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Question: 

A particle is moving in a straight line with constant acceleration 3 m s− 2. At time t = 0, the speed of the particle is 2 m 
s− 1. Find the speed of the particle at time t = 6 s. 

Solution: 
 

The speed of the particle at time t = 6 s is 20 m s − 1.

 

a = 3 , u = 2 , t = 6 , v = ?
v = u + at

= 2 + 3 × 6 = 2 + 18 = 20
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Question: 

A particle is moving in a straight line with constant acceleration. The particle passes a point with speed 1.2 m s− 1. Four 
seconds later the particle has speed 7.6m s− 1. Find the acceleration of the particle. 

Solution: 
 

The acceleration of the particle is 1.6m s − 2.

 

u = 1.2 , t = 4 , v = 7.6 ,a = ?
v = u + at
7.6 = 1.2 +a × 4

a =  = 1.6
7.6 − 1.2

4

Page 1 of 1Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_2_a_2.html

PhysicsAndMathsTutor.com



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise A, Question 3 

© Pearson Education Ltd 2008 

Question: 

A car is approaching traffic lights. The car is travelling with speed 10 m s− 1. The driver applies the brakes to the car and 
the car comes to rest with constant deceleration in 16 s. Modelling the car as a particle, find the deceleration of the car. 

Solution: 
 

The deceleration of the car is 0.625m s− 2.

 

u = 10 , v = 0 , t = 16 , a = ?
v = u + at
0 = 10 +a × 16

a = −  = − 0.625
10

16
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Question: 

A particle moves in a straight line from a point A to point B with constant acceleration. The particle passes A with speed 
2.4m s− 1. The particle passes B with speed 8 m s− 1, five seconds after it passed A. Find the distance between A and B. 

Solution: 
 

The distance between A and B is 26 m. 

u = 2.4 ,v = 8 , t = 5 , s = ?

s = (  )  t
u + v

2

=  × 5 = 5.2 × 5 = 26
2.4 + 8

2
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Question: 

A car accelerates uniformly while travelling on a straight road. The car passes two signposts 360 m apart. The car takes 
15 s to travel from one signpost to the other. When passing the second signpost, it has speed 28 m s− 1. Find the speed of 
the car at the first signpost. 

Solution: 
 

The speed of the car at the first sign post is 20m s− 1.

 

s = 360 , t = 15 , v = 28 , u = ?

s = (  )  t
u + v

2

360 =  × 15
u + 28

2

u + 28 =  = 48
360 × 2

15

u = 48 − 28 = 20
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Question: 

A particle is moving along a straight line with constant deceleration. The points X and Y are on the line and XY = 120 m. 
At time t = 0, the particle passes X and is moving towards Y with speed 18 m s− 1. At time t = 10 s, the particle is at Y. 
Find the velocity of the particle at time t = 10s. 
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Question: 

A cyclist is moving along a straight road from A to B with constant acceleration 0.5 m s− 2. Her speed at A is 3 m s− 1 
and it takes her 12 seconds to cycle from A to B. Find a her speed at B, b the distance from A to B. 

Solution: 

a 
 

The speed of the cyclist at B is 9 m s− 1.

 

b 
 

The distance from A to B is 72 m. 

a = 0.5 ,u = 3 , t = 12 , v = ?
v = u + at

= 3 + 0.5 × 12 = 3 + 6 = 9

u = 3 , v = 9 , t = 12 , s = ?

s = (  )  t
u + v

2

= (  )  × 12 = 6 × 12 = 72
3 + 9

2

Page 1 of 1Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_2_a_7.html

PhysicsAndMathsTutor.com



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise A, Question 8 

© Pearson Education Ltd 2008 

Question: 

A particle is moving along a straight line with constant acceleration from a point A to a point B, where AB = 24 m. The 
particle takes 6 s to move from A to B and the speed of the particle at B is 5 m s− 1. Find a the speed of the particle at A, 
b the acceleration of the particle. 

Solution: 

a 
 

The speed of the particle at A is 3 m s− 1.

 

b 
 

The acceleration of the particle is m s− 2.

 

s = 24 , t = 6 , v = 5 , u = ?

s = (  )  t
u + v

2

24 = (  )  × 6
u + 5

2

u + 5 =  = 8
24 × 2

6

u = 8 − 5 = 3

u = 3 , v = 5 , t = 6 , a = ?
v = u + at
5 = 3 + 6a

a =  =  
5 − 3

6

1

3

1

3
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Question: 

A particle moves in a straight line from a point A to a point B with constant deceleration 1.2 m s− 2. The particle takes 6 s 
to move from A to B. The speed of the particle at B is 2 m s− 1 and the direction of motion of the particle has not 
changed. Find a the speed of the particle at A, b the distance from A to B. 

