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Question: 

A train decelerates uniformly from 35 m s− 1 to 21 m s− 1 in a distance of 350 m. Calculate

 

a the deceleration, 

b the total time taken, under this deceleration, to come to rest from a speed of 35m s− 1.

 

Solution: 
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Question: 

In taking off, an aircraft moves on a straight runway AB of length 1.2 km. The aircraft moves from A with initial speed 2 m s− 1. It 
moves with constant acceleration and 20s later it leaves the runway at C with speed 74 m s− 1. Find 

a the acceleration of the aircraft, 

b the distance BC. 

Solution: 
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Question: 

A car is moving along a straight horizontal road at a constant speed of 18 m s− 1. At the instant when the car passes a lay-by, a 
motorcyclist leaves the lay-by, starting from rest, and moves with constant acceleration 2.5 m s− 2 in pursuit of the car. Given that 
the motorcyclist overtakes the car T seconds after leaving the lay-by, calculate 

a the value of T, 

b the speed of the motorcyclist at the instant of passing the car. 

Solution: 
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Question: 

A particle moves with constant acceleration along the straight line OLM and passes through the points O, L and M at times 0 s, 4 s 
and 10 s respectively. Given that OL = 14 m and OM = 50 m, find 

a the acceleration of the particle, 

b the speed of the particle at M. 

Solution: 
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Question: 

A particle P moves in a straight line with constant retardation. At the instants when P passes through the points A, B and C, it is 
moving with speeds 10 m s− 1 , 7 m s− 1 and 3 m s− 1 respectively. 

Show that =  .

 
AB

BC

51

40

Solution: 
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Question: 

A car moving with uniform acceleration along a straight level road, passed points A and B when moving with speed 6 m s− 1 and 
14m s− 1 respectively. Find the speed of the car at the instant that it passed C, the mid-point of AB. 

Solution: 
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Question: 

A particle P is moving along the x-axis with constant deceleration 3 m s− 2. At time t = 0 s, P is passing through the origin O and is 
moving with speed u m s− 1 in the direction of x increasing. At time t = 8 s, P is instantaneously at rest at the point A. Find 

a the value of u, 

b the distance OA, 

c the times at which P is 24 m from A. 

Solution: 
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Question: 

A train moves along a straight track with constant acceleration. Three telegraph poles are set at equal intervals beside the track at points A, B and 
C, where AB = 50 m and BC = 50 m. The front of the train passes A with speed 22.5 m s− 1, and 2 s later it passes B. Find 

a the acceleration of the train, 

b the speed of the front of the train when it passes C, 

c the time that elapses from the instant the front of the train passes B to the instant it passes C. 

Solution: 
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Question: 

A particle X, moving along a straight line with constant speed 4 m s− 1, passes through a fixed point O. Two seconds later, another 
particle Y, moving along the same straight line and in the same direction, passes through O with speed 6 m s− 1. The particle Y is 
moving with constant deceleration 2 m s− 2. 

a Write down expressions for the velocity and displacement of each particle t seconds after Y passed through O. 

b Find the shortest distance between the particles after they have both passed through O. 

c Find the value of t when the distance between the particles has increased to 23 m. 

Solution: 
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Question: 

A stone is projected vertically upwards from a point A with initial speed u m s− 1. It takes 3.5 s to reach its maximum height above 
A. Find 

a the value of u, 

b the maximum height of the stone above A. 

Solution: 
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Question: 

A small ball is projected vertically upwards from a point A. The greatest height reached by the ball is 40 m above A. Calculate 

a the speed of projection, 

b the time between the instant that the ball is projected and the instant it returns to A. 

Solution: 
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Question: 

A ball is projected vertically upwards and takes 3 seconds to reach its highest point. At time t seconds, the ball is 39.2 m above its 
point of projection. Find the possible values of t. 

Solution: 
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Question: 

A stone is thrown vertically upwards with speed 16 m s− 1 from a point h metres above the ground. The stone hits the ground 4 s 
later. Find 

a the value of h, 

b the speed of the stone as it hits the ground. 

