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1. A particle starts from rest and moves with a constant acceleration of 4 ms-2. 

Determine velocity and displacement in, 

i. 4 seconds ii. 8 seconds 

 

2. A particle whose initial velocity is 15ms-1 moves with constant acceleration of 

6 ms-2. Determine the velocity and the displacement at the end of, 

i. 5 seconds ii. 12 seconds 

 

3. A motor car starts from rest and moves with a constant acceleration of 4ms-2 

for 10 seconds. Then it moves with constant retardation of 8 ms-2 and comes 

to rest. Find, 

i. Maximum velocity. 

ii. Displacement during the time accelerated. 

iii. Time during retardation. 

iv. Displacement during retardation. 

v. Total displacement and total time. 

 

4. A body starts from rest travels for 10 seconds with a constant acceleration of 

6ms−2. Then it travels with that velocity for 1 minute. After that it travels with 

constant retardation and comes to rest in 5 seconds. Find, 

i. Maximum velocity. 

ii. Displacement while accelerating. 

iii. Displacement with constant velocity. 

iv. Constant retardation. 

v. Displacement while retardation. 

vi. Total displacement. 

 

5. A particle starts from O with initial velocity of kums-1 and moves with a 

constant acceleration of a ms-2.   Draw the velocity time graph. 

i. When the velocity is 7√3  u ms-1 find the time taken and displacement. 

ii. When the displacement is s m find the time taken and velocity 

attained. 

iii. If k > 0, k = 0, k < 0 draw the graphs. When k < 0 represent the path 

by means of straight-line graph. 
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6. A particle starting from rest moves with a constant acceleration of   a ms-2 and 

covers a distance of 𝑙𝑙m. Then it moves with constant acceleration of 2a ms-2 

and moves a distance of 2𝑙𝑙 m.  Finally, it moves with a constant acceleration 

of 3a ms−2 and moves a distance of  3𝑙𝑙m. Determine the final velocity v and 

the total time. 

 

7. A body starts with an initial velocity of √al ms-1 and moves along a straight 

line with a uniform acceleration a ms-2. When the displacement is l m it starts 

moving with a retardation of 3a ms-2. Displacement during the motion with 

retardation is 38l m. Determine, 

i. The maximum velocity and time taken to attain it  

ii. The final velocity and time taken to attain it 

 

 

8. It takes t seconds for a train to travel from one station to the next.  At the 

begining it travels for k1t seconds with a uniform acceleration. Then it travels 

with uniform velocity of u ms-1. In the last part of the journey it travels with 

uniform retardation for k2t seconds and stops.  Find the average velocity. Also, 

determine the uniform acceleration and uniform retardation. 

 

9. A bus is traveling along a straight road with uniform velocity u ms-1. When the 

bus is at point A, a passenger indicates that he wants to get down at the halt 

H which is 4l m ahead. Driver applies breaks step by step at points A, B, C. In 

the intervals AB, BC, CH the uniform retardations are a, 2a, 3a ms-2 where AB 

= CH = l and BC = 2l. The bus stops at H. Draw a velocity graph for the motion 

of the bus. Hence show that U = 4√al  Also, show that time taken to travel 

from A to H is [24 – 3 √14 - √6 ] 
2l3u seconds.  

 

10. A motor cyclist travelling along a straight road with a speed of v ms-1 sees a 

bridge AB of 2𝑙𝑙 m in front. At that moment he is at a position C and which is at 

a distance dm(d>𝑙𝑙) from the mid-point D of the bridge. Maximum speed 
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allowed on the bridge is u ms-1. Motor cyclist reduces his speed by moving 

with a uniform retardation of a ms-2 for some time and then increases his 

speed with a uniform acceleration a ms-1 so that his speeds at the 2 ends of 

the bridge A and B are equal to u ms-1. 

Illustrate the motion of the cyclist by means of a velocity time graph. Find the 

minimum speed of the cyclist while on the bridge. Hence show that this 

motion is possible only if v ≤ 𝑢𝑢 �𝑑𝑑𝑙𝑙  . Calculate the time taken by the cyclist 

from the first position to pass the bridge completely. 

 

11. A particle starts from rest and moves with constant acceleration. In the 4th 

second of its motion displacement is 35 m. Determine the constant 

acceleration. Also find the velocity at the end of the 4th second and 

displacement in 4 seconds. 

 

12. A body moves with uniform acceleration. In the 3rd and 6th seconds of its 

motion the displacements are respectively 12 m and 30 m. Calculate the initial 

velocity and the uniform acceleration. 

 

13. An express train travels between A and B usually with a velocity of u ms-1. One 

particular day it reduces it’s velocity at a uniform rate of f1ms-2 and stopped 

at a signal post C. At C it is delayed for t0 seconds.  Then it built up a velocity u 

ms-1 at a uniform rate of f2 ms-2 and started its normal journey. Give a brief 

sketch of the velocity time curve. Because of the stoppage at C, train is late by 

Ts, when passing B. Derive an expression for T. If f1, f2 cannot exceed f ? show 

that minimum value of T is t0 + 
𝑢𝑢𝑓𝑓 . 

 

14. A particle stationary at A starts moving and again comes to rest at B. Particle 

has a maximum acceleration of 4 ms-2, maximum retardation 8 ms-2 and a 

maximum velocity of 40 ms-1. Find the minimum time to move from A to B if   
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i. AB = 200m ii. AB = 300m iii. AB = 700 m

 

 

15. The distance between two bus halts is S m. A bus starts from rest at the halt A 

goes and stops at the halt B. The bus has a maximum acceleration a1 ms-2 and 

maximum retardation a2 ms-2. Show that the minimum time taken by bus to 

travel  s m is 

�2𝑚𝑚 (𝑎𝑎1 +  𝑎𝑎2)𝑎𝑎1𝑎𝑎2 �12
 . 

 

In the above case maximum velocity of the bus is given as v ms-1. Because of 

a road repair a notice had been put up to inform that speed should not exceed 𝑣𝑣0(𝑣𝑣0 < 𝑣𝑣) . Show that minimum excess time taken by bust to travel from A 

to B is 𝑆𝑆 (𝑣𝑣 −  𝑣𝑣0)2/𝑣𝑣0𝑣𝑣2. 

 

16. A train travels from station A to station B. AB = h m. Motion takes place in 

three stages. At the beginning it travels with an acceleration f1 ms-2 then with 

uniform velocity of u ms-1 for t seconds. Finally travels with retardation of f2 

ms-2 and comes to a halt at station B. Draw a velocity time graph and show 

that the total time taken is  
𝑢𝑢
 2 � 1𝑓𝑓1 +  

1𝑓𝑓2� + 
ℎ𝑢𝑢. 

If the maximum value of f1, f2, is f and maximum velocity is v, show that 

minimum time to travel from A to B is 2�ℎ/𝑓𝑓 or 
𝑣𝑣2+𝑓𝑓ℎ𝑓𝑓𝑣𝑣  depending respectively 

on whether h ≤ 𝑣𝑣2𝑓𝑓  or h >  
𝑣𝑣2𝑓𝑓  . 

 

17. A particle starts from rest and moves along a straight line. 

i. Moves with a uniform acceleration of 6√3 ms-2. Determine the velocity 

after 4 seconds and displacement during that time. 

ii. Moves with uniform acceleration of 10√2 ms-2 and'; acquires a velocity 

of 40√6 ms–1 Determine the time taken and the displacement. 

iii. Moving with acceleration a ms-2 and acquires velocity of √3𝑎𝑎 𝑚𝑚𝑚𝑚−1.  

Determine the time taken and displacement. 
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18. A body which started with an initial velocity of 2√a ms-1 moves with a uniform 
acceleration of 4 ms-2 

i. Find the velocity after √a seconds and the displacement that took 

place in that time. 

ii. If the velocity acquired is 16√𝑎𝑎 ms-1 determine the time taken and 

displacement. 

 

19. A motor car starts from rest and travels with an acceleration of 4 ms-2 for 5 
seconds then travels with retardation of 5 ms-2 and comes to rest. Find the, 

i. Maximum velocity 

ii. Displacement while travelling with acceleration.  

iii. Time it travelled with retardation. 

iv. Total time and total displacement of the complete motion. 

 

20. A motorcycle starts from rest travels a distance of 2h m with uniform 

acceleration a ms-2 and  travels with uniform retardation and comes to rest 

after covering a distance of 4h m.  Determine the, 

i. Time for which it travelled with acceleration.  

ii. Maximum velocity. 

iii. Time for which it travelled with retardation. 

iv. Total time. 

v. Uniform retardation. 

 

21. A particle starts from rest and moves along a straight line with uniform 

acceleration.  In the 4th second of motion it moves 35 m.   Find the uniform 

acceleration of the particle.  Also, find the velocity at the end of the 4th second 

and the distance moved in the 4 seconds. 

 

22. A balloon starts from rest and rises vertically.  In the 6th second of its motion 

it rises 55√3ℎ  m.  Determine the uniform acceleration and the velocity at the 

end of the 6th second and distance moved in that time. 

 

23. A motorcycle is travelling with a uniform acceleration.  It passes 25th km 

post with velocity of 15 ms-1. In another 40 seconds time it passes the 26th 
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km post. What is the velocity at the 26th km post. It travels in the same way 

and passes a bridge with velocity of 75 ms-1.Determine the time taken and 

distance travelled from 26th km post to pass the bridge. 

 

24. An express   train travelling with a uniform acceleration of 2a√3 ms-2    

passes   a station   A   with   velocity   of √3 ms-1. After t seconds it passes    

station B. Determine the velocity at B and the  distance  between A and  B. 

Train  continues to travel  with  same  acceleration and passes  a signal  post 

with  a velocity  of 9 √3  𝑚𝑚𝑚𝑚−1.  Find   the time   taken   to pass   the   signal   

post   and the, distance to the post.  If t = 3√3 s find the velocities at A and B 

and the distance between A and B. 

 

25. Displacements in the 3rd and 7th seconds of a particle moving with uniform 

acceleration along a straight line are 20 m and 40 m. Find initial velocity and 

the uniform acceleration. 

 

26. A   crane   lifts   some   heavy   goods   from   the   ground, vertically to a height 

of 24m. When lifting an item crane moves first 16m with a uniform 

acceleration of 2ms-2 and then with uniform retardation.  Find the time taken 

to lift each item.  When lifting an item, after 5 seconds rope tied it to the crane 

snaps.  Find the greatest height reached by the item in its motion.  g = 10ms-2 

 

27. A body which starts from rest covers the first 5km in half an hour moving with 

uniform acceleration. It then moves with constant velocity. Last lap of 4km is 

covered with uniform retardation.  Total distance of the journey is 12km. Find 

the constant velocity and the total time for the journey. 

 

28. A train starting from rest travels with a uniform acceleration and acquires a 

speed of 30 kmh-1 in 2 minutes. With this speed it travels for 5 minutes.  Then 
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it comes to rest after travelling for 3 minutes with uniform retardation.  Find 

the distance travelled by the train. 

 

29. A motor car starts from rest and travels with uniform acceleration of a1 ms-2 

attains the maximum velocity. Immediately it retards at the uniform rate of a2 

ms-2 and comes to rest again. If the displacement is s, show that the time taken 

is �2s (a1+a2)a1a2 �12
seconds find the maximum velocity. If the maximum 

acceleration and retardation are ams-2.show that minimum time is 2�sa 

seconds. 

 

30. A smooth ball moves on a smooth horizontal surface, starting from O with a 

velocity of u ms–1. After moving for 15 seconds, it strikes a vertical wall 

perpendicularly. Direction of motion of the ball is reversed and its new 

velocity is u/3 ms-1.  Find the position of the ball in another 2 minutes time, 

when u = 5 ms-1. 

 

31. A particle started from O with an initial velocity u and moved with that 

velocity for time t. As a result of an impulsive force acting on it, velocity 

changes to ku (k > 1) and moves with that velocity for further time t/2. Find 

the displacement of the particle. 

 

32. A particle starting form rest moves with an acceleration a ms-2. When it has 

moved for t seconds, because of an impulse received velocity is doubled. Then 

it moves with an acceleration a/2 ms-2 for 2t seconds. 

i. Find the velocity and displacement at the end of the first acceleration. 

ii. Find the final velocity and the total displacement. 
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33. A body with initial velocity a1t ms-1 and acceleration a1 ms-2 moves for time 2t 

when it experiences an impulse resulting an increase in velocity by 2a1t ms-1.  

Then it moves with retardation a2 ms-2 and comes to rest. Find the 

i. Maximum velocity and displacement under acceleration. 

ii. Uniform retardation and time for which it moved with retardation and 

the displacement during that time. 

iii. Total time of motion. 

 

34. A and B are two points 2a meters apart on a straight road. At the mid point C 

of AB there is a narrow drain. A lorry passes A with speed u ms-1. Between A 

and C the lorry reduces its speed at a constant rate and reach C with speed v 

ms-1, it runs into the drain at C experiencing an impulse which results in the 

reduction of speed by w (< v) ms-1. From C onwards it travels with uniform 

retardation a2 and comes to a halt at B.  Draw a velocity time graph for the 

motion of the lorry.  Show that the total time taken by the lorry in travelling 

form A to B is 2a � 1𝑢𝑢+𝑣𝑣 +  
1𝑣𝑣−𝑤𝑤� seconds. Determine the retardations from A to 

C and C to B. Show that they are equal if w = v - √𝑢𝑢2 − 𝑣𝑣2. 

 

35. A smooth sphere starts from a point O with a velocity of 20 ms-1 and moves 

along a straight line on a horizontal smooth surface, strikes a vertical wall at 

right angle and motion is reversed. Velocity of the sphere is halved. Determine 

the position of the sphere, 

i. 5 seconds ii. 20 seconds after the impact. 

 

36. A vehicle starts from rest and travels with uniform acceleration of 6√3 ms-2.  

After traveling for 10 seconds it falls into a drain and the velocity is halved 

instantly. It travels for another 5 seconds with the previous acceleration. 

Determine, 
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i. Velocity of the vehicle at the end of the 15 seconds. 

ii. Total displacement of the vehicle. 

 

37. A particle starts with an initial velocity of u ms-1 and moves with an 

acceleration   a ms-2, till it acquires a velocity of 5u ms-1.  Because of an impulse 

it receives at that moment its velocity is reduced by 2u ms-1. Then it moves 

with a retardation of a/2 ms-2 and comes to rest.  Show that the time of the 

motion is  
10𝑢𝑢𝜋𝜋  seconds and the total distance moved is 

21𝑢𝑢2𝜋𝜋  metres. 