Solution: 

a 
 

The speed of the particle at A is 9.2 m s− 1.

 

b 
 

The distance from A to B is 33.6 m. 

a = − 1.2 , t = 6 , v = 2 , u = ?
v = u + at
2 = u − 1.2 × 6 =u − 7.2
u = 2 + 7.2 = 9.2

u = 9.2 ,v = 2 , t = 6 , s = ?

s = (  )  t
u + v

2

= (  )  × 6 = 5.6 × 6 = 33.6
9.2 + 2

2
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Question: 

A train, travelling on a straight track, is slowing down with constant deceleration 0.6 m s− 2. The train passes one signal 
with speed 72 km h− 1 and a second signal 25 s later. Find a the speed, in km h− 1, of the train as it passes the second 
signal, b the distance between the signals. 

Solution: 

a 

72km h − 1 = 72 × 1000 m h− 1 =  m s− 1 = 20 m s− 1
 

 

5 m s− 1 = 5 × 3600 m h− 1 =  km h− 1 = 18 km h− 1

 

The speed of the train as it passes the second signal is 18 km h− 1.

 

b 
 

The distance between the signals is 312.5 m. 

72 × 1000

3600

u = 20 , a = − 0.6 , t = 25 , v = ?
v = u + at

= 20 − 0.6 × 25 = 20 − 15 = 5 ( m s− 1 )  

5 × 3600

1000

u = 20 , v = 5 , t = 25 , s = ?

s = (  )  t
u + v

2

= (  )  × 25 = 12.5 × 25 = 312.5
20 + 5

2

Page 1 of 1Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_2_a_10.html

PhysicsAndMathsTutor.com



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise A, Question 11 

© Pearson Education Ltd 2008 

Question: 

A particle moves in a straight line from a point A to a point B with a constant deceleration of 4 m s− 2. At A the particle 
has speed 32 m s− 1 and the particle comes to rest at B. Find a the time taken for the particle to travel from A to B, b the 
distance between A and B. 

Solution: 

a 
 

The time taken for the particle to move from A to B is 8 s. 

b 
 

The distance between A and B is 128 m. 

a = − 4 , u = 32 , v = 0 , t = ?
v = u + at
0 = 32 − 4t

t =  = 8
32

4

u = 32 , v = 0 , t = 8 , s = ?

s = (  )  t
u + v

2

= (  )  × 8 = 16 × 8 = 128
32 + 0

2
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Question: 

A skier travelling in a straight line up a hill experiences a constant deceleration. At the bottom of the hill, the skier has a 
speed of 16 m s− 1 and, after moving up the hill for 40 s, he comes to rest. Find a the deceleration of the skier, b the 
distance from the bottom of the hill to the point where the skier comes to rest. 

Solution: 

a 
 

The deceleration of the skier is 0.4 m s− 2.

 

b 
 

The distance from the bottom of the hill to the point where the skier comes to rest is 320 m. 

u = 16 , t = 40 , v = 0 , a = ?
v = u + at
0 = 16 + 40a

a = −  = − 0.4
16

40

u = 16 , t = 40 , v = 0 , s = ?

s = (  )  t
u + v

2

= (  )  × 40 = 8 × 40 = 320
16 + 0

2
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Question: 

A particle is moving in a straight line with constant acceleration. The points A, B and C lie on this line. The particle moves 
from A through B to C. The speed of the particle at A is 2 m s− 1 and the speed of the particle at B is 7 m s− 1. The particle 
takes 20 s to move from A to B. 

a Find the acceleration of the particle. 

The speed of the particle is C is 11 m s− 1. Find

 

b the time taken for the particle to move from B to C, 

c the distance between A and C. 

Solution: 

a 
 

The acceleration of the particle is 0.25 m s− 2.

 

b 
From B to C 

 

The time taken for the particle to move from B to C is 16 s. 

c The time taken to move from A to C is ( 20 + 16 )  s = 36 s 

From A to C 
 

The distance between A and C is 234 m. 

u = 2 , v = 7 , t = 20 ,a = ?
v = u + at
7 = 2 + 20a

a =  = 0.25
7 − 2

20

u = 7 , v = 11 , a = 0.25 ,t = ?
v = u + at
11 = 7 + 0.25t

t =  = 16
11 − 7

0.25

u = 2 , v = 11 , t = 36 , s = ?

s = (  )  t
u + v

2

= (  )  × 36 = 6.5 × 36 = 234
2 + 11

2
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Question: 

A particle moves in a straight line from A to B with constant acceleration 1.5 m s− 2. It then moves, along the same 
straight line, from B to C with a different acceleration. The speed of the particle at A is 1 m s− 1 and the speed of the 
particle at C is 43 m s− 1. The particle takes 12 s to move from A to B and 10 s to move from B to C. Find 

a the speed of the particle at B, 

b the acceleration of the particle as it moves from B to C, 

c the distance from A to C. 