Solution: 
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Question: 

Two balls are projected simultaneously from two points A and B. The point A is 54 m vertically below B. Initially one ball is projected from A 
towards B with speed 15 m s− 1. At the same time the other ball is projected from B towards A with speed 12 m s− 1. 

Find the distance between A and the point where the balls collide. 

Solution: 
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Question: 

A particle is projected vertically upwards from a point A with speed u m s− 1. The particle takes 2 s to reach its greatest height 

above A. Find 

a the value of u, 

b the total time for which the particle is more than 17 m above A.

 

6

7

1

2

Solution: 
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Question: 

A particle moves along a horizontal straight line. The particle starts from rest, accelerates at 2 m s− 2 for 3 seconds, and then 
decelerates at a constant rate coming to rest in a further 8 seconds. 

a Sketch a speed–time graph to illustrate the motion of the particle. 

b Find the total distance travelled by the particle during these 11 seconds. 

Solution: 
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Question: 

A man is driving a car on a straight horizontal road. He sees a junction S ahead, at which he must stop. When the car is at the point P, 
300 m from S, its speed is 30 m s− 1. The car continues at this constant speed for 2 s after passing P. The man then applies the brakes 
so that the car has constant deceleration and comes to rest at S. 

a Sketch a speed-time graph to illustrate the motion of the car in moving from P to S. 

b Find the time taken by the car to travel from P to S. 

Solution: 
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Question: 

 

The figure shows the speed–time graph of a cyclist moving on a straight road over a 7 s period. The sections of the graph from t = 0 
to t = 3, and from t = 3 to t = 7, are straight lines. The section from t = 3 to t = 7 is parallel to the t-axis. 

State what can be deduced about the motion of the cyclist from the fact that 

a the graph from t = 0 to t = 3 is a straight line, 

b the graph from t = 3 to t = 7 is parallel to the t-axis. 

c Find the distance travelled by the cyclist during this 7 s period. 

Solution: 
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Question: 

A train stops at two stations 7.5 km apart. Between the stations it takes 75 s to accelerate uniformly to a speed 24 m s− 1, then travels 
at this speed for a time T seconds before decelerating uniformly for the final 0.6 km. 

a Draw a speed–time graph to illustrate this journey. 

Hence, or otherwise, find 

b the deceleration of the train during the final 0.6 km, 

c the value of T, 

d the total time for the journey. 

Solution: 
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Question: 

A car accelerates uniformly from rest to a speed of 20 m s− 1 in T seconds. The car then travels at a constant speed of 20 m s− 1 for 
4T seconds and finally decelerates uniformly to rest in a further 50 s. 

a Sketch a speed–time graph to show the motion of the car. 

The total distance travelled by the car is 1220 m. Find 

b the value of T, 

c the initial acceleration of the car. 

Solution: 
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Question: 

 

A sprinter runs a race of 200 m. Her total time for running the race is 25 s. The figure is a sketch of the speed-time graph for the motion of 
the sprinter. She starts from rest and accelerates uniformly to a speed of 9 m s− 1 in 4 s. The speed of 9 m s− 1 is maintained for 16 s and 
she then decelerates uniformly to a speed of u m s− 1 at the end of the race. Calculate 

a the distance covered by the sprinter in the first 20 s of the race, 

b the value of u, 

c the deceleration of the sprinter in the last 5 s of the race. 

Solution: 
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Question: 

An electric train starts from rest at a station A and moves along a straight level track. The train accelerates uniformly at 0.4 m s− 2 to 
a speed of 16 m s− 1. The speed is then maintained for a distance of 2000 m. Finally the train retards uniformly for 20 s before 
coming to rest at a station B. For this journey from A to B, 

a find the total time taken, 

b find the distance from A to B, 

c sketch the distance–time graph, showing clearly the shape of the graph for each stage of the journey. 

