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Important Note: 1. On completing answers, compulsorily draw diagonal lines on the remaining blank pages.

1. a) State and explain boundary conditions for unique solution of passion’s or
Laplace’s equations.
b) State and prove uniqueness theorem in electrostatics. |5+10]
OR '

2. a) Explain the terms electrostatic potential energy and energy density.

b) Derive the expression W= i} %9- |E|? dc for. lectrostatlc Potential energy.

[5+10]
3. a) Define magnetic vector potential and explain its properties.
b) Discuss the effect magneticfield on atomic orbits. [5+10]
4. a) Discuss and explain%agﬁétostatic boundary conditions.
b) Derive the expression for energy in the magnetic field. [5+10]
5. a) What is meant by displacement current? Explain.
b) What are gauge transformations? Explain Lorentz and coulomb gauge
transformations. [5+10]

OR
6. a) Discuss the propagation of plane electromagnetic waves through conducting
medium.

b) Explain refraction of plane waves at plane interface. [10+5]
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7. a) What are wave guides? Explain.
b) Discuss the propagation of electromagnetic waves through rectangular wave
guides and obtain the expression for cut off frequency for principal mode. [5+10]
OR
8. a) Explain the emission of radiations from oscillating dipole.

b) Discuss the behavior of plasma in homogeneous magnetic field. [10+5]

9. Answer any TWO of the following. [2x5=10]
a) Write a note on electric dipole-dipole interaction.
b) What is meant by magnetic scalar potential? Explain.
¢) Discuss the total internal reflection of plane wave.
d) Account for the emission of radiations from. a charged particle moving in a

circular orbit.
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Instructions to candidates:

Attempt any five questions including Q.No. 9, taking into account the internal options. Marks are
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Important Note: 1. On completing answers, compulsorily draw diagonal lines on the remaining blank pages.

fication, appeal to valuator and / or equations written will be treated as malpractice.

2. Any revealing of identi

1. a) Define bra and Ket Vectors. Hence show that the Eigen values of a Hermitian

operator corresponding to different Eigen values are orthogonal.
b) Compare Schrodinger and Heisenberg pictures of time development.
OR [10+5]

. a) Show that the generalized uncertainty relation is given by AA AB >< —g- > for

operators A, B and C. Where [/_1'1 §] =icand AA = A=< A >and AB = B-<B >.
If 4=X and B=P show that(AX)(AP) > 7 .

b) Obtain Eigen value and Eigen function of harmonic oscillator by matrix operator
method. : [7+8]

. a) Deduce the Eigen values of J* and J.

b) Derive the angular momentum matrices corresponding to J= % for Jx, Jy and Jz and

how these are related to Pauli spin matrices 0x, Oy and Oz. [8+7]
OR

. a) Discuss addition of angular momentum and hence obtain expression for Clebsch-

Gordon coefficient
b) Calculate the clebsh-Gordon coefficient for addition of ji= > to j,= > [9+6]

. a) Explain the First order perturbation theory for a degenerate case and obtain a

expression for secular equation.
b) Calculate the linear stack effect in hydrogen atom (that is, first order energy shift
due to the perturbation ez, where ¢ is the electric field) for splitting of the n=2
states of hydrogen using degenerate perturbation theory. [6+9]
OR

. Obtain the ground state energy of hydrogen atom using variation method by using trail

; »; : ; h?
wave function W(r)=ce *7/%_ Where a,is the first Bohr radius (ay = ;1?). Compare

4 2
the result with the exact value (= - ?:2 = -—% i—) [15]
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7. a) Explain the reasons for the failure of Klein-Gordon equation and how Dirac

overcame these difficulties by proposing his own Hamiltonian.(H,))
b) Derive an expression for probability density and current density (Jp)from Dirac
equation and show that jp is related to Dirac velocity V through & - matrices.
| [7+8]
OR

8. a) Deduce explicit expressions for Dirac matrices & and E . Why they have to be 4x4

not 3x3 or 5x5 matrices?

b) Show that L = 7x § does not commute with free particle Dirac Hamiltonian
Hp . While f = L+ § does and hence f is a constant of motion. So § = % Az,

Where ¥ = f 9,] ) [7+8]
0 o
9. Answer any TWO of the following: [5x2=10]

a) If A and B are two vectors that commute with all the components of the pauli
matrices ¢ (but not necessarily with one another), show that.
(G-A)(6-B)=A-B+ id-(AxB) "

b) Use WKB method to illustrate the problem of « — decay.

