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Physics of Nano-Materials

Time : 3 Hours] [Maximum Marks : 70

Before answering the question-paper, candidates must

ensure that they have been supplied with correct and

complete question-paper. No complaint, in this regard

will be entertained after the examination.

Note : Attempt Five questions in all, selecting one

question from each Unit. Q. No. 1 is

compulsory. All questions carry equal marks.

Unit I ( I)

2. (a) Discuss the Kronig-Penney Model in

detail and explain how it leads to the

formation of energy bands and forbidden

gaps. 10

(b) Distinguish among  Metals, Insulators and

Semiconductors based on Band Theory.

4
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1

1. Answer all of the following : 7×2=14

(a) State two main features of the Free

Electron Theory.

(b) Define ‘Effective Mass’ of an electron in

a crystal.

(c) What is the difference between a

Quantum Wire and a Quantum Dot ?

(d) Explain the concept of ‘Coulomb

Blockade’.

(e) Mention one major difference between

Bottom-up and Top-down synthesis.

(f) Write down the Debye-Scherrer formula

and define the symbols.

(g) Why do Raman peaks shift or broaden in

nanomaterials ?
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Or  

3. (a) Derive the expression for the Density of

States in a 3D (Bulk) system. 8

(b) Explain the nature and characteristics of

Frenkel and Mott-Wannier Excitons. 6

Unit II ( II)

4. (a) What is Quantum Confinement ? Discuss

the energy levels and wave functions for

an electron in an infinitely deep square

well potential. 8

(b) Explain the Electrochemical Deposition

method for the synthesis of 1D

nanostructures. 7

Unit IV ( IV)

8. (a) Explain the principle and instrumentation

of Transmission Electron Microscopy

(TEM). 8
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(b) Describe the working principle and

advantages of a Quantum Dot Laser. 6

Or  

5. (a) Derive the Density of States for a 2D

(Quantum Well) system. 7

(b) Explain the structure and operation of a

Single Electron Transistor (SET). 7

Unit III ( III)

6. (a) Explain the Sol-Gel Process for the

synthesis of nanoparticles. 7

(b) Describe the Molecular Beam Epitaxy

(MBE) technique for growing high-

quality thin films. 7

Or  

7. (a) Discuss Ball Milling as a top-down

approach for synthesizing nanomaterials.

7
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(b) Discuss Photoluminescence (PL)

Spectroscopy and how it helps in

estimating the width of quantum wells.

6

Or  

9. (a) What is the Williamson-Hall Plot ?

Explain, how it is used to separate the

effects of particle size and strain on XRD

peak width. 8

(b) Discuss the application of Raman

Spectroscopy in characterizing Carbon

Nanotubes and Graphene. 6
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