Solution: 

a 
From A to B 

 

The speed of the particle at B is 19 m s− 1.

 

b 
From B to C 

 

The acceleration from B to C is 2.4 m s− 2.

 

c 
The distance from A to B 

 

The distance from B to C 
 

a = 1.5 , u = 1 , t = 12 , v = ?
v = u + at

= 1 + 1.5 × 12 = 1 + 18 = 19

u = 19 , v = 43 , t = 10 , a = ?
v = u + at
43 = 19 + 10a

a =  = 2.4
43 − 19

10

u = 1 , v = 19 , t = 12 , s = ?

s = (  )  t
u + v

2

= (  )  × 12 = 10 × 12 = 120
1 + 19

2

u = 19 , v = 43 , t = 10 , s = ?

s = (  )  t
u + v

2

= (  )  × 10 = 31 × 10 = 310
19 + 43

2
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The distance from A to C is ( 120 + 310 )  m = 430m. 
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Question: 

A cyclist travels with constant acceleration xm s− 2, in a straight line, from rest to 5 m s− 1 in 20 s. She then decelerates from 5 m 

s− 1 to rest with constant deceleration x m s− 2. Find a the value of x, b the total distance she travelled.
 1

2

Solution: 

a 
 

b 
While accelerating 

 

 

 

The total distance travelled is the distance travelled while accelerating added to the distance travelled while decelerating =
( 50 + 100)  m = 150m. 

u = 0 , v = 5 , t = 20 , a = x
v = u + at
5 = 0 + 20x

x =  = 0.25
5

20

u = 0 , v = 5 , t = 20 , s = ?

s = (  )  t
u + v

2

= (  )  × 20 = 2.5 × 20 = 50
0 + 5

2

While decelerating The value of t is found first.

u = 5 , v = 0 , a = −  x = − 0.125 ,t = ?
1

2

v = u + at
0 = 5 − 0.125t

t =  = 40
5

0.125

To find the value of s while decelerating.

u = 5 , v = 0 , t = 40 , s = ?

s = (  )  t
u + v

2

= (  )  × 40 = 2.5 × 40 = 100
5 + 0

2
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Question: 

A particle is moving with constant acceleration in a straight line. It passes through three points, A, B and C with speeds 
20 m s− 1, 30 m s− 1 and 45 m s− 1 respectively. The time taken to move from A to B is t1 seconds and the time taken to 

move from B to C is t2 seconds. 

a Show that =  .

 

Given also that the total time taken for the particle to move from A to C is 50 s, 

b find the distance between A and B. 

t1

t2

2

3

Solution: 

a 
From A to B 

 

                    (1) 

From B to C 
 

                    (2) 

Dividing equation (1) by equation (2) 
 

b 
From the result in part a 

 

From A to B 

v = u + at

30 = 20 + at1

at1 = 10

v = u + at

45 = 30 + at2

at2 = 15

at1

at2
=  

102

153

t1

t2
=  , as required

2

3

t2 =  t1
3

2

t1 + t2 = t1 +  t1 =  t1 = 50 , given.
3

2

5

2

t1 =  × 50 = 20
2

5
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The distance from A to B is 500 m. 

u = 20 , v = 30 , t = 20 , s = ?

s = (  )  t
u + v

2

= (  )  × 20 = 25 × 20 = 500
20 + 30

2
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Question: 

A particle is moving in a straight line with constant acceleration 2.5 m s− 2. It passes a point A with speed 3 m s− 1 and 
later passes through a point B, where AB = 8 m. Find the speed of the particle as it passes through B. 

Solution: 
 

The speed of the particle as it passes through B is 7 m s− 1.

 

a = 2.5,u= 3,s = 8,v = ?

v2 = u2 + 2a s

= 32 + 2 × 2.5 × 8 = 9 + 40 = 49
v = \ 49 = 7
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Question: 

A car is accelerating at a constant rate along a straight horizontal road. Travelling at 8 m s− 1, it passes a pillar box and 6 
s later it passes a sign. The distance between the pillar box and the sign is 60 m. Find the acceleration of the car. 

Solution: 
 

The acceleration of the car is m s− 2.