 

38. A and B are two points 2a metres apart on a straight road. At C, the midpoint 

of the road a small drain is dug across the road. A lorry which starts from A 

with initial velocity of 5u ms-1 travels up to C with a uniform retardation of f1 

ms-2. Its velocity is 4u ms-1 when it reaches C. Because of the impulsive force 

it experiences when it runs into the drain, velocity is reduced to v (< 4u). In 

the part CB of the road it travels with a retardation of f2 ms-2 and comes to rest 

at B. Draw the velocity time graph for the motion of the lorry. Show that f1 = 9𝑢𝑢22𝜋𝜋   and f2 = �4𝑢𝑢−𝑣𝑣2𝜋𝜋 �2
.  Find the total time taken for the whole journey. If v = u, 

show that the retardations in the parts AC and CB of the road are equal. 

 

39. A body starts with an initial velocity u ms-1 and moves in a straight line with 

a constant acceleration f ms-2. When the velocity is 5u ms-1 , an impulse acts 

on the body which changes its velocity to v, Subsequently magnitude of the 

acceleration remains unchanged but the direction is reversed. Find the 

velocity when the body returns to the starting point. If the velocity is -7ums-1 

find the values of v. 

 

40. A motor car is travelling with a velocity of u/8 ms-1. The distance from the 

rear end of the body of the car to its back seat is a metres, and from back seat 
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to front seat is 2a meters a bullet with a velocity of 2u ms-1 hits back wall of 

the body.  Immediately   its velocity is halved. 

When the bullet strikes the back seat its velocity is, immediately reduced to 

one third of the value before impact. 

i. Find the time taken by bullet to hit the back seat. 

ii. Also, find the time taken by the bullet to reach the front seat after 

leaving the back seat. 

 

41. Height of a lift is h. At t = 0, when the lift starts descending with acceleration 

g/2. A ball is released from its roof to fall under gravity at t = T velocity of the 

ball just before it strikes the floor of the lift, is halved due to the impact 

determine the, 

i. Velocity of the ball before it strikes the floor of the lift. 

ii. Velocity of the ball at t = 2T. 

iii. Total displacement of ball when t = 2T.  Deduce that h= gT-2/4. 

 

42. A ship starts from rest and sails along a straight route with a uniform 

acceleration 8 ms-2. Till it acquires a velocity of 16 ms-1. Then it sails with 

constant velocity. On its deck in the direction perpendicular to the direction 

of motion there are 3 screens A, B, C such that the distance between A and B 

and between B and C is 156 m. A bullet moving with velocity 200 ms-1 in the 

same direction as the ship is sailing penetrates the screen A at the same 

moment ship started sailing.  Subsequently it penetrates screens B and then 

C. Velocity of the bullet relative to earth just after penetrating a screen is four 

fifth its velocity before penetrating. Between the screens its velocity is 

constant.  On the same diagram represent the motion of the bullet and the 

ship. Only by making use of the graph show that time taken by the bullet to 

move from A to B is one second.  Also, find the time taken by the bullet to move 

from B to C. 
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43. Two particles A, B start from O and move in a straight line. A starts from rest 

at O moves with a uniform acceleration of 4ms-2 seconds after A started, B 

starts from O with a velocity of 16 ms-1. and moves. Show that they meet twice 

and find the distance between the two points.  

 

44. Two motor vehicles travel along a straight road in the same direction. Vehicle 

X travels with constant acceleration of 2 ms-2 and at t = 0 passes a point A 

with velocity 6 ms-1.  Vehicle Y travels with constant acceleration of 3/2 ms-2 

and passes A at t = 2 with velocity 15 ms-1. On the same diagram draw the 

velocity time graphs for the motion of the two vehicles. Hence show that, 

i. When t = 6 s, Y overtakes X at the point B. 

ii. When t = 18s, X overtakes Y at the point C. 

iii. BC = 360 m, 

iv. Between B and C, maximum distance between X and Y is 9 m. 

 

45. A particle is at rest at a fixed point O.  It starts moving along a straight path at 

t = 0.  For time t1 it moves with uniform acceleration f1 for time t2 with uniform 

retardation f2 and then again with uniform acceleration f1.  Draw velocity time 

graphs clearly showing the cases, 

i. f2t2 < f1t1 ii. f2t2 = f1t1 iii. f2t2 > f1t1

 

Making use of the velocity time graphs show that, 

i. If f2t2 < f1t1 direction of the motion of the particle does not change. 

ii. If f2t2 < 2f1t1 the particle does not pass through O again. 

iii. If f2t2 = 2f1t1, the particle comes back to O moment early in time 2t1 + 

t2 . 

iv. If f2t2 > 2f1t1 the particle passes through O twice. 
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46. A body is projected from point O, vertically upwards with velocity of 98 ms-1. 

Determine its velocity after, 

i. 5 s ii. 10 s iii. 15 s        

 (g = 9.8 ms-2) 

 

47. A body is projected vertically upwards with velocity 98 √3  ms-1 from the point 

O.  Find the time taken to reach the maximum height. Find also the maximum 

height attained. 

 

48. A body is projected vertically upward from the point O, with velocity of 147 

ms-1.  Find the time body takes to return to O.  Also find the velocity with which 

it comes back to O. g = 9.8 ms-2 .    

 

49. A ball is projected vertically upwards from the point O at t = 0 with velocity √2 gh.  Determine the time of flight to the point A, h m below O. 

 

50. A balloon at rest at point O starts to rise with uniform acceleration of g ms-2 

for time t seconds then with uniform acceleration of g/2ms-2 for 4 seconds.  

After that it moves under gravity. Find the 

i. Maximum velocity of the balloon 

ii. Maximum height 

iii. Time taken to reach the maximum height 

Also, find the velocity of the balloon when it returns to the starting point. 

 

51. A balloon rises vertically upwards with a uniform acceleration of g/3 from 

rest. When the balloon is at a height a, an object A is released from it. Show 

that the time taken by A to reach the ground is �6𝜋𝜋𝑔𝑔 . t seconds after releasing 

A, another object B is released from the balloon. After time t from the moment 

B is released show that the distance between A and B is 2gt2 . 
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When A is at its maximum height show that the distance between A and B is 

a/3. 

 

52. A body is projected vertically upwards. In the eighth second of its motion 

displacement is 75m. Find the initial velocity of the body, given g = 10 ms-2.  

Also, find the maximum height reached by the body. 

 

53. A particle at rest is released from the top of a tower. It falls, under gravity and 

in the last second of its motion, the distance it falls is one fifth the height of 

the tower.  Determine the height of the tower. g = 10 ms-2.   

 

54. At t = 0, a particle P is projected vertically upwards with velocity v ms-1 and 

moves under gravity. If the maximum height attained by the particle is H m 

show that H = 
𝑣𝑣22𝑔𝑔 . 

When P reaches A at a height H1 m, in its upward motion, a second particle   Q   

is   projected   from O vertically upwards with velocity v ms-1. P and Q collide 

at A. Show that 
𝐻𝐻1𝐻𝐻 =  

89.  Acceleration under gravity is g ms-2. Find the time 

taken for P and Q to meet. 

                                                 

55. A rocket is launched at t = 0, from rest with an acceleration of  
𝑔𝑔5 . At t = T, 

because of a defect in the engine, pilot detaches himself and us a parachute.  

Opening up of the parachute. failure of the engine and changing of the 

direction of pilots velocity happen at the same   instant. Rocket and pilot come 

down to the horizontal plane from which they took off at the same moment.  

When the parachute touches the starting plane show that its velocity is 
𝑔𝑔𝑔𝑔�1+ √6�. 

 

56. A body is projected vertically upwards with velocity 147 ms-1 at t = 0. Find 

the, 

i. Velocity at the end of 5 s. 
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ii. Velocity when it is at a height of 49 m from the point of projection. 

 

57. A particle is projected vertically upwards with velocity 196 ms-1 from the 

point O. Determine, 

i. the time taken to reach the greatest height. 

ii. the greatest height. 

iii. time of flight. 

iv. Show that when the particle returns to the point of projection its 

velocity is 196 ms-1  . g = 9.8 ms-2 

 

58. A body is projected vertically upwards with velocity 98 ms-1 from the point O.  

Find the time taken to reach the point 49 m above O. g = 9.8 ms-2. 

 

59. A particle is projected vertically upwards with velocity 100 ms-1 from the 

point O.  Find the time taken by the particle to reach the point 50 m vertically 

below O.  g = 10 ms-2 

 

60.  

i. A particle projected vertically upwards with velocity 98 ms-1 from the 

edge of a   well, falls down to the bottom of the well in 30 s. Find the 

depth of the well. 

ii. A particle similarly projected falls to the bottom of a 49 m deep well. 

Find the time taken 

 

61. A balloon starts rising vertically upwards from rest at point O with constant 

acceleration 5 ms-2. 30 s after the balloon launch, a ball is released from the 

balloon.  Find the time taken by the ball to reach the ground, and its velocity 

at that instant. 

 

62. A particle which was at  rest at  O falls down in the vertical direction. It 

takes 1/2 a  second to pass a 5 m high window.  Find the depth of the upper 
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end of the window from O. Also, find the velocity of the particle when it 

comes to upper end of the window. 

 

63. A particle is dropped from a point O. When reaching the ground, the distances 

covered in the last second and the previous second are in the ratio 3: 2. How 

high is O from the ground? What is the velocity of the particle when it reaches 

the ground? 

 

64. A body is projected vertically upwards at t = 0 with velocity u.  The times 

taken by it to pass the point A, hm above are t1 in its upward motion and t2 in 

its downward motion. Show that t1t2 = 
ℎ5 and t2 – t1 = 

15 √𝑢𝑢2 − 20ℎ .  

g = 10 ms-2 

 

65. A rocket at O on earth is launched from rest at t = 0. At first, for time 3t it 

travels with acceleration g/3 upwards. Next, for time 2t it travels with 

acceleration g/2 upwards and then for time t with acceleration g upwards.  

Then it falls freely under gravity. Draw a velocity time graph to represent the 

motion of the rocket. Deduce the following, 

i. Greatest height attained by the rocket. 

ii. Time taken to reach the greatest height. 

iii. Time of flight of the rocket 

iv. Velocity of the rocket when it comes back to earth. 

 

66. A balloon starts rising vertically upwards from rest with a uniform 

acceleration g/4 ms-2 from point O at t = O. When the balloon has reached a 

height H metres, it releases an instrument A. Show that the time take by A to 

come down to earth is �𝐻𝐻𝑔𝑔 . Another instrument B is released from the balloon 
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at time t after A is released. Show that time t after B is released the distance 

between A and B is 
15𝑔𝑔𝑔𝑔28  m 

 

67. A ball is projected vertically upwards with velocity u ms-1 from a certain point. 

After 2 seconds a second ball is projected from the same point with velocity 

3u ms-1. Find the time taken for the two balls to meet, from the instant the first 

ball was projected. If they meet when the first ball was instantaneously at rest 

show that u = �1 + √2�g ms-1. 

 

68. A particle is projected from the ground vertically upwards with velocity u ms-

1 at t = 0. It passes a point at a height h m at time t1 when going up and at time 

t2 when coming down. Sketch a velocity time graph for the motion of the 

particle.  Make use of it to find the velocity at time 
𝑔𝑔1+𝑔𝑔22  .  Deduce that t1t2 = 2ℎ𝑔𝑔 . 

 

69. Particle A is released from the point O from the top of a tower. When it had 

moved down x m, the second particle B is released from the point P, y m below 

O. Both arrive at the bottom of the tower at the same time. Show that the 

height of the tower is 
(𝑥𝑥+𝑦𝑦)24𝑥𝑥  m. If B is released from a point 25 m below the 

top of the tower, at the instant A has fallen 10 m, find the height of the tower 

that satisfies these conditions. 

 

70. A particle projected vertically upwards from the point O, reaches A at a height 

h m in time t1. Time taken to come back to O from A is t2. Show that h = 
12  gt1t2 

and the greatest height = 
𝑔𝑔8  (𝑡𝑡12 + 𝑡𝑡22) . Show that when it passes the point B 

which is at a height  
ℎ2  from O, its velocity is 

𝑔𝑔2 (𝑡𝑡12 + 𝑡𝑡22). 
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71. Body A released from the top of a tower of height h  falls under gravity. At the 

same instant body B is projected vertically upwards from the bottom of the 

tower with the velocity just enough to reach the top of the tower. Find the 

time taken by them to meet and the point at which they meet. 

 

72. A ball is projected vertically upwards with velocity u ms-1 from the point O at 

t = 0. If the ball reaches the point h m above O in time t, form a quadratic 

equation in t. Hence show that if the two times ball takes to pass A which is h 

above O are respectively t1, t2 then 2h = gt1t2. Also show that the time interval 

between the instants the ball passes A is 
2𝑔𝑔 �𝑢𝑢2 − 2𝑔𝑔ℎ.  Hence, deduce that the 

greatest   height   H   attained   by   an   object   projected vertically   upwards 

with velocity u ms-1 is given by H = 
𝑢𝑢22𝑔𝑔 . 

 

73. From a point O on a horizontal plane h m above the ground a particle is 

projected vertically upwards with velocity u ms-1. Time taken by it to come 

down to the ground is t1.  Time taken by a particle projected from O vertically 

downward with velocity u ms-1 is t2.  A particle at rest released from O takes 

time T to reach the ground.  Draw the velocity time graphs of all three motions 

on the  same diagram. Show that T2 = t1t2 and derive h = 
12 gt1t2. 

 

74. A balloon is released at t = 0 from a point O on the ground.  It rises vertically 

upwards with constant acceleration f ms-2.  A body A which started from O at 

t = T moves  vertically   upwards   with   an initial velocity u ms-1 and a constant 

retardation of 
𝑓𝑓2 ms-2.  On the same diagram draw the velocity time graph for 

the balloon and the body A. If A just touches the balloon prove that u = 
𝑓𝑓𝑔𝑔√32  

show that when the body is at its greatest h eight, the height of the balloon 

from the grounds is  
𝑓𝑓2 �2𝑢𝑢𝑓𝑓 + 𝑇𝑇�2

. 
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75. A cricket ball of mass 9/25kg is delivered by the Australian fast 

bowler McGrath with a velocity of 100 𝑘𝑘𝑚𝑚ℎ−1, moves backwards at a 

velocity of 200kmh-1 because of Marvan Atapattu's drive stroke. The ball 

was in contact with the bat for 1/25 seconds. Find the impulse 

between the ball and the bat. 

 

76. The spin ball of mass 9/25 kg delivered by the Australian spin bowler 

Shane Warne with a velocity of 45 𝑘𝑘𝑚𝑚ℎ−1, moves at a velocity of 

90kmh-1, 60° inclined to the moving path because of the fast late cut 

shot hit by Sanath Jayasuriya. Find the impulse on the ball by the bat.  

 

77. A smooth ball of mass 2kg moves horizontally at a velocity of  

20√3𝑚𝑚𝑚𝑚−1, hits on a vertical wall and rebounds back at a velocity of 

10 √3 𝑚𝑚𝑚𝑚−1. Find the impulse on the ball by the wall. If the contact 

time of the ball and the wall is 1/30 seconds, find the thrust exerted 

on the wall. 

