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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 cor"'n;:;leting answers, compulsorily 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.

. a) Write a note on applications of Gauss’s law.

b) Arrive at an expression for the electric field due to an electricj’;’_cliisﬁql:é.“

c¢) Three particles of mass 1Kg. 1.5 kg and 2 Kg are placedat the corners of an

equilateral triangle on a surface where the co-efficient of friction is 0.1. Each

particle carries a charge of +20 uC. Find the mlmmum area of the triangle if

the system is to remain in equilibrium. [5+5+5]
OR § o

a) Arrive at the multiple expansion, ofthe Ebtential and energy of a arbitrary
charge distribution. L
b) Obtain Poisson and Laplace equatlon [10+5]

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

b) Derive an e)gpr!‘gs- | s for divergence and curl of magnetic field. [5+10]

OR
a) Sh?g\;_;_théﬁ‘the magnetic field due to an infinite wire carrying current I is
prop 'iiiional to the current.
b) Find the conditions to be satisfied by B and H at the boundary between the
two media. [5+10]

a) Express Maxwell’s equations in scalar and vector potentials.

b) What is Lorentz gauge? Show that potentials can always be found to satisfy the

Lorentz gauge condition. [6+9]
OR
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. a) Discuss the propagation of a plane electromagnetic wave through a non-
conducting medium.
b) Obtain the phase relation and relative magnitude between the electric and

magnetic fields of the wave propagating in conducting medium. [7+8]

. a) What is wave guide? Solve the TE wave equation in a rectangular wave guide
and obtain dispersion relation.

b) Write a note on power radiated by an accelerated charge at low velocities.

[10+5]

OR

o
. a) Discuss the behaviour of a plasma as a conducting. fluid in an uniform

magnetic field.

b) Describe the Magnetic confinement of plasma andpmch effect. [7+8]

. Answer any TWO of the followi!_;g.' [5x2=10]
a) Explain with example the elebiff‘géf-atic energy in dielectric media.

b) What is meant by magnetteﬁeids in matter?

¢) Explain the Skin depth..

d) Write a note on B‘;;;‘tnsﬂétrahlung radiation.
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Attempt any five questions including Q.No. 9, taking into account the internal options. Marks are
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Important Note: 1. On co}m;leting answers, compulsorily 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.

. 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 Eigén‘- values
are orthogonal. i
b) Compare Schrodinger and Heisenberg pictures of time devel"opment.
OR =) [10+5]

. a) Consider the harmonic oscillator Hamiltonian in Heisenberg picture. Derive the

Heisenberg equations of motion for a(t) and a*(_t) and solve them for their time
dependence. Hence determine Xp(t) and Py(t) for the oscillator.

b) Show that the generalized uncertainty relation is given by AA AB >< g > for
operators A, B and C. Where [A, B] =icand AAd = A—~< A >and AB = B—< B >.
If A=X and B=P show that(AX)(AP) > % e [8+7]

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

[8+7]
OR

» a) Discuss addition of angular momentum and hence obtain Clebsch Gordon

coefficients. - -

b) Obtain the Clebsch-Gordon coefficient when spin % is added to spin%. [10+5]

a) Explain second order non-degenerate pertlirbation theory and obtain an expression
for second order perturbed energy.
b) Obtain second order energy correction to perturbed unharmonic oscillator having

2
Hamiltonian as H= -2% + % mw?x? + cx3. [7+8]
OR
Obtain the ground state energy of hydrogen atom using variation method by using trail
: " ; ; h?
wave function W(r)=ce ~47/@0_ Where a,is the first Bohr radius @ = —).
e
Compare the result with the exact value (= P | 15
p " 2h2 2 ag [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.(Hp)

b) Derive an expression for probability density and current (} p) for Dirac equation

and show that jp is related to Dirac velocity V through o¢— matrices. [7+8]
OR

8. a) Deduce explicit expressions for Dirac matrices & and ﬁ . Why they have to be 4x4
not 3x3 or 5x5 matrices?

b) Show that L = #x B does not commute with free particle Dirac Hamiltonian

Hp.While f = L + S does and hence f is a constant of motion. So S = % hE.