Solution: 
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Question: 

A car starts from rest at a point S on straight racetrack. The car moves with constant acceleration for 20 s, reaching a speed of 25 m 
s− 1. The car then travels at a constant speed of 25 m s− 1 for 120 s. Finally it moves with constant deceleration, coming to rest at a 
point F. 

a Sketch a speed–time graph to illustrate the motion of the car. 

The distance between S and F is 4 km. 

b Calculate the total time the car takes to travel from S to F. 

A motorcycle starts at S, 10 s after the car has left S. The motorcycle moves with constant acceleration from rest and passes the car at 
a point P which is 1.5 km from S. When the motorcycle passes the car, the motorcycle is still accelerating and the car is moving at a 
constant speed. Calculate 

c the time the motorcycle takes to travel from S to P, 

d the speed of the motorcycle at P. 

Solution: 
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Question: 

Two cars A and B are travelling in the same direction along a motorway. They pass a warning sign at the same instant and, 
subsequently, arrive at a toll booth at the same instant. 

Car A passes the warning sign at speed 24 m s− 1, continues at this speed for one minute, then decelerates uniformly, coming to rest 
at the toll booth. 

Car B passes the warning sign at speed 30 m s− 1, continues at this speed for T seconds, then decelerates uniformly, coming to rest at 
the toll booth. 

a On the same diagram, draw a speed–time graph to illustrate the motion of each car. 

The distance between the warning sign and the toll booth is 1.56 km. 

b Find the length of time for which A is decelerating. 

c Find the value of T. 

Solution: 
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Question: 

A train is travelling at 10 m s− 1 on a straight horizontal track. The driver sees a red signal 135 m ahead and immediately applies the 
brakes. The train immediately decelerates with constant deceleration for 12s, reducing its speed to 3 m s− 1. The driver then releases 
the brakes and allows the train to travel at a constant speed of 3 m s− 1 for a further 15 s. He then applies the brakes again and the 
train slows down with constant deceleration, coming to rest as it reaches the signal. 

a Sketch a speed–time graph illustrating the motion of the train. 

b Find the distance travelled by the train from the moment when the brakes are first applied to the moment when its speed first 
reaches 3 m s− 1. 

c Find the total time from the moment when the brakes are first applied to the moment when the train comes to rest. 

d Sketch an acceleration–time graph illustrating the motion of the train. 

Solution: 
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Question: 

A straight stretch of railway line passes over a viaduct which is 600 m long. An express train on this stretch of line normally travels 
at a speed of 50 m s− 1. Some structural weakness in the viaduct is detected and engineers specify that all trains passing over the 
viaduct must do so at a speed of no more than 10 m s− 1. Approaching the viaduct, the train therefore reduces its speed from 50 m 
s− 1 with constant deceleration 0.5 m s− 2, reaching a speed of precisely 10 m s− 1 just as it reaches the viaduct. It then passes over 
the viaduct at a constant speed of 10 m s− 1. As soon as it reaches the other side, it accelerates to its normal speed of 50 m s− 1 with 
constant acceleration 0.5 m s− 2. 

a Sketch a speed–time graph to show the motion of the train during the period from the time when it starts to reduce speed to the 
time when it is running at full speed again. 

b Find the total distance travelled by the train while its speed is less than 50 m s− 1.

 

c Find the extra time taken by the train for the journey due to the speed restriction on the viaduct. 

Solution: 
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Question: 

A bus and a cyclist are moving along a straight horizontal road in the same direction. The bus starts at a bus stop O and moves with 
constant acceleration of 2 m s− 2 until it reaches a maximum speed of 12 m s− 1. It then maintains this constant speed. The cyclist 
travels with a constant speed of 8 m s− 1. The cyclist passes O just as the bus starts to move. The bus later overtakes the cyclist at the 
point A. 

a Show that the bus does not overtake the cyclist before it reaches its maximum speed. 

b Sketch, on the same diagram, speed–time graphs to represent the motion of the bus and the cyclist as they move from O to A. 

c Find the time taken for the bus and the cyclist to move from O to A. 

d Find the distance OA. 

