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BPHCT-131 : MECHANICS 

Time : 2 Hours     Maximum Marks : 50 

Note : (i) Attempt all questions. However, internal 

choices are given. 

 (ii) The marks for each question are 

indicated against it.  

 (iii) Symbols have their usual meanings.  

 (iv) You may use an ordinary calculator.  
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1. Answer any five parts : 2×5=10 

(a) A box is pulled by a rope that makes an 

angle of 60° with the horizontal. The force 

on the box along the rope is 100 N. 

Calculate the work done by the force in 

moving the box by a distance of 5.0 m along 

the horizontal. 

(b) The last T-20 Cricket World Cup final was 

played between England and West Indies. 

The last West Indies batsman hit the balls 

of the final over for a six over the head of 

the bowler by a distance of 85 m at an 

angle of 45° with the horizontal. Calculate 

the x- and y-components of the 

displacement of the cricket ball. 
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(c) Classify the following ODE on the basis of 

order, degree and linearity/non-linearity  

by : 

                

22

2

d y dy
a by c

dxdx

 
   

 
 sin x . 

(d) Obtain the auxiliary equation 

corresponding to the ODE given below : 

4 5 0y y y     

and determine its roots. 

(e) A box lying on the ground requires  

50 N force to just make it move. The 

coefficient of static friction between the 

ground and the box is 0.25.  Calculate the 

mass of the box. Take g = 210ms . 

(f) A ball of mass 0.2 kg travelling at a speed 

of 30.0 ms–1 hits a bat. After collision it 
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moves in the opposite direction with an 

equal speed. Calculate the impulse 

experienced by the ball during the impact. 

(g) Identify the directions in which the 

following 1-D waves are travelling : 

(i)    ,y t   a   sin t ky  

(ii)       , sinz t a t kz   

(h) Write the equation of motion of a damped 

spring-mass system executing longitudinal 

oscillations. 

2. Answer any two parts :  

(a) Obtain the general solution of the following 

ODE :  5 

24 5 7 xy y y e      
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(b) A box of mass 30 kg is being pulled up an 

inclined plane by a string at a constant 

speed. If the inclined plane makes an angle 

of 30° with the horizontal and the tension 

in the string is 250 N, calculate the 

coefficient of kinetic friction between the 

box and the plane. Take g = 10 ms–2. Draw 

the free-body diagram. 4+1 

(c) A stone of mass 0.5 kg fixed to the end of a 

string is swung in a vertical circle of radius 

2.0 m at a constant speed of  

5.0 ms–1. Calculate the tension in the 

string at the (i) highest point, and  

(ii) lowest point of the circle. Take  

g = 10 ms–2. 3+2 
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3. Answer any two parts :  

(a) State the law of conservation of energy. A 

spring with a spring constant 3000 Nm–1 is 

placed vertically and compressed by  

0.10 m. A ball of mass 0.2 kg is placed on it 

and then the ball and spring are released 

together. Determine the maximum height 

to which the ball rises from its starting 

position and its maximum speed.  

 Take g = 10 ms–2. 1+2+2 

(b) (i) For motion under central forces, show 

that the angular momentum is 

constant. 2 

(ii) A satellite of mass 2000 kg is moving 

around the earth in an orbit with  
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a = 5000 km. Calculate its total 

mechanical energy.  3 

  Take G = 6.67 × 10–11 Nm2 kg–2  

and Me = 5.97 × 1024 kg. 

(c) A neutron moving with speed v collides 

elastically with a helium nucleus at rest. 

After the collision, the helium nucleus 

moves at an angle   with the initial 

direction of motion of the neutron. 

Take Hem  = 4 mneutron  and determine in 

direction in which the neutron moves after 

the collision. Also calculate the final speeds 

of the neutron and the helium nucleus.    5 

4. Answer any two parts :  

(a) A sinusoidal wave is described by : 

         , 3.0sin 3.5 2.01y x t t x   cm 
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calculate the wavelength, frequency and 

velocity of the wave. 5 

(b) Define the centre of mass for an  

N-particles system. Locate the centre of 

mass for a system of four particles of mass 

1.0 kg, 2.0 kg, 3.0 kg and 4.0 kg, situated 

at the corners of a square of side 2.0 m.  

1+4 

(c) A particle is moving in a circle of radius  

2.0 m with an angular velocity of 8.0 rads–1 

counter-clockwise. After the ball rotates 

through an angle of 10 rad, its angular 

velocity is 5.0 rad s–1. Calculate its angular 

acceleration and the time taken to attain 

this angular velocity. Calculate the torque 

acting on the particle if the mass of the 

particle is 0.10 kg. 2+1+2 
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5. Answer any two parts :  

(a) The frequencies of two orthogonal 

harmonic oscillations of unequal amplitude 

are in the ratio 2 : 1. These oscillations are 

applied simultaneously  on body. If there is 

no phase difference ( 0  ) between the 

superposing oscillations, obtain the nature 

of the path traced by the resultant motion 

of the body. 5 

(b) Show that for a weakly damped oscillator, 

logarithmic decrement λ is given by : 

 
11

ln
1 n

a

n a

 
   

  
 

where 1a  is initial amplitude of oscillations 

and na  is amplitude of nth completed 

oscillation. 5 
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(c) The moment of inertia of a flywheel about 

its axis of rotation is 5.0 kg m2. It is 

initially at rest and then connected to a 

motor which delivers a constant torque of 

40 Nm about its axis. Calculate the work 

done by the motor on the wheel after the 

wheel has gone through 10 revolutions. 

What is the angular speed of the wheel at 

that time ?  2+3 
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(i) 

(ii) 

(iii) 

(iv) 

5×2=10

60°
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100 N 5.0 m

T-20

45°

x y

]

              

22

2
sin

d y dy
a by c x

dxdx
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4 5 0y y y     

³

50 N

0.25

 210msg

0.2 kg 30.0 ms–1
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 (i)        , siny t a t ky   

 (ii)        , sinz t a t kz  

 

24 5 7 xy y y e     

30 kg

30°
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250 N ]

g = 10 ms–2

0.5 kg

5.0 ms–1

2.0 m

(i) ] (ii)

g = 10 ms–2

3000 Nm–1

0.10 m

0.2 kg
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210msg 

  1+2+2 

(i) 

(ii) 2000 kg

5000kma 

11 2 2G 6.67 10 Nm kg  

 24M  = 5.97 10 kge
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v ª

ª 

He neutron4m m

ª

ª

 

           
   , 3.0sin 3.5 2.01y x t t x   cm  

]

N

1.0kg, 2.0kg, 3.0kg
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4.0 kg ] 2.0 m

8.0 rads–1

2.0 m

10rad

] 5.0 rads–1

0.10 kg ]
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2 : 1

 0  ] 

11
A ln

1 n

a

n a

 
  

  
 

1a

na ] n
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5.0 kg m2

40 Nm

2+3 

BPHCT–131   


