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. a) What do you mean by multipole expansion for potential? Obtain-the expression

for the multipole expression for potential due to localized charge distribution.

b) Obtain poison’s and Laplace’s equations from Gauss law, " [10+5]
OR

a) Define electrostatic energy in a dielectric medium and show that energy stored in
a dielectricisw == [ E - Dd3x.
2 Jv

b) Discuss the interaction between two dipoles. [10+5]

. a) Derive the expression for magﬂet.lc field at a point due to a current through an

infinite conductor.
b) Define magnetic vector potential at a point and discuss multipole expansion of
vector potential due tolocalized current distribution. [8+7]
OR

. a) Define the tenﬁ%nergy in magnetic field and obtain the expression for it.

b) State and prove magnetostatic boundary conditions on B and H. [7+8]

a) What are gauge transformations? Discuss Lorentz and coulomb gauges.
b) State and prove the law of conservation of momentum for a system of charged
particles in electromagnetic field. [7+8]
OR

. a) What are electromagnetic waves? Explain the propagation of plane

electromagnetic waves through non conduction medium.
b) Explain skin depth. [10+5]
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. a) What are wave guides? Discuss the propagation of electromagnetic energy
through rectangulz_ir wave guide and show that the lowest cut of frequency for

. v . nc
principal mode is wy; = =

b) Explain the emission of radiation from a charged particle moving in a circular
orbit. [8+7]
1 OR
. a) Derive Larmor fdimula for the radiation emitted from an accelerated charged
particle at law veldcity.
b) Discuss the behavior of plasma in a homogeneous magnetic field.
[10+5]

. Answer any TWO of the following. [2x5=10]
a) State and prove Géhss Law in differential form

b) Write a note on the curl of a magnetic induction B

¢) State and explain Faraday’s laws of ell'eqtffb-}hagnetic induction.

d) Explain the phenomenon of pinch effect.
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. a) Define bra and Ket Vectors. Hence show that the Eigen values of a Hermitian

operator are real and the Eigen vectors 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 [A; B] =icand AA = A—< A > and AB = B—-< B >
If A=X and B=P show that(AX)(AP) 2 .

b) Obtain Eigen value and Eigen function of harmonic oscillator by matrix operator
(a and a") method. Hence show that En=(n+§) fiw and UnLj;U" [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 ox, 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 j= > 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 e€z, 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

. - j ; h*
wave function W(r)=ce*"/%, Where a,is the first Bonr radius (a, = —)- Compare

4 2
the result with the exact value (= - ?fz— = —-;- :—) [15]
0
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- a) Explain the reasons for the failure of Klein-Gordon equation and how Dirac
overcame these difficulties by proposing his own Hamiltonian.(Hp)
b) Derive an expression for probability density and current density from Dirac
equation and verify that these satisfy the continuity equation. [7+8]
OR
. a) Show that L = 7x ﬁ does not commute with free particle Dirac Hamlltoman

=

Hp.While ] = L +'§ does and hence J is a constant of motion. So § = = h 1,

0.:
al

b) Deduce explicit expressions for Dirac matrices & and ﬁ Why they have to be 4x4
not 3x3 or 5x5 matrices? [8+7]

Where £ =

& proremny
- -

. 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.
@ 4)(cd-B)=4-B+id - (4xB)

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

¢) Explain the physical significance of negative energy states, i.e The hole theory of
positron. -

d) Explain the vanatlonal method for obtaining the lowest energy state of the system.
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. a) What is paramagnet resonance? Explain.

b) Obtain on expression for spin —lattice relaxation. Give experimental support for it.
OR [5+10]

. a) What is nuclear magnetic resonance? Explain.

b) Obtain Bloch equations and describe the experiment to verify them? [5+10]

a) Explain the local field of dielectric substances.
b) Discuss with relevant details the clausius — mossotti relation. [5+10]
OR

. a) Define polarizability and explain with an example.

b) What are various types of polarizabilities? Obtain an expression for electronic
polarizability. [5+10]

a) Write a note on classification of ferroelectrics crystals.
b) Discuss in detail the dipole theory of ferroelectricity. [5+10]
OR

. a) Explain in brief the inter and intrabond transitions in ferroelectrics.

b) Explain Lyddane - Sachs — Teller (LST) relation.
¢) Write about ferroelectric domains. [7+3+5]

a) Distinguish between elemental and compound semiconductors.

b) Define effective mass and obtain an expressions for carrier concentration in
intrinsic semiconductors. [5+10]

OR

a) Obtain continuity equation for excess carriers in semiconductors.

b) Derive diffusion equation and then get expression for diffusion length of
electrons holes.

¢) Write a note on Einstein relations in semiconductor transport. [4+8+3]
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9. Solve any TWO of the following: [5x2=10]
a) What is spin Hamiltonian? Explain.
b) What is piezoelectricity? Explain with example.
¢) Explain the experirhental determination of dielectric constant.

d) Write a note on diffusion in semiconductor solids.
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1) Explain in detail the construction, working, characteristics and applications of Gunn
Diode. [15]
OR

2) a) Write in detail on Quantum Wells.
b) Explain a method to determine the thickness of a thin film. [8+7]

3) a) Derive Londons’ equations and hence explain Meissner’s Effect.
b) Explain type I and type II superconductors. [8+7]
OR
4) a) Explain the flux quantization in a superconducting ring.
b) What are the microwave and infrared properties of superconductors? [8+7]

S) a) Write in detail on high T, superconductors.

b) Describe various types of tunneling. [9+6]
OR
6) a) Explain the occurrence of superconductivity on the basis of BCS theory.
b) Write note on macroscopic quantum interference. [8+7]
7) Write in depth on Atomic Force Microscope. [15]
OR
8) Explain in detail a method for the synthesis of nanoparticles. [15]
9) Write any TWO of the following: [5x2=10]

a) Superlattice

b) Thermodynamics of superconductivity
¢) Magnetic superstructures

d) Carbon nanotubes
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