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& 

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. 
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BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

June, 2024 

BPHE-101/PHE-01 : ELEMENTARY MECHANICS 

Time : 1
1

2
 Hours    Maximum Marks : 25 

Note : (i) The marks for each question are 

indicated against it.  

 (ii) Symbols have their usual meaning. 

 (iii) You may use a calculator.  

Attempt any five questions : 5×5=25 

1. A block is pulled horizontally by a rope on the 

surface of the moon, where the acceleration due 

to gravity is 1.5 2ms . Obtain the weight of the 

block on the moon, if its weight on earth is  

196 N. If the coefficient of kinetic friction 

between the block and the moon’s surface is 

0.3,k   obtain its acceleration if the tension in 

the rope is T = 60 N. Take acceleration due to 

gravity on the earth to be 9.8 2ms . 1+4 
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2. (a) State the law of conservation of linear 

momentum. 1 

(b) A rocket of mass 7000 kg moving at a 

speed of 3 16.0 10 ms  rejects exhaust gas 

of 2000 kg at a speed of 3 11.5 10 ms  

relative to the rocket. Determine the final 

velocity of the rocket. 4  

3. A helicopter pulls a box of mass 30 kg vertically 

up with a cable through a height of 15 m. What 

is the work done on the box by the cable if the 

acceleration of the box is 22.0ms ? What is the 

work done by the force of gravity on the box ? 

Calculate the kinetic energy just before the box 

reaches the helicopter. Take 29.8msg  . 

2+1+2   

4. (a) Obtain the one-dimensional relation 

between potential energy and force for a 

conservative system. Obtain Hooke’s law 

for a spring system moving along X-axis, 

given that the spring constant is k and the 

potential energy is  21
U( ) .

2
x kx   4 
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(b) Draw the potential energy curve for a 

simple harmonic oscillator. 1 

5. State the law of conservation for angular 

momentum. A merry-go-round possessing 

rotational inertia of 3000 2kgm  mounted on a 

frictionless vertical axle is rotating at an 

angular speed of 2 r.p.m. An object is placed on 

the platform of the merry-go-round in the radial 

direction. Calculate the rotational inertia of the 

object if the rotational speed of merry-go-road 

reduces to 1.5 r.p.m. after placing the object. 

1+4 

6. A satellite of mass 3500 kg orbits the earth in 

an elliptical orbit. The satellite is at a distance 

of 1500 km from the surface of the earth at the 

perigee and 5000 km from the surface of the 

earth at the apogee. Consider the earth to be 

stationary, its radius R 6400kme   and 

29.8msg  . Determine the energy of the 

satellite in the orbit and the energy required to 

put the satellite in its orbit. 5   

7. Consider a system of N particles subjected only 

to the force of gravity. Show that the angular 
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momentum of the system about the centre of 

mass is conserved. 5 

8. Define a non-inertial frame of reference. A 

particle of mass 185 10 kg  is held in a water 

suspension in an ultracentrifuge at a distance 

of 4.0 cm from the vertical axis of rotation. If 

the angular speed of rotation is 3 13 10 rads ,  

calculate the centrifugal force acting on the 

particle and the effective value of g relative to 

the frame rotating with the centrifuge. 1+4 
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2ms

N

T = 60 N
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0.3k 

2ms

3 16.0 10 ms

kg

3 11.5 10 ms

kg

kg

m

2ms

g = 2ms
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x–

k  21
U( )

2
x kx

2kgm

kg

km
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km

Re =  km 29.8msg 

N

185 10 kg

cm

3 13 10 rads

‘g’ 
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BPHE-102/PHE-02 

BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

June, 2024 

BPHE-102/PHE-02 : OSCILLATIONS AND WAVES 

Time : 1
1

2
 Hours    Maximum Marks : 25 

Note : (i) Answer all questions.  

 (ii) The marks for each question are 

indicated against it. 

 (iii) Symbols have their usual meanings.  

 (iv) You can use a calculator. 

1. Attempt any three parts : 3×5=15 

(a) Obtain expressions for the angular 

frequency and the amplitude of a harmonic 

oscillation in terms of its displacement and 

velocity given that at displacements 1x  

and 2x  from the equilibrium position, 1v  

and 2v are its velocities respectively. 5 

(b) A compound pendulum made of a thin 

uniform rod of mass 2.0 kg and length  

1.5 m is pivoted at one end. The pendulum 

executes free oscillations about a 
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horizontal axis passing through the pivot 

point. Calculate the time period of the 

pendulum. Take 210msg  .  5 

(c) Two superposing simple harmonic 

vibrations are represented by 

1 4cos 20
4

x t
 

   
 

 and 2 5cos(20 )x t  . 

Calculate the amplitude and phase 

constant of the resultant vibration. 5 

(d) A boy is standing near a railway track. A 

train approaches him with a speed of  

86 1km.h  and the apparent frequency of 

the whistle heard by the boy is 800 Hz. 

Calculate the actual frequency of the 

whistle as emitted by the train. Take speed 

of sound in air as 340 1ms .
 5 

(e) Two strings of mass per unit length 1  and 

2 1( 9 )    are joined together and stretched 

under the same tension. Calculate the 

reflection and transmission amplitude co-

efficients for the transverse wave on the 

string.  5    

2. Attempt any two parts : 2×5=10 

(a) Establish the differential equation for a 

system of mass m, executing simple 
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harmonic motion. Show that the velocity 

and the acceleration of the oscillating 

object undergoing simple harmonic motion 

is proportional to  and 2  respectively.  

is the angular frequency of the object. 5 

(b) Establish the differential equation for a 

damped harmonic oscillator and obtain the 

expression for its instantaneous 

displacement. 5 

(c) Derive an expression for the resultant 

wave produced due to superposition of 

waves travelling in opposite direction on a 

stretched string fixed at both ends. Explain 

why this resultant wave is called a 

stationary wave. 5 
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(vi) 

3×5=15 

1x 2x

1v 2v



 [ 15 ] BPHE-101//PHE-02 

  P. T. O. 

kg  m

210msg 

1 4cos 20
4

x t
 

   
 

 

2 5cos(20 )x t 

186km.h

Hz

1340ms
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1 2 1( 9 )  

2×5=10 

m

 2 
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