Solution: 
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Question: 

Two trains A and B run on parallel straight tracks. Initially both are at rest in a station and level with each other. At time t = 0, A 
starts to move. It moves with constant acceleration for 12 s up to a speed of 30 m s− 1, and then moves at a constant speed of 30 m 
s− 1. Train B starts to move in the same direction as A when t = 40, where t is measured in seconds. It accelerates with the same 
initial acceleration as A, up to a speed of 60 m s− 1. It then moves at a constant speed of 60 m s− 1. Train B overtakes A after both 
trains have reached their maximum speed. Train B overtakes A when t = T. 

a Sketch, on the same diagram, the speed–time graphs of both trains for 0≤ t ≤ T. 

b Find the value of T. 

Solution: 
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Question: 

A train starts from rest at a station, accelerates uniformly to its maximum speed of 15 m s− 1, travels at this speed for a time, and 
then decelerates uniformly to rest at the next station. The distance from station to station is 1260 m, and the time spent travelling at 
the maximum speed is three-quarters of the total journey time. 

a Sketch a speed–time graph to illustrate this information. 

b Find the total journey time. 

Given also that the magnitude of the deceleration is twice the magnitude of the acceleration, 

c find the magnitude of the acceleration. 

Solution: 
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Question: 

The brakes of a train, which is travelling at 108 kmh − 1, are applied as the train passes a point A. The brakes produce a retardation of 
magnitude 3f m s− 2 until the speed of the train is reduced to 36 km h− 1. The train travels at this speed for a distance and is then 
uniformly accelerated at f m s− 2 until it again reaches the speed 108 km h− 1 as it passes point B. The time taken by the train in 
travelling from A to B, a distance of 4 km, is 4 minutes. 

a Sketch a speed–time graph to illustrate the motion of the train from A to B. 

b Find the value of f. 

c Find the distance travelled at 36km h − 1.

 

Solution: 
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Question: 

A car of mass 750 kg, moving along a level straight road, has its speed reduced from 25 m s− 1 to 15 m s− 1 by brakes which 
produce a constant retarding force of 2250 N. Calculate the distance travelled by the car as its speed is reduced from 25 m s− 1 to 
15m s− 1. 

Solution: 
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Question: 

A particle P is moving with constant acceleration along a straight horizontal line ABC, where AC = 24 m. Initially P is at A and is 
moving with speed 5 m s− 1 in the direction AB. After 1.5 s, the direction of motion of P is unchanged and P is at B with speed 9.5m 
s− 1. 

a Show that the speed of P at C is 13 m s− 1.

 

The mass of P is 2 kg. When P reaches C, an impulse of magnitude 30 Ns is applied to P in the direction CB. 

b Find the velocity of P immediately after the impulse has been applied, stating clearly the direction of motion of P at this instant. 

Solution: 
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Question: 

A ball of mass 0.3 kg is released at rest from a point at a height of 10 m above horizontal ground. After hitting the ground the ball 
rebounds to a height of 2.5 m. 

Calculate the magnitude of the impulse exerted by the ground on the ball. 

Solution: 

 

 

Page 1 of 1Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_rev1_a_33.html



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 34 

© Pearson Education Ltd 2008 

Question: 

Two particles A and B have mass 0.4 kg and 0.3 kg respectively. They are moving in opposite directions on a smooth horizontal table 
and collide directly. Immediately before the collision, the speed of A is 6 m s− 1 and the speed of B is 2 m s− 1. As a result of the 
collision, the direction of motion of B is reversed and its speed immediately after the collision is 3 m s− 1. Find 

a the speed of A immediately after the collision, stating clearly whether the direction of motion of A is changed by the collision, 

b the magnitude of the impulse exerted on B in the collision, stating clearly the units in which your answer is given. 

