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BACHELOR OF SCIENCE (B. Sc.)
Term-End Examination
June, 2023

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.

P.T.O.
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BACHELOR OF SCIENCE (B. Sc.)
Term-End Examination
June, 2023
BPHE-101/PHE-01 : ELEMENTARY MECHANICS

Time : Z% 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. Attempt any four parts :
(a) An object 1s moving along a curved path
given by : 3
- . .
r=(2.0ms 2)t2i+(—6.0ms 2)t2j+
(4.0ms™ 1ti+2.0 mi

Determine the velocity of the object at the
instant ¢ = 5.0 s.

(b) A rocket of mass 5000 kg moves at the
speed 6.0 x 102 ms~1. It ejects 1500.0 kg of
gas at a speed of 3.0 x 103 ms~! relative to

the rocket. What is the final velocity of the
rocket ? 3

P.T.O.
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A box of mass 0.4 kg is moving with a
speed of 3 ms~! on a table. Calculate the
coefficient of kinetic friction between the
box and table, if the box comes to a stop
after travelling a distance of 3.5 m. Take
g =10 ms=2. 3

An object initially at rest undergoes

- . .
displacement when a force F=3xi+2yj is

exerted on it. What is the work done by
this force as the object moves from point
(1, 2) to point (2, 4) in a straight line ? 3

What is the total mechanical energy of a
satellite of mass 2000 kg orbiting the earth
with ¢ = 4000 km ? Determine the
eccentricity of its orbit for the apogee

distance ra = 6000 km. Take
Gp =6.67x10711  Nm2? kg2 and
M, = 5.98 x 10%*kg. 2+1

Determine the reduced mass of the system
of a planet and its satellite. The mass of

the planet is 2 x10%22 kg and the mass of
the satellite is 1.5x10%! kg. 3

Determine the minimum angular speed of
the Earth so that an object on its surface

flies off. Take Ry =6.4%10° m and
g =10ms 2. 3
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2. Attempt any one part :

(a) The position of an object of mass 6.0 kg at
a given instant is defined (in m) by the
coordinates (3t2, 4t, 5). Determine : 2+3

(1) The angular momentum of the object
about the origin.

(1)) The torque about the origin being
exerted on the object.

(b) State the law of conservation of energy. A
car starts at point B and moves 3 km due
north and faces a resistive force from the
air of magnitude 8.0 N due south. The car
them turns and moves due south, back to
the starting point B. The resistive force
due to air on the return trip 1is of
magnitude 8.0 N pointing due north. 1+3+1

(1) Calculate the total work done by the
resistive force of air on the car during
the rocket trip.

(i1) Is the resistive force due to air a
conservative force ? Explain.
3. Attempt any one part :

(a) (1) Determine the centre of mass
coordinates of a two-particle system
(both of mass 2.0 kg) kept in the XY
plane. Their coordinates (in m) are
(0, 0), and (- 3, 2). 2

P.T.O.
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(1)) Show that for a central force, the
angular momentum about the centre
of force is a constant. 3

(b) A neon atom and an argon atom move
towards each other at the speed of
200 ms~! and 150 ms™1, respectively, and
undergo head-on elastic collision. Calculate
their speeds before and after collision in
the C. M. frame. The masses of Ne and Ar
atoms are 20.0 a.m.u. and 40.0 a.m.u.,
respectively. Take the Ne atom to be
moving in the positive x-direction. 5

4. Attempt any one part : 1x3=3

(a) An object of mass 3000 kg is travelling
north with a speed of 80 km h-1 at latitude

60°S. Determine the magnitude of the
Coriolis force on the object.

(b) An object is being rotated in a centrifuge of
radius 5.0 m. If the acceleration of the
centrifuge i1s 6 g, what are the velocity of
the object and the time period of its

motion ? Take g = 10 ms~ 2.
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BACHELOR OF SCIENCE (B. Sc.)
Term-End Examination
June, 2023

BPHE-102/PHE-02 : OSCILLATIONS AND WAVES

Time : Z% Hours Maximum Marks : 25

Note : Answer all questions. However, internal
choices are given. The marks are given
against each question. You can use a
calculator. Symbols have their usual

meanings.

1. Answer any three parts : 3%5=15

(a) Calculate the frequency of oscillations in
an electrical circuit when an inductor of
40 mH is connected to a capacitor of 1 uF.
If the maximum potential difference across
the capacitor is 10 V, calculate the energy

of oscillations.

(b) Superposition of two sinusoidal waves

travelling in opposite directions on a string
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fixed at both ends gives rise to a stationary

wave represented as :

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

where x is measured in metres and ¢ is in
seconds. Determine the (i) wavelength,
(i1) frequency of the stationary wave and
(111) positions of nodes.

The equation of motion of a weakly

damped forced oscillator is given by :

d?x dx
Z 42—+ 2 x = f,cosmt
dt? dt© fo

Show that the amplitude of this oscillator
in steady state is given by :

fo

a(w) = ) 172
[(cog —w? ) + 462032}

(d) A transverse wave travelling in the

positive x-direction is represented as :
y(x,t) =5 s1n(4.0¢ —0.02x) cm

Calculate the ratio of maximum velocity of
the particles of the medium to their
maximum acceleration.

P.T.O.
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(e) The equations of motion of two coupled
spring-mass systems (of equal mass)

executing longitudinal oscillations are :

d2

X
1 2 2 _ —
74’0)0 Xy — o (x2 xl) =0
2
d“x,

and +f x2—co (xg —x,) =0

dt2

where 0, = ‘,— and O, = ,/ are natural

frequencies and coupling frequency of the

oscillator.

Decouple these equations and obtain
expressions for normal mode frequencies.
Also depict normal mode

frequencies.
2. Answer any two parts :
(a) (1) Explain the phenomenon of beats. 1
(1) An ambulance blowing a siren of

frequency 700 Hz is travelling towards
a vertical reflecting wall with a speed
of 7.2 km hr-1l. Calculate the number

of beats heard in one second by the

driver of the ambulance. Take speed of

sound as 340 ms1. 4
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(b) The group velocity and phase velocity are

connected through the relation : 5
dv
_ p
% =Up Ry

Express v, in terms of A.

© @

(i)

9

Calculate the ratio of kinetic and
potential energies when the
displacement of an oscillating particle

1s half of its amplitude. 3

The quality factor of a tuning fork of
frequency 512 Hz is 4 x 104

Calculate the time in which its energy

will reduce to e ! of its energy in the

absence of damping. 2

P.T.O.
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