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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.

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

2. Any revealing of identification, appeal to valuator and / or equations written will be treated as malpractice.

1. a) Obtain Gauss Law in integral and differential forms.

b) Derive an expression for divergence and curl of electric field.
OR [6+9]

. a) Show that the potential outside the localized charge distribution can be written in

the form of a multipole expansion of the scalar potential as
_y Ya_ % . n
O=Re5. = LETRICOS
Hence obtain expression for monopole, dipole and quadrupole from @.
b) Obtain poison’s and Laplace’s equation from Gauss’s Law.
[10+5]

. a) Obtain Ampere’s law in differential and integral form.

b) Derive an expression for divergence and curl of magnetic field. [6+9]
OR

. a) Define magnetic vector potential. Show that at large distance from a localized

X%

1x13
origin and m is the magnetic moment of the current distribution.

b) Show that the total current density j, = j,+J, where, J, is the bound current density

, where X is the distance from the

current distribution it is given by A(X) =

and can be expressed as J, = C V X M, Hence show that macroscopic field Itf,the

magnetic intensity given by B = u H, Where u = 1 + 4mx,,. [6+9]

. a) Using the concept of time varying magnetic field, obtain the expression for

Faraday’s law of induction in differential form.
b) Deduce the macroscopic Maxwell equation,

Ve ¥ 30

VRRH = Tt

ii)V:- D=4mp

Where H=B-4nM and D=E + 4mp. Further show that the curl equation is in
conformity with equation of continuity. [6+9]

OR



- a) What is Pointing vector? Explain its significance. Deduce Pointing theorem in
differential form. .
b) What is skin dept? Obtain an expression for skin dept in terms of the
conductivity of the substance and the frequency of electromagnetic wave.
[8+7]

. a) Solve the TE wave equation in a rectangular wave guide and obtain an expression
for cut-oft TE modes.

b) What are retarded potentials? Set up expressions for the same and explain their
significance. [8+7]

OR

. a) Define Lienard — Wiechert potential. Ste up these potentials for a point charge in
uniform rectilinear motion.

b) Describe magnetic confinement of plasma and pinch effect. [8+7]

. Solve any TWO of the following: [5x2=10]

a) Explain with example the electrostatic energy in dielectric media.

b) Show that the magnetic field due to an infinite wire carrying current 1 is
proportional to the current.

¢) Explain the concept of gauge transformations.

d) Write a note on Bremsstrahlung radiation.
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1. a) Explain the arthogonality of two wave functions. ;
b) What is momentum representation? Obtain the equation of motion: m momentum
space. (5+10)
OR _
2. a) Mention the five properties of matrix elements of a matrix operator.
b) Discuss the theory of linear harmonic oscillator by matrix method. (5+10)

3. a) Show that i) [Jx, J?] =
i) [J2J+] = #Js
b) Obtain the matrix elements for J? and J,. (7+8)
- AOR
4. a) Explain the theory of addition of two angular moments and show that JxJ=ihlJ.
b) i) What are clebsh-Gorden coefficients? Explain.
ii) Write a note on the:-propérties of clebsh-Gordan coefficients. (7+8)

5. a) Outline the theory of a linear harmonic oscillator by second order perturbation.
b) Explain W.K.B approximation. (10 +5)
OR

6. a) State and explain variational principle.
b) Discuss the theory of a ground state of helium atom on the basis of variational
method. (5+10)

2. Any revealing of identification, appeal to valuator and / or equations written will be treated as malpractice.

7. a) What are the reasons to introduce relativistic wave equations? Explain.

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

b) Obtain Dirac’s relativistic equation for a free Particle. (5+10)
| OR
| 8. a) What do you mean by positive and negative energy status? Explain.

b) Obtain Dirac’s equation in a central field. (5+10)
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9. Answer any TWO of the following: (5X2=10)
a) Write a note on the properties of bra and ket notations.
b) Wigner — Eckart theorem.
¢) Zeeman Effect in hydrogen atom under weak uniform magnetic field.
d) Zitterbewegung of a Dirac particle. |
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2. Any revealing of identification, appeal to valuator and / or equations written will be treated as malpractice.

Important Note: 1. On completing énswe;"s. compulsorily draw diagonal lines on the remaining blank pages.

1. a) Deduce the condition for electron paramagnetic resonance (EPR).
b) Explain different types of interaction in EPR.
OR [10+5]
2. a) Discuss the experimental details of finding Lande’s splitting factor ‘g’
b) Explain spin — spin relaxation. [10+5]

3. a) Considering two orientation model arrive todipolar polarizability in solid
dielectrics. |
b) What is polarization catastrophe? [10+5]
L OR
4. a) Explain interband transitions in solids.

b) Show that Lorentz field E =3, P with usual notations in dielectrics. [10+5]

5. a) Explain spontaneous polarization in BaTi0;.

b) Mention classification of ferroelectrics. [10+5]
N OR
6. a) Discuss thermodynamics of second order phase transition in ferroelectric.
b) Explain exciton absorption process. [10+5]

7. a) Classity semiconductors.
b) What is Fermi energy, explain its dependence on temperature and concentration.
[5+10]
OR
8. a) Discuss temperature dependence of mobility of semiconductor on the basis of
scattering mechanism.

b) Explain Fick’s law and write expression for diffusion coeticient. [10+5]
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9. Solve any TWO of the following: [5x2=10]
a) Photoluminescence.

b) Applications of piezoelectric.
¢) Solar cells and their efficiencies.

d) Cyclic voltametry.
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g 1. Discuss in detail the preparation and working of MOSFET. _

] OR )

}'ﬁ 2. Explain MOCVD and MBE methods of preparation of thin films. Give the importance
% of them. [15]

% 3. a) Give a brief account on the occurrence of supéi‘c.gnductivity in various materials.

; b) Discuss the relevant mechanism that explains the destruction of superconductivity
% by applied magnetic field. [5+10]

g \

5 7 OR

% 4. a) Discuss the thermodynamics of supe'rconducting transition and show that the

g stabilization free energy _is‘ pi_‘gportional to square of applied critical magnetic field.
g b) What is flux quanﬁizétiaﬁ in superconducting? Explain. [10+5]
g 5. a) Explain the basic mechanism of formation of cooper pairs in superconductors.

E b) Qualitat-i_vély discuss the important accomplishments of BCS theory of

g superconductivity. What do mean by BCS ground state? [5+10]
_gﬁ OR

g 6. a) Two metallic contacts are separated by a very thin insulating layer, discuss its

é‘ charge transport mechanism.

o

b) What is Josephson tunneling? Explain with neat energy band diagram. Give the

relevant theory of DC Josephson effect. [5+10]
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7. a) What do you mean by nanoparticle? Explain with example.

b) What is quantum confinement? Explain the electric and optical properties of it.

|5+10]
OR
8. a) Explain the carbon- based nano-particle, preparation and characterization.
b) Discuss the application of nano-materials.
[10+5]

9. Solve any TWO of the following: W 5x2=10]

a) What are 0D, 1D and 2D systems? Explain. |
b) Explain the electric and optical properties of thin film and compare it with bulk.
¢) Write a note on High T, superconductor

d) What are magnetic nanostructure? Explain their applications.
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