Solution: 

 

 

Page 1 of 1Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_rev1_a_34.html



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 35 

© Pearson Education Ltd 2008 

Question: 

A railway truck S of mass 2000 kg is travelling due east along a straight horizontal track with constant speed 12 m s− 1. The truck S 
collides with a truck T which is travelling due west along the same track as S with constant speed 6 m s− 1. The magnitude of the 
impulse of T on S is 28 800 Ns. 

a Calculate the speed of S immediately after the collision. 

b State the direction of motion of S immediately after the collision. 

Given that, immediately after the collision, the speed of T is 3.6 m s− 1, and that T and S are moving in opposite directions,

 

c calculate the mass of T. 

Solution: 

 

 

Page 1 of 1Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_rev1_a_35.html



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 36 

Question: 

Two particles A and B, of mass 0.5 kg and 0.4 kg respectively, are travelling in the same straight line on a smooth horizontal table. 
Particle A, moving with speed 3 m s− 1, strikes particle B, which is moving with speed 2 m s− 1 in the same direction. After the 
collision A and B are moving in the same direction and the speed of B is 0.8 m s− 1 greater than the speed of A. 

a Find the speed of A and the speed of B after the collision. 

b Show that A loses momentum 0.4 N s in the collision. 

Particle B later hits an obstacle on the table and rebounds in the opposite direction with speed 1 m s− 1.

 

c Find the magnitude of the impulse received by B in this second impact. 

Solution: 
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Question: 

Two particles A and B, of mass 3 kg and 2 kg respectively, are moving in the same direction on a smooth horizontal table when they 
collide directly. Immediately before the collision, the speed of A is 4 m s− 1 and the speed of B is 1.5 m s− 1. In the collision, the 
particles join to form a single particle C. 

a Find the speed of C immediately after the collision. 

Two particles P and Q have mass 3 kg and m kg respectively. They are moving towards each other in opposite directions on a 
smooth horizontal table. Each particle has speed 4 m s− 1, when they collide directly. In this collision, the direction of motion of each 
particle is reversed. The speed of P immediately after the collision is 2 m s− 1 and the speed of Q is 1 m s− 1 

b Find 

i the value of m, 

ii the magnitude of the impulse exerted on Q in the collision. 

Solution: 
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Question: 

A railway truck, of mass 1500 kg and travelling with a speed 6 m s− 1 along a horizontal track, collides with a stationary truck of 
mass 2000 kg. After the collision the two trucks move on together, coming to rest after 12 seconds. Calculate the magnitude of the 
constant force resisting their motion after the collision. 

Solution: 
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Question: 

A particle P of mass 0.3 kg is moving in a straight line on a rough horizontal plane. The speed of P decreases from 7.5 m s− 1 to 4 m 

s− 1 in time T seconds. Given the coefficient of friction between P and the plane is , find
 

a the magnitude of the frictional force opposing the motion of P, 

b the value of T. 

1

7

Solution: 
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Question: 

A small stone moves horizontally in a straight line across the surface of an ice rink. The stone is given an initial speed of 7 m s− 1. It 
comes to rest after moving a distance of 10 m. Find 

a the deceleration of the stone while it is moving, 

b the coefficient of friction between the stone and the ice. 

Solution: 
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Question: 

A rough plane is inclined at an angle α to the horizontal, where tan α =  . A particle slides with acceleration 3.5 m s− 1 down a line 

of greatest slope of this plane. Calculate the coefficient of friction between the particle and the plane. 

3

4

Solution: 
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Question: 

A particle moves down a line of greatest slope of a rough plane which is inclined at 30◦  to the horizontal. The particle starts from 
rest and moves 3.5 m in time 2 s. Find the coefficient of friction between the particle and the plane. 

Solution: 
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Question: 

A stone S is sliding on ice. The stone is moving along a straight line ABC, where  and . The stone is subject to a 
constant resistance to motion of magnitude 0.3 N. At A the speed of S is , and at B the speed of S is . Calculate 

a the deceleration of S, 

b the speed of S at C. 

c Show that the mass of S is 0.1 kg. 

