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Instructions :
e The figures in the margin indicate full marks. '
» Answer all questions.

o Candidates are required to give their answers in their
own words as far as practicable.

« All questions have been printed both in English and
Hindi. In case of any ambiguity in Hindi version, the
English version shall be considered authentic.

o Parts of the same question must be answered
together and must not be interposed between
answers to other questions.
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SECTION—I
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1. Answer the %ilowing questions : 10x5=50

(a) What is Coriolis force? Describe two
natural events which show the eifect of
Coriolis force.

(b) Obtain the relativistic law of addition of
velocities. Prove that the speed of a
particle moving with speed of light is
same in all inertial frames.

(c) Write Maxwell’'s four thermodynamic
relations.

(d) Define second law of thermodynamics in
terms of Clausius statement.

(e) What do you understand by resolution?
Give Rayleigh’s criterion of resolution.
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A satellite has maximum and minimum
orbital velocities vy, and v;,. Prove
that eccentricity of an orbit of satellite is

v = Umni
e = max min

Umax T Vmin

A particle describes a path given by
r=acos?6 under the influence of a
central force. Show that the force acting
on the particle is inversely proportional
to fourth power of the distance from the
force centre.
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Prove that the Lorentz transformation
equations can also be represented in the
matrix form as
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where tan o = i%. 30

Discuss in detail Michelson-Morley
experiment. 10

Derive the relation for variation in mass

with velocity. 10
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3. (@) How the substances are cooled
by adiabatic demagnetization? Derive
formula for the fall of temperature
of the substance due to adiabatic
demagnetization. 20

() What is the meaning of degree of
freedom? Describe law of equipartition
of energy. Prove that for an ideal gas
whose degree of freedom is f

gp_ =1+ _2_

Cy 1A
Also show that mean free path of the
molecule of a gas is directly proportional
to its absolute temperature and
inversely proportional to its pressure. 30
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Discuss the damped  harmonic
oscillator. Obtain the expression for
displacement for low damping, critical
damping and overdamping and plot it
with respect to time. 20

For a forced oscillator, prove that

1 0?2
== I3 =Ops

©y is fundamental frequency on
oscillatory, o is driving frequency and =
is relaxation time. 20

Describe the Fresnel’s diffraction due
to a straight edge. Draw the intensity
distribution curve for it. 10
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Answer the following questions :
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SECTION—II
QU1

Describe quality factor Q in LCR series
circuit. Give some properties of series
LCR circuit.

Show that Coulomb’s law is the special
form of Gauss law.

Draw and explain binding energy curve.
Also explain stability of nucleus using
this curve.

Why cyclotron cannot be used for
producing high energy electrons?
Explain.

How are conductors, insulators and
semiconductors differentiated on the
basis of energy band?
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A point charge g is moving. with a
constant velocity in x-direction. Prove
that the electric field developed at equal
distance along y-direction is equal y3
time of the electric field produced along
x-axis, where

Find out potential due to a uniformly
charged spherical shell at an external
and internal point of a spherical shell.

Derive Poisson’s equation. What are
the differences between Poisson and
Laplace equation?
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(a) State and derive Poynting’s theorem.
Show that Poynting vector measures the
flow of energy per unit area second in
an electromagnetic wave. 20

() A radio station radiates power of
10° watts uniformly over a hemisphere
concentric with the station. Find the
magnitude of Poynting vector and the
amplitude of electric and magnetic field
at a point 10 km from the radio station.
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Discuss development of fission chain
reaction in time and draw a graph
depicting time behaviour of the number
of thermal neutrons in a reactor.

In a critical nuclear reactor, the fuel is
natural uranium. It is assumed that
there is no leakage of neutrons. Further,
it is assumed that for every neutron
absorbed by 23°U, 0-25 neutrons are
absorbed in resonances of ?3¥U and
0:64 neutrons are absorbed by 28 yat
thermal energies.

(i) Determine the conversion ratio of
the reactor.

(i) How much 2*°Pu is produced if
1 kg of 235U is consumed?
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Analyzing a transistor amplifier, obtain
the expression of current gain,
voltage gain, input impedance, output
impedance and power gain in terms of
h-parameters.

In a Zener diode shunt regulated
power supply, V5 =10V, I; =50 maA,
Pz (max) =1000 mW and V; varies from
20 V to 30 V. Determine the maximum
and minimum values «f Z:zner current.
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(c) Find out the electron state in 1 kg mass
of Na for each energy band. 10

(%) IR yaeis &1 fvawn w@ g, A-uee §
g @Y, dieear A, Fost wfyern, feig
gfcaren 9 Wit oW & v =es wmw Sk

(@) ™ SR e we s ufe weEs
Vo =10V, I, =50 mA, Py max) =
1000 mW @1 V; & #9 20V @ 30V
% ey iEfda ar ¥ SR oW F Afean
3R FEAH qH T HIRR |

(M) wifeam (Na) & s frdum zemm & R
T vl & # T RN A el
AT i |

* % %

49/FG/CC/M-2022-22/136A DK23—96