 

78. Find the velocity of the object and its direction of motion due to the 

4𝑚𝑚 ( 𝑖𝑖 + √3  𝑗𝑗) impulse applied on an object at rest of mass 2m kg. 

 

79. A smooth ball of mass 2m kg falls from a height (h) under gravity, 

hits on a fixed smooth horizontal surface and rebounds back to half 

the initial height. Find the impulse on the ball by the fixed surface. If 

the contact time is 1/10 s, find the reaction of the surface on the ball. 

 

80. Find the impulse which should be applied to the ground at 30o 

inclined to the horizontal by an athlete of mass 66 kg, in order to 

obtain a velocity of  75 11⁄ 𝑚𝑚𝑚𝑚−1 at the start of a 100m race. If the 

contact time between the ground and the feet is 1/10 seconds, find 

the impulse force exerted by the feet on the ground. 

 

81. A carrom disk of mass m, moves at a velocity of u ms-1, collides with a 

carom piece of mass  
𝑚𝑚3  which is at rest. The disk moves at an angle of 

30° to the center line. After the collision, the carrom piece moves at a 

velocity of 𝑢𝑢2. Find the impulse of the collision. Also get the velocity 

and the direction at which the disk moves after the collision. 
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82. A smooth sphere of mass m moves ‘a’ distance along a smooth plane 

inclined 30° to the horizontal and it hits on the smooth horizontal 

plane and rebounds. The ball hits for the second time on a point at a 

distance of 
𝜋𝜋3 on the smooth horizontal plane. Obtain the impulse of 

the first collision.  

 

83. Two particles of mass 2m and m move in the same direction with 

velocities 2𝑢𝑢 𝑚𝑚𝑚𝑚−1 𝑎𝑎𝑎𝑎𝑎𝑎 𝑢𝑢 𝑚𝑚𝑚𝑚−1 respectively collide with each other 

on the smooth horizontal plane and merged and move towards the 

same direction as the original motion with V ms-1 velocity. Show that 

V=
5𝑈𝑈3 . Find the energy loss due to the collision. 

 

84. Two objects of masses M and m with the velocities 2u and u 

respectively, moves horizontally and after collision the two particles 

get merged and the combined particle moves towards the initial 

direction. Find the velocity at which the new combined particle 

moves and the energy loss. 

 

85. A wooden log of mass M kg rests on a rough horizontal plane. A bullet 

of mass m kg moves along the plane at a velocity of 3u ms-1, and hits 

on M and gets carved into it. Find the velocity the composite object 

obtains. (Take dynamic coefficient friction as ¼). 

 

86. One face of a uniform cube of mass M is in contact with a smooth 

horizontal table as such it is free to slide along it. A small smooth ABC 

tunnel is drilled through the cube. The tunnel is on the vertical cross-

section and the ends A and C are at the same horizontal level on the 

opposite faces of the cube. The tangents drawn to the tunnel A and C 

are horizontal. A particle of mass 𝑚𝑚 (M > 𝑚𝑚) is projected at a velocity 𝑢𝑢 from A into the tube. The particle exits from C at a velocity 𝑣𝑣. 

Obtain expressions for v using conservation of momentum and 

conservation of energy theorems. Which of the two values for 𝑣𝑣 is the 

correct value? verify your answer.  

 

87. A smooth uniform thin circular tube of mass 𝑀𝑀 𝑘𝑘𝑔𝑔 rests on a smooth 

horizontal plane. P and Q particles each of mass 𝑚𝑚 𝑘𝑘𝑔𝑔 are projected 

at a velocity u ms-1 from either ends of the diameter of the tube. 

According to the equations of momentum and energy, show that the 
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velocity of the tube at the moment closest to the collision of the two 

particles is 
2𝑚𝑚𝑢𝑢2𝑚𝑚+𝑒𝑒. Find that the velocity at which the two particles 

reach each other is 2u� 𝑒𝑒2𝑚𝑚+𝑒𝑒. Get the impulse on the tube when the 

two particles are about to collide. 

 

88. The force exerted on the P particle in t seconds is (3𝑡𝑡2 𝑖𝑖 -2𝑡𝑡𝑗𝑗) Newton. 

Find the impulse on the particle in the time intervals t = 0, t = 1/10 

and find its magnitude and direction. 

 

89. Water exits horizontally at a velocity of 𝑢𝑢 =  15 𝑚𝑚𝑚𝑚−1 through a pipe 

with a cross-sectional area of 5cm2 and hits to a vertical wall. If the 

mass of 1 𝑚𝑚3  of water is 1000 𝑘𝑘𝑔𝑔, find the impulse force on the wall. 

 

90. A smooth small ball is released from rest from a height of ℎ under 

gravity, and hits on O at the edge of an 𝛼𝛼 inclined plane to horizontal 

and rebounds horizontally. The ball hits on a point P, 
ℎ 2  horizontally 

away and h below. Show that 𝛼𝛼 =  tan−1(
14), then find the impulse on 

the ball by the plane. 

 

91. A racing car with a mass of one metric ton moves horizontally at a 

velocity of 360 √3 𝑘𝑘𝑚𝑚ℎ− 1. The vehicle hits on a vertical emergency 

safety fence and moves at an angle of 120° from the direction of 

initial motion at a velocity of 180 √3 𝑘𝑘𝑚𝑚ℎ − 1. Find the magnitude and 

direction of the impulse applied on the car by the safety fence. 

 

92. A football with a mass of m kg moves at a velocity of u ms-1. The 

player in A passes the ball to the player in B at a velocity of 
𝑢𝑢2 ms− 1 as 

shown in the figure. Player B strikes the ball towards the goal at a 

constant velocity of 3𝑢𝑢 𝑚𝑚𝑚𝑚−1 such that the ball moves in a direction 

which makes an angle of 90o to the initial direction. The ball hits the 

side pole of the goal and moves towards the goal in a direction 30o to 

the direction of motion at a velocity of 2𝑢𝑢 𝑚𝑚𝑚𝑚−1. 

 

1. Find the impulse on the ball at A and its direction. 

2. Find the impulse on the ball at B and its direction of motion. 
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3. Find the magnitude and direction of the impulse on the side 

pole of the ball. 

 

93. A high jump athlete of mass 𝑚𝑚 𝑘𝑘𝑔𝑔 projects himself to a height of 2 𝑚𝑚 

at an angle of tan-1 (
512) to the vertical by hitting the ground with his 

right foot, in such a way that the vertical velocity becomes zero when 

he is above the crossbar. Find the impulse on the leg from the ground 

and its direction. Let 𝑔𝑔 = 10𝑚𝑚𝑚𝑚−2. 

 

94. A bullet of mass 𝑚𝑚 𝑘𝑘𝑔𝑔 moving at a velocity of 𝑢𝑢 𝑚𝑚𝑚𝑚−1, gets carved into 

a block of wood of mass of 𝑀𝑀 𝑘𝑘𝑔𝑔. The log is able to move in the same 

direction as the bullet. Show that the loss of kinetic energy is  
𝑚𝑚𝑒𝑒𝑢𝑢22(𝑚𝑚+𝑒𝑒)

. 

Then, another bullet with same mass moving at the same speed as 

the first bullet hits on the block. Show that the further energy loss is 𝑚𝑚𝑒𝑒2𝑢𝑢 2
 2 (𝑒𝑒 + 2𝑚𝑚)(𝑒𝑒+𝑚𝑚)

. Obtain the impulses on the bullets at each condition. 

 

95. A particle of mass 𝑚𝑚 𝑘𝑘𝑔𝑔 moving face to face in horizontally at a 

velocity of 𝑢𝑢 𝑚𝑚𝑚𝑚−1 hits and gets embedded into an object of mass 𝑀𝑀 𝑘𝑘𝑔𝑔 moving horizontally at a velocity of 𝑣𝑣 𝑚𝑚𝑚𝑚−1. Find the velocity of 

the composite object and the impulse between the objects. Show that 

the energy loss is 
𝑚𝑚𝑒𝑒(𝑣𝑣−𝑢𝑢)22(𝑚𝑚+𝑒𝑒)

. 

i. 𝑣𝑣 = 2𝑢𝑢 
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ii. 𝑣𝑣 = 𝑢𝑢, deduce the energy loss in the given instances. 

iii. What can be said about the second condition? 

 

  

96. The three particles P, Q and R of mass 𝑚𝑚, M and M respectively are 

bound by two inextensible strings of length 𝑙𝑙 as such Q and R at the 

two ends and placed inline on a smooth horizontal table. The 

distance between Q and R is 𝑙𝑙. The P particle is placed at the midpoint 

of the QR line and projected at a velocity 𝑢𝑢 in the direction 

perpendicular to QR. Get the velocities of Q and R. Find the impulsive 

tension of the strings. Show that the kinetic energy loss is 
3𝑚𝑚𝑒𝑒𝑢𝑢22(2𝑚𝑚+3𝑒𝑒)

.  

 

97. Three particles A, B and C of equal masses of m are kept on a smooth 

horizontal table. The particles A and B, and B and C are bound by 

light inextensible strings. The strings are slightly stretched such that 𝐴𝐴𝐵𝐵�𝐶𝐶 = 135o. An impulse J is applied on the C particle in the BC 

direction. Find the velocities of A, B and C and show that the 

impulsive tensions of AB and BC are 
𝐽𝐽√27  and 

4𝐽𝐽7  respectively. Show 

that the kinetic energy obtained by the system is  
3𝐽𝐽2 14𝑚𝑚 . 

 

98. There are two particles of mass m and M, placed at O on a smooth 

horizontal plane, bound by a light inextensible string. The two 

particles are projected in directions perpendicular to each other on 

the smooth plane at velocities 𝑢𝑢 and 𝑣𝑣. The two particles move in the 𝜃𝜃 inclined direction to the direction of the string after the impulsive 

shock of the stretched string. Show that tan𝜃𝜃 = 
(𝑒𝑒 + 𝑚𝑚)𝑢𝑢𝑣𝑣 𝑚𝑚𝑢𝑢2−𝑒𝑒𝑣𝑣2 . Indicate 

that the impulsive tension of the string is 
𝑚𝑚𝑒𝑒√𝑢𝑢2+𝑣𝑣2

(𝑚𝑚+𝑒𝑒)
 and obtain the 

energy loss of the system as 
𝑚𝑚𝑒𝑒(𝑢𝑢2+𝑣𝑣2)2(𝑚𝑚 + 𝑒𝑒)

. 

 

99. Three particles A, B and C each of mass m is kept on a smooth 

horizontal table. Let 𝐴𝐴𝐵𝐵�𝐶𝐶 = 120o. A and C are attached to B with two 

light inextensible strings which are initially slightly stretched. An 

impulse of J is exerted on B such that it makes an angle of 150owith 

BC and 900 with BA. Show that the Impulsive tension of the two 
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strings is 
√3 𝐽𝐽15  and 

4√3 𝐽𝐽15 . Find the velocity with which the particles A, B 

and C moves. Show that the energy taken by the system is 
3𝐽𝐽210𝑚𝑚.  

 

100. Two particles of mass 𝑚𝑚 are bound by an inextensible string, and a 

particle of mass 𝑀𝑀 is attached to the mid point of the string. The 

string is slightly stretched, and the particles are in a straight line on a 

smooth table. Along the table, particle 𝑀𝑀 is given a velocity 𝑣𝑣 

perpendicular to the string. Moments before the two end particles 

collide, 

i. Show that the velocity of the 𝑀𝑀 particle is 
𝑣𝑣𝑒𝑒 𝑒𝑒+2𝑚𝑚 . 

ii. Also show that the velocity of each particle at both ends is 𝑣𝑣 [2𝑒𝑒 (𝑒𝑒 + 𝑚𝑚)]
12 

 𝑒𝑒 + 2𝑚𝑚 
 . 

 

101. An object of mass is 𝑀𝑀 𝑘𝑘𝑔𝑔 is hanging on a fixed point 0, with an 

inextensible string. A bullet that moves horizontally at a velocity of 𝑢𝑢 𝑚𝑚𝑚𝑚−1 hits M and gets embedded. In the subsequent motion, the 

composite particle moves in a circular path, and comes 

instantaneously stationary ℎ 𝑚𝑚 vertically above the initial point. 

Show that 𝑚𝑚𝑢𝑢 = (𝑚𝑚 + 𝑀𝑀)�2𝑔𝑔ℎ. Also obtain the impulse between the 

particles due to the collision. 

 

102. A, B and C are three particles of mass 𝑚𝑚, 2𝑚𝑚 and 3𝑚𝑚 bound together 

by two identical inextensible strings AB and BC on a smooth surface 

as a A,B,C straight line as such the string is not stretched. The particle 

A is projected in the 𝐵𝐵𝐴𝐴�����⃑  direction with a velocity of 𝑢𝑢 𝑚𝑚𝑚𝑚−1 along the 

surface. Find the velocities of the particles and the impulsive tension 

of the strings and the energy loss of the system. 

 

103. Two particles A and B of mass 𝑚𝑚 𝑎𝑎𝑎𝑎𝑎𝑎 3𝑚𝑚 respectively are attached at 

either ends of an inextensible string, and goes around a fixed smooth 

pulley, and the 3𝑚𝑚 particle is at rest on a horizontal plane in 

equilibrium and the m particle is in equilibrium hanging vertically. 

The m particle is raised to a vertical height of h m and released under 

gravity. Find the impulsive tension of the string and the velocity 

when 3𝑚𝑚 particle starts its upward motion. Find the time taken for 

the 3𝑚𝑚 particle to return to the horizontal plane. 



Collision 

24 

 

 

104.  Particle P of mass 2𝑚𝑚 on a smooth table is attached to a 2𝑎𝑎 𝑚𝑚 long 

inextensible string and goes around a smooth pulley A at the end of 

the table and the particle Q of mass 𝑚𝑚 is attached at the other end of 

the string. Let AP = 𝑎𝑎. The Q particle was released from point A 

under gravity. Find the impulsive tension of the string and find the 

velocity at which A begins to move. Find the velocity at which P 

comes to the edge of the table. Find the impulsive tension of the 

string after projection of P from the edge and the energy loss caused 

by the second impulsive tension. 