 

u = 8,t = 6,s = 60,a = ?

s = u t +  at2
1

2

60 = 8 × 6 +  ×a × 62 = 48 + 18a
1

2

a =  =  =  
60 − 48

18

12

18

2

3

2

3
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Question: 

A cyclist travelling at 12 m s− 1 applies her brakes and comes to rest after travelling 36 m in a straight line. Assuming 
that the brakes cause the cyclist to decelerate uniformly, find the deceleration. 

Solution: 
 

The deceleration is 2 m s− 2.

 

u = 12,v = 0,s = 36,a = ?

v2 = u2 + 2a s

02 = 122 + 2 × a × 36 = 144 + 72a

a = −  = − 2
144

72
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Question: 

A particle moves along a straight line from P to Q with constant acceleration 1.5 m s− 2. The particle takes 4 s to pass 
from 
P to Q and PQ = 22 m. Find the speed of the particle at Q. 

Solution: 
 

The speed of the particle at Q is 8.5m s− 1.

 

a = 1.5,t= 4,s = 22,v = ?

s = vt −  at2
1

2

22 = 4v−  × 1.5 × 42 = 4v − 12
1

2

v =  =  = 8.5
22 + 12

4

34

4
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Question: 

A particle is moving along a straight line OA with constant acceleration 2 m s− 2. At O the particle is moving towards A 
with speed 5.5m s− 1. The distance OA is 20 m. Find the time the particle takes to move from O to A. 

Solution: 

The time the particle takes to move from O to A is 2.5 s. 

 a = 2,u = 5.5,s= 20,t = ?

s = u t +  at2
1

2

20 = 5.5t+  × 2 × t2
1

2

t2 + 5.5t − 20 = 0

2t2 + 11t − 40 = ( 2t− 5 )  ( t + 8 )  = 0

t = 2.5, − 8 Reject the negative answer.
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Question: 

A train is moving along a straight horizontal track with constant acceleration. The train passes a signal at 54 km h− 1 and 
a second signal at 72 km h− 1. The distance between the two signals is 500 m. Find, in m s− 2, the acceleration of the 
train. 

Solution: 
 

 

The acceleration of the train is 0.175m s− 2.

 

54 km h− 1 =  m s− 1 = 15 m s− 154 × 1000

3600

72 km h− 1 =  m s− 1 = 20 m s− 172 × 1000

3600

u = 15,v = 20,s = 500,a= ?

v2 = u2 + 2a s

202 = 152 + 2 × a × 500
400 = 225 + 1000a

a =  = 0.175
400 − 225

1000
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Question: 

A particle moves along a straight line, with constant acceleration, from a point A to a point B where AB = 48 m. At A the 
particle has speed 4 m s− 1 and at B it has speed 16 m s− 1. Find a the acceleration of the particle, b the time the particle 
takes to move from A to B. 

Solution: 

a 
 

The acceleration of the particle is 2.5 m s− 2.

 

b 
 

The time taken to move from A to B is 4.8 s. 

s = 48,u = 4,v = 16,a = ?

v2 = u2 + 2a s

162 = 42 + 2 × a × 48
256 = 16 + 96a

a =  = 2.5
256 − 16

96

u = 4,v = 16,a = 2.5,t= ?
v = u + a t
16 = 4 + 2.5t

t =  = 4.8
16 − 4

2.5
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Question: 

A particle moves along a straight line with constant acceleration 3 m s− 2. The particle moves 38 m in 4 s. Find a the 
initial speed of the particle, b the final speed of the particle. 

Solution: 

a 
 

The initial speed of the particle is 3.5 m s− 1.

 

b 
 

The final speed of the particle is 15.5m s− 1.

 

a = 3,s = 38,t = 4,u = ?

s = u t +  at2
1

2

38 = 4u+  × 3 × 42 = 4u + 24
1

2

u =  = 3.5
38 − 24

4

v = u + a t
= 3.5 + 3 × 4 = 15.5
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Exercise B, Question 9 
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Question: 

The driver of a car is travelling at 18 m s− 1 along a straight road when she sees an obstruction ahead. She applies the 
brakes and the brakes cause the car to slow down to rest with a constant deceleration of 3 m s− 2. Find a the distance 
travelled as the car decelerates, b the time it takes for the car to decelerate from 18 m s− 1 to rest. 

Solution: 

a 
 

The distance travelled as the car decelerates is 54 m. 

b 
 

The time taken for the car to decelerate is 6 s. 

u = 18,v = 0,a = − 3,s = ?

v2 = u2 + 2a s

02 = 182 − 2 × 3 × s = 324− 6s

s =  = 54
324

6

u = 18,v = 0,a = − 3,t = ?
v = u + a t
0 = 18 − 3t

t =  = 6
18

3
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Exercise B, Question 10 
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Question: 

A stone is sliding across a frozen lake in a straight line. The initial speed of the stone is 12 m s− 1. The friction between 
the stone and the ice causes the stone to slow down at a constant rate of 0.8 m s− 2. Find a the distance moved by the 
stone before coming to rest, b the speed of the stone at the instant when it has travelled half of this distance. 