¢) Explain the variational method for obtaining the lowest energy state of the system.

d) Explain the physical significance of negative energy states, i.e The hole theory of
positron.
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Instructions to candidates:
Attempt any five questions including Q. No. 9, taking into account the internal options. Marks are
shown on the right.

compulsorily draw diagonal lines on the remaining blank pages.

Important Note: 1. On completing answers,

fication, appeal to valuator and / or equations written will be treated as malpractice.

2. Any revealing of identi

1. a) Explain “Spin — Spin” and “Spin lattice relaxation”.
b) Describe how they are experimentally determined in solid.
OR [10+5]
2. a) What are Spin waves? Explain. '
b) Obtain an expression for the dispersion relation for a linear chain of atoms having
spin motor. 4

¢) Explain how the engine of spin waves is quartered [5+5+5]

3. a) Explain how dielectric constant can be measured experimentally.
b) What is local electric field? Obtain.:E:'f’ts'"expression in solid dielectric when subject to
external electron field and hence achieve at Claudius-Mosotti equation.  [S+10]
P OR
4. a) Discuss the frequenci}' dependence of dipolar polorizability and obtain Deby’s
equations.
b) Explain with examples the role of molecular symmetry on dipolemoment.
[10+5]

5. a) Discuss dipole theory of ferroelectricity and explain the objections against the this
theory.
b) Explain the spontaneous polarization in Rochelle salt, KH,PO4 and BaTiOs.
[10+5]
OR
6. a) Discuss the properties and clarification of ferroelectric crystals.
b) Explain the concept of ferroelectric domains.
[10+5]
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7. a) Differentiate intrinsic and extrinsic semiconductors.
b) Obtain an expression for carrier concentration and Fermi energy in an intrinsic
semiconductor. |5+10]
OR
8. Obtain expressions for electrical conductivity and mobility and electron between them.
Discuss their temperature dependence with the relevant scattering mechanism.
[15]

9. Solve any TWO of the following: [2x5=10]
a) Write a note of fast electron decay. (FID). |
b) Give the quantum theory of electronic polarizability.

¢) Briefly write about the solar cells and their efficiencies.

d) In an intrinsic semiconductor the curve of in (g;) vesus 1/T has a slop of 10°.

Calculate its energy gap.

ek
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Instructions to candidates:
Attempt any five questions including Q. No. 9, taking into account the internal options. Marks are
shown on the right.

1. a) Explain the two dimensional electron gas and obtain an expressions for energy level
and density of states.
b) Explain with neat diagram Quantum Hall effect.
OR [10+5]
2. a) With neat diagram explain the chemical vapors deposition method of preparation of
thin film. Explain its limitations.

b) Mention the applications of thin film. [10+5]

3. a) Write a note on ‘Occurrence of conductivity’ in various materials.

b) Qualitatively discuss what are type-I and type — II superconductors. [10+5]
OR

4. a) Derive London equations and give experimental results for it.

b) What is persistent current? Explain with example. [10+5]

ification, appeal to valuator and / or equations written will be treated as malpractice.

E 5. a) Explain the concept of tunneling in superconductors.

g” b) Give the relevant theory of ‘Metal-insulator tunneling” and metal insulator

g superconductor tunneling. [5+10]
5 OR

N

6. a) What are cooper pairs? Explain.
b) Describe the dc squid macroscopic quantum interference and write its applications.

[5+10]
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7. a) What is quantum confinement effect? Explain.
b) Describe the synthesis of nano particles of any material.

¢) Give the characteristic properties of carbon based nano-materials. [5+5+5]
OR

8. a) Give the basic properties of i) Nanostrued zeolites
ii) Porous silicon and
iii) Magnetic nano structures.
b) With neat diagram explain scanning electron microscope technique how it is used in
the study of nano-material characterization.
¢) The X-ray diffraction and optical spectroscopy techniques are mode use of in

characterization of nano-particles of nano materials. [5+5+5]

9. Solve any TWO of the following: [2x5=10]

a) Explain in brief LED and Semiconductor lasers.
b) Describe the flux quantization in superconducting.
c) Explain the AC Josephson effect.

d) Applications of nano-particles of various materials.
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