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

Instructions :

(i) Students registered for both BPHE-101/ PHE-01 and
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. _

(ii) Students who have registered for BPHE-101 / PHE-01
or 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, 2014
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
usual meaning. You may use log tables or
non programmable calculators.

1. Attempt any two parts : 2x6=12

(a) (i) A crate of mass 1 kg is pulled up an

inclined plane at an angle of 30° with

the horizontal, with a force of 10 N.

Calculate the acceleration of the crate.

Take g = 10 ms 2. Draw the free-body
diégram. 3+1

(i1) Is the force of friction conservative ?
Explain. 2

(b) (i) A child of mass 30 kg rides a bicycle of
mass 15 kg. The force of friction is
30 N. What power must the child
supply to maintain a steady speed of
2:0 ms! while going up an incline of
slope 5° ? [Take sin 5° = 0-0872 and
g=10 ms 2 4
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(ii) A ball of mass 0-10 kg hits a bat at the
speed of 20 ms! and moves in the
opposite direction with the same speed
after leaving the bat. What average
force is exerted on the ball if it is in
contact with the bat for 1 ms ? 2

(c) A box of mass 30 kg is pushed from rest from
one end of a rough floor with a force of
100 N. The coefficient of kinetic friction
between the surface of the box and the floor
is 0:20. Determine the speed of the box
after it has travelled a distance of 50 m.
[Take g = 10 ms™2] 6
(d) A merry-go-round of radius 10 m is set
rotating from rest in a clockwise direction
and attains an angular speed of 0-30 rad st
in 60 s. What is the torque (with respect to
the centre) experienced by a child of mass
20 kg sitting at a distance of 3-0 m from the
centre ? What is the angular momentum of
the child att =60s ? 4+2

2. Attempt any one part : Ix5=5

(a) (i) What are the constants of motion for
motion under central conservative
forces ? 1

(ii) Derive the law of equal areas for
central forces. 4
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(b) (i) Define the centre of mass of a system of
N-particles.

(ii) The position vectors of three particles
of masses m; = 1-0 kg, my = 2-0 kg and
mg = 3-0 kg are given by

- A A
r, = (2t +5t9) mi +3tmj

A
r, =4mi + (73 m]

N

—>

T,

A A
3 6tm i +2mj

Determine the velocity of the centre of
mass of the system.

3. (a) An object is being rotated in a centrifuge of
radius 4-0 m. If the acceleration of the
centrifuge is 4 g, what is the velocity of the
object and the time period of its motion ?
[Take g = 10 mis 2]

(b) Derive the expression for the kinetic energy
of the two-particle system in terms of the

centre of mass and relative coordinates.

OR
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(a) What are non-inertial frames of reference ?
A child of mass ‘m’ stands at rest in a Lift
moving upwards with an acceleration of
5 ms~2. Determine the apparent weight of
the child. [Take g = 9-8 ms™?] 3

(b) A solid cylinder and a solid sphere, each of
mass ‘M’ and radius ‘a’ start from rest from
the same height and roll without slipping
down an inclined plane. Apply the principle
of conservation of energy to determine
which one of them reaches the bottom of the

incline first. 5
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PHE-02

BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination
December, 2014

PHE-02 : OSCILLATIONS AND WAVES

Time : 1 é hours - Maximum Marks : 25

Note : All questions are compulsory but internal choices
are given. You can use non-programmable
calculator.

1. Attempt any three parts : 3x5=15

(a) For a weakly damped harmonic oscillator,
the instantaneous displacement is given by
x(t) = ag exp (- bt) cos (wgt + ¢)
Derive an expression for the average energy

of the oscillator.

(b) An object of mass 1 kg is subjected to
restoring and frictional forces of magnitudes
kx and —yd—x—, respectively. It oscillates
harmonically under the influence of an
external force of frequency 0-5Hz. Its
amplitude of vibration is halved in 2 s and
the system is weakly damped. Calculate the
value of y and k.
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(© N collinear harmonic oscillations, all having
the same amplitude and angular frequency
are superposed. The initial phases of
successive oscillations differ by ¢, Obtain
expressions for the amplitude and phase of

the resultant motion.

(d) Using dimensional analysis, show that the
velocity of progressive waves on stretched

strings is given by

V=k\/E'
m

where k is a dimensionless constant.

(e) Two waves travelling in opposite directions
on a string fixed at both ends are described
by the equations

¥1(%, t) = (0-2 m) sin (2x — 4t)

and yy(x, t) = (0-2 m) sin (2x + 4t).

(i) Obtain the equation of the standing

wave.

(ii) The string oscillates in only one loop
and its one end is fixed at x = 0.
Determine the distance between the
two fixed ends of the string.
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2. Attempt any fwo parts : 2x5=10

(a) What do you understand by the relaxation
time of a damped harmonic oscillator ? A
system is executing damped harmonic
oscillations and it is observed that in 20 s,
the amplitude of oscillations reduces from
4 cm to 2 cm. Calculate the relaxation time
of the oscillator.

(b) In Young’s double slit interference
experiment, two waves of equal frequency
but different amplitudes a; and as; and
initial phases 6; and 69 are superposed.
Obtain the conditions of constructive and
destructive interference.

(¢) (1) Define group velocity and phase
velocity. Which of these is more
fundamental and why ?

(i) Show that for a homogeneous medium

p

Vo= V, —A
g p dan
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