Solution: 

a 
 

The distance moved by the stone is 90 m. 

b 

The speed of the stone is 8.49m s − 1 (3 s.f.).

 

u = 12,v = 0,a = − 0.8,s= ?

v2 = u2 + 2a s

02 = 122 − 2 × 0.8 ×s = 144− 1.6s

s =  = 90
144

1.6

u = 12,a = − 0.8,s= 45,v = ? Half the distance in a is 45 m.

v2 = u2 + 2a s

= 122 − 2 × 0.8 × 45 = 144 − 72 = 72
v = \ 72 ≈ 8.49
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Question: 

A particle is moving along a straight line OA with constant acceleration 2.5 m s− 2. At time t = 0, the particle passes 
through O with speed 8 m s− 1 and is moving in the direction OA. The distance OA is 40 m. Find a the time taken for the 
particle to move from O to A, b the speed of the particle at A. Give your answers to one decimal place. 

Solution: 

a 
 

1.25t2 + 8t − 40 = 0

 

The time taken for the particle to move from O to A 3.3 s (1 d.p.). 

b 
 

The speed of the particle at A is 16.2m s− 1 (1 d.p.).

 

a = 2.5,u = 8,s = 40,t = ?

s = u t +  at2
1

2

40 = 8t + 1.25t2

t =  =  
− 8 + \ ( 82 + 4 × 1.25 × 40 ) 

2.5

− 8 + \ 264

2.5

= 3.299 … The negative solution is discounted.

a = 2.5,u= 8,s = 40,v = ?

v2 = u2 + 2a s

= 82 + 2 × 2.5 × 40 = 264
v = \ 264 = 16.24 …
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Question: 

A particle travels with uniform deceleration 2 m s− 2 in a horizontal line. The points A and B lie on the line and 
AB = 32 m. At time t = 0, the particle passes through A with velocity 12 m s− 1 in the direction AB. Find a the values of t 
when the particle is at B, b the velocity of the particle for each of these values of t. 

Solution: 

a 
 

b 
 

The velocity is 4 m s− 1 in the direction AB.

 

 

The velocity is 4 m s− 1 in the direction BA.

 

a = − 2,s = 32,u = 12,t = ?

s = u t +  at2
1

2

32 = 12t− t2

t2 − 12t + 32 = ( t − 4 )  ( t − 8 )  = 0
t = 4,8

Whent = 4,v = u + a t
= 12 − 2 × 4 = 4

Whent = 8,v = u + a t
= 12 − 2 × 8 = − 4
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Question: 

A particle is moving along the x-axis with constant deceleration 5 m s− 2. At time t = 0, the particle passes through the 
origin O with velocity 12 m s− 1 in the positive direction. At time t seconds the particle passes through the point A with 
x-coordinate 8. Find a the values of t, b the velocity of the particle as it passes through the point with x-coordinate − 8. 

Solution: 

a 
 

 

b 
 

The speed at x = − 8 is 15.0m s− 1 (3 s.f.).

 

a = − 5,u = 12,s = 8,t = ?

s = u t +  at2
1

2

8 = 12t − 2.5t2

2.5t2 − 12t + 8 = 0

5t2 − 24t + 16 = ( 5t− 4 )  ( t − 4 )  = 0
t = 0.8,4

a = − 5,u = 12,s = − 8,v = ?

v2 = u2 + 2a s

= 122 + 2 × ( − 5 )  × ( − 8 )  = 144 + 80 = 224
v = \ 224 = 14.966 …
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Question: 

A particle P is moving on the x-axis with constant deceleration 4 m s− 2. At time t = 0, P passes through the origin O 
with velocity 14 m s− 1 in the positive direction. The point A lies on the axis and OA = 22.5 m. Find a the difference 
between the times when P passes through A, b the total distance travelled by P during the interval between these times. 

