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BPHE-101/BPHE-102/PHE-02

BACHELOR OF SCIENCE (B. Sc.)

Term-End Examination
December, 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.

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
December, 2025

BPHE-101 : ELEMENTARY MECHANICS

Time : 1% Hours Maximum Marks : 25

Note : (i) Attempt any five questions.

(it) The marks for each question are

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

(iv) You may use a calculator.

1. A box of mass 10 kg slides down an inclined
plane which makes an angle of 45° with the
horizontal. Calculate the acceleration of the
box if the coefficient of kinetic friction
between the box and the plane is 0.2. Draw

the free body diagram. (Take g = 10 ms—2)

4+1
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2. (1) A satellite of mass M 1s displaced from a
point A on the earth’s surface to a point
B at a distance of 4Re from the earth’s
surface. What is the work done by the

force of gravitation on the satellite ? 3
(1) A ball of mass 0.2 kg collides with a bat

with a speed of 22.0 ms—!. After the

collision it travels with the same speed
in the opposite direction. What impulse
1s experienced by the ball white it is in

contact with the bat ? 2

3. A block attached to a spring slides
horizontally on a surface which has some
friction. The block is stretched by the spring
to a position x = 0.05 m and then released.
Calculate the speed of the block at the point
of equilibrium. The mass of the block 1is
2.0 kg, the spring constant is 500 Nm™!, the

coefficient of static friction is p;, =0.15 and

g=10 ms 2. 5
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4. The moment of inertia of a wheel about its
axis is 6.0 kg m2. It is initially at rest and

then connected to a motor which delivers a
constant torque of 48 Nm about its axis.
Calculate the work done by the motor on the
wheel after it has gone through
5 revolutions. Calculate the angular speed of
the wheel at that time. 3+2

5. Reduce the coupled equations of motion of a
two-body system into two uncoupled
equations in centre of mass and relative
coordinates when the net external force on
the system is zero. What is the reduced

mass of the system ? 4+1

6. (1) Derive the law of equal areas for a

central force. 3

(1) The equation of the orbit of a satellite
about the earth is given by :

. 7000
1+0.4cos0

Determine the eccentricity and shape of
the orbit. 2
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7. A disc of mass 20 kg and radius 20 cm
is rotating with an angular speed of
10 rads~! about its axis. After some time a
ring of radius 10 cm and mass 12 kg is
placed on the top of the disc and the system
of the disc and the ring now rotates about
the axis passing through their common
centre. Calculate the final speed of the
system. 5

8. (1) Wind is blowing from west to east at
60° N latitude at a speed of 10 ms1.

Calculate the coriolis force on unit mass

of air. 3

(1) What are elastic collisions ? 2
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BPHE-102/PHE-02

BACHELOR OF SCIENCE (B. Sc.)
Term-End Examination
December, 2025

BPHE-102/PHE-02 : OSCILLATIONS AND
WAVES

Time : 1% Hours Maximum Marks : 25

Note : (i) Answer all questions. 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 0.6 kg object is executing simple
harmonic motion. Its amplitude 1is
10 cm and its time period is 0.1 s.
Calculate the potential energy and the
kinetic energy of the object when it is at

6 cm from the equilibrium position. 5
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(b) The equation of motion of an oscillating
body of mass 0.5 kg is : 5

Z—ZC +6 % +16x =0
Calculate :
(1) force constant, k
(i1) angular frequency, wo
(111) damping constant, r and
(iv) damping factor, b.
(¢) Obtain the complete solution x(¢), of an

undamped force oscillator in a spring-
mass system. The system is subjected to
a harmonic driving force given by
F, cos ot. 5

(d) The displacements of a 1-D sinusoidal
wave at two points x; =0 and

X9 =2.0cm are given as : 5

y(x1,t) =(0.04 cm) sin[57 s1¢]
¥(x9,t) =(0.04 cm) sin {571 shi+ g}

Determine its direction of propagation,
frequency, angular frequency,

wavelength and the speed of the wave.
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Two passenger trains are approaching
each other on a parallel track with a
speed of 180 km hr-1l. If one of the trains
blows a whistle of 800 Hz, calculate the
frequency heard by a passenger on the
other train before and after the trains
cross each other. Take the speed of

sound as 340 ms-1. 5

2. Attempt any two parts : 2x5=10

(a)

(b)

(c)

Two identical simple pendulums, each
bob having a mass 0.3 kg and length
0.6 m, are coupled through a spring
connected to their bobs. Calculate the
normal mode frequencies of the coupled
pendulums. Take g = 9.8 ms2 and the

force constant of the spring is 7 Nm-1. 5

Show that only odd integral multiples of
fundamental frequency are excited in a
closed pipe. 5

A steel rod is joined to a copper rod.

Calculate the reflected and transmitted
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amplitude coefficients of a sound wave
as it propagates in steel rod and reaches
1its boundary with copper. The density
and Young’s modulus of steel are
7900 kg m=3 and 1.9 x 1011 Nm—2
respectively. The density and Young’s
modulus of copper are 8940 kg m—3 and

1.1 X 1011 Nm2 respectively. 5
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