No. of Printed Pages : 15 | BPHE-101/PHE-01/ BPHE-102/PHE-02 |

BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination
June, 2021
PHYSICS
BPHE-101/PHE-01 : ELEMENTARY MECHANICS
&
BPHE-102/PHE-02 : OSCILLATIONS AND WAVES
Instructions :

(i) 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.

(i1) 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
June, 2021

BPHE-101/PHE-01 : ELEMENTARY MECHANICS

Time : 1 é hours Maximum Marks : 25

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

1. Attempt any two parts : 2x6=12

(a) A crate of mass 60 kg is dragged across a
floor by a rope which makes an angle of
30° with the floor. The coefficient of static
friction between the floor and the crate is
0-40. What should the minimum force in the
rope be to set the crate moving ? Draw the
free-body diagram. Take g = 10 ms—2. 5+1

(b) State the Work-Energy theorem. A block is
moving up an inclined plane which makes an
angle of 30° with the horizontal. The mass of
the block is 5-0 kg and its initial speed is
6-0 ms~1. How far will it slide up the incline
till it comes to rest ? The coefficient of
kinetic friction between the block and the
plane is 0-2. Draw the free-body diagram.
Take g = 10 ms—2. 1+4+1
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(c) State the law of conservation of energy.
A block of mass 2:0 kg compresses a
horizontal spring kept on a table by 0-1 m.
Then the block is released and it slides a
distance of 1:0 m on the table before it stops.
If the spring constant is 250 Nm-1,
calculate the coefficient of kinetic friction
between the block and the table. What is the
increase in the thermal energy of the table ?
Take g = 10 ms—2. 1+4+1

(d) A disc having a rotational inertia of
15 x 10-3 kg m? is attached to an electric
motor which exerts a torque of 45 Nm on it.
If the disc starts rotating from rest, calculate
its angular speed and angular momentum
after 20 s. Is the disc’s angular momentum

conserved ? Explain. 4+1+1

2. Attempt any one part : Ix5=5
(a) (1) Prove the law of equal areas for a
central force. 4

(11) The orbit of a satellite about the Earth

is given by the following equation :

. 5000
1+ 04 cos0
Determine the shape of the orbit. 1
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3.

4.

(b)

Answer any one part :

(a)

(b)

Answer any one part :

(a)

Derive the equations of motion for a
two-particle system in the centre of mass
and relative coordinates for zero net external

force.

Two balls of mass m and 2m collide head on
in an elastic collision with equal and
opposite velocities. Calculate the velocity of
the centre of mass of the system and the

final velocities of the two balls.

A solid sphere and a hollow sphere have the
same mass M and radius R. Both start from
rest from the same height and roll without
slipping down an inclined plane. Calculate
the velocity of each object at the bottom of
the plane. Determine which object reaches

5

Ix5=5

the bottom of the incline first. 242+1

A centrifuge rotates at an angular speed of
3:0 © x 102 rad s~1. A tiny virus particle of
mass 3-0 x 107 kg is situated at a distance
of 4:0 cm from the vertical axis of rotation.
What is the magnitude of the force on the
virus particle relative to the frame attached
to the centrifuge ?

BPHE-101/PHE-01 4
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(b) A child of mass 20 kg is at rest in a lift
moving upwards with an acceleration of
3:0 ms—2. Determine the apparent weight of
the child. Draw the free-body diagram.
Take g = 10 ms—2. 2+1
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BPHE-102/PHE-02
BACHELOR OF SCIENCE (B.Sc.)

Term-End Examination
June, 2021

BPHE-102/PHE-02 : OSCILLATIONS AND WAVES

Time : 1 é hours Maximum Marks : 25

Note : Attempt All questions. Internal choices are given.
The marks for each question are indicated against
it. Symbols have their usual meaning. You may use

a calculator.

1. Attempt any three parts : 3x5=15

(a) A person is standing on a railway platform.
He hears the whistle of a train moving away
from him with a speed of 72 km hr-1 as
990 Hz. Calculate the actual frequency
emitted by the train. What frequency will he
hear if the train approaches him ? Take
speed of sound as 330 ms—1.

(b) The frequency of a tuning fork is 300 Hz. Its
quality factor Q = 5 x 10%. Calculate the time
in which its energy will be reduced to half of
its initial value, if it is weakly damped.

BPHE-102/PHE-02 10



(c) A stretched string having mass per unit
length 103 kg m™! vibrates in its
fundamental mode between two wedges
40 cm apart at a frequency of 30 Hz.
Calculate the velocity at which the wave
propagates in the string. Also calculate the

tension in the string.

(d) A point is subjected simultaneously to two
mutually perpendicular oscillations of equal
frequency and phase difference ¢. The

expression for the trajectory of its motion is

2 2
. X 2X; .
given by Y ycos¢=sm2¢.
2 2 a.a
al az 192

Using this expression, determine the
trajectories for the following two cases :

(i) x=2sinowt, y=2cos ot

(il) x=sinot, y =4 sin (ot + 1)

(e) A stationary wave is produced due to

superposition of
y1 (%, t) = A sin % (x—vt)
and
. 2m
ya (%, t) = Asin - (X + vt).

(i) Obtain the expression for the
stationary wave.

BPHE-102/PHE-02 11 P.T.O.



(i1) In a given situation, the equation of a
stationary wave is

y (x,t) =2 sin (%} cos (50 nt) m.

Obtain the equations of the component
waves.

2. Attempt any fwo parts : 2x5=10

(a) Show that only odd integral multiples of
fundamental frequency are excited in a
closed pipe.

(b) The equation of motion of a weakly damped
forced oscillator is

2
™= +2b dx + (o(z)x=f0coswt.
dt? dt
Show that the amplitude of this oscillator in
steady state is given by

fa

a(w) = .
[(wg _ 0)2)2 4 4b2032]1/2

(¢) A child swings on a swing of length 3-5 m
with amplitude 0-05 rad. Calculate its
(1) period and the frequency of oscillation,
and (ii) maximum linear speed of the child
for this motion.
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