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

December, 2012 

BPHE-101/PHE-01/PHE-02 : ELEMENTARY 
MECHANICS 

Time : 11/2 hours 	 Maximum Marks 25 

Note : Attempt all questions. The marks for each question are 

indicated against it. Symbols have their usual meaning. 

1. 	Attempt any two parts : 

(a) State impulse momentum theorem. A 

batsman hits a cricket ball of mass 120 g 

with a speed of 40 ms-1. The fielder stops 

the ball and the ball comes to rest in his 

hands in 10-3s. Calculate the average force 

exerted by the fielder's hands on the ball. 

Using the work-energy theorem , calculate 

the work done on the ball by this average 

force. 	 1+3+2 

(b) A girl of mass 60 kg rides a bicycle of mass 2+4 
20 kg at a steady speed of 5ms-1. What 

power does she have to supply to maintain 

this speed if she is travelling on 

(i) on a level ground, and 

(ii) going up an incline of 30° ? It is given 

that the force of friction is 30 N in each 

case. Take g = 9.8ms-2. 
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(c) A ball of mass 1.0kg is moving in a circle of 1+5 

radius 1.0m. Calculate its acceleration if it 

moves with a constant angular speed of 

2.0 rads-1. Suppose the ball starts from rest 

and moves with a constant angular 

acceleration of 0.02 rads-2. What is the net 

force on the ball 60 s after it starts moving 

from rest ? 

(d) A frictionless bead of mass m slides down a 

vertical helix of radius R such that its 

position vector at time t is given by 

A 	A 1n 
r(t) = a (coscot + sincot j) — 2 —gt k 

Calculate the velocity, angular momentum 

and torque experienced by the bead. 	1+3+2 

2. 	Attempt any one part : 

(a) Derive the law of equal areas for motion 	5 
under central forces. 

(b) Consider the motion of a system of two 2+3 

particles of masses m1  and m2  under the 

action of mutual force of gravitation 

between them. Define the centre of mass 

and relative coordinates for the system. 

Obtain the equation of motion of the centre 

of mass of the system. 
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3. 	(a) Suppose a star of mass 1.0 x 1030  kg and 3+2 

radius 106  km contracts into a neutron .star 

of radius 10 km. What would its time period 

of rotation be if the time period of the 

original star is 20 days ? What is the kinetic 

energy of rotation of the neutron star ? 

(b) Determine the force on a child of mass m in 2+1 

the frame of a lift moving upwards with 

acceleration a. . Draw the free body 

diagram. 

OR 

	

3. 	(a) Two particles of mass 4 kg each are 

connected by a light rope of length 2m. The 

particles are isolated and orbit their centre 

of mass at a speed of 2ms-1. Suppose the 

rope is somehow shortened to a length 1m. 

Calculate the initial and final angular 

momenta of the system. What is the final 

speed of the particles ? 	 2+1+2 

(b) A ball of mass 1 kg travels at a speed of 
	

3 

1ms-1  in the northern hemisphere at 

latitude 30° N. Determine the magnitude of 

the coriolis force on the ball in the earth's 

rotating frame. 
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BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

December, 2012 

BPHE-101/PHE-01/PHE-02 : OSCILLATIONS AND 
WAVES 

Time :11/2 hours 	 Maximum Marks : 25 

Note : Attempt all questions. The marks for each question are 

indicated against it. Log-tables or non-programmable 

calculators may be used. Symbols have their usual 

meanings. 

1. 	Attempt any five parts : 	 5x3=15 

(a) A 4kg block stretches a spring by 16cm from 

its unstretched position. The block is 

removed, and a 5kg body is hung from the 

same spring. If the spring is then stretched 

and released, calculate its period of 

oscillation. 

(b) A particle moves in a circular path due to 

superposition of two mutually 

perpendicular oscillations given by : 

x =a coswt 
and 

y= a sincot 

Show that the particle moves with uniform 

speed. 
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(c) A particle is simultaneously subjected to two 

simple harmonic motions in the same 

direction, each of amplitude 0.4m and 

frequency 5Hz. The initial phases are zero 

Tr 
and —

3 respectively. Calculate the 

amplitude and phase of the resultant 
oscillation. 

(d) The transverse displacement of a string fixed 

at both ends is given by : 

2 7 X 
y = 0.06 sin

3 	cos (12071-) 

where x and y are in metre and t in second. 

The length of the string is 1.5m and its mass 

per unit length is 2.0 x 10 -2kgm 
Calculate the tension in the string. 

(e) A pipe of length 20 cm is open at both ends. 

Which harmonic mode of the pipe is in 

resonance with a source of frequency 

1700Hz ? Speed of sound = 340ms -1. 

(f) The quality factor of weakly damped 

oscillator of frequency 500Hz is 2000. 

Calculate the time in which its energy 

becomes 10% of the initial value. 
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(g) An ambulance blowing a siren of frequency 

700Hz is travelling towards a vertical 

reflecting wall with a speed of 2ms -1. 

Calculate the number of beats heard in one 

second by the driver of the ambulance. 

Speed of sound is 340 ms -1. 

(h) The phase velocity v of a wave in a certain 

medium is given by : 

b 
v2 = a X+ 

X 

where X is the wavelength and a and b are 

constants. Show that the group velocity is 

equal to phase velocity if X =- a 

2. 	Answer any two parts : 

(a) What is a compound pendulum ? Derive 

the expression for the time period of a 

compound pendulum. What is meant by 

equivalent length of such a pendulum ? 	1,3,1 

(b) The velocity of a weekly damped forced 4, 1 

oscillator in the steady state is given by : 

V - 
	 F, 

(0)02 ___(02 ) 2 + 4  h2 w2 

where the symbols have their usual 

meanings. Derive the expression for the 

111 
1/2 
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power absorbed in one cycle. Show that 

the power absorbed is maximum at 
resonance. 

(c) 	Derive the expression for the velocity of 

transverse waves on a stretched string. 
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