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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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 BPHE-101/PHE-01 

BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

December, 2023 
BPHE-101/PHE-01 : ELEMENTARY MECHANICS 

Time : 1
1

2
 Hours    Maximum Marks : 25 

Note : Attempt any five 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 : 4×3=12 

(a) Derive the law of equal areas for central 

force.  3 

(b) Show that the angular momentum of a 

two-particle system is conserved when the 

force acting on the system is a central 

force.  3 

(c) The moment of inertia of a wheel about its 

axis is 4.0 kgm2. Initially the wheel is at 

rest. Then it is connected to a motor which 

delivers a constant torque of 40 Nm about 

is axis. How much work is done by the 

motor on the wheel after the wheel goes 

through 10.0 revolutions ? What is the 

angular velocity of the wheel at that time ? 

(1+2) 
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(d) A dancer starts spinning from rest and 

acquires an angular speed of 6 rpm in  

2 minutes. What is her angular 

acceleration in rads–2 ? Calculate the 

torque that she must exert if her rotational 

inertia is 60 kgm2. 2+1 

(e) An object of 50.0 kg at rest is suddenly 

accelerated to a speed of 6.0 ms–1 along the 

x-direction due to a collision. If the 

duration of the collision is 0.50 s, obtain 

the impulse and the average force on the 

object.  2+1 

(f) A fielder picks a ball from the ground and 

in the same motion throws it at another 

fielder standing at a distance of 60.0 m 

from him. Calculate the angle at  which the 

ball is thrown if it was in the air for 4.0 s. 

Take g = 10 ms–2. 3 

(g) An object initially at rest moves from point 

(2, 3) to point (3, 5) in a straight line when 

a force ˆ ˆF 4xi yj


   is exerted on it. What 

is the work done by the force on the object ? 

3   
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2. Attempt any one part : 1×5=5 

(a) A hard drive dise in a computer spins at a 

rate of 6000 rpm. The radius of the disc is 

4.0 cm. Determine the minimum force of 

friction that would prevent a dust particle 

of mass 40 mg on the disc from sliding off.  

5 

(b) A helicopter rescues a person of mass 50 kg 

by pulling her vertically with a cable from 

a height of 30 m. What is the work done on 

her by the cable if her acceleration is  

2.0 ms–2 as she reaches the helicopter ? 

What is the work done by the force of 

gravity on her as she reaches the  

helicopter ? Take g = 10 ms–2.   

3. Attempt any one part : 1×5=5 

(a) A satellite of mass 4000 kg is orbiting the 

earth in an elliptical orbit. At perigee, it is 

at a distance of 1000 km from the surface 

of the earth and at apogee, its distance is 

4000 km. If the radius of the Earth is  

Re = 6400 km and g = 10 ms–2
, determine 

the satellite’s energy in the orbit and the 

energy needed to put the satellite in its 

orbit. 3+2 
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(b) In a system of two stars, each star executes 

uniform circular motion about their 

common centre of mass. The speeds of the 

stars are : 

V1 = 2.10 AU per year and V2 = 5.03 AU 

per year. The time period of revolution of 

the stars about their centre of mass is  

T = 6.0 years. Calculate the masses of the 

two stars. Take 1 AU = 1.5 × 1011 m. 5 

4. Attempt any one part : 1×3=3 

(a) A body weighs 200 N on a spring balance 

on the North Pole. What is the weight of 

the body at the equator when measured by 

the same spring balance ? Take Re = 6400 

km and g = 10 ms–2. 3 

(b) On a certain with a diameter of  

1,20,000 km, one day lasts 10.5 earth 

hours and the gravitational acceleration of 

the planet at its equator is 10.44 ms–2. 

