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

June, 2025
PHYSICS
BPHE-101 : ELEMENTARY MECHANICS
AND
BPHE-102/PHE-02 : OSCILLATIONS
AND WAVES
Time : 3 Hours Maximum Marks : 50

Instructions :

1. Students registered for both BPHE-101 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 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

BACHELOR OF SCIENCE
(B. Sc.)

Term-End Examination
June, 2025
BPHE-101: ELEMENTARY MECHANICS

Time : 1% Hours Maximum Marks : 25

Note : (i) The marks for each question are

indicated against it.
(it) Symbols have their usual meaning.

(iti) You may use a calculator.

Note : Attempt any five questions. 5x5=25

1. An airplane flies at constant speed along a
straight line at an angle of 30° with the
horizontal. The weight of the airplane is
70000 N and its engine provides a thrust of
90000 N in the direction of the flight.
Determine the lift force perpendicular to the

airplane’s wings and the force due to air
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resistance opposite to the airplane’s
direction of motion. Draw the free-body
diagram for the airplane. 2+2+1
2. State the work-energy theorem. A car of
mass 2000 kg starts moving down from rest
at the top of an incline which makes an
angle of 30° with the horizontal. If the speed
of the car at the bottom of the incline is
4.0 ms~! and the frictional force acting on it
1s 3000 N, calculate the length of the incline.
Take g = 10 ms—2. 1+4
3. What is a geostationary satellite ? Calculate
the height of a geostationary satellite above
the surface of the earth. 1+4

Take : G=6.67x10""! Nmzkg_2,
M, =6.0x10** kg and R, =6.37x10° m.

4. State the law of conservation of angular
momentum. A disc of 0.5 m radius and a
moment of inertia 0.25 kgm? is rotating
about its axis, with a small mass of 0.01 kg
stuck to its edge. The initial speed of the

system 1s 2.0 revolutions per second. The
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mass gradually slides to the centre of the
disc. Calculate the final speed of the
system. 1+4

5. What are the constants of motion for central
conservative forces ?

A satellite of mass 2000 kg is moving around
the earth in an orbit with eccentricity
e = 0.20. Determine the apogee, perigee and
energy of the satellite if the semi-major axis

of its orbit is 7.5x10%m. 2+3
Take : G=6.67x10"11 Nm2kg_2 and
M, =6.0x10** kg.

6. Two particles of mass m and 2m move

towards each other with speeds of 100 ms™*

and 60ms™ respectively. Calculate their
speed before collision in the centre of mass
frame and their speeds after collision in the
laboratory frame. 5

7. A solid cylinder and a solid sphere each of
the same mass M and radius R, start from
rest from the same height and roll without
slipping down an inclined plane. Determine
which one reaches the bottom of the incline
first. 5
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8. (1) What must the minimum angular speed
of the earth be so that the centrifugal

force makes objects fly off its surface ? 3
(Take g =10ms 2and Ry =6.37 x10%m).
(1) Calculate the reduced mass of a binary
star system in which the masses of the

two stars are 1.2 and 0.8 times solar

masses respectively. 2
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BACHELOR OF SCIENCE (B. Sc.)
Term-End Examination

June, 2025

BPHE-102/PHE-02 : OSCILLATIONS AND
WAVES

Time : 1% Hours Maximum Marks : 25

Note : (i) All questions are compulsory.

However, internal choices are given.

(it) Marks are shown against each

question.
(iti) You can use a calculator.

(iv) Symbols have their usual meanings.

1. Attempt any three parts : 3X5=15

(a) A damped harmonic oscillator 1is

represented by the equation :

2
mﬂ+r@+kx:0
dt*  dt
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with m = 0.3 kg, r = 0.06 kgs™' and
k=85 Nm'.

Calculate the number of oscillations in
which its amplitude will become half of
its original value. Take the time period
of the oscillator as 0.3 s. 5

(b) Using dimensional analysis, show that
velocity of progressive waves on

stretched strings is given by :

v=~Fk E
m

where k 1s a dimensionless constant.
Discuss limitations of this technique.
4+1

(¢ Two waves travelling in opposite
directions on a string fixed at both ends

are described by the equations :
¥;(x,t) =(0.2m) sin (2x — 4t)
and  y,(x,t) =(0.2m)sin (2x + 4¢)

(1) Obtain the equation of the standing

wave. 2
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(1) The string oscillates in only one
loop. Determine the distance

between its fixed ends. 3

(d) What do you wunderstand by the
relaxation time of a damped harmonic
oscillator ? It is observed that the
amplitude of oscillations of a damped
oscillator reduced from 4 cm to 2 cm in
20 s. Calculate the relaxation time of
the oscillator. 2+3

2. Attempt any two parts : 2x5=10

(a) A body i1s subjected simultaneously to
two mutually normal oscillations of

same frequency but differing in phase
by ¢.

(i) Obtain an expression for the

trajectory of its motion. 2

(i) If x = 2 sin of, y = 2 cos ot and
x = sin of and y = 4 sin (ot + n),
determine the trajectories of

motion. 3
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(b) Two coupled masses are made to
execute longitudinal oscillations. These
are 1nitially given  the same
displacement towards the right. Write
down the differential equation
describing the motion of this system.
Decouple these and obtain expression

for its normal mode frequencies. 2+1+2
(¢) A stretched string having mass per unit
length 103kgm™ vibrates in its
fundamental mode between two edges
40 cm apart at a frequency of 30 Hz.
Calculate : (1) the velocity of

propagation of the wave on the string,

and (i1) tension in the string. 5
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