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Instructions to candidates: 8

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, compulsorily draw diagonal lines on the remaining blank pages.

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

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

b) Show that the total current density j, = j,+J, where, ], is the bound current densitly
and can be expressed as j, = C V X M, Hence show that macroscopic field ﬁ,the

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

g b) Derive an expression for divergence and curl of electric field.

E OR [6+9]

g 2. a) Show that the potential outside the localized charge distribution can be written in
E the form of a multipole expansion of the scalar potential as
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g Hence obtain expression for monopole, dipole and quadrupole from @.

; b) Obtain poison’s and Laplace’s equation from Gauss’s Law.
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= 3. a) Obtain Ampere’s law in differential and integral form.
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g b) Derive an expression for divergence and curl of magnetic field. [6+9]
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3 4. a) Define magnetic vector potential. Show that at large distance from a localized
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g current distribution it is given by A(X) = 7:;: , where X is the distance from the
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5. 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,



ii) V- D=4np
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 electromagnetié.ane.
| [8+7]

. a) Solve the TE wave equation in a rectangular wave guide and obtain an expression
for cut-off TE modes. ) |
b) What are retarded potentials? Set up expreSSi_ohs for the same and explain their
significance. S [8+7]
ORAN
. a) Define Lienard — Wiechert poten.ti'a'l.' Set up these potentials for a point charge in
uniform rectilinear motion.

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

. Solve any TWQ £ the following: [2x5=10]

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

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

¢) Explain the concept of gauge transformations.

d) Write a note on Bremsstrahlung radiation.
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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) Explain Heisenberg picture and hence obtain the equation of motion for the
operator in it.
OR ' [7+8]
2. a) Show that the generalized uncertainty relation is given by AA AB >< -g- > for

operators A, B and C. Where [4, B] =icand Afl' =ff—< A>and AF = B—< B >.
b) Obtain Eigen value and Eigen function of harmonic oscillator by matrix operator
method. i [7+8]

3. a) Deduce the Eigen values of J* and J.
b) Derive the angular momentum matrices corresponding to J= % for Jx, Jy and J; and

how these are related to Pauli spin matrices ox, oy and o,. [8+7]
OR
4. a) Discuss addition of two angular momenta and hence obtain expression for
Clebsch-Gordon coefficient

b) Calculate the clebsh-Gordon coefficient for addition of j;= % to jo= -:— [9+6]

5. a) Explain the Second order non — degenerate perturbation theory and obtain an
expression for second order perturbed energy.
b) Obtain second order energy correction to perturbed unharmonic oscillator having
Hamiltonian as.
H= % -+ % mw?x? + cx3 [7+8]
OR
6. Obtain the ground state energy of hydrogen atom using variation method by using trail

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

2
wave function ¥ (r)=ce 47/, Where a,is the first Bohr radius (a, = ?:ZE)' Compare

4 2
the result with the exact value (= - B it :—). [15]
0

2h? 2
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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.(Hp)
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) What do you mean by positive and negative energy states? Explain.
b) Obtain Dirac’s relativistic equation in a central field. ' [5+10]
9. Answer any TWO of the following: [2x5=10]

a) If A and B are two vectors that commute with all the compoﬁents of the pauli
matrices o (but not necessarily with one another), show. that
@G-A)(3-B)=A4-B+id - (AxB).

b) Wigner-Eckart theorem. :

¢) Use WKB method to illustrate the problem of oc decay

d) Zitterbewegung of a Dirac particle. i |

fekddd
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. a) Discuss the condition for electron paramagnetic resonance.

b) Explain exchange spin Hamiltonian. "y
OR N [10+5]

. a) Establish Bloch equations and find its steady state solutions.
b) Explain spin lattice relaxation process. ' [10+5]
a) Arrive to Debye’s equations for real and ilmag'inar?part of dielectric constant.
b) Give classical theory of electronic polarizability. [10+5]
N
. a) Discuss sources of polarazability.
b) What is polarization catastropﬁe-_ in dielectrics. [10+5]
. a) Discuss thermodynamié’s..fdféécond order phase transition in ferroelectrics.
b) Explain Sawyer an;(_ff.TQ'Wer circuit used to measure polarization in ferroelectrics.
[10+5]
- OR
. a) Discuss fundamental absorption and exciton absorption processes.
b) Expi’éiﬁ:;s‘oi'ar cells and their efficiencies [10+5]

. a) Discuss variation of position of Fermi energy level with respect of carrier

concentration and temperature in extrinsic semiconductors.
b) Explain n-type doping in semiconductor.
[10+5]
OR
a) Discuss the effect of lattice scattering and impurity scattering on mobility of
electrons. |

b) What is diffusion length in semiconductor? [10+5]
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9. Solve any TWO of the following: [2x5=10]
~a) Applications of piezoelectrics. ' |

b) Deference between NMR and ESR.
c) Free carrier absorption.

d) Factors affecting line width in ESR.
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2. Any revealing of identification, appeal to valuator and / or equations written will be treated as ntalpraetice.
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1) a) Discuss quantum well and quantum wire.
b) Explain enhancement mode of MOSFET operation. (10+5)
OR
2) a) Arrive to the expression for density of states for 2D and '] D'ellectron gas.

b) Explain vibrating quartz method of measurement of thickness of thin film. (10+5)

3) a) Distinguish type I and type 11 superconductors.
b) Explain in short destruction of supercohd-u'ctivity. (10 +5)
4) a) Derive London equations.

b) Develop an expression f_q“r-_cohérence length. 9 +6)

5) a) Explain accomplishments of BCS theory and establish BCS theory.
b) Give any five appliéations of superconductors (10 +5)
\ OR
6) a) Establish D.C. Josephson effect.
b) Explain high T, superconductors (9 +6)

7) a) Discuss optical properties of nano materials.
b) Explain nanostructured zeolite,. (10 +5)
OR
8) a) Discuss structure and properties of carbon nanotube.

b) How do you characterize nanomaterials suing atomic force microscope

1of2 PTO




9) Write any TWO of the following: [2x5=10]
a) Modulation doping in semiconductors.
b) The critical temperature for mercury with isotopic mass 199.5 is 4.185K. Calculate
its critical temperature for isotopic mass changes to 203.4.
¢) Assuming that each atom provides one conduction electron. Calculate the London

penetration depth from the following data:
Density = 7.3 X 10° Kg/m’, Atomic weight = 118.7, Critical temperature = 3.7 K,

Effective mass = 1.9 X m...
d) Explain SQUID.
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