Solution: 

a 
 

The difference between the times is ( 4.5 − 2.5 )  s = 2 s. 

b 

 

 

Between the times when t = 2.5 and t = 4.5 the particle moves 2 ( 24.5− 22.5)  m = 4 m. 

a = − 4,u = 14,s = 22.5,t= ?

s = u t +  at2
1

2

22.5 = 14t − 2t2

2t2 − 14t + 22.5 = 0

4t2 − 28t + 45 = ( 2t− 5 )  ( 2t − 9 )  = 0

t = 2.5,4.5

Find the time when P reverses direction.

a = − 4,u = 14,v = 0,t = ?
v = u + a t

0 = 14 − 4t⇒ t =  = 3.5
14

4

Find the displacement when t= 3.5.

s = u t +  at2
1

2

= 14 × 3.5 − 2 × 3.52 = 24.5
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Question: 

A car is travelling along a straight horizontal road with constant acceleration. The car passes over three consecutive 
points A, B and C where AB = 100 m and BC = 300 m. The speed of the car at B is 14 m s− 1 and the speed of the car at 
C is 20 m s− 1. Find a the acceleration of the car, b the time taken for the car to travel from A to C. 

Solution: 

a From B to C 
 

The acceleration of the car is 0.34 m s− 2.

 

b From A to C 
 

The time taken for the car to travel from A to C is 25.5 s (3 s.f.). 

u = 14,v = 20,s = 300,a= ?

v2 = u2 + 2a s

202 = 142 + 2 × a × 300

a =  = 0.34
202 − 142

600

v = 20,s = 400,a= 0.34,u= ?

v2 = u2 + 2a s

202 = u2 + 2 × 0.34 × 400 =u2 + 272

u2 = 400 − 272 = 128

u = \ 128 = 8\ 2  Assuming the car is not in reverse atA

v = u + a t
20 = 8\ 2 + 0.34t

t =  ≈ 25.5
20 − 8\ 2

0.34
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise B, Question 16 

Question: 

Two particles P and Q are moving along the same straight horizontal line with constant accelerations 2 m s− 2 and 3.6 m 
s− 2 respectively. At time t = 0, P passes through a point A with speed 4 m s− 1. One second later Q passes through A 
with speed 3 m s− 1, moving in the same direction as P. 

a Write down expressions for the displacements of P and Q from A, in terms of t, where t seconds is the time after P has 
passed through A. 

b Find the value of t where the particles meet. 

c Find the distance of A from the point where the particles meet. 

Solution: 

a For P: 

s = u t +  at2 ⇒ s = 4t + t2

 

The displacement of P is ( 4t + t2 )  m.

 

For Q: 

s = u t +  at2 ⇒ s = 3 ( t − 1 )  + 1.8 (t − 1 )  2

 

The displacement of Q is [ 3 ( t − 1 )  + 1.8 (t − 1 )  2 ]  m.

 

b 
 

 

c 

1

2

Q has been moving for (t − 1 )  seconds since passing through A.

1

2

4t + t2 = 3 ( t − 1 )  + 1.8 (t − 1 )  2

4t + t2 = 3t − 3 + 1.8t2 − 3.6t + 1.8

0.8t2 − 4.6t − 1.2 = 0

Divide throughout by 0.2.

4t2 − 23t − 6 = 0

( t − 6 )  ( 4t + 1 )  = 0

t = 6, the negative solution is rejected (t is the time after passing through A).

Substitute t= 6 into the expression for the displacement of P.
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s = 4t + t2 = 4 × 6 + 62 = 60 

The distance of A from the point where the particles meet is 60 m. 
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Question: 

A ball is projected vertically upwards from a point O with speed 14 m s− 1. Find the greatest height above O reached by 
the ball. 

Solution: 

 

The greatest height above O reached by the ball is 10 m. 

Take upwards as the positive direction.

u = 14 , v = 0 , a = − 9.8 ,s = ?

v2 = u2 + 2a s

02 = 142 − 2 × 9.8 ×s

s =  = 10
142

2 × 9.8

Page 1 of 1Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_2_c_1.html

PhysicsAndMathsTutor.com



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise C, Question 2 
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Question: 

A well is 50 m deep. A stone is released from rest at the top of the well. Find how long the stone takes to reach the 
bottom of the well. 

Solution: 

 

The stone takes 3.2 s (2 s.f.) to reach the bottom of the well. 

Take downwards as the positive direction.

s = 50 , u = 0 , a = 9.8 , t = ?

s = u t +  at2
1

2

50 = 0 + 4.9t2

t2 =  = 10.204 …⇒ t = 3.194 … ≈ 3.2
50

4.9
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Question: 

A book falls from the top shelf of a bookcase. It takes 0.6 s to reach the floor. Find how far it is from the top shelf to the 
floor. 

Solution: 

 

The top shelf is 1.8 m (2 s.f.) from the floor. 

Take downwards as the positive direction.

u = 0 , t = 0.6 ,a = 9.8 ,s = ?

s = u t +  at2
1

2

= 0 + 4.9 × 0.62 = 1.764≈ 1.8
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Question: 

A particle is projected vertically upwards with speed 20 m s− 1 from a point on the ground. Find the time of flight of the 
particle. 