At C, the stone S hits a vertical wall, rebounds from the wall and then slides back along the line CA. The magnitude of the impulse of 
the wall on S is 2.4 N s and the stone continues to move against a constant resistance of 0.3 N. 

d Calculate the time between the instant that S rebounds from the wall and the instant that S comes to rest. 

AB = 24 m AC = 30 m
20 m s−1 16 m s−1

Solution: 
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Question: 

A railway truck P of mass 1500 kg is moving on a straight horizontal track. The truck P collides with a truck Q of 2500 kg at a point 
A. Immediately before the collision, P and Q are moving in the same direction with speeds 10 m s− 1 and 5 m s− 1 respectively. 
Immediately after the collision, the direction of motion of P is unchanged and its speed is 4 m s− 1. By modelling the trucks as 
particles, 

a show that the speed of Q immediately after the collision is 8.6 m s− 1.

 

After the collision at A, the truck P is acted upon by a constant braking force of magnitude 500 N. The truck P comes to rest at the 
point B. 

b Find the distance AB. 

After the collision Q continues to move with constant speed 8.6 m s− 1.

 

c Find the distance between P and Q at the instant when P comes to rest. 

Solution: 
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Question: 

 

A heavy suitcase S of mass 50 kg is moving along a horizontal floor under the action of a force of magnitude P newtons. The force acts at 
30◦  to the floor, as shown in the figure, and S moves in a straight line at constant speed. The suitcase is modelled as a particle and the 

floor as a rough horizontal plane. The coefficient of friction between S and the floor is .
 

Calculate the value of P. 

3

5

Solution: 
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Question: 

An engine of mass 25 tonnes pulls a truck of mass 10 tonnes along a railway line. The frictional resistances to the motion of the 
engine and the truck are modelled as constant and of magnitude 50 N per tonne. When the train is travelling horizontally the tractive 
force exerted by the engine is 26 kN. Modelling the engine and the truck as particles and the coupling between the engine and the 
truck as a light horizontal rod, calculate 

a the acceleration of the engine and the truck, 

b the tension in the coupling. 

The engine and the truck now climb a slope which is modelled as a plane inclined at angle α to the horizontal, where sin α =  . 

The engine and the truck are moving up the slope with an acceleration of magnitude 0.6 m s− 2. The frictional resistances to motion 
are modelled as before. 

c Calculate the tractive force exerted by the engine. Give your answer in kN. (1 tonne= 1000kg) 

1

70

Solution: 
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Question: 

 

A suitcase of mass 10 kg slides down a ramp which is inclined at an angle of 20◦  to the horizontal. The suitcase is modelled as a 
particle and the ramp as a rough plane. The top of the plane is A. The bottom of the plane is C and AC is a line of greatest slope, as 
shown in the figure above. The point B is on AC with AB = 5 m. The suitcase leaves A with a speed of 10 m s− 1 and passes B with a 
speed of 8 m s− 1. Find 

a the deceleration of the suitcase, 

b the coefficient of friction between the suitcase and the ramp. 

The suitcase reaches the bottom of the ramp. 

c Find the greatest possible length of AC. 

Solution: 
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Question: 

A slipway for launching boats consists of a rough straight track inclined at an angle of 10◦  to the horizontal. A boat of mass 300 kg 
is pulled down the slipway by means of a rope which is parallel to the slipway. When the tension in the rope is 500 N, the boat 
moves down the slipway with constant speed. 

a Find, to two significant figures, the coefficient of friction between the boat and the slipway. 

Later the boat returns to the slipway. It is now pulled up the slipway at constant speed by the rope which is again parallel to the 
slipway. 

b Give a brief reason why the magnitude of the frictional force is the same as when the boat is pulled down the slope. 

c Find, to two significant figures, the tension in the rope. 

Solution: 
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Question: 

A tent peg is driven into soft ground by a blow from a hammer. The tent peg has mass 0.2 kg and the hammer has mass 3 kg. The 
hammer strikes the peg vertically. 

