy function of a crystal 

is given by : 
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Determine the intermolecular distance at 

which the potential energy is minimum. 

(d) Write down the relation between the 

angular frequency   and the wave number 

k for the longitudinal wave in a linear 

chain of identical atoms separated by a 

distance a. Calculate the group velocity 

and phase velocity for 1ka  . 

(e) Calculate the probability that an electron 

in a metal will occupy an energy level with 

energy F BE E 3 Tk   at a temperature T, 

where EF is the Fermi energy. 

(f) What are Type I and Type II super- 

conductors ? 

(g) 2Ni   and 2+Fe  are transition metals with 

the same valency. Will the magnetic 

moment of their ferrites be same or 

different ? Justify your answer. 

(h) What is the difference between 

peizoelectric and pyroelectric materials ? 

Give one example of each. 
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2. Answer any two parts : 5×2=10 

(a) Define atomic packing fraction. Determine 

the atomic packing fraction of a body 

centred cubic lattice. 1+4 

(b) The primitive translation vectors of a 

direct lattice are : 
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Calculate : (i) the volume of the primitive 

cell and (ii) the primitive translation 

vectors of a reciprocal lattice. 2+3 

(c) Determine the condition governing 

geometric structure factor for the body 

centred cubic lattice and list 2 missing 

planes. 4+1 

3. Answer any one part : 5×1=5 

(a) Derive an expression for the heat capacity 

of a solid on the basis of Einstein’s  

theory.  5 

(b) List the different types of bonding in solids. 

Describe any two in detail. 2+3 
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4. Answer any two parts : 5×2=10 

(a) Describe the set up for the Hall effect 

experiment and derive an expression for 

the Hall coefficient. 2+3 

(b) A germanium specimen is kept at absolute 

zero temperature. Calculate the intrinsic 

Fermi level if the band gap is 0.74 eV. If 

the temperature is raised to 300 K, what 

will be the change in the Fermi energy ? 

Take the effective mass of electron and 

hole to be 0.56 me and 0.29 me respectively. 

(c) State the limitations of the Drude-Lorentz 

theory. What are the fundamental 

assumptions on which the Sommerfeld 

model is based ? 3+2 

5. Answer any two parts : 5×2=10 

(a) With the help of a schematic diagram, 

explain the float zone technique of crystal 

growth. 5 

(b) What is a liquid crystal ? Explain the 

structure of a liquid crystal display. 2+3 

(c) With the help of a suitable diagram, 

explain the construction and working of a 

solar cell. 5 
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Physical Constants : 

346.62 10 Jsh    

23 – 1
AN = 6.02 × 10  mol  

191.6 10 Ce    

23 –1
B 1.38 10 JKk    

–319.1 10 kgem    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 [ 6 ] PHE–13 

   

      PHE-13 

2023

-13

(i) ]

(ii) 

(iii) 

(iv) 

3×5=15

] 1 2,a a
 

3a


1 22 , 3a a 34a



 [ 7 ] PHE–13 

  P. T. O. 

]

4.0Å

2

0

– A B
( )

4 n

e
r

r r
  


 

a



k ka << 1

T ]

F BE E 3 Tk 

EF 

I II 



 [ 8 ] PHE–13 

   

2Ni  2+Fe

5×2=10
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4+1 

5×1=5

2+3 

5×2=10

2+3

0.74 eV 

]

300K ]

0.56 me 

0.29 me 1+4
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