 

105. A particle A of mass 𝑀𝑀 𝑘𝑘𝑔𝑔 is at rest on a table of height h m from the 

ground. An inextensible string is attached to the particle and goes 

around a fixed smooth pulley h m above the table, and a particle B of 

mass m is attached to the string from the other end. The particle B is 

hanging vertically. An inextensible string of length h m is attached to 

the particle B from one end and from the other end a particle C of 

mass m kg is attached to the string. The vertical height from the table 

to particle B is 
ℎ2  𝑚𝑚. The C inelastic particle is placed at the 

corresponding height as B and it is released under gravity. B and C 

have the space to move vertically without colliding with the table 

edge. Find the velocity at which the 𝑀𝑀 (𝑀𝑀 > 2𝑚𝑚)  particle begins its 

motion. Find the impulsive tension of the strings, if 𝑀𝑀 comes to the 

level of the pulley and comes to rest, show that 𝑀𝑀 = √5 𝑚𝑚. Show that 

the energy loss is �3 −  √5 �𝑚𝑚𝑔𝑔ℎ. 

 

106. Two particles A and B of mass 2𝑚𝑚 and 3𝑚𝑚, are attached to an 

inextensible string and wrapped around a fixed smooth pulley and 

the system is released from rest. At t time, when the moment u 

moves at velocity, particle A picks up a immovable C particle, whose 

mass is 2m. Show that the velocity at which the particles move as the 

string shakes is 
𝑔𝑔𝑔𝑔7 , and the impulsive tension of the string is 

6𝑚𝑚𝑔𝑔𝑔𝑔35 . 

Show that the time taken for the A and C composite particle to come 

to rest instantly is t. 
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107. Two identical baskets of unit mass m are attached to a slacked 

inextensible rope that goes around a fixed smooth pulley. Two 

monkeys A and B of mass M are inside the two baskets. Initially the 

system is at rest. The two monkeys A and B begin to climb along the 

rope at uniform velocities 𝑢𝑢 and 𝑣𝑣 respectively relative to the rope. 

i. Find the initial velocity of the rope, 

ii. Find the acceleration of the rope,  

iii. Find the tension of the rope. 

 

108. A basket of mass m kg is attached to one end of a light inextensible 

string from a h m height, and the string is wrapped around a fixed 

smooth pulley. There is an object of mass of 2m kg attached to the 

other end of the string. At the bottom of the basket there is a frog of 

mass 𝑚𝑚 𝑘𝑘𝑔𝑔. The system is at equilibrium. The frog quickly jumps up 

and barely reaches the edge of the basket. Find the impulse on the 

frog and show that the time taken for the frog to get back to the 

bottom of the basket is 2 �3ℎ 2𝑔𝑔 .  Show that the height of the motion of 

the frog in space is 
3ℎ4  𝑚𝑚. 

 

109. Two particles of mass 𝑚𝑚 and 𝑀𝑀 (> 𝑚𝑚) are attached by a light 

inextensible string going around a fixed smooth pulley. From a fixed 

smooth horizontal inelastic table, the motion of 𝑀𝑀 is blocked and 𝑀𝑀 

can collide on the table. The system is released from rest by holding 

M at a H height above the table. Show that the corresponding height 

which can make 𝑀𝑀 to reach instantaneous rest forms a geometrical 

expression of common ratio � 𝑚𝑚𝑚𝑚+𝑒𝑒�2
. Hence, show that the total 

distance travelled by M is   
𝐻𝐻�(𝑒𝑒+𝑚𝑚)2+ 𝑚𝑚2�

(𝑒𝑒+𝑚𝑚)2− 𝑚𝑚2 .  

 

110. Particles 𝑚𝑚1 and 𝑚𝑚2 are attached on both ends of an inextensible 

string which goes around a pulley A, fixed on the top of a smooth 

plane 𝛼𝛼 inclined to the horizontal. The particle 𝑚𝑚1 is hanging 

vertically. When the system is released from rest, the particle 𝑚𝑚1 

goes a distance of ℎ vertically down and comes to rest after the 

collision with a horizontal plane. If 𝑚𝑚2 sin 𝛼𝛼 > 𝑚𝑚1, show that velocity 

with which the 𝑚𝑚1 particle begins its motion after the system is 
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shaken is 
𝑚𝑚2𝑚𝑚1+ 𝑚𝑚2  �2ℎ𝑔𝑔 (𝑚𝑚1− 𝑚𝑚2  sin 𝛼𝛼)

(𝑚𝑚1+ 𝑚𝑚2)
. Show that the impulsive tension 

of the string 𝑖𝑖𝑚𝑚 
𝑚𝑚1𝑚𝑚2𝑚𝑚1+ 𝑚𝑚2  �(𝑚𝑚1− 𝑚𝑚2  sin 𝛼𝛼)2𝑔𝑔ℎ

(𝑚𝑚1+ 𝑚𝑚2)
 . 

 

111. A metal ball of mass 𝑚𝑚 𝑘𝑘𝑔𝑔, falls vertically from a distance of ℎ 𝑚𝑚, 

penetrates a distance of 
ℎ 100 in 

1 5  seconds into the sand. Find the 

impulsive resistance that the sand exerts on the ball. Get that the 

impulse on the ball is 20mg Newton seconds. 

 

112. A smooth sphere of mass 𝑚𝑚 𝑘𝑘𝑔𝑔 moves horizontally at a velocity of 

u ms−1, and hits on a vertical smooth wall and rebounds at a speed of 𝑢𝑢 3 ms−1 . Find the impulsive reaction on the sphere. If the contact 

time of the sphere and the wall is 
125 seconds, show that the impulsive 

thrust on the sphere is 
1003  mu N. 

 

113. A bullet of mass 2mkg moves horizontally at a velocity of 𝑢𝑢 𝑚𝑚𝑚𝑚−1 and 

hits on a fixed target and comes to rest. Find the impulse on the 

target by the bullet. If the collision time is 
1100seconds, show that the 

impulsive thrust on the target is 200mu N. 

 

114. A smooth sphere of mass of 2𝑚𝑚 𝑘𝑘𝑔𝑔 moves at a velocity of 2𝑢𝑢 𝑚𝑚𝑚𝑚−1  

collide and merge with another smooth sphere of mass 𝑚𝑚 𝑘𝑘𝑔𝑔 moving 

at a velocity of 𝑢𝑢 𝑚𝑚𝑚𝑚−1. Obtain that the velocity of the composite 

object is 
5𝑢𝑢 3 , impulse of the collision is 

2𝑚𝑚𝑢𝑢 3 , and the energy loss is 
𝑚𝑚𝑢𝑢23 . 

 

115. Two particle of mass 4 and 5 metric tons collide while moving to the 

opposite directions on a horizontal straight line, at the speeds of 

25 ms−1and 30 ms−1 respectively and continue to move as one 

composite body. Then move like a single particle. Find the velocity of 

the composite body, and the energy loss. 

 

116. A particle of mass 𝑚𝑚 𝑘𝑘𝑔𝑔 moves horizontally at a velocity 𝑢𝑢. A particle 

B of mass of 𝑚𝑚′ 𝑘𝑘𝑔𝑔 moves 𝛼𝛼 inclined to the horizontal at a velocity 𝑣𝑣 

and collides with A and merge. Show that the velocity of the 
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composite particle is 
�𝑚𝑚2𝑢𝑢2+2𝑚𝑚𝑚𝑚′𝑢𝑢𝑣𝑣 cos 𝛼𝛼+ 𝑚𝑚′2𝑣𝑣2𝑚𝑚+𝑚𝑚′  and that the direction 

is inclined tan−1 � 𝑚𝑚′𝑣𝑣 sin 𝛼𝛼𝑚𝑚𝑢𝑢+ 𝑚𝑚′𝑣𝑣 cos 𝛼𝛼� to the horizontal. 

 

117. A particle of mass 3𝑚𝑚 𝑘𝑘𝑔𝑔 moves at a velocity of 3𝑖𝑖 + 4𝑗𝑗 ms-1. When 𝑚𝑚 

(𝑖𝑖 + 2𝑗𝑗) impulse is applied to the particle, show that the new velocity 

obtained by the particle is 
23 √74 𝑚𝑚𝑚𝑚−1  and its direction is inclined 

tan−1 �75� to the horizontal. 

 

118. A particle of mass of 
120 kg moves at a velocity of 

3 2𝑖𝑖 ms -1. When the 

particle is given a 
3√3 40  j m𝑚𝑚 -1 impulse, show that the velocity obtained 

by the particle is 
32 �𝑖𝑖 + √3𝑗𝑗� and its direction is 60° inclined to the 

horizontal. 

 

119.  The mass of an object P is 3 𝑘𝑘𝑔𝑔.The velocity is -2𝑖𝑖+3𝑗𝑗. The Q particle 

of mass 4 𝑘𝑘𝑔𝑔  moves at a velocity of 6𝑖𝑖 -10j ms-1 and collides with P. 

The velocity of P after the collision is 2𝑖𝑖 - 𝑚𝑚𝑚𝑚 − 1. Show that, 

i. the velocity of Q is √58𝑚𝑚𝑚𝑚−1 

ii. the impulse between P and Q is 12 (−𝑖𝑖+𝑗𝑗) 

iii. the energy loss of the system is 168 𝐽𝐽. 

 

120. A toy train of a kid consists of a cabin of mass 𝑚𝑚 𝑘𝑘𝑔𝑔 and an engine of 

mass 2𝑚𝑚 𝑘𝑘𝑔𝑔. The engine moves at a velocity of 𝑢𝑢 𝑚𝑚𝑚𝑚−1 on a straight 

section of rail and collides with a stationary train cabin and moves 

along the road as a composite object. 

i. Show that the velocity of the composite train after the collision 

is 
2𝑢𝑢 3   ms-1 and the impulse between them is 

2𝑚𝑚𝑢𝑢 3 .  

ii. Show that the kinetic energy loss by the system due to the 

collision is 
𝑚𝑚𝑢𝑢23 . 

 

121. A particle of mass of 4𝑚𝑚 𝑘𝑘𝑔𝑔 is hung by an inextensible string from a 

fixed-point O and kept in equilibrium. The particle collides with 𝑚𝑚 𝑘𝑘𝑔𝑔 

mass object moving at a velocity of 𝑢𝑢 𝑚𝑚𝑚𝑚−1 and merge. Show that the 

velocity at which the composite particle begin to move is  
𝑢𝑢5  𝑚𝑚𝑚𝑚−1. 
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Show that the impulsive reaction is  
4𝑚𝑚𝑢𝑢5  . Obtain that the vertical 

height is 
𝑢𝑢250𝑔𝑔 from the point at which the composite particle comes to 

rest to the point at which it was in equilibrium. 

 

122. Two particles of masses 𝑚𝑚 𝑘𝑘𝑔𝑔 and 2𝑚𝑚 𝑘𝑘𝑔𝑔 move at velocities 𝑢𝑢1 𝑚𝑚𝑚𝑚−1 

and  𝑢𝑢2𝑚𝑚𝑚𝑚−1 respectively along a straight line. The total kinetic 

energy is E and the total momentum is P. Show that 𝐸𝐸 =  
𝑚𝑚6  � 𝑃𝑃2𝑚𝑚2 +

2(𝑢𝑢1 −  𝑢𝑢2)2�. 

 

123. Upul of mass 2𝑀𝑀 𝑘𝑘𝑔𝑔 who is standing on a smooth horizontal plane 

throws a ball of mass 𝑚𝑚 𝑘𝑘𝑔𝑔 at a velocity 𝑣𝑣 𝑚𝑚𝑚𝑚−1 at an angle of 30o to 

the horizontal. Kavith of mass 2𝑚𝑚 𝑘𝑘𝑔𝑔 who is also standing still on the 

same plane, catches the ball at the projected height. Show that the 

velocity of motion of Kavith is 
𝑒𝑒𝑣𝑣 √3  3 (𝑚𝑚 + 2𝑒𝑒)

 𝑚𝑚𝑚𝑚−1. 

 

124. An object of mass of 3𝑚𝑚 𝑘𝑘𝑔𝑔 moves in a straight line at a velocity 𝑣𝑣 𝑚𝑚𝑚𝑚−1.The object explodes into two pieces of mass 𝑚𝑚 𝑘𝑘𝑔𝑔 and 2𝑚𝑚 𝑘𝑘𝑔𝑔. 

Both of those pieces move in the same straight line. Explosion 

increases the energy of the system by 3𝑚𝑚𝑣𝑣2. Find the velocities of the 

pieces after the explosion. 

 

125. State the principles of conservation of momentum.  A bullet of mass 𝑀𝑀 moving at a velocity 𝑢𝑢 explodes into two pieces.  One of these 

pieces of mass  
𝑒𝑒 3 , moves at a velocity of 2𝑢𝑢, along the direction of 

which makes an angle of cos-1(
13) to the initial direction of motion.  

Find the velocity and direction of motion of the other piece. Find the 

minimum amount of energy that can be released due to the 

explosion. 

 

126. Motion of a ball of mass 200 grams moving at a velocity of 5√2 ms-1 

to north-east direction is changed to the direction inclined tan -1 (
512) 

to the south from west at a velocity of 
6516 meters per second with a 

bat. Find the components of the change in velocity of the ball to west 

and south. If the contact between the ball and the bat lasts for 
164 
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seconds, show that the average force exerted by the centre of the bat 

on the ball is14×106 dyne inclined tan-1(
34) to the south-western 

direction.  

 

127. An object with a mass of 5𝑚𝑚 𝑘𝑘𝑔𝑔 moves in a straight line at a velocity 𝑢𝑢 𝑚𝑚𝑚𝑚−1. Due to an internal explosion of the object, it splits into two 

pieces of mass 2𝑚𝑚 𝑘𝑘𝑔𝑔 and 3𝑚𝑚 𝑘𝑘𝑔𝑔. The pieces continue to move in a 

straight line and the relative velocity between the pieces is 𝑣𝑣 𝑚𝑚𝑚𝑚−1. 

Show that the kinetic energy increase of the system is 
3𝑚𝑚 5 𝑣𝑣2 J .  Is the 

answer obtained here independent of u? 

 

128. A snowmobile of mass 5m kg rest on a horizontal ice floor (no 

friction). u ms-1 fast-moving water stream exits the mouth of the tube 

and hits the direction of motion of the snowmobile horizontally at t = 

0 to its rear. If the velocity of water hitting the snowmobile does not 

rebound, the velocity of the snowmobile is the velocity 𝑣𝑣 𝑚𝑚𝑚𝑚−1 (𝑢𝑢 >𝑣𝑣) and the mass of the water hitting the snowmobile at a unit time is 𝑚𝑚, show that its equation of motion is 5𝑢𝑢𝑑𝑑𝑣𝑣𝑑𝑑𝑔𝑔= (𝑢𝑢 - 𝑣𝑣)2. Show that the 

time taken to reach the 𝑣𝑣 velocity is 𝑡𝑡 = 
5𝑣𝑣𝑢𝑢−𝑣𝑣 . 