Immediately before the impact, the speed of the hammer is 16 m s− 1. It is assumed that, immediately after the impact, the hammer 
and the peg move together vertically downwards. 

a Find the common speed of the peg and the hammer immediately after the impact. 

Until the peg and hammer come to rest, the resistance exerted by the ground is assumed to be constant and of magnitude R newtons. 
The hammer and peg are brought to rest 0.05 s after the impact. 

b Find, to three significant figures, the value of R. 

Solution: 
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Question: 

A ball is projected vertically upwards with a speed  from a point A which is 1.5 m above the ground. The ball moves freely 
under gravity until it reaches the ground. The greatest height attained by the ball is 25.6 m above A. 

a Show that . 

The ball reaches the ground T seconds after it has been projected from A. 

b Find, to two decimal places, the value of T. 

The ground is soft and the ball sinks 2.5 cm into the ground before coming to rest. The mass of the ball is 0.6 kg. The ground is 
assumed to exert a constant resistive force of magnitude F newtons. 

c Find, to three significant figures, the value of F. 

d State one physical factor which could be taken into account to make the model used in this question more realistic. 

u m s−1

u = 22.4

Solution: 
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Question: 

A particle A, of mass 0.8 kg, resting on a smooth horizontal table, is connected to a particle B, of mass 0.6 kg, which is 1 m from the 
ground, by a light inextensible string passing over a small pulley at the edge of the table. The particle A is more than 1 m from the 
edge of the table. The system is released from rest with the horizontal part of the string perpendicular to the edge of the table, the 
hanging parts vertical and the string taut. Calculate 

a the acceleration of A, 

b the tension in the string, 

c the speed of B when it hits the ground, 

c the time taken for B to reach the ground. 

Solution: 
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Question: 

 

The figure shows a block P of mass 0.6 kg resting on the smooth surface of a horizontal table. Inextensible light strings connect P to 
blocks A and B which hang freely over light smooth pulleys placed at opposite parallel edges of the table. The masses of A and B are 
0.3 kg and 0.5 kg respectively. All portions of the string are taut and perpendicular to their respective edges of the table. The system 
is released from rest. Calculate 

a the common magnitude of the accelerations of the blocks, 

b the tensions in the strings. 

Solution: 
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Question: 

A trailer of mass 600 kg is attached to a car of mass 900 kg by means of a light inextensible tow-bar. The car tows the trailer along a 
horizontal road. The resistances to motion of the car and trailer are 300 N and 150 N respectively. 

a Given that the acceleration of the car and trailer is 0.4 m s− 2, calculate

 

i the tractive force exerted by the engine of the car, 

ii the tension in the tow bar. 

b Given that the magnitude of the force in the tow-bar must not exceed 1650N, calculate the greatest possible deceleration of the car. 

Solution: 
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Question: 

 

Two particles A and B, of mass 8 kg and 10 kg respectively, are connected by a light inextensible string which passes over a light 
smooth pulley P. Particle B rests on a smooth horizontal table and A rests on a smooth plane inclined at 30◦  to the horizontal with 
the string taut and perpendicular to the line of intersection of the table and the plane as shown in the figure. The system is released 
from rest. Find 

a the magnitude of the acceleration of B, 

b the tension in the string, 

c the distance covered by B in the first two seconds of motion, given that B does not reach the pulley. 

Solution: 
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Question: 

 

A fixed wedge has two plane faces, each inclined at 30◦  to the horizontal. Two particles A and B, of mass 3m and m respectively, 
are attached to the ends of a light inextensible string. Each particle moves on one of the plane faces of the wedge. The string passes 
over a smooth light pulley fixed at the top of the wedge. The face on which A moves is smooth. The face on which B moves is rough. 
The coefficient of friction between B and this face is µ. Particle A is held at rest with the string taut. The string lies in the same 
vertical plane as lines of greatest slope on each plane face of the wedge, as shown in the figure. 

