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BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

December, 2019 

PHE-13 : PHYSICS OF SOLIDS 

Time : 2 Hours 	 Maximum Marks : 50 

Note :All questions are • compulsory; however 

internal options are given. You may use a 

calculator. Symbols have their usual 

meanings. The values of the physical 

constants are given at the end. 

1. Attempt any five parts : 	 3 each 

(a) List all the symmetry elements of the PC13 

molecule. (Note : PC13 has a trigonal 

pyramidal structure like NH3). 

(b) In a crystal, a lattice plane intersects the 

three axes at an, 3a2 and 4a3 respectively. 

Calculate the Miller indices of the plane. If 

the lattice constant is 5 A. Also determine 
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the interplanar distance for this family of 

planes. 

(c) Write down the electronic configuration of 

the Si (Z = 14) atom. What type 

of bonding would you expect to find 

in Si? 

(d) Explain, how a linear monoaiomic chain 

behaves as a low pass filter. 

(e) The energy of the lowest allowed level for 

an electron in a 1-D box is 8.0 eV. Will the 

electron ever have an energy equal to 

512 eV? 

(f) Determine the critical magnetic field 

required to destroy superconductivity in 

Pb at 5 K, given that Te  = 7.2 K and 

B. (0) = 0.08 T. 

(g) Why are the properties of nano structures 

so different from their bulk counterparts ? 

What is the scanning probe method of nano 

structure fabrication ? 



	

13 / 	 PHE-13 

(h) With the help of appropriate diagrams, 

explain the difference between ferro-

magnetic, anti-ferromagnetic and ferrite 

materials. 

	

2. Answer any two parts : 	 5 each 

(a) Sodium metal crystallizes in the bcc 

structure. If the atomic weight of sodium is 

23 and density is 971 kg-m- 3, calculate the 

lattice constant and the nearest neighbour 

distance. 

(b) Show that the reciprocal lattice of a simple 

cubic lattice is also a simple cubic 

structure. 

(c) Determine the conditions governing the 

geometric structure factor for a bcc lattice 

and list two missing planes. 	4 + 1 

3. Answer any one part : 	 5 

(a) Consider a linear chain of two different 

types of atoms of mass M and m placed at 

equal distances. Write down the equation 

of motion for the longitudinal vibrations of 
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the two masses. Draw the w-k dispeision 

curves depicting the normal mode 

frequencies for this system. Explain the 

characteristics of the optical and acoustic 

branches of the dispersion curve. 2 + 1 + 2 

(b) Derive the expression for the heat capacity 

of a solid at a temperature T from 

Einstein's theory. [Note : You may use the 

identity : 

e-
X 

+ 2e-2X + 3e-3X + 1 + Cx  e-2x 
• 1 

ex  - 1 

4. Answer any two parts : 	 5 each 

(a) In the band theory of solids, starting from 

the expression for the group velocity 

clio, 
(t) --) derive the expression for the 

die 

effective mass of the electron, m*. 

(b) The expression for the number of electrons 

in the energy interval E- to E + dE in a 
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cubical box of side L, as per the 

Sommerfeld model is : 

n (8 mL2 
3/2 	 crE 

N (E) — 
2 h2 	(E)I  E-EF  

e kBT + 1 

Starting from this expression obtain the 
expression for the Fermi energy at T = 0. 

(c) An intrinsic semiconductor specimen is 

kept at absolute zero temperature. 

Calculate the energy of the intrinsic Fermi 

level if its band gap is 0.80 eV. How much 

will this value change when the 

temperature of the specimen is raised to 

room temperature ? Take the effective 

masses of the hole and the electron to be 

0.62 me and 1.08 me respectively. 

	

5. Answer any two parts : 	 5 each 

(a) Draw a typical magnetisation cycle for a 

ferromagnet. Explain the dominant 

processes in different parts of the 

magnetisation cycle. What are remanence 

and coercivity ? 1, 2, 2 

(B-16) P. T. 0. 
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(b) What are transducers ? Explain the 

working of a peizoelectric pressure 

transducer. 

(c) Describe , with labelled diagrams, the 

different types of point defects in crystals. 

Physical constants : 

h = 6.62 x 10-34 J-s 

NA = 6.02 x 1023  mo1-1 

 1 eV = 1.6 x 10-19 J 

kB  = 1.38 x..10-23JK-1 

 me  = 9.1 x 10-31kg 
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(7) faf-iu airke 	*min 	fwzre 
qr4 	 art * 	 tir 

Aft 	tmich : 

h = 6.62 x 10-34 J-s 

NA = 6.02 x 1023  mo1-1  

-1 eV = 1.6 x 10-13 J 

kB  = 1.38 x 10-23  JIC-1  

me  = 9.1 x 10-31 kg 
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