 

129. A particle A of mass 𝑚𝑚 kg rests on a smooth horizontal plane.  The 

particle is attached to a fixed-point O on the smooth surface by a 𝑎𝑎 𝑚𝑚 

long inextensible string. 

i. When OA = 
𝜋𝜋 2  m, when the particle A projected from the plane 

at a velocity of 𝑢𝑢 𝑚𝑚𝑚𝑚−1 along the direction of 𝑂𝑂𝐴𝐴�����⃗ , show that the 

impulsive tension in the string is 𝑚𝑚𝑢𝑢 and the energy loss is 
𝑚𝑚𝑢𝑢22 . 

ii. When 𝑂𝑂𝐴𝐴 =  
𝜋𝜋2  𝑚𝑚, the A particle is projected from the plane at 

an inclination of 𝛼𝛼 to the extended OA at a velocity 𝑢𝑢 𝑚𝑚𝑚𝑚−1. 

Show that the impulsive tension and energy loss of the 

stretched string are 
𝑚𝑚𝑢𝑢 √4−sin2 𝛼𝛼2   and 

𝑢𝑢28  (4 −  sin2 𝛼𝛼) 

respectively. 

 

130. Two particles of mass 𝑚𝑚1 and 𝑚𝑚2 are attached to an inextensible 

string, and the particles are placed on a smooth plane, as such the 
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string is slightly stretched. The 𝑚𝑚1 particle is projected on the table 

at a velocity 𝑢𝑢, perpendicular to the string. 

i. Explain why the string does not cause impulsive tension. 

ii. Find out the velocity components of the particles at the point 

where the string is perpendicular to its initial position by 

applying the energy and momentum conservation principles. 

 

131. Two particles A and B of mass 𝑀𝑀 and 2𝑚𝑚 are kept on a smooth plane 

attached to each other using an inextensible string. The 2𝑚𝑚 particle is 

projected in the direction AB at a velocity 𝑢𝑢. Find the velocity of the 

particles and the impulsive tension of the string after the string is 

pulled, and show that the energy loss is 
𝑚𝑚𝑒𝑒𝑢𝑢22𝑚𝑚+𝑒𝑒 . 

 

132. The end of an inextensible 2𝑙𝑙 long string is attached to a fixed-point O 

on a smooth horizontal table. The other end is attached to a 2𝑚𝑚 

particle at point A which is 𝑙𝑙 distance away from O. The  2𝑚𝑚 particle 

is projected at a velocity 𝑢𝑢 on the table perpendicular to OA. Show 

that the impulsive tension of the string after pulling is 𝑚𝑚𝑢𝑢 √3 and the 

velocity of the particle is 
𝑢𝑢 2 . If 𝑂𝑂𝐴𝐴 = 2𝑙𝑙, find the velocity of the particle 

and the impulsive tension of the string. 

 

133. A particle with a mass of 3𝑚𝑚 𝑘𝑘𝑔𝑔 rests on a smooth plane. The 

inextensible string attached to the particle is wrapped around a 

smooth pulley above the table, and particle of mass 2𝑚𝑚 𝑘𝑘𝑔𝑔 is 

attached to the other end, and the system is in equilibrium. The 

2𝑚𝑚 𝑘𝑘𝑔𝑔 particle is lifted vertically to a height of ℎ 𝑚𝑚 and releases 

under gravity. Show that the velocity at which 3𝑚𝑚 𝑘𝑘𝑔𝑔 starts to rise is 25  �2𝑔𝑔ℎ 𝑚𝑚𝑚𝑚−1. Show that the impulsive tension of the string is 

6𝑚𝑚 �2𝑔𝑔ℎ5  Ns and the energy loss of the system is 
6𝑚𝑚𝑔𝑔ℎ5  𝐽𝐽. 
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134.  A smooth sphere of mass 2 kg moving with speed 3 ms-1, strikes 

directly with another smooth sphere of mass 3 kg which is at rest. 

Given that coefficient of restitution e=
3

1
, find the speed of each 

sphere after the impact, impulse between the spheres and the loss of 

kinetic energy due to impact. 

 

135. Two unifom smooth spheres A and B of mass of  2 kg and 4 kg moving 

with speeds 4ms-1 and 3ms-1 respectively in the same direction 

collide directly. Coefficient of restitution is e. If e = 
2

1
, find the speed 

of each sphere after the impact, the magnitude of the impulse 

between the spheres and loss of kinetic energy due to the impact. 

 

136. Two smooth spheres of masses m and 2m respectively are moving 

towards each other with speeds u and 3u respectively collide directly. 

If e =
3

1
, calculate the speed of each sphere after the collision. Find 

the magnitude of the impulse between the spheres and loss of kinetic 

energy in the system. 

 

137. Two smooth spheres of masses m and 3m are moving in same 

direction and collide directly. Between the spheres, the initial relative 

velocity is u and the coefficient of restitution is e. Show that the 

impulse between the spheres is 
3m(1+e)u4  and show also that the loss 

of kinetic energy is 
3mu2�1−e2�8 . 

 

138. Two smooth spheres A and B of masses 2m and m, lie at rest on a 

smooth horizontal surface. Paticle A is given a horizontal impulse I, so 

as to collide directly with B. Find the speeds of the spheres 

immediately after the collision. If the impulse between the spheres is 

J, show that  J =
I3 (1 + e). Show also that the loss of kinetic energy in 

the system is  
JI(1−e)4m . Coefficient of restitution is e. 

 

139. Two equal uniform spheres of mass m1 and m2 moving in the same 

direction with speeds u1 and u2 respectively, collide directly.  The 
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coefficient of restitution is e. Find the speeds of the spheres after the 

collision.  Show that the impulse between the spheres is 
m1m2m1+m2 (1 +

e)(u1 − u2) and the kinetic energy lost in the system is 
m1m22(m1+m2)

(1 −
e2)(u1 − u2)2. When e = 1, find the loss of kinetic energy. Explain 

your answer. 

 

140. Two smooth uniform spheres of mass m1 and m2, collide directly.  

Relative to the common centre of gravity of the spheres, the velocities 

of m1 and m2 before and after collision are u1 and u2 and v1 and v2 

respectively. The coefficient of restitution between the spheres is e. 

Show that, 

i) m1u1 + m2u2 = 0 

            ii)  m1v1 + m2v2 = 0 

           iii)   v1 = −eu1,  v2 = −eu2 and also show that the loss of kinetic 

energy due to collision is 
�1−e2��m1u12+m2u22�2 . 

 

141. Two equal smooth uniform spheres A and B collide directly. The 

impulse between the spheres is I. The speed of the centre of gravity of 

the spheres is u. Relative to this centre of gravity the speed of the 

sphere with greater speed is v. Show that the loss of kinetic energy of 

the system is Iv(1 – e) where e is the coefficient of restitution. 

 

142. Two spheres A and B of mass m and 3m respectively, collide directly. 

Coefficient of restitution is e. Initial speed of B is u. Relative to the 

centre of gravity of the spheres the speed of A is v. If e is the 

coefficient of restitution, find the impulse between the spheres and 

show that the loss of kinetic energy of the sphere B is 
2mv23 (1 − e2).  

 

143.  a)Two smooth uniform spheres of mass M and m collide directly. The 

kinetic energy of m before collision is T. Given that m comes to rest 

after the collision, show that the difference between the kinetic 

energy of M is  T �2eM+m(e−1)M(1+e)
�.  

 

b)A hollow right circular cylinder with open ends has a mass of 10m 

kg. The hollow cylinder is placed on a smooth horizontal plane with 
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its axis vertical. A particle of mass m kg is kept on the smooth plane 

inside of the cylinder and is projected with velocity u ms-1 along a 

radius. The coefficient of restitution is e. After the second impact, 

show that the velocity of the cylinder is 
8𝑢𝑢99 and show also that the loss 

of kinetic energy is 
40mu2891 . Coefficient of restitution is e. 

 

144. Two equal smooth spheres A and B of mass m and 2m respectively, 

lie in a straight line on a smooth plane. The straight line is 

perpendicular to a smooth wall. Sphere A is projected with speed u 

along the line AB�����⃗   on the plane so as to collide directly with B. The 

coefficient of restitution between A and B and B and the wall is e. 

Find the speed of each sphere after the second collision between A 

and B. Find the total energy lost in the collision. 

 

145. A smooth sphere A moving on a smooth horizontal table strikes 

directly with an equal smooth sphere B. The sphere B is at O, which is 

at a distance a m from a point L of the wall.  The line joining the 

centres of the spheres are perpendicular to the wall. Show that the 

second collision between A and B takes place at a distance 
2ae21+e2 on the 

table. The coefficient of restitution for all collisions is e. 

Given that the second collision between A and B is at the midpoint of 

OL, deduce that e =
1√3. 

 

146. Two uniform smooth spheres A and B of equal radius and of mass 4m 

kg and 5m kg respectively, are placed on a smooth horizontal plane. 

When A is given a velocity u ms-1, it strikes directly with B. Then B 

hits a smooth vertical wall at right angles and rebounds to meet A 

directly again. After second collision between A and B, B comes to 

rest. Show that 2e3 − 3e2 − 3e + 2 = 0. The coefficient of restitution 

for all collisions is e. Show also that the value of e is  
12 , in order for 

this process to be realistic. 

 

147. Two small smooth spheres, A and B, of mass 2m and m respectively, 

are placed on a smooth horizontal plane so that the line joining the 

centres of the spheres is perpendicular to a vertical wall. The sphere 
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B is placed between the sphere A and the wall at distance x from the 

wall. The coefficient of restitution between A and B is e and that 

between B and the wall is 
12.  A is projected with speed u along the line 

of centres of the spheres then collides directly with B. The sphere B 

then strikes the wall and rebounds to collide with A directly. Find the 

speed of A and of B after the first impact. 

i) Show that, the distance of A from the wall is 
3e𝑥𝑥2(1+e)

  at the instant 

that B hits the wall. 

ii) Show that the time interval between the first collision of A on B 

and second the collision of A on B is independent of e. 

 

148. A light elastic string of natural length 𝑙𝑙m and modulus of elasticity 

mgN has one end fixed to a point O. A particle of mass 2m kg is 

attached to the other end A, of the string and is kept at rest a distance 𝑙𝑙m vertically below O. There is a smooth horizontal table at a distance 

2𝑙𝑙  m below O. The coefficient of restitution between the particle and 

the table is e.When the particle is released from rest it strikes the 

table and rebounds a distance h from the table and comes to rest. 

Assuming that the elastic potential energy of the string is 
λ𝑥𝑥22𝑙𝑙  when 

the extension is x show that h = 𝑙𝑙 �√l + 3e2 − 1�  by using Newton’s 

law and energy equation. 

 

149. A smooth sphere strikes vertically with speed u, on to a smooth 

horizontal plane which is stationary. Find the speed of rebound after 

the third impact and the time of flight until the third impact. 

 

150. Two small smooth spheres A and B of equal radius and of mass 2m 

and m respectively, are moving towards each other with speed u. The 

coefficient of restitution is e1. Given that e1 =
12  show that A comes to 

rest after the collision. 

If e1 >
12, the initial speeds of A and B are in opposite directions 

during collision. At this instant B then strikes a smooth wall normally. 

The coefficient of restitution between B and the wall is e2. If A and B 

collide again, show that e2 >
2e1−11−4e1. 
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Given that e1 = e2 = e, deduce that  
12 < e < 1. 

 

151. A thin cylindrical tube AB, of mass M and length 2a rests on a smooth 

horizontal plane. Initially a glass ball of mass m which is at rest at O, 

the mid point of AB, moves freely inside the tube. The ends of the 

tube are closed with circular disks. An impulse I, is given to the end A 

in the direction of AB. Considering the motion of the glass ball 

relative to the tube, show that the time taken for the glass ball to 

reach O again after colliding with A is 
aMI �1 +

1e�. The coefficient of 

restitution is e. Show that the distance travelled by the tube from the 

starting point is 
a�1+1e�1+mM   when the glass ball reaches the point O. 

 

152. A bucket of mass M is attached to one end of a light inextensible 

string which passes over a smooth fixed pulley. A body of equal mass 

M is attached to the other end of the string. A glass ball of mass m 

moving vertically with speed u strikes the bottom of the bucket. 

Given that the coefficient of restitution between the glass ball and the 

bucket is e, find the time taken between first collision and second 

collision. Show also that all collisions will come to an end after a total 

time T, where T =
2eu

(1−e)g from the first collision.    

             

153. Three smooth spheres A, B and C of equal radius and of 

mass M, m and m respectively, are placed on a smooth 

table. Initially B and C are contacting each other at rest as 

shown in the diagram and the sphere A is projected with speed 

u along the common tangent of B and C. Show that the 

magnitude of the velocity of each sphere B or C is  
√3uM(1+e)

(2M+3M)
 

after the impact where e is the coefficient of restitution between 

any two spheres. Find the velocity of A after the impact. Show that  3mM�1−e2�𝑢𝑢22(2M+3m)
  amount of original kinetic energy is lost due to the 

impact. 

                 

154. A, B and C are three smooth spheres such that their masses are M, m 

and m respectively, and each sphere has radius a. B and C are at rest 

B 
m m 

C 

A M 

u 
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on a smooth horizontal table contacting each other. The sphere A is 

projected with a velocity of u along the line which is perpendicular to 

the line of centres of B and C so as to collide symmetrically. The 

coeffient of restitution between the sphere A and the other each 

sphere is e.  Find the velocity of each sphere after the collision. 

 

155. A smooth sphere of mass m strikes with velocity u ms-1 at an angle of 

600 on a horizontal plane. Given that e =
12 , find the velocity of the 

sphere after the impact and the impulsive reaction on the sphere. 

Find also the loss of kinetic energy due to the impact. 

 

156. A smooth sphere of mass m kg falling vertically from rest at a height 

of h m strikes a smooth plane inclined at an angle α to the horizontal 

and rebounds horizontally with velocity v ms-1. Show that 𝛼𝛼 =

tan−1 √e . Given that the impulse between sphere and the plane is J, 

find h in terms of v. Find J and show that the loss of kinetic energy is J(1−e)�2gh2√l+e . The coefficient of restitution between the plane and the 

sphere is e. 

 

157. A smooth sphere of mass m kg strikes vertically with speed u on to a 

smooth plane inclined at an angle 300 to the horizontal. Given that 

e =
12 and after the impact the sphere is moving at an angle α0 to the 

horizontal with v velocity find α and show that v =
u√74  . Show also 

that the impulse on the sphere is  
3√3mu4  . 

 

158. A smooth rectangular billiard table ABCD, a smooth billiard ball is 

projected with speed v from a point A at an angle α to AB. The ball 

strikes BC then CD and reaches A again. The coefficient of restitution 

between BC and CD are e1 and e2 respectively. Unless e1 < e2, show 

that the ball cannot reach the point A. Given that 𝛼𝛼 = 300 show that 

the velocity of the ball as it reaches A again is   
v2 �3e12 + e22 . 