- -+ 0 % i
3= a 7+8
Where {0 &.] [7+8]
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.
@ D@ -F)=4. 5+ 6.
b) Use WKB method to illustrate the problem of « — decay.
¢) Explain the variational met__ho_d,féf obtaining the lowest energy state of the system.
d) Explain the physical sighi.ﬁéance 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
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1. a) Set-up steady state solutions of Bloch equations.
b) Explain the factors affecting the line with of EPR. EN %
OR o b [10+5]
2. a) Explain in brief effect of crystal field on energy levels of magnet1c ions.
b) Explain spin-lattice relaxation time in NMR. Briefly explam an experiment

to determine spin-lattice relaxation time in NMR.". [9+6]

3. a) Explain different kinds of polarizations.
b) Deduce the expression for dipolar polanzatlon and explain its temperature
dependence. [6+9]
"LNOR
4. a) Discuss the quantum theory of electromc polarizibility.
b) Explain inter band tran51t10n in solids. [10+5]

S. a) Explain the general propertles of ferroelectrics. Give examples.
b) What are the mlcroscoplc sources of ferroelectricity? Explain.

¢) Write a ng_tef'on Curie temperature in ferroelectric crystals. [5+5+5]
6. a) Dlscuss the theory of phase transitions in Ferro-electrics.
b) Explﬁih any two applications of Piezo electricity. [10+5]

7. a) Deduce an expression for an intrinsic semiconductor and explain their impurity

concentration and temperature dependence.

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

b) Distinguish between element and compound semiconductors. Give two examples
each.
* ¢) Explain the band structure of real semiconductors. [8+3+4]

OR
8. a) Explain the phenomenon of diffusion in semiconductors.

Important Note: 1. On Eompleting answers, compulsorily draw diagonal lines on the remaining blank pages.
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b) Deduce the expressions for Einstein relations in Semiconductors.
¢) What is mobility? Explain its temperature and concentration dependence.
[5+6+4]

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

a) If N, and N, denote the electron spin population in the lower and upper level

. Write down their ratio at thermal

L R

respectively in the system with m= +

equilibrium and comment on population difference at thermal equ111br1um
b) Electrical susceptibility of material is 35.4X10™" CZ/N/m Calculate the
dielectric constant and permitivity of the material.
¢) A semiconductor has energy gaps (Eg) = 1.40eV and hole (my,) and electron

(mg) effective mass my,=0.5mq and m;=0. lm respectwe]y at 300K. my is

mass of the free electron. Calculate mtrmslc Ferm1 level (E¢;) with respect to
the middle of the energy gap. s, S '

d) Calculate the diffusion length of thec:amers which have life times of 1uS
(Given: the diffusion coefﬁcjenf Iiid_z:néiectron (D) and hole (D) is 39 cm* S™
and 12.5 cm* S respe(:_:tiyély.-:)lf*
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2. Any revealing of identification, appeal to valuator and / or equations written will be treated as malpraétice. 1

. a) Explain in detail MBE method for growing thin films.
b) Explain Quantum Hall Effect qualitatively.
OR , R [10+5]
. a) Give a detailed account of a method to determine the thickness of a thin film.
b) With a neat figure explain the construction and functioning of an LED.
| i [8+7]
. Deduce London’s equations .How do they predict Meissner effect?
e [10+5]
| OR : '
a) In respect of superconductivity, explain the terms.
- 1) Absorption of e.m. radiation . ii) Thermal conductivity. iii) Energy gap.
' ' [5+5+5]
a) What is Josephson tunnelmg? Explam D C Josephson effect.
- b) Write on high T, superconductors : [4+5+6]
OR |
. a) Writeon
i) Magroéc'()pic quantum interference.
i)  Coherence length and volume.
iii)  Applications of superconductivity. [5+5+5]
. Give detailed account of properties and applications of CNT?.
[8+7]
_ - OR
. a) Explain the colloidal method of synthesis of nanoparticles.
b) Explain five important app_liéations of fullerenes.
[10+5]
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9. Answer any TWO of fhe’ following:
a) Quantum wells.
" b) Type I and type II superb.onduétbrs.
¢) Accomplishments of BCS theory.
~ d) Magnetic properties..of nanopdrticles, |

e

[5x2=10]

- =L
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