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BPHE-101/PHE-01 : ELEMENTARY MECHANICS 

BPHE-102/PHE-02 : OSCILLATIONS AND WAVES 
Instructions : 
(i) Students registered for both BPHE- 10 1 I PHE-01 and 

BPHE-102 I 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 1 PHE-01 
or BPHE-102 I 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, 2018 

BPHE-101/PHE-01 : ELEMENTARY MECHANICS 

Time : 1 
1 

 —
2 

hours 	 Maximum Marks : 25 

Note : Attempt all questions. The marks for each question 

are indicated against it. You may use log tables or 

simple calculator. Symbols have their usual 

meanings. 

1. Attempt any five parts : 	 5x3=15 

(a) A girl is walking in the rain at a speed of 

1.2 ms-1  along a straight road. The rain falls 

on her vertically at a speed of F4 ms 1. At 

what angle to the vertical does the person 

hold the umbrella so that she does not get 

wet ? 

(b) A ball of mass 0.25 kg moving horizontally 

with a velocity 20 ms 1  is struck by a bat. 

The duration of contact is 10-2  s. After 

leaving the bat, the ball moves at a speed of 

40 ms1  in a direction opposite to the 

original direction of motion. Calculate the 

average force exerted by the bat. 
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(c) A child is sliding down an icy hill with a 
constant velocity. If the coefficient of kinetic 
friction is ilk, show that the slope of the hill 

is 0 = tan-1(11k). 

(d) A spring is governed by the force law 

F = - kx3  i , where k is a constant. 
Determine the potential energy at x = x o 

 given that it is zero at x = 0. 

(e) A diver of mass 40 kg dives from rest from a 
diving platform at a height of 10 m from the 
water surface. Calculate her kinetic energy, 
potential energy and total mechanical 
energy when she is at a height of 3 m from 
the water surface. [Take g = 10 ms -21 

(0 Calculate the height of a geostationary 

satellite from the surface of the Earth. 

[Mass of the Earth = 6.0 x 10 24  kg, 

Radius of the Earth = 6.4 x 10 6  m, and 

G = 6.7 x 10-11  Nm2kg-2] 

(g) Derive the law of equal areas for central 
forces. 

(h) If the only force acting on the two-particle 
system is the central force of their mutual 
interaction, show that the angular 
momentum of the system is conserved. 
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2. Attempt any two parts 	 2x5=10 

(a) The position vector of a cart moving along a 

curved path is given by 

r = [(3.0 ms 2)t2  + 2.0 	+ [(— 4.0 ms2)0] 

Obtain the _magnitude and direction of the 
cart's velocity and acceleration at t = 5.0 s. 

(b) State the law of conservation of angular 

momentum. 

A merry-go-round has moment of inertia 

4500 kg m2. It is mounted on a frictionless 

vertical axle. It is initially rotating at an 

angular speed of 1 rpm. A girl jumps onto the 

merry-go-round in the radial direction. If the 

moment of inertia of the girl is 500 kg m 2, find 

the angular speed of rotation of the merry-go-

round. 

(c) Show that the kinetic energy of a two particle 

system can be written as the sum of the 

kinetic energy associated with the motion of 

the centre of mass of the system and of the 

kinetic energies of the particles with respect to 

the centre of mass of the system. 
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BPHE-102/PHE-02 

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

December, 2018 

BPHE-102/PHE-02 : OSCILLATIONS AND WAVES 

Time : 1 —
1 

hours 
2 

Maximum Marks : 25 

Note : Attempt all questions. The marks for each question 

are indicated against it. Symbols have their usual 

meanings. You may use log tables or calculators. 

1. Attempt any three parts : 	 3x5=15 

(a) A 0.5 kg object is executing simple harmonic 

motion. Its amplitude is 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 5 cm from the equilibrium 

position. 
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(b) In a cathode ray oscilloscope, the 

displacements of electrons due to two 

mutually perpendicular and sinusoidally 

varying voltages applied between the XX 

and YY plates are given by 

x(t) = 2 cos 27t ft and y(t) = 2 cos [27c ft + 	. 
6 

Determine the resultant path of the electron 

beam on the CRO screen. 

(c) A damped harmonic oscillator has the first 

amplitude of 20 cm. The value of the 

amplitude reduces to 2 cm after 100 

oscillations. If period of oscillations is 4.6 s 

and the logarithmic decrement is 0.023, 

calculate the damping factor. Also determine 

the number of oscillations in which the 

amplitude drops by 50 percent. 

(d) A sinusoidal wave is described by 
y(x, t) = 3.0 sin (3.5 t — 2.01 x) cm 

Determine the wavelength, frequency and 
velocity of the wave. 
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fo a(o)) = 
[(w4 - w2)2 + 4  b 2 (02 11 / 2 

(e) Superposition of two sinusoidal waves 

travelling in opposite directions on a string 

fixed at both ends gives rise to a stationary 

wave represented as 

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

where x is in meters and t is in seconds. 

Determine : (i) the wavelength and 

frequency of the stationary wave and 

(ii) the position of nodes. 

2. Attempt any two parts : 	 2x5=10 

(a) What is Compound Pendulum ? Obtain the 

differential equation of its motion and deduce 

its time period. 

(b) The expression for a weakly damped forced 

oscillator is 

de 	dt 
+ 2b —dx  + w2  x fo  cos cot. 

Show that the amplitude of this oscillator in 

steady state is given by 
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(c) Two waves travelling along the same line are 
given by 

y1(x, t) = a sin (wit — klx ) 
and y2(x, t) = a sin (o)2t — k2x ). 

Suppose that the values of oh and k 1  are 
respectively slightly greater than co t  and k2 . 
Obtain an expression for the resultant wave 
due to their superposition. 
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