 

159. A room consists of a smooth square floor ABCD of side 2a and smooth 

vertical walls. A small smooth ball is projected along the floor of the 

room with speed u from the midpoint of AB making an angle of 450 
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with AB. If the coefficient of restitution between the ball and the walls 

is e, determine the point where the ball strikes AB again. Show that 

the complete path of the ball consists of two sets of parallel lines. 

 

160. A smooth sphere which is projected with velocity u ms-1 from a point 

A on a horizontal plane at an angle 600 to the horizontal, strikes a 

smooth wall at B, a distance d m from A. The sphere rebounds from B 

and strikes A again. The vertical plane through A and B is 

perpendicular to the wall. If the coefficient of restitution is e, show 

that √3eu2 = 2dg(1 + e) . Given that the mass of the sphere is m, find 

the impulsive reaction exerted by the wall on the sphere.  

 

161. A uniform smooth ball is projected with velocity v at an angle α to the 

horizontal at a point A inside a smooth cylindrical container of radius 

r. The ball strikes consecutively the walls of the cylinder and reaches 

a point B. The coefficient of restitution for all impacts being e. Show 

that e2v2 sin α cos α = gr(1 + e + e2). Given that α = 300 and e =
12 , 

deduce that v2 =
28gr√33 . 

 

162. A smooth circular tray of radius a has a small vertical edge around 

the circumference of the tray. A small smooth sphere projected with 

speed v with an angle α to the horizontal at a point A on the 

circumference, strikes at B then at C of the edge and reaches A again. 

Show that tan2 α =
e31+e+e2  where e is the coefficient of restitution. 

When the sphere is projected from the point A at an angle 300 to the 

radius of the circle find a condition for this collision process to be 

possible. 

 

163. A ball is thrown from a point O on a horizontal ground and strikes a 

smooth vertical wall at a horizontal distance a, from O so that it 

returns in the same horizontal plane as before. Given that it is thrown 

with initial velocity v at an angle θ to the horizontal and coefficient of 

restitution is e, show that if v2 sin 2θ ≥ ag
(1+e)e  then the ball will not 

strike the ground between O and the wall. 
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164. A football A of mass m and radius a rest on a smooth horizontal 

ground. Another football B of the same mass m but radius b (< a) 

moving with velocity u on the ground, collides with A. The line joining 

the centres of the footballs and the vector u are in the same vertical 

plane. Assuming that the collision is perfectly elastic, show that the 

football A receives a velocity of  
2u cos 𝛼𝛼l+cos2 𝛼𝛼  where 𝛼𝛼 = sin−1 �a−ba+b�. Given 

that the coefficient of restitution between the ground and the football 

is e, find the horizontal range of the football A on the ground.  

             

165. A smooth sphere A is placed stationary on a smooth horizontal 

inelastic floor but allowed to move freely. While an identical smooth 

sphere B falling vertically with speed u, it collides with A so that the 

line joining the centres of the spheres makes an angle  𝛼𝛼 with the 

vertical at impact. The coefficient of restitution between the spheres 

is e. Establish the following results in relation to the collision. 

i) The impulse between the spheres is 
(1+e)mu cos 𝛼𝛼1+sin2 𝛼𝛼  . 

ii) The loss of kinetic energy is (1 − e2)
mu22 � cos2 𝛼𝛼1+sin2 𝛼𝛼�. 

iii)The impulse on the floor is (1 + e)mu � cos2 𝛼𝛼1+sin2 𝛼𝛼�. 

Why is there no loss of kinetic energy due to the impulse on the floor? 

 

166. A smooth sphere fallen under gravity from a height h, strikes a 

smooth inclined plane at an angle 300 to the horizontal. The 

coefficient of restitution is  
14. Given that B is the point where the third 

impact takes place on the inclined plane, show that OB =
105128 h sin 𝑐𝑐.  

 

167. Two smooth uniform spheres each of mass M kg and radius a m are 

suspended on a horizontal line at two fixed poins A and B 

respectively, by means of two inextensible strings of equal lengths 

where AB = 2a m. At the instant when the spheres are gently 

touching each other in equilibrium, a smooth sphere of mass   m kg 

and radius b m moving vertically with velocity u strikes A and B 

symmetrically. Find the velocities of the spheres after collision, the 

impulse and show that the loss of kinetic energy is 
mM(1−e)u2 cos2 𝛼𝛼m sin2 𝛼𝛼+2M cos2 𝛼𝛼 . 

Given that a = b, deduce that the loss of kinetic energy. 
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168. A sphere of mass m hangs in equilibrium from a fixed point by means 

of a light inextensible string. A second sphere of mass m’ falling 

vertically strikes the first sphere in a position where the line of 

centres makes an acute angle 𝛼𝛼 with the vertical. The velocity of the 

second sphere immediately before impact is v. Given that the 

coefficient of restitution is e, show that the first sphere starts to move 

with a velocity of magnitude  
𝑚𝑚′(1+e)v sin 𝛼𝛼 cos 𝛼𝛼m+m′ sin2 𝛼𝛼  . Find the impulse 

between the spheres and the impulsive tension in the string. 

 

169. A solid hemisphere of mass M kg rests on a smooth horizontal plane 

in contact with its plane face. A solid sphere of mass m kg falling with 

velocity u ms-1 collides with the solid hemisphere. The coefficient of 

restitution is e. At the instant of collision, the line of centres makes an 

angle 𝛼𝛼 with the vertical. Find the velocities after the collision, 

impulse at the points of contact and the loss of kinetic energy. When 𝛼𝛼 = 300 deduce the loss of kinetic energy. 

 

170. A smooth uniform sphere of mass m kg and moving with speed u ms-1 

collides with a stationary sphere of mass 2m kg at an angle ∝ with the 

line of centres. Find the velocities after the collision, impulse between 

the spheres and show that the loss of kinetic energy is 
mu23 (1 −

e2) cos2 𝛼𝛼 . The coefficient of restitution between the spheres is e. 

Find the latest directions of motion of the spheres. 

 

171. Two smooth identical uniform spheres A and B of masses 2m and 3m 

moving with speeds 2u and u 3  respectively, collide at an angle 300 

and 600 with the line of centres. If the coefficient of restitution being 

e, find the velocity of each sphere after the collision, impulse between 

the spheres and show that the loss of kinetic energy is 
9mu220 (1 − e2) . 

 

172. Two smooth uniform spheres A and B of masses 2 kg and 3 kg 

moving in the same direction with velocities 4 ms-1 and 2 ms-1 

respectively, collide directly. The coefficient of restitution being e. 

Find the velocity of each sphere after the collision, impulse between 

spheres and show that the loss of kinetic energy is 
95 J . 
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173. A smooth uniform sphere of mass 4 kg moving with velocity 4 ms-1 

strikes directly with a smooth uniform sphere of mass 2 kg which is 

at rest. Given that e =
13 , find the velocity of each sphere after the 

collision, impulse between spheres and show that the loss of kinetic 

energy is 
25627 J . 

 

174. Two smooth uniform spheres of mass 1 kg and 2 kg moving towards 

each other with velocity 2 ms-1 and 3ms-1 respectively, collide 

directly. Given that e =
12 , find the velocity of each sphere after the 

collision, impulse between spheres and show that the loss of kinetic 

energy is 
254 J . 

 

175. Two smooth uniform spheres of equal radius and of mass 3m kg and 

2m kg moving in the same direction with velocities 2u ms-1 and u ms-1 

repectively, strike directly. Find the velocity of each sphere after 

impact and show that they are moving in the same direction as 

initially. Find the impulse between the spheres. Given that the kinetic 

energy lost is 
mu215 J , show that e =

2√23  . 

 

176. A smooth sphere of mass m kg moving with speed u ms-1 strikes 

directly with another smooth sphere of the same radius but of mass 

M kg which is at rest. Given that after impact the direction of motion 

of the sphere m is reversed, show that m < eM. Show that the impulse 

between the spheres is 
mMu(1+e)m+M   and hence show that the loss of 

kinetic energy of the system is Ju(1 + e) where J is the impulse 

between the spheres. 

 

177. Two smooth spheres of equal radius and of mass m kg and M kg are 

moving in a straight line. The velocity of the sphere m relative to the 

sphere M is u ms-1. Show that the loss of kinetic energy is 
mM�1−e2�u2m+M J 

due to the collision. 

 

178. A small smooth sphere A of mass 2m kg is moving with speed u ms-1 

on a smooth horizontal plane. The sphere A strikes directly with a 
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sphere B, of the same radius but of mass m kg, which is at rest. The 

coefficient of restitution being e.Find the velocities after collision. 

After first impact the sphere B hits a smooth perfectly elastic vertical 

wall and rebounds from the wall.Then there is a second collision 

between A and B. Show that the velocity of B is 
2u9 (l + e)2 after the 

second collision and find the velocity of A. Coefficient of restitution is 

e. 

 

179. Three smooth spheres A, B and C of equal radius and of mass m1, m2 

and m3 respectively, lie in a straight line on a smooth horizontal 

plane. The coefficient of restitution between the spheres is e.  The 

sphere A is projected with velocity u to collide directly with B.  A is 

brought to rest after colliding with B and then B is brought to rest 

after colliding with C. 

 

i)    Find m2 and m3 in terms of m1 and e. 

ii)  Find the total loss of kinetic energy in terms of m1, u and e  

         after starting C’s motion. 

iii)   Find the impulse between each collision. 

 

180. The distance between two vertical walls is 12 m of a school building. 

A point P is 3 m from one wall and a point Q is 4 m from the other 

wall on the floor. The line PQ is perpendicular to the walls. Two 

particles A and B are projected from the points P and Q respectively 

with velocities 1 ms-1 and 2 ms-1 to the nearest respective walls at the 

same instant. For all collisions coefficient of restitution is e. Two 

particles meet at a point X and A comes to rest at the collision. Find 

the distance of X from the nearest wall. Obtain the ratio of the masses 

of the particles. Find the time taken to the instant of the second 

collision between the particles. 

 

181. A smooth circular tray has a vertical edge. The plane of the tray is 

fixed rigidly. A ball projected at a point A near the edge, strikes the 

edge at points B and C. AC subtends an angle 
𝜋𝜋2 at the centre of the 

circle and the point B is on the arc AC. The coefficient of restitution is 

e =
23. Show that the direction of projection is inclined at an angle 
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tan−1(2) to the centre line. Find the ratio of the time taken by the ball 

to travel AB, BC. 

 

182. Two smooth spheres of equal radius but of different masses moving 

with velocity 15 ms-1 in opposite directions, collide directly. They 

move with velocities 3 ms-1 and 15 ms-1 in opposite directions after 

the collision. Show that the ratio of the masses of the spheres is 5 : 3. 

The two spheres collide directly moving in the same direction. The 

velocity of heavier sphere is 15 ms-1 and the lighter sphere is 10 ms-1. 

Find the velocity of each sphere after the impact, impulse and the loss 

of kinetic energy. 

 

183. A particle A, of mass m kg moving with velocity v ms-1 on a smooth 

horizontal plane, collide directly with a particle B, of mass 2m kg 

which is at rest. Given that the coefficient of restitution is e, find the 

velocity of each sphere after the collision. The sphere B then strikes a 

vertical wall at a right angle and rebounds and collides directly with 

A again. The coefficient of restitution between B and the wall is e.  

The sphere B comes to rest after the second collision. Show that e =

2 − √3 and also find the velocity of A. 

 

184. Three smooth spheres A, B and C of equal radius and of mass m, 2m 

and 3m respectively, lie at rest on a smooth horizontal table so that 

their centres in a straight line and B between A and C. The sphere A is 

projected towards B with velocity u along the line of centres. Given 

that the coefficient of restitution between each sphere is e, 

i) find the speed of A immediately after the collision with B, 

ii) find the speed of B immediately after the collision with C. 

If  e >
3−√52  , then show that there will be no second collision of A  

with B. 

 

185. A perfectly elastic sphere is projected vertically with velocity u from a 

point on a hard horizontal ground. When its velocity is v, another 

similar sphere is projected from the same point with velocity u. Show 

that the velocities immediately before the collision are equal and 

show also that the direction of velocity of each sphere is altered by 

the impact. Hence by means of a velocity-time graph show that the 
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time taken between successive impacts of the two spheres is 
ug . Find 

the heights to those collisions. 

                                        

186. Three perfectly elastic spheres A, B and C of equal radius and of mass 

3m, 2m and m respectively, lie on a smooth horizontal plane so that 

their centres are collinear. The sphere A is projected with velocity u 

so as to collide directly with B. Then B collides directly with C. Find 

the velocities of the spheres after collisions. Explain why there are 

only two collisions between the spheres. 

 

187. Two smooth uniform spheres A and B of equal radius and of mass m 

and 3m lie on a smooth horizontal plane in a straight line. A is 

projected to collide directly with B. Then B strikes a smooth vertical 

wall and rebounds to collide with A for the second time. B comes to 

rest after the second collision. Show that e3 − 5e2 − 5e + 1 = 0 . The 

coefficient of restitution is e for all collisions. 

 

188. A ball falls from a height of h m on to a smooth horizontal plane. After 

rebounding from the plane, it reaches a vertical height of 
h2 m and 

comes to instantaneous rest. Find the coefficient of restitution e, 

between the ball and the plane. Find the impusive reaction on the 

plane and the loss of kinetic energy. The mass of the ball is m. 

 

189. Three spheres A, B and C each of mass m lie at rest so that their 

centres in a straight line. The coefficient of restitution between A and 

B and between B and C are e and e’ respectively. A is projected 

towards B with velocity u to collide directly with B. The sphere A 

strikes B in the first collision and then the sphere B strikes C in the 

second collision. Find the velocities of A and B immediately after the 

second collision. 

 

190. A ball falling from a point vertically above an inclined plane at an 

angle ∝ to the horizontal, strikes with velocity u and rebounds from 

the plane. Given that the coefficient of restitution is e, find the 

distance of the ball from the initial point of collision to the next point 

of collision on the plane. Also find the loss of kinetic energy due to the 

second collision. 
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191. A particle of mass 2 kg projected at an angle ∝ to the horizontal from 

a point O on a smooth horizontal plane, strikes a smooth vertical wall 

and rebounds at right angles. At the second impact of the partcle with 

the horizontal plane, reaches the point O again. The coefficient of 

restitution between the particle and the wall is 
13 . If the coefficient of 

restitution between the particle and the plane is e, then show that 

4a =
v2g sin 2α (l + e). When v = 2�ag and 𝛼𝛼 = 300, deduce that e =2√3−33  . Hence obtain the impulsive reaction on the wall. 

 

192. A smooth sphere of mass 2m collides directly with a smooth sphere 

of mass 3m which is at rest. Due to the collision, 
13 of the original 

kinetic energy is lost. Find e, the coefficient of restitution. Obtain J, 

the impulsive reaction between the spheres. 

