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PHYSICS
PHE-1 : ELEMENTARY MECHANICS
&
PHE-2 : OSCILLATION & WAVES
Instructions :

(i)  Students registered for both PHE-1 & PHE-2
courses should answer both the question papers in
two separate answer books entering their
enrolment number, course code and course title
clearly on both the answer books.

(i)  Students who have registered for PHE-1 or PHE-2
should answer the relevant question paper after
entering their enrolment number, course code and
course title on the answer book.
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PHYSICS
PHE-1 : ELEMENTARY MECHANICS

Time : 1% hours Maximum Marks : 25

Note : Attempt all questions. The marks for each question are
indicated against it. You may use log tables or non
programmable calculators, symbols have their usual

meanings.
Attempt any five parts : 5x3=15 .
1. (a) The position vector of a particle at time ¢ is

given by r= Acoswti+ Asinot ]
where A and o are constants. Deduce

(i)  the speed of the particle at time ¢; and

(i) the angle between the acceleration
vector and the displacement vector at
time t.

(b) What is escape velocity ? Show that the
escape velocity From a planet of radius R

2
and density p is given by /leEP_I.{_ .
3
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(c) Explain the meaning of the centre of mass.
Determine the expression of position vector
and velocity of centre of mass of a systems
of particles.

(d) A 100 g stone revolved at the end of a
50 cm long string at the rate of 2 revolutions
per second. Determine its angular
momentum. If after 25 s it is making only
one revolution per second, calculate the
mean torque.

(e) Calculate the effective weight of an
astronaut ordinarily weighing 60 kg. When
his rocket moves vertically

(i) upward and
(i) downwards with 6g acceleration.

(f) What is a Conservative force ? Show that
the force of gravitation is conservative ?

(g) Show that for elastic collisions, between 2
particles the magnitudes of the velocities
remain unchanged before and after the
collision in the c.m.frame of reference.

(h) Two particles of equal mass m are connected
by a massless rope of length 2r. They are
isolated in space orbiting their centre-of-
mass at speed v. Calculate the angular
momentum and kinetic energy of the
system.
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2.  Attempt any two parts : 2x5=10

(a) A single stage rocket consumes 100 kg of
fuel per second. The exhaust velocity is
5x10% ms~1. What force is exerted on the
rocket ? What will the velocity of the rocket
be at the instant when its mass is reduced
to 1/20th of its initial mass ? It is given that
its initial velocity is zero. Neglect gravity.

(b) Suppose a particle of mass m, is incident on
a particle, of mass m, initially at rest. Derive
the relation between the angles of recoil of
the two masses. Show that both particles
move along the same straight line as that of
the initial direction of the projectile, if
my>>ms.

(c) A ring, a solid cylinder and a solid sphere
of the same mass M and same radius R roll
down from the same height h. Which one
of these reaches the bottom of the incline
first ? Explain using energy conservation
and give the necessary derivations.
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PHYSICS
PHE-2 : OSCILLATION & WAVES

Time : 12 hours Maximum Marks : 25

Note : Attemnpt all questions. The marks for each question are
indicated against it. Log-tables or non-programmable
calculators may be used, symbols have their usual
meanings.

1.  Attempt any five parts : 5x3=15

(@) The energy of a simple pendulum is 1 joule,
length is 2m and amplitude of motion is
3 cm. Calculate its energy when the
amplitude is 5 cm.

(b) Two collinear simple harmonic oscillators
having equal amplitudes and frequencies
are superposed. Calculate the resultant
amplitude if they have a phase difference
of 120°.

(¢)  The equation of SHM is given by
x = 3 sin 10 wt + 4 cos 10wt

where x is in cm and f is in seconds.
Calculate the amplitude and time period of
oscillations.

(d) The relaxation time of a damped harmonic
oscillator is 50s. Calculate the time in which
the amplitude falls to half its initial value.
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(¢) A damped system is represented by the

equation

2
f—i—; + 14«‘?i + 49x =0
dt dt
What is the nature of damping ? Justify
your answer. Give an example of such a
damping.

(f)  If the length of a string, obeying Hooke's
law, is stretched by an amount x, the speed
of transverse waves on it is v. Determine
the speed of the wave on the string if it is
stretched by 1.5x.

(g) A pipe 30.0 cm long is open at both ends
which harmonic mode of the pipe is
resonantly excited by a 1.1 kHz source ?

(h) A wave is expressed as :

y = 0.5 sin 7 (0.01x —3¢)

where x and y in cm and t is in second.
Calculate the speed of propagation of the
wave.

2.  Attempt any two parts : 2x5=10

(a) A body of mass 0.5 kg is suspended from a
spring of force constant 200 Nm™~!. The
damping force acting on it is 10 vN. Write
down the equation of motion and calculate
the period of free oscillations. Identify
whether the system is heavily damped
critically damped or weakly damped.
Justify your answer.
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(b) What is Doppler’s effect ? Deduce the
expression for the apparent frequency when
(i) a source of sound approaches a

stationary observer, and

(i) an observer approaches a stationary
source of sound.

(c) Two progressive waves having the same
amplitude, frequency and wavelength, and
travelling in opposite directions, are
superposed.

(i) Does the resultant wave represent a
travelling wave ? Justify your answer.

(i) Determine the positions of maximum
and minimum displacement of a
particle in the resultant wave.

(iii) Determine the distance between two
consecutive points of maximum
displacement in the resultant wave in
terms of wavelength.
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2. HE MR : 2x5=10
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