Calculate the true gravitational 

acceleration and the centrifugal 

acceleration at the equator. 3    
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4.0 kgm2

40 Nm

6 rpm

(rad s–2 

60 kgm2 ]

2+1 

³

x 6.0 ms–1

0.50 s ]
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60.0 m

4.0 s g = 10 ms–2

3 

ˆ ˆF 4xi yj


  ]

] ]

ª 6000 rpm

4.0 cm

40 mg

]

50 kg

30 m

] 2.0 ms–2
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g = 10 ms–2

× =5 

4000 kg

1000 km

4000 km

Re = 6400 km

g = 10 ms–2 ]

1V 2.10 AU V2
 = 5.03 AU

T = 6.0

  111AU 1.5 10 m
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× =3 

200 N

Re = 6400 km g = 10 ms–2

1,20,000

10.5

10.44 ms–2
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BPHE-102/PHE-02 

BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

December, 2023 

BPHE-102/PHE-02 : OSCILLATIONS AND WAVES 

Time : 1
1

2
 Hours    Maximum Marks : 25 

Note : Answer all questions. The marks for each 

question are indicated against it. Symbols 

have their usual meanings. You can use a 

calculator. 

1. Attempt any three parts : 3×5=15 

(a) The motion of an oscillator is described by 

the relation  

2

2
9 0

d x
x

dt
   

Write its solution and express its 

displacement for the following initial 

conditions : 

0, 2t x   cm and 0
dx

dt
 . 
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(b) The period of a simple pendulum is 5 s and 

its amplitude is 5°. After 40 oscillations, 

the amplitude reduces to 2°. Calculate the 

logarithmic decrement and the damping 

factor. Also calculate the number of 

oscillations in which the amplitude reduces 

by 50%. 

(c) A coupled oscillator consists of two spring-

mass systems, having masses m1 and m2, 

each equal to 0.3 kg. The spring constant of 

the identical springs attached to each mass 

and the fixed walls is 3.0 Nm–1 and that of 

the coupling spring is 5.0 Nm–1.  At t = 0, 

the position of mass m1 is 3.0 cm and that 

of mass m2 is 5.0 cm. Calculate the normal 

coordinates at t = 5.0 s. Take the initial 

phase to be zero. 

(d) A sound wave of frequency 270 Hz travels 

with speed 350 ms–1 along the positive  

x-axis. Each particle of the medium moves 

longitudinally about its mean position 

through a total distance of 4.0 mm. 

Determine the time period, wavelength, 
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angular frequency and wave number of the 

wave. Write the expression for the wave. 

(e) The first overtone of an open organ pipe 

beats with the first overtone of a closed 

organ pipe and the beat frequency is 4 Hz. 

If the fundamental frequency of the closed 

ongan pipe is 120 Hz, calculate the lengths 

of both the pipes.       

2. Attempt any two parts : 2×5=10 

(a) Derive an expression for the resultant 

oscillation due to superposition of two 

collinear harmonic oscillations having the 

same amplitude but slightly different 

frequencies 1  and 2  such that   1 2 . 

Also plot the resultant oscillation with 

respect to time. 

(b) Starting from the fact that the total 

mechanical  energy of an socillator is the 

sum of its kinetic and potential energies, 

show that the average energy of a weakly 

damped oscillator is given as : 

  0E E exp 2bt   

where 0E  is the total energy of undamped 

oscillator.   
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(c) Consider two waves of equal amplitude but 

slightly different frequencies 1  and 2  

and different wave numbers 1k  and 2k  

propagating in the positive x-direction. If 

the displacements are given as  

     1 1 1, siny x t a t k x   

and      2 2 2, siny x t a t k x  

Obtain the expression for the resultant 

wave due to superposition of these waves. 

Also obtain the general relation between 

phase velocity and group velocity.  
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0, 2t x  cm 0
dx

dt


5s

°

2°

50%

1m 2m

0.3 kg

3.0 Nm–1

5.0 Nm–1 0t 
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1m 3.0 cm

2m 5.0 cm  5.0t s

270 Hz 350 ms–1

x

4.0 mm

] ]

³ ]

4 Hz

120 Hz ]
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2×5=10 

1

2

  1 2 ]

  0E E exp 2bt  

0E

1 2

1k 2k x
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     1 2 1, siny x t a t k x  

     2 2 2, siny x t a t k x  
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