Solution: 

 

The time of flight of the particle is 4.1 s ( 2 s.f.). 

Take upwards as the positive direction.

u = 20 , a = − 9.8 ,s = 0 , t = ?

s = u t +  at2
1

2

0 = 20t − 4.9t2 = t ( 20 − 4.9t)  , t ≠ 0

t =  = 4.081 … ≈ 4.1
20

4.9
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Question: 

A ball is thrown vertically downward from the top of a tower with speed 18 m s− 1. It reaches the ground in 1.6 s. Find 
the height of the tower. 

Solution: 

 

The height of the tower is 41 m (2 s.f.). 

Take downwards as the positive direction.

u = 18 , a = 9.8 , t = 1.6 ,s = ?

s = u t +  at2
1

2

= 18 × 1.6 + 4.9 × 1.62 = 41.344≈ 41
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Question: 

A pebble is catapulted vertically upwards with speed 24 m s− 1. Find a the greatest height above the point of projection 
reached by the pebble, b the time taken to reach this height. 

Solution: 

a 

 

The greatest height above the point of projection reached by the pebble is 29 m (2 s.f.). 

b 
 

The time taken to reach the greatest height is 2.4 s (2 s.f.). 

Take upwards as the positive direction.

u = 24 , a = − 9.8 ,v = 0 , s = ?

v2 = u2 + 2a s

02 = 242 − 2 × 9.8 ×s

s =  = 29.387 … ≈ 29
242

2 × 9.8

u = 24 , a = − 9.8 ,v = 0 , t = ?
v = u + a t
0 = 24 − 9.8t

t =  = 2.448 … ≈ 2.4
24

9.8
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Question: 

A ball is projected upwards from a point which is 4 m above the ground with speed 18 m s− 1. Find a the speed of the 
ball when it is 15 m above its point of projection, b the speed with which the ball hits the ground. 

Solution: 

a 

 

The speed of the ball when it is 15 m above its point of projection is 5.5 m s− 1 (2 s.f.).

 

b 
 

The speed with which the ball hits the ground is 20m s− 1 (2 s.f.).

 

Take upwards as the positive direction.

u = 18 , a = − 9.8 ,s = 15 , v = ?

v2 = u2 + 2a s

= 182 − 2 × 9.8 × 15 = 30
v = \ 30 = ± 5.477 … ≈ ± 5.5

u = 18 , a = − 9.8 ,s = − 4 , v = ?

v2 = u2 + 2a s

= 182 + 2 × ( − 9.8 )  × ( − 4 )  
= 324+ 78.4 = 402.4

v = − \ 402.2 = − 20.059 …≈ − 20
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Question: 

A particle P is projected vertically downwards from a point 80 m above the ground with speed 4 m s− 1. Find a the speed 
with which P hits the ground, b the time P takes to reach the ground. 

Solution: 

a 

 

The speed with which P hits the ground is 40 m s− 1 (2 s.f.).

 

b 
 

The time P takes to reach the ground is 3.7 s (2 s.f.). 

Take downwards as the positive direction.

s = 80 , u = 4 , a = 9.8 ,v = ?

v2 = u2 + 2a s

= 42 + 2 × 9.8 × 80 = 1584
v = \ 1584 = 39.799 …≈ 40

u = 4 , a = 9.8 ,v = \ 1584 ,t = ?
v = u + a t
\ 1584 = 4 + 9.8t

t =  = 3.653 … ≈ 3.7
\ 1584 − 4

9.8
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Question: 

A particle P is projected vertically upwards from a point X. Five seconds later P is moving downwards with speed 10 m 
s− 1. Find a the speed of projection of P, b the greatest height above X attained by P during its motion. 

Solution: 

a 

 

The speed of projection of P is 39 m s− 1.

 

b 
 

The greatest height above X attained by P during its motion is 78 m (2 s.f.). 

Take upwards as the positive direction.

v = − 10 ,a = − 9.8 , t = 5 , u = ?
v = u + a t
− 10 = u − 9.8 × 5

u = 9.8 × 5 − 10 = 39

u = 39 , v = 0 , a = − 9.8 ,s = ?

v2 = u2 + 2a s

02 = 392 − 2 × 9.8 ×s

s =  = 77.602 … ≈ 78
392

2 × 9.8
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Question: 

A ball is thrown vertically upwards with speed 21 m s− 1. It hits the ground 4.5 s later. Find the height above the ground 
from which the ball was thrown. 

Solution: 

 

The height above the ground from which the ball was thrown is 4.7 m (2 s.f.). 

