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Special Instructions:
For the objective (Multiple Choice) questions, mention only the correct option
against the question number on the first-page of your answer booklet
Answers to the objective questions, written elsewhere will not be evaluated!
Answer all objective type questions Q1 to Q6 and any three from Q7 to Q10.

Objective Type Questions

Answer all questions Ql to Q6

[Marks: 6x2 = 12]

Q1) A restoring force of magnitude F acts on a system with a displacement of
magnitude x. In which of the following cases will the system undergo simple
harmonic motion?

a) FocFx

b) F ocx3

c) Fo:x
d) F« lIx

Q2) When a weight W is hanging from a light vertical string, the speed of pulses
on the string is v. If a second weight W is added without stretching the string, the
speed of pulses on this string will now become

a) 2v
b) ,fiv
c) 4v
d) v/,fi



Q3) You are generating traveling waves on a stretched string by wiggling one end.
If you suddenly begin to wiggle more rapidly without affecting the tension in the
string, then

a) the waves will move down the string faster than before.
b) the waves will move down the string slower than before.
c) the waves will move down the string at the same speed as before.
d) waves will stop moving down the string

Q4) Consider the Cartesian coordinates of a three identical charges (+q) are :
(0,0.5,0); (0.5,0,0) and (1,1,1) . The net electric flux leaving the sphere of radius 1
unit centered around the origin is:

a) q/co
b) 2q/co
c) 3q/co
d) -2q/co

Q5) In an electromagnetic wave propagating in vacuum the ratio of the electric to
the magnetic field is given by:

a) lIc
b) c2

d) c
d) ~c
where "c" is the velocity of light in vacuum.

Q6) An emf can be induced in a planar conducting coil placed in a uniform
magnetic field by:

a) Changing the area of the coil
b) Changing the direction of the uniform magnetic field
c) Rotating the coil with axis perpendicular to the magnetic field
d) All of the above.
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Subjective Type Questions

Answer any three questions from Q7 to QIO

Q7) (i) A simple pendulum consists of a point mass "m" suspended by a massless,
non-stretchable string of length "I". If the pendulum swings with a small amplitude
"8" with the vertical in presence of gravity, write down the equation of motion for
the mass "m".
For small "8", show that the motion of the mass "m" is simple harmonic and find
the corresponding time period of the resultant simple harmonic motion.

(ii) A frictionless simple pendulum on Earth has a period of 1 second. On Planet X
its period is 2 seconds. Assuming simple harmonic motions in both cases, find out
what is the acceleration due to gravity on Planet X, if "g" is the acceleration due to
gravity on Earth?

(iii) Draw the phase-space (two-dimensional space with displacement of the
particle along the x-axis and momentum of the particle along the y-axis) trajectory
of a simple-harmonic oscillator having a total energy E.

[Marks: 3 + 2 + 1=6]

Q8) (i) Write down the wave equation for transverse vibrations propagating along
a long stretched string with tension "T' and (mass/length) of "u". How is the
velocity of the propagating wave related to "T' and "u". Check the dimensional
consistence of your answer.

(ii) The vertical displacement y(x,t) of a string stretched along the horizontal x-axis
is given by,

( rad)y(x, t) = (6.00 mm) cos[(3.14m-1)x + 6.28 -s- t]

(a) What is the minimum time for each complete cycle of the wave?
(b) What is the distance between adjacent crests of the wave?
(c) How fast does this wave travel?
(d) With time does the above wave propagate along "positive x" or "negative x"
direction?

[Marks: 2 + 4=6]



Q9) (i) Write down the four Maxwell's equations in the integral form for free
space without any sources.
(ii) Derive the differential form of the Faradays law using the Stokes law of vector
calculus.
(Hi) Now take the divergence of both sides of this equation to show that there are
no magnetic monopoles.

[Marks: 2+2+2=6]

QI0) (i) Write down the partial differential equation for an electromagnetic wave
in air that has a refractive index of n.
(ii) The sun rays are electromagnetic radiation emanated from the surface of the
sun. Assuming that on the surface of the earth the sun rays can be approximated by
spherical electromagnetic waves how does the magnitude of the Poynting vector
vary with distance from the sun.
(Hi) Given that the radiation pressure on a totally absorbent surface due to sunlight
on the surface of the earth is 10-6N/m2 and the refractive index of air is 1.0003 find
the intensity of sunlight. The velocity of light in vacuum is 3XI08 rnIs.

[Marks: 2+2+2=6]


