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PHYSICS

BPHE-101/PHE-01 : ELEMENTARY MECHANICS
&
BPHE-102/PHE-02 : OSCILLATIONS AND WAVES

Time : 3 Hours Maximum Marks : 50

Instructions :

1. Students registered for both BPHE-101/PHE-01
and BPHE-102/PHE-02 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.

2. Students who have registered for BPHE-101/
PHE-01 or BPHE-102/PHE-02 should answer
the relevant question paper after entering their
enrolment number, course code and course title
on the answer book.
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BPHE-101/PHE-01

BACHELOR OF SCIENCE (B. Sc.)
Term-End Examination

December, 2020

BPHE-101/PHE-01 : ELEMENTARY MECHANICS

Time : J% Hours Maximum Marks : 25

Note : Attempt all questions. The marks for each
question are indicated against it. You may
use a calculator. Symbols have their usual

meaning.

1. Answer any two parts :

(a) (1) A girl pulls a box of mass 80 kg along
a floor at constant velocity, with the
help of a rope which makes an angle of
45° with the floor. If the coefficient of
kinetic friction between the box and
the floor 1s 0.20, calculate the tension
in the rope. Draw the free body
diagram. Take g = 10 ms-2. 3+1

P.T.O.
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(11) A swimmer moves through water at

(b) @)

(i)

an average speed of 0.35 ms-!. The
resistive force on the swimmer due to
water 1s 200 N. What is the average
power required by the swimmer to
overcome this force and maintain her

speed ? 2

At the surface of a satellite of Jupiter,
the acceleration due to gravity is
1.8 ms2. An object weighs 50 N on the
Earth. Calculate its weight on

Jupiter’s satellite. Take g = 10 ms2. 2

A spring with a spring constant
k = 2000 N-m-! is placed vertically and
compressed by 0.1 m. A ball of mass
0.2 kg 1s placed on it and then the ball
and spring are released. Determine

the maximum height to which the ball



© @

(i)
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rises from its starting position and

its maximum speed. Take g = 10 ms-2.
2+2

A box of mass 5.0 kg is sliding up an
inclined plane which makes an angle
of 30° with the horizontal. The initial
kinetic energy of the box is 150 J. How
far will it slide up the incline if the
coefficient of kinetic friction between
the box and the plane is 0.20 ?
Take g = 10 ms—2. Draw the free-body

diagram. 4+1

State the conditions for stable and
unstable equilibria for a given

potential energy function. 1

(d) A merry-go-round having moment of

inertia 600 kg-m? and radius 6.0 m is

initially at rest. A girl of mass 30 kg

P.T.O.
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standing at its edge starts walking
counter-clockwise on the merry-go-round at

a constant speed for 2.0 ms-1. Determine :

(1) The angular speed and direction of

rotation of the merry-go-round.

(11) The work done by the girl to set
herself and the merry-go-round in

motion.

Use the work-energy theorem. 4+2

2. Answer any one part :

(a) (1) State the law of equal areas for central
forces. Use it to explain why an object
would move faster when it is closer to

the centre of force. 2

(11) Titan and Hyperion are two moons of
Saturn. The orbital period of Titan is
16 days and the mean radius of its

orbit is 1.2 x 109 m. If the mean radius
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of the orbit of Hyperion is 1.5 x 109 m,

calculate its orbital period in days. 3

(b) Write down the expression for the centre of
mass of an N-particle system. The position
vectors of three particles of masses
m1 = 3.0 kg, m2 = 4.0 kg and ms = 1.0 kg

are given by :
= (t2 +3t)mi +6t2 mj
¥, =(4t—3)mi +3tmj

Y, =(6m)i +(5t-3)mj

Calculate the velocity of the centre of mass

of the system. 1+4

3. Answer any one part :

(a) What 1s the centre of mass frame of

reference ?

A 100 kg cart moving to the right at
5.0 ms! collides head-on with an 80 kg
cart moving to the left at 4.0 ms-!. If the

collision 1is elastic, calculate the speeds of

P.T.O.
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the two carts before and after the collision

in the centre of mass frame of reference.
1+4

A solid cylinder of mass 5.0 kg and radius
2.0 m is rotating about its axis with an
angular speed of 30 rad/s-!. Calculate the
torque required to bring the cylinder to
rest in 10 s. What 1s the angle through

which the cylinder turns in this time ? 3+2

4. Answer any one part :

(a)

(b)

A small ball of mass 100 g hangs from a
string in a car which is moving with an
acceleration of 2.0 ms2. Using a non-
inertial frame of reference, calculate the

tension in the string. Take g =10 ms2. 3

What should the minimum angular speed
of the Earth be for objects to fly off
its surface ? Take g = 10 ms2 and

RE = 6400 km. 3
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BACHELOR OF SCIENCE (B. Sc.)
Term-End Examination

December, 2020

BPHE-102/PHE-02 : OSCILLATIONS AND WAVES

Time : J% Hours Maximum Marks : 25

Note : Answer all questions. Internal choices are
given. The marks for each question are

indicated against it. Symbols have their

usual meanings. You can use a calculator.

1. Answer any three parts : 3x5=15

(1) A factory siren has a frequency of 660 Hz.
Calculate the difference in frequencies

heard by a person sitting is a car which is



(i)

(iii)
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moving at 20 ms! in the following

situations :

(a) away from the siren.

(b) towards the siren.

Take the speed of sound in air as 330 ms™.
A transverse wave travelling in the
+ x-direction is represented as :

y(x,t) =2sin (4.0t —0.02x) cm

Calculate the magnitudes of maximum
velocity and maximum acceleration of the

particles of the medium.
Superposition of two sinusoidal waves
travelling in opposite directions on a string
fixed at both ends gives rise to a stationary
wave, which can be represented as :

y (x,1) =—(1.2m) sin (0.40x) cos (200t)

where x 1s measured 1n metres and ¢ is

measured in seconds.

P.T.O.
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Calculate :

(a) the wavelength and frequency of

stationary wave
(b) the position of nodes

(iv) The damping factor for oscillations of a
simple pendulum is 0.01 s'1. Calculate the
time in which its amplitude will reduce to

10% of its initial value.

(v) Consider two 1identical spring-mass
systems connected by a spring of spring

constant &'.
(a) Depict their equilibrium configuration.

(b) Obtain the equations of motion of
these masses when they execute

longitudinal oscillations.

2. Answer any two parts : 2x5=10

(a) The group velocity and phase velocity are
connected through the relation :

o

Vg =9, +k ™

g

Obtain an expression for Vg in terms of

wavelength A .
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(b) The wave velocity of a transverse wave in a

(©

string depends on applied force F and mass

per unit length of the string p. Using

dimensional analysis, obtain an expression

for velocity of wave, v.

Write down the equation of motion of a
weakly damped forced harmonic oscillator
and obtain an expression for its amplitude

in steady state.

P.T.O.
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