The particles are released from rest and start to move. Particle A moves downwards and particle B moves upwards. The acceleration 

of A and B each have magnitude g.
 

a By considering the motion of A, find, in terms of m and g, the tension in the string. 

b By considering the motion of B, find the value of µ. 

c Find the resultant force exerted by the string on the pulley, giving its magnitude and direction. 

1

10

Solution: 
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Question: 

 

Two particles P and Q, of mass 4 kg and 6 kg respectively, are joined by a light inextensible string. Initially the particles are at rest 
on a rough horizontal plane with the string taut. The coefficient of friction between each particle and the plane is . A constant force 

of magnitude 40 N is then applied to Q in the direction PQ, as shown in the figure. 

a Show that the acceleration of Q is . 

b Calculate the tension in the string when the system is moving. 

c State how you have used the information that the string is inextensible. 

After the particles have been moving for 7 s, the string breaks. The particle Q remains under the action of the force of magnitude 
40N. 

d Show that P continues to move for a further 3 seconds. 

e Calculate the speed of Q at the instant when P comes to rest. 

2

7

1.2 m s−2

Solution: 
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Question: 

 

A fixed wedge whose smooth faces are inclined at  and  to the horizontal has a small smooth pulley fixed on the top edge at B. 
A light inextensible string, passing over the pulley, has particles P and Q of mass 2 kg and 3 kg respectively attached at its ends. The 
figure shows a vertical cross-section of the wedge where AB and AC are lines of greatest slope of the faces along which P and Q 
respectively can slide. The particles are released from rest at time  with the string taut. Assuming that P has not reached B and 
that Q has not reached C, find 

a the distance through which each particle has moved when , 

b the tension in the string, 

c the magnitude and direction of the resultant force exerted on the pulley by the string. 

When  the string breaks and in the subsequent motion P come to instantaneous rest at time . Assuming that P has not 
reached B, d calculate t. 

30� 70�

t = 0

t = 0.75 s

t = 0.75 s t1

Solution: 
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Question: 

A car of total mass 1200 kg is moving along a straight horizontal road at a speed of , when the driver makes an emergency 
stop. When the brakes are fully applied, they exert a constant force and the car comes to rest after travelling a distance of 80 m. The 
resistance to motion from all factors other than the brakes is assumed to be constant and of magnitude 500 N. 

a Find the magnitude of the force by the brakes when fully applied. 

A trailer, with no brakes, is now attached to the car by means of a tow-bar. The mass of the trailer is 600 kg, and when the trailer is 
moving, it experiences a constant resistance to motion of magnitude 420 N. The tow-bar may be assumed to be a light rigid rod 
which remains parallel to the road during motion. The car and the trailer come to a straight hill, inclined at an angle  to the 
horizontal, where . They move together down the hill. The driver again makes an emergency stop, the brakes applying the 

same force as when the car was moving along level ground. 

b Find the deceleration of the car and the trailer when the brakes are fully applied. 

c Find the magnitude of the force exerted on the car by the trailer when the brakes are fully applied. 

d Find the maximum speed at which the car and trailer should travel down the hill to ensure that, when the brakes are fully applied, 
they can stop within 80m. 

40 m s−1

α

sinα = 1

14

Solution: 
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Question: 

 

The figure above shows a lorry of mass 1600 kg towing a car of mass 900 kg along a straight horizontal road. The two vehicles are 
joined by a light tow-bar which is at an angle of  to the road. The lorry and the car experience constant resistances to motion of 
magnitude 600 N and 300 N respectively. The lorry’s engine produces a constant horizontal force on the lorry of magnitude 1500 N. 
Find 

a the acceleration of the lorry and the car, 

b the tension in the tow-bar. 

When the speed of the vehicles is , the tow-bar breaks. Assuming that the resistance to the motion of the car remains of 
constant magnitude 300 N, 

c find the distance moved by the car from the moment the tow-bar breaks to the moment when the car comes to rest. 

d State whether, when the tow-bar breaks, the normal reaction of the road on the car is increased, decreased or remains constant. 
Give a reason for your answer. 

15�

6 m s−1

Solution: 
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