http://www.civilserviceindia.com

C.5.E. PHYSICS (MAIN) - 2005
C.S.E. (MAIN)

PHYSICS - 2005
PAPER -1
Time Allowed : Three Hours Maxinmon Marks : 300

Candidates should attempt question Nos. 1 and 5 which are
compulsory, and any three of the remaining questions selecting
at least one question from each Section.

Assume suitable data if considered necessary and indicate the
same clearly.
All questions carry equal marks.

SECTION-A
1. Answer any three of the following : 3x20=60

(a) How are linear and angular momenta related to each
other ? Considering a system of mass points under the
influence of forces derived from potentials only, prove
that the generalised linear momentum is conserved.
Establish further that the angular momentum of the
above system is also conserved if the potential is
centrally symmetric.

(b) Show that the mass-energy relationship in relativistic
kinematics can lead to the equation

2 .2
Bzt +m:c"

where E is the total energy of the particle of rest mass
m,, linear momentum p and moving with a velocity v;
¢ is the velocity of light in free space.

(c}) Explain how Einstein’s A and B coefficients are related
to the phenomena of spontaneous and stimulated
emission of radiation, respectively. Derive the relaticn
between A and B. Establish that at very high frequency
around X-ray wavelength regime, lasers cannot be made
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as easily as at low frequencies, e.g. far infra-red regime.

(d) Drawing a neat diagram, discuss how light travels

2. (a)

(b)

3. (a)

(b)

(€)

through an optical fibre. Show that the numerical
aperture of a commercially available optical fibre is
around 0-25. Explain its physical significance.
Considering the scattering of a-particles by the atomic
nuclei, find out the Rutherford scattering cross-section.
Explain the physical significance of the final
expression. 40
What are constraints of motion ? Explain with examples
the holonomic and non-holonomic constraints. Discuss
critically how can one overcome the limits of constraints
by introducing generalised coordinates. 20
Show that the length L of an object moving with a
velocity v is given in the direction of motion by

12
L Lu[1—u*;c=j ,

where L, is the proper length and c is the velocity of
light in free space.

What will be the shape of a spherical ball while moving
under relativistic regime ? . 20
For a transverse sinusoidal wave of wavelength A
propagating along negative x direction through a string
fixed at a point, show that the nodes are located at
x =0, /2, &, 30/2,.... while the kinetic energy/unit
length at the antinodes is given by

E=2pA’w’cos’wt

where, p, A and o, are the mass density/unit length,
amplitude of transverse displacement and angular
frequency of the wave, respectively. 20

What do you understand by paraxial rays ? Show that
tha offoct of translation of a paraxial ray while travelling
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along a homogeneous medium is represented by a 2x 2
matrix if the ray is initially defined by a 2 x 1 matrix.

20

4. (a) Why does one get three-dimensional image in

holography ? Explain with appropriate figures hos can

one construct and read a hologram. 20

(b) What is the essential difference between interference

and diffraction of light? How can you achieve

Fraunhofer difraction in the laboratory ? Using the

concept of Fraunhofer diffraction at a single slit, find

out the intensity distribution produced by two slits of

equal width. 20

() Why does one see two image points for a single object

point while viewed through a calcite crystal ? What is

this property of the crystal known as ? What is an optic

axis of a crystal ?
Explain the meanings of positive and negative crystals

with one example for each kind. 20
SECTION-B
5. Answer any three of the following : 3x20=60

(a) Prove the relation

[ i Jr_4na(.;_}*-|)

-
|r = r

and hence show that

i(7) - 2EL a7

|® =i

is a solution of the Poisson equation

V3 ( r) = —4mp(r).



http://www.civilserviceindia.com




http://www.civilserviceindia.com




http://www.civilserviceindia.com




http://www.civilserviceindia.com




http://www.civilserviceindia.com




http://www.civilserviceindia.com




http://www.civilserviceindia.com




http://www.civilserviceindia.com




http://www.civilserviceindia.com