 

193. A smooth sphere of mass m moving with velocity u ms-1 strikes 

directly, a smooth sphere of mass km which is moving with velocity 𝜆𝜆𝑢𝑢 𝑚𝑚𝑚𝑚-1 in the same direction. Given that the first sphere comes to 

rest after the collision, show that the coefficient of restitution 

between the spheres is 
1+kλk(1−λ)

 . Deduce that k > 1 for this process to 

be possible. Find the impulse between the spheres and obtain the loss 

of kinetic energy. 

 

194. Number of k equal balls lie in a straight line. The first ball is projected 

with velocity u to collide directly with second ball. Find the starting 

velocity of the kth ball. The coefficient of restitution is e. 

 

195. A sphere of mass 3m moving with velocity u directly strikes a sphere 

of mass 2m which is at rest. After the collision, the second sphere 

moving with velocity v collides a third sphere which is moving 

towards second sphere with velocity kv. The third sphere comes to 

rest due the collision. The coefficient of restitution for all collisions is 

e. Show that v = �l+e3 � u and  k =
2(l+e)23(l−2e)

 . 
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196. Two equal smooth spheres B and C, each of mass 3m rest on a smooth 

horizontal plane. A smooth sphere A of mass m and same radius as 

other spheres, moving with velocity v in the line of centres of B and C, 

strikes directly with B. Then B strikes C. After first collision A comes 

to rest. Show that the coefficient of restitution between A and B is 
13 . 

If the coefficient of restitution between B and C is 
12 , show that the 

loss of kinetic energy due to two collisions is 
11mv224 . 

 

197. A point B is at a height of h vertically above A. A particle P, is 

projected vertically upwards with velocity 2�gh from A. At the same 

instant a particle Q, is projected with velocity �gh  from B. Show that 

the particles collide at a point where 
3h2  vertically above A. If the two 

particles are identical and e =
12 , find the velocity of the particle P 

when it reaches the point A again.  

 

198. Three uniform smooth spheres A, B and C of equal radius and of mass 

m1, m2 and m3 respectively lie at rest in a straight line, with B 

between A and C. Sphere B is projected directly towards C with 

velocity u and sphere C is projected towards B with velocity 3u. The 

velocity of C which has magnitude 3u, is reversed in the collision 

between B and C. If 5m3 > m2 , show that sphere B collides sphere A. 

If A is given a velocity u so that A is far from B and C, A collides B, 

obtain a relationship between m2 and m3. 

 

199. A ball is projected vertically downwards with velocity �3gd at a 

height d from a point above a horizontal plane. Find the time taken of 

the ball to reach the ground. Given that the coefficient of restitution is 

e, show that the velocity of rebound of the ball is  𝑒𝑒�5gd . The height 

of the ceiling from the ground is 2d. Find the minimum value of e 

such that the ball approaches the ceiling. When e2 = 
35 , find the 

maximum height reached by the ball from the ground. Find the 

velocity of the ball to reach the point of projection again after hitting 

the ground once. 
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200. Two points B and C are on a smooth 

rectangular table where BC = a. 

The line BC is perpendicular to an 

edge of the table. The point C is 

being nearer to an edge of the table 

than B. Three smooth spheres R, P and 

Q of equal radius and of mass 4m, m and 

2m respectively, lie on the table as shown in 

the diagram. The sphere R moving with velocity 3u collides directly 

with P so that the latter moves along BC with velocity 4u. Find, in 

terms of u, the speed of R immediately after collision and the 

coefficient of restitution between the spheres R and P.  

Given that the coefficient of restitution between spheres P and Q is 
18 , 

find the velocity of P immediately after colliding with Q. Given also 

that sphere P falls off the table before colliding for a second time with 

R, find the maximum distance that the point C can be from the edge 

of the table. 

 

201. A smooth sphere A, of mass 2m moving with speed u on a smooth 

horizontal plane collides directly with a stationary smooth sphere B, 

of mass m of equal radius. The coefficient of restitution is e. After 

collision sphere B then strikes a smooth perfectly elastic vertical wall 

normally and rebounds from the wall to collide directly with sphere 

A again. Show that the velocity of B is then  
2u(1+e)29  and find the 

velocity of A. Coefficient of restitution is e. 

 

202. The diagram shows paths of moving of balls on a smooth 

horizontal plane. A sphere A moving in a straight line hits the 

barriers PQ and QR at B and C respectively. Then it 

moves along CD. Show that BA is parallel to CD. The 

coefficient of restitution is e for all impacts. The 

sphere A collides with sphere E, of the same radius and 

the same mass. When A and E collide, QR is parallel to 

the line of centres where RC�D = 𝛼𝛼 . After the 

collision, the sphere A moves in a direction which is inclined θ to the 

line QR. Given that tan θ = 5 tan α , find e. 

4m 

R 

3u m 2m 

P Q 

B C 

a 

R 
α 

C Q 

B 

P A 
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203. A train, 100 metres long, starts from rest at a station A and moves with 

constant acceleration. Later, it takes 10 seconds to pass a signal post B. 

The train is moving with velocity 11 ms–1 when the rear of the train passes 

B. Draw a velocity - time graph for the motion of the train. 

        Using this graph or otherwise, 

i. find the velocity with which and the time at which the front of the 

train passed B. 

ii. find the acceleration of the train and show that the total distance  

travelled is 302.5 metres, when the rear of the train is at B. 

2000 AL 

204. A stationary police car observes a van travelling past it, with constant 

velocity 72 kmh–1. Ten seconds later the police car starts in pursuit of the 

van. Moving with constant acceleration f ms–2 for a distance of 200 m, 

the police car reaches a velocity of 90 kmh–1 which it maintains until 

overtaking the van. Sketch velocity - time graphs for the two vehicles on 

the same diagram. Calculate the acceleration f of the police car in the 

first 200 m of its journey, and the total time taken by it to overtake the 

van, calculated from the instant of their first encounter. 

2001 AL 

205. Brakes are applied to a moving train, at time t = 0, giving it a uniform 

retardation. At t = 20 s and at t = 50 s, its displacement from the position 

of applying brakes are observed to be 750 m and 1500 m respectively. 

Sketch a velocity-time graph for the motion of the train, until it comes to 

rest. Find, 

i. the retardation of the train. 

ii. the velocity of the train at t = 50 s. 

iii. the value of t when the train comes to rest. 

2002 AL 
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206. A particle, projected vertically upwards with speed U from a point O on 

the ground, moves under the action of gravity alone and falls back to O 

after a time T. Sketch a velocity-time graph for the motion of the particle. 

Using the velocity-time graph only, show that, 

i. the time taken by the particle for the upward motion is the same as 

the time taken for the downward motion and is equal to 
Ug . 

ii. The maximum height reached by the particle is 
12 U2g  . 

iii. If the particle is at the same height at times t1, and t2, then t1 + t2 =T. 

2003 AL 

207. A particle projected horizontally with speed √2 gT, from a height h 

above the ground, where T is a constant, moves under gravity. 

Draw separate speed-time graphs for the horizontal and vertical 

components of the velocity of the particle. 

If the particle is at a distance  
32 gT2 from the point of projection, when it 

falls to the ground, show that, using the speed-time graphs, the time taken 

by the particle to reach the ground is T, and h = 
12 gT2 . 

2004 AL 

208. A particle A dropped from rest at a height h above the ground at time  

t = 0, falls vertically under gravity. At the same instant another particle B 

is projected vertically upwards from a point on the ground with velocity 

u. Draw the velocity-time graphs for the motion of each particle on the 

same diagram. 

Using the velocity-time graphs, show that the two particles are at the same 

height from the ground at time 
hu . 

           2005 AL 

209. A man on a straight road sees a bus starting to move with constant 

acceleration, from rest at a bus stop at a certain distance ahead of him. 



Motion Graphs Past Papers 
 

49 

 

Immediately, he runs after the bus with constant velocity U ms–1 and just 

catches it in T seconds. Draw the velocity-time graphs for the man and the 

bus on the same diagram. Find, in terms of U and T, the acceleration of the 

bus and the initial distance of the man from the bus stop. 

           2006 AL 

210. A train starting from rest moves in a straight track with uniform 

acceleration 
13 ms–2 and acquires a velocity V ms–1. Then it moves with 

uniform velocity V for a certain interval of time. Finally, the train moves 

with uniform retardation 1 ms–2, and comes to rest. The total time taken 

is one minute and the total distance travelled is 432 metres. Sketch the 

velocity-time graph for the motion of the train, and find the value of V. 

Hence, show that the distances travelled in the three stages of motion are 

in the ratio 3 : 2 : 1. 

           2007 AL 

211. A train normally runs in a straight track at a uniform velocity V km h–1. 

Due to a repair ahead in the track, it slows down to a velocity U km h–1, at 

a uniform retardation over a distance d km. Next, the train moves with 

uniform velocity U over a distance 2d km of the track under repair. Then, 

moving with uniform acceleration over a distance 3d km, it regains the 

velocity V. Sketch the velocity-time graph for the motion of the train. 

Show that the time lost due to the track repair, as compared with normal 

running of the train is 
2d(V−U)(V+3U)UV(U+V)

 hours. 

           2008 AL 

212. A balloon is rising with constant velocity U, relative to earth. At time  

t = 0, particle P is projected from the balloon, vertically upwards, with 

velocity V relative to the balloon. At time t = t1 another particle Q is 

projected from the balloon, vertically upwards, also with velocity V 

relative to the balloon. The two particles P and Q meet at time t = t2 . 

Sketch the velocity-time graphs, separately, for the motion of 
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i. P relative to the balloon, during the interval 0 ≤ 𝑡𝑡 ≤  𝑡𝑡1 and 

ii. Q relative to P, during the interval 𝑡𝑡1 ≤ 𝑡𝑡 ≤  𝑡𝑡2. 

Hence, or otherwise, show that t2 = 
Vg +

12 t1 Show further that the 

velocities of Q and P when the two particles meet are U± 
12 gt1,   

respectively. 

2009 AL 

213. A particle P of mass M is projected at time t = 0, vertically upwards 

under gravity with velocity u from a point on the ground. Three particles 

P1, P2 and P3 each of very small mass m(<<M), are projected from the 

particle P horizontally in the same sense with velocities 2v, 3v and 6v 

relative to the particle P at the times t = 
u2g ,  t =  

ug   and t =  
3u2g  respectively. 

Draw the velocity-time graph for the velocity of the particle P. Show that 

the velocity-time graphs for each of the vertical components of the 

velocities of the particles P1, P2 and P3 coincide with portions of the 

velocity-time graph of the particle P and identify these portions. 

In a separate diagram, draw the velocity time graphs for each of the 

horizontal components of the velocities of the particles P1, P2 and P3. Using 

the velocity-time graphs show that, 

i. the four particles reach the ground at the same time t = 
2ug  . 

ii. the three particles P1, P2 and P3 fall on the ground at the same 

position. 

2010 AL 

214. A particle P is projected at a point O vertically upward under the gravity 

with velocity u. After time 
u2g  another particle Q is projected at the point 

O vertically upward under the gravity with velocity v (> u). Let A be the 

highest point that the particle P reaches. The particles P and Q meet at the 
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point A.  Draw the velocity-time graphs for the complete motions of the 

particles P and Q in the same figure. 

Using these velocity-time graphs show that, 

a. OA = 
u22g . 

b. v = 
5u4   and the velocity of the particle Q at the point A is 

3u4  . 

c. when the particle Q reaches the highest point the height of the 

particle P from the point O is 
7u232g . 

2012 AL 

215. A particle is projected vertically upwards with a velocity u from a point 

on a fixed rigid horizontal floor. After moving under gravity it strikes the 

floor. The coefficient of restitution between the particle and the floor is e 

(0 < e < 1) 

i. Sketch the velocity-time graph for the motion of the particle 

until the third impact. 

ii. Show that the time taken by the particle until the third impact 

is  
2ug  (1 +e + e2). 

iii. Show further that the total time taken by the particle to come 

to rest is 
2ug (1−e)

 . 

2013 AL 

216. Two particles P and Q are placed at a point O on a fixed smooth plane 

inclined at an angle 𝛼𝛼 �0 < 𝛼𝛼 <
𝜋𝜋2� to the horizontal. The particle P is 

given a velocity u upwards along the line of greatest slope through O, and 

at the same instant the particle Q is released from rest. Assuming that the 

two particles do not leave the inclined plane, sketch the velocity-time 

graphs for the motions of P and Q on the same diagram. 
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Using these graphs, show that at the instant the particle P returns to the point 

O the particle Q is at a distance 
2u2g sin 𝛼𝛼   from O. 

                2014 AL 

217. Two particles P and Q are simultaneously projected vertically upwards with  

speeds u and 
u√2 respectively, from two points on a fixed horizontal floor. There 

is a fixed smooth horizontal ceiling at a height 
u24g from the floor. The coefficient 

of restitution between the ceiling and the particle P which strikes it is 
1√2 , and 

the two particles move upwards and downwards only under gravity. 

a. Find the speed of the particle P just before it strikes the ceiling and the 

time T1 up to the instant of collision. 

Show that the particle P returns to its point of projection with speed u√32  . 

b. Show that the particle Q just reaches the ceiling and find the time T2 

up to that instant. 

c. Sketch, on the same diagram, the velocity-time graphs for the motions 

of the two particles P and Q from the instant of projection until they 

return to the respective points of projection. 

d. Using the velocity time graphs show that, at the instant when P strike 

the ceiling, Q is at a vertical distance  
u22g (√2 -1)2 below the ceiling. 

2015 AL 
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218. A particle P of mass m is connected to a 

particle Q of mass 3m by a light inextensible 

string passing over a small smooth pulley 

fixed at a height 3h above an inelastic 

horizontal floor. Initially the two particles 

are held at a height h above the floor with 

the string taut, and released from rest. (See 

the adjoining figure). Applying Newton's 

second law separately to the motions of P 

and Q, show that the magnitude of 

acceleration of each particle is 
2

g
. 

After a time t0 the particle Q strikes the floor, comes to rest 

instantly, remains at rest for a further time t1, and begins to move 

up. Sketch the velocity-time graphs separately for the motions of 

the two particles P and Q until the particle Q begins to move up. 

Using these graphs, show that t0 = 2
g

h
 and find t1, in terms of g  

and h. Show further that the particle P reaches a maximum height 

 
2

h5
 above the floor. 

                  2016 AL 

219.   The base of a vertical tower of height 𝛼𝛼 is at 

the centre C of a circular pond of radius 2a, 

on horizontal ground. A small stone is 

projected from the top of the tower with 

speed u at an angle 
𝜋𝜋4  above the horizontal. 

(See the figure.). The stone moves freely 

under gravity and hits the horizontal plane 

through C at a distance R from C. Show that R is given by the equation gR2 

 

u 

2a C 

a 
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– u2R – u2a = 0. Find R in terms of u, a and g, and deduce that if u2 > 
43 ga, 

then the stone will not fall into the pond. 

