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o
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PHYSICS
PHE-1 : ELEMENTARY MECHANICS
&
PHE-2 : OSCILLATIONS & 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. Symbols have their usual meanings.

Attempt any five parts : 3x5=15
1. (a) The position vectors of two points A and B
are given by.
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Find the angle made by the vector V;)B With

the x-axis.

(b) A particle is moving along a curve given by -
y=3x2, such that x=10x. obtain the position
vector of the particle at time ¢, its velocity
and acceleration. .

() The escape velocity from the surface of the
earth is 11 km s~1, Calculate the escape
velocity from the surface of the planet Mars.

where mass and radius are given by % and

Re/2, respectively.
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(d) A lift is accelerating downwards with an
acceleration of 5ms ~2. A man weighs
600N in a stationary lift. Draw the force
diagram for the man. How much would
he weigh in the accelerating lift ?
Take g=10ms =%

(¢) A batsman hits a ball of mass 120g with a
horizontal velocity of 40 ms ~1. The fielder
stops the ball with his hand and the ball
comes to rest after being in contact for about
10 ~3s. What is the average force exerted on
the hand of the fielder?

(f) Two point particles of mass M each are
Joined by a thin massless rod of length R.
They are made to rotate about an axis
passing through the centre of the rod with
a velocity of v. Calculate the rotational
kinetic energy of the system.

(g) Two perfectly elastic balls of mass 100g and
300g are moving in opposite directions with
speeds 10 ms ~! and 4 ms ~1 respectively.
Calculate their velocities after perfectly
elastic head on collision.

(h) Draw the graph showing variation of
acceleration due to gravity due to the earth
at points inside and outside it. Comment on
its nature at points inside and outside the
earth.
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2.  Attempt any two parts : 5x2=10

(@) Define conservative force. Show that the
gravitational force is conservative.

(b) A binary star system consists of two equally
massive compact stars orbiting in circular
orbits about their centre of mass. Each star
has a revolution of period of 15 days and a
velocity of 200 km s L. Find the mass of each
star.{ G=6.67 x 10~ 1INm2%kg~2 }

(c)  Anobject of mass M and radius R is rolling
down an inclined plane without slipping.
Derive an expression for its total kinetic
energy. Hence, calculate the velocity of a
uniform solid sphere of mass M and radius
R at the base of the inclined plane when it
rolls down from height .
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Time : 1% hours

PHYSICS

PHE-2 : OSCILLATIONS & WAVES

Note : Attempt 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. Answer any five parts :

(a)

(b)

(©)

(d)
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The maximum acceleration of a simple
harmonic oscillator is 4y and the maximum
velocity is vy Determine the displacement
amplitude in terms of 4y and v,
A solid sphere of mass 4 kg and diameter
10 cm is suspended by a wire. Calculate the
period of Angular oscillations if the torque
required to twist the wire is 4x1073Nm
rad~ L
The motion of a particle is given by
x=a sin wt+b cos wt. Is the motion of the
particle simple harmonic? Justify your
answer.
The equation of transverse wave travelling
along a stretched string is given by
y=>5sinm (3.0t — 0.2x)
Where x and y are in cm and ¢ is in seconds.
Calculate the (a) Wavelength of the wave,
and (b) maximum transverse speed of the
particles in the string.

Maximum Marks : 25
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(e) The phase velocity of ripples is given
byV=C Jk

Where C is a constant and k is the wave
number of the waves. Determine the group
velocity of the ripples.

(f) A listener is moving towards a stationary
source of sound. What should his velocity
be so that the apparent frequency of sound
is 1.2 times its actual value ?

(g) Ina cathode ray oscilloscope, the deflection
of electrons by two mutually perpendicular
electric fields is given by

x = 4 cos 2mvt
y =4 cos 2uvt+ T)

What will be the resultant path of electrons?

(h) Distinguish between damped oscillations
and forced oscillations. What is meant by
resonance?

2.  Answer any two parts : 5x2=10

(@) A spring loaded with mass m; has a time
period of 0.8s for vertical oscillations. When
the same spring is loaded with mass m,. The
time period becomes. Calculate the time
period when the spring is loaded with both
the wasses.
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(b) What are standing waves? Derive an
expression for displacement of a particle
located on the standing waves in a string
fixed at both ends. Draw the schematic
diagram for the first and second modes of
vibration of the string.

(c) For a weakly damped harmonic oscillator,
the instantaneous displacement is given by

x(t) = ay exp (—bt) cos (wyt+¢)

Derive an expression for the energy of the
oscillator as a function of time.
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