2017 AL 

220. A lift moving in a mine pit of depth 4d metres begins to move vertically 

downwards from rest from a point A, at time t = 0. First, it moves a distance 

d metres with constant acceleration 
g2 ms–2, and then it moves with the 

velocity attained at the end of that motion, for another distance of d metres. 

The lift then moves the remaining distance with constant retardation so as 

to come to rest exactly at the point B at a distance 4d metres below A. Sketch 

the velocity-time graph for the motion of the lift. Hence, find the total time 

taken by the lift to move down from A to B. 

           2018 AL 

221. Two cars P and Q move with constant accelerations in the same direction 

along a straight road. At time t = 0 the velocity of P is  𝑢𝑢 ms−1 and the 

velocity of Q is (𝑢𝑢 +9) ms−1. The constant acceleration of P is f ms−2 and the 

constant acceleration of Q is �𝑓𝑓 +
110� ms−2. Sketch the velocity - time graphs 

for 

(i) the motions of  P and Q  for 𝑡𝑡 ≥ 0, in the same diagram, and  

(ii) the motion of Q relative to P for 𝑡𝑡 ≥ 0, in a separate diagram. 

Further, it is given that at time t = 0 the car P is 200 meters ahead of the car 

Q. Find the time taken by Q to overtake P. 

                 2019 AL 
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222.  A small smooth sphere 𝐴𝐴 of mass m moving on a smooth horizontal 

table with velocity 𝑢𝑢 collides directly with another small smooth 

sphere 𝐵𝐵 of equal size and mass 2𝑚𝑚, which is at rest on the table. The 

coefficient of restitution is e.  

 

i. Show that the velocity acquired by 𝐵𝐵 is (1+𝑒𝑒) 
𝑢𝑢3, and find the impulse 𝐽𝐽 between the spheres.  

ii. Express the loss of kinetic energy due to the impact in the form 𝐸𝐸 =𝐽𝐽 2 (1 − 𝑒𝑒)𝑢𝑢.  

iii. If the direction of motion of 𝐴𝐴 reversed due to the impact, show that 𝑒𝑒 >
12 and 𝐸𝐸 <

14m𝑢𝑢2.  

           2000 AL 

223. Two smooth spheres 𝐴𝐴, 𝐵𝐵 of equal radii, are moving in opposite 

directions on a smooth horizontal table, so as to collide directly. 

Their masses are 2𝑚𝑚, 3𝑚𝑚  and their speeds are 7𝑢𝑢, 3𝑢𝑢 respectively.  

The coefficient of restitution between the spheres is 𝑒𝑒. Show that the 

impulse of the collision is of magnitude 12𝑚𝑚𝑢𝑢 (1 + 𝑒𝑒). 

If the smaller sphere, 𝐴𝐴 is brought to rest by the impact determine 

the value of 𝑒𝑒, and show that 
115 of the original kinetic energy is 

retained in the system.  

2001 AL 

 

224.   

a. The masses of three perfectly elastic smooth spheres 𝐴𝐴, 𝐵𝐵, 𝐶𝐶 

of equal radii are 𝜆𝜆𝑚𝑚, 𝑚𝑚, 𝜆𝜆𝑚𝑚 respectively where 𝜆𝜆 > 1. They 

are placed on a smooth horizontal plane, with their centers 

in a straight line, in the above order of the letters. Now 𝐵𝐵 is 

projected towards 𝐴𝐴 with speed 𝑢𝑢, so as to strike 𝐴𝐴 directly.  

Show that, 

I. the speed of 𝐵𝐵 after this first collision is �𝜆𝜆−1𝜆𝜆+1� 𝑢𝑢 . 

II.  𝐵𝐵 will not strike 𝐴𝐴 again if 𝜆𝜆 ≤ 2 + √5. 

 

b. Two masses 3𝑚𝑚, 𝑚𝑚 are connected by a light inelastic string 

which passes over a fixed smooth pulley. The system is at rest 

with the string taut and the portions of the string not in 
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contact with the pulley vertical, the larger mass being on the 

ground and the smaller mass hanging freely. 𝐴𝐴 third mass m, 

falling vertically from rest, through a hight h hits the smaller 

mass and adheres to it, jerking the whole system into motion 

with speed 𝑉𝑉. Find the value of 𝑉𝑉 and show that, 

 

I. the impulse set up in the string is 
35 𝑚𝑚𝑢𝑢, where 𝑢𝑢 = �2𝑔𝑔ℎ. 

II. the larger mass rises to a maximum height 
ℎ5, after a time 𝑢𝑢𝑔𝑔 from the instant of the jerk.  

                                2002 AL 

225. Two smooth spheres P and Q of small radii and of equal masses are 

at a point A of a smooth horizontal circular groove of small width and 

of radius 𝑎𝑎, At time 𝑡𝑡 = 0, the spheres P and 𝑄𝑄 are projected 

simultaneously with speeds 𝑈𝑈 and 𝑉𝑉 respectively along the groove in 

opposite directions, at what time t will the spheres 𝑃𝑃 and 𝑄𝑄 first 

collide?  

 

If, after the collision, 𝑃𝑃 and 𝑄𝑄 move with speeds 𝑈𝑈1, and 𝑉𝑉1, 

respectively along the groove and if 𝑒𝑒(< 1) is the coefficient of 

restitution between the spheres, write down the equations to 

determine 𝑈𝑈1, and 𝑉𝑉1.  

If 𝑈𝑈 > 𝑉𝑉,  

I. Show that, after the collision, 𝑄𝑄 will move in the direction 

opposite to its earlier direction of motion.  

II. and if the two spheres move in opposite directions after the 

collision, show that 𝑒𝑒 >
𝑈𝑈−𝑉𝑉𝑈𝑈+𝑉𝑉. 

If e satisfies the condition given in (ii), show that 𝑃𝑃 and 𝑄𝑄 will collide 

again when 𝑡𝑡 =
2𝜋𝜋𝜋𝜋(1+𝑒𝑒)𝑒𝑒(𝑈𝑈+𝑉𝑉)

 . 

          2003 AL 

226. A small smooth particle, 𝐴𝐴 and a small smooth elastic particle 𝐵𝐵 of 

mass m are attached to the two ends of an inelastic string of length 𝑙𝑙 

and are at rest on a smooth horizontal plane. The system now moves 

with speed 𝑢𝑢 in the direction 𝐴𝐴𝐵𝐵 with the string taut. The particle 𝐵𝐵, 

after some time, collides with a small smooth elastic particle C of 

mass 𝑀𝑀 which is at rest on the plane. If e is the coefficient of 
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restitution between the particles B and 𝐶𝐶, show that the particle 𝐵𝐵 

moves with speed 
𝑚𝑚−𝑒𝑒𝑒𝑒𝑚𝑚+𝑒𝑒 𝑢𝑢 after colliding with particle 𝐶𝐶, and the 

particle 𝐴𝐴 collides with the particle 𝐵𝐵 after a time 
(𝑚𝑚+𝑒𝑒)𝑙𝑙𝑒𝑒(1+𝑒𝑒)𝑢𝑢 from the 

moment of collision between 𝐵𝐵 and 𝐶𝐶.  

2004 AL 

227. A light inextensible string passes over a smooth fixed pulley. One 

end of the string carries a bucket of mass 𝑀𝑀 and the other end carries 

a counterpoise of equal mass.𝐴𝐴 small ball of mass 𝑚𝑚  is dropped 

vertically so as to strike the horizontal bottom of the bucket with 

velocity 𝑢𝑢, If 𝑒𝑒 is the coefficient of restitution, show that the bucket 

begins to move with velocity 
𝑚𝑚(1+𝑒𝑒)𝑢𝑢2𝑒𝑒+𝑚𝑚  , and find the impulse in the 

string.  

Also find the time between the first and second impacts of the ball 

and the bucket.  

2006 AL 

228. Two small smooth spheres of masses 𝑚𝑚 and 2𝑚𝑚 are connected by a 

light inextensible string of length 2a. The middle point of the string 

is tied to a fixed horizontal long pin and the two spheres are held at 

a distance 2𝑎𝑎 apart with the two portions of the string taut and 

horizontal. The spheres are now released from rest, simultaneously. 

Given that the first impact brings the heavier sphere to rest, find the 

coefficient of restitution. Show further that,  

 

I. the second impact brings the lighter sphere to rest,  

II. the total mechanical energy of the system between the 

second and the third impacts is 
12 𝑚𝑚𝑔𝑔𝑎𝑎, if the potential energy 

at the level of the point of impact is zero.  

2007 AL 

229. Three small smooth spheres 𝐴𝐴, 𝐵𝐵, 𝐶𝐶 of equal radii and of masses 𝑎𝑎, 𝑏𝑏, 𝑐𝑐 respectively, are placed separately on a smooth horizontal 

table, in that order, so that their centres lie on a straight line.  

The sphere 𝐴𝐴 is projected with a velocity 𝑢𝑢 along the line of centres 

so as to strike 𝐵𝐵 which in turn strikes 𝐶𝐶. The coefficient of restitution 

for each pair of spheres is 𝑒𝑒. Show that 𝐶𝐶 moves off with velocity 
(1+𝑒𝑒)2𝑢𝑢�1+𝑏𝑏𝑎𝑎��1+𝑐𝑐𝑏𝑏�. 
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Given further that 𝐴𝐴 and 𝐵𝐵 are brought to rest after the first and 

second impacts respectively, find the ratios 𝑎𝑎 ∶ 𝑏𝑏: 𝑐𝑐 and express the 

kinetic energy retained in the system as a fraction of the original 

kinetic energy.  

2008 AL 

230. A simple pendulum of length 𝑙𝑙 hangs at rest with the bob at a height 

2𝑙𝑙 above a horizontal floor. 𝐴𝐴 particle of mass equal to that of the bob, 

strikes the bob horizontally, and subsequently reaches the floor at a 

point whose horizontal distance from the initial line of the string is 
𝑙𝑙2. 

If the string turns through an acute angle 𝛼𝛼 before coming 

instantaneously to rest, show that the coefficient of restitution 

between the two particles is  
8𝑠𝑠𝑠𝑠𝑠𝑠 

𝛼𝛼2 −18𝑠𝑠𝑠𝑠𝑠𝑠 
𝛼𝛼2 +1 

 . 

2009 AL 

231. A smooth particle of mass 𝑚𝑚, which is at a height ℎ above a 

horizontal smooth plane. Falls under gravity from rest and strikes 

the plane and then rebounds. If the loss of kinetic energy due to the 

impact is 
𝑚𝑚𝑔𝑔ℎ4  find the coefficient of restitution between the particle 

and the plane that shows that the particle rebounds to a height 
3ℎ4  . 

             2012 AL 

232. A particle of mass 𝑚𝑚 is at rest on a smooth horizontal table. Two 

particles, each of mass 2𝑚𝑚, moving on the table in the opposite 

direction with speeds 𝑢𝑢 and 2𝑢𝑢 towards the particle at rest, collide 

with it simultaneously and coalesce. Find the speed of the combined 

particle after collisions and show that the loss of kinetic energy due 

to collisions is  
235 𝑚𝑚𝑢𝑢2 . 

         2013 AL 

233. A particle of mass 𝑚𝑚 moves with speed 𝑢𝑢 on a smooth horizontal 

floor towards a vertical wall, in a straight line perpendicular to the 

wall. Before hitting the wall, the particle 𝑃𝑃 collides directly with 

another particle 𝑄𝑄 of the same mass lying at rest on its path and the 

particle Q in turn strikes the wall and rebounds. The coefficient of 

restitution for both collisions is 𝑒𝑒(𝑜𝑜 < 𝑒𝑒 < 1).  

Show that the impulse on the particle 𝑄𝑄 by the wall is 
12 (1 + 𝑒𝑒)2 𝑚𝑚𝑢𝑢 . 

          2014 AL 
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234. A particle 𝑃𝑃 of mass 𝑚𝑚, moving on a smooth horizontal table with 

velocity 𝑢𝑢, collides directly with another particle 𝑄𝑄 of mass m which 

lies at rest on the path of 𝑃𝑃. If the coefficient of restitution between 

the two particles is 𝑒𝑒(𝑜𝑜 < 𝑒𝑒 < 1) obtain expressions for the sum and 

the difference of the velocities of 𝑃𝑃 and 𝑄𝑄 after impact in terms of 𝑢𝑢 

and 𝑒𝑒 Hence, or otherwise, show that ratio of the kinetic energy 

retained in the system after collision to the original kinetic energy is 

(1 + 𝑒𝑒2): 2.  

          2015 AL 

235.  A particle 𝑃𝑃 of mass 𝑚𝑚 and a particle 𝑄𝑄 of mass 3𝑚𝑚 move on a 

smooth horizontal table along the same straight line towards each 

other with speed 5𝑢𝑢 and 𝑢𝑢 respectively, as shown in the figure. After 

their impact, P and 𝑄𝑄 move away from each other with speeds 𝑢𝑢 and 𝜈𝜈 respectively. Find 𝜈𝜈 in terms of 𝑢𝑢, and show that the coefficient of 

restitution between 𝑃𝑃 and 𝑄𝑄 is 
13. 

 

 

 

 

 

        2016 AL 

236.  A particle 𝑃𝑃 of mass 𝑚𝑚 and a particle 𝑄𝑄 of mass 𝜆𝜆𝑚𝑚 move with 

speeds 𝑢𝑢 and 𝜈𝜈 respectively, towards each other along the same 

straight line on a smooth horizontal floor. After their impact, the 

particle 𝑃𝑃 moves with speed 𝜈𝜈and the particle 𝑄𝑄 moves with speed 𝑢𝑢 

in opposite directions. Show that 𝜆𝜆 = 1, and find the coefficient of 

restitution between 𝑃𝑃and Q.  

         2017 AL 

237. Two particles 𝐴𝐴 and B of masses 2𝑚𝑚 and 𝑚𝑚 respectively, moving on 

a smooth horizontal table along the same straight line towards each 

other with the same speed 𝑢𝑢, collide directly. Just after collision, the 

particle 𝐴𝐴 comes to rest, show that the coefficient of restitution is 
12,  

and that the magnitude of the impulse exerted on 𝐵𝐵 due to the 

collision is 2𝑚𝑚𝑢𝑢.       

       2018 AL 

 

  
3m m 

P Q 

5u u 
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238. Three particles A, B and C each of mass m, are placed in that order, in a 

straight line on a smooth horizontal table. The particle A is given a 

velocity u such that it collides directly with the particle B. After colliding 

with the particle A, the particle B moves and collides directly with the 

particle C. The coefficient of restitution between A and B is e. Find the 

velocity of B after the first collision. The coefficient of restitution 

between B and C is also e. Write down the velocity of C after its collision 

with B. 

        2019 AL 
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