Take upwards as the positive direction.

u = 21 , t = 4.5 ,a = − 9.8 ,s = ?

s = u t +  at2
1

2

= 21 × 4.5 − 4.9 × 4.52 = − 4.725≈ − 4.7
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Question: 

A stone is thrown vertically upward from a point which is 3 m above the ground, with speed 16 m s− 1. Find a the time 
of flight of the stone, b the total distance travelled by the stone. 

Solution: 

a 

 

4.9t2 − 16t − 3 = 0

 

Using x =  

 

 

The time of flight of the stone is 3.4 s (2 s.f.). 

b 

 

The total distance travelled by the stone is ( 2 × 13 + 3 )  m = 29m (2 s.f.). 

Take upwards as the positive direction.

s = − 3 , u = 16 , a = − 9.8 , t = ?

s = u t +  at2
1

2

− 3 = 16t − 4.9t2

− b ± \ ( b2 − 4a c )  

2a

t =  
16 ± \ ( 162 + 4 × 4.9 × 3 ) 

2 × 4.9
Only the positive solution need be considered.

= 3.443… ≈ 3.4

Find the greatest height, say h, reached by the stone.

u = 16 , v = 0 , a = − 9.8 ,s = h

v2 = u2 + 2a s

02 = 162 − 2 × 9.8 ×h

h =  = 13.061 … ≈ 13
162

2 × 4.9
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Question: 

A particle is projected vertically upwards with speed 24.5 m s− 1. Find the total time for which it is 21 m or more above 
its point of projection. 

Solution: 

 

4.9t2 − 24.5t + 21 = 0

 

Using x =  

 

 

The difference between these times is ( 3.9015 … − 1.0984 … )  s = 2.803 … s 

The total time for which the particle is 21 m or more above its point of projection is 2.8 s (2 s.f.). 

Take upwards as the positive direction.

u = 24.5 ,a = − 9.8 ,s = 21 , t = ?

s = u t +  at2
1

2

21 = 24.5t − 4.9t2

− b ± \ ( b2 − 4a c )  

2a

t =  
24.5 ± \ ( 24.52 − 4 × 4.9 × 21 ) 

2 × 9.8

= 1.0984 … , 3.9015 …
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Question: 

A particle is projected vertically upwards from a point O with speed u m s− 1. Two seconds later it is still moving 

upwards and its speed is u m s− 1. Find a the value of u, b the time from the instant that the particle leaves O to the 

instant that it returns to O. 

1

3

Solution: 

a 

 

b 
 

The time from the instant that the particle leaves O to the instant that it returns to O is 6 s. 

Take upwards as the positive direction.

u = u , v =  u , a = − 9.8 , t = 2
1

3

v = u + a t

u
1

3
= u − 9.8 × 2

u
2

3
= 19.6⇒ u =  × 19.6 = 29.4

3

2

u = 29 ( 2 s.f. )  

u = 29.4 ,s = 0 , a = − 9.8 , t = ?

s = u t +  at2
1

2

0 = 29.4t − 4.9t2 = t ( 29.4 − 4.9t)  , t ≠ 0

t =  = 6
29.4

4.9
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Question: 

A ball A is thrown vertically downwards with speed 5 m s− 1 from the top of a tower block 46 m above the ground. At 
the same time as A is thrown downwards, another ball B is thrown vertically upwards from the ground with speed 18 m 
s− 1. The balls collide. Find the distance of the point where A and B collide from the point where A was thrown. 

Solution: 

sA = u t +  at2 = 5t + 4.9t2 … ∗

 

 

sA = 5 × 2 + 4.9 × 22 = 29.6

 

The distance of the point where A and B collide from the point where A was thrown is 30 m (2 s.f.). 

For A, take downwards as the positive direction.

1

2

For B, take upwards as the positive direction.

sB = u t +  at2 = 18t − 4.9t2
1

2

sA + sB = 46

5t + 4.9t2 + 18t − 4.9t2 = 46

23t = 46⇒ t = 2

Substitute into ∗
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise C, Question 15 

Question: 

A ball is released from rest at a point which is 10 m above a wooden floor. Each time the ball strikes the floor, it 
rebounds with three-quarters of the speed with which it strikes the floor. Find the greatest height above the floor reached 
by the ball a the first time it rebounds from the floor, b the second time it rebounds from the floor. 

Solution: 

a 

 

The speed of the first rebound, u2 say, is given by

 

u2 =  u1 =  × 14 = 10.5

 

 

The greatest height above the floor reached by the ball the first time it rebounds from the floor is 5.6 m (2 s.f.). 

b 

The speed of the second rebound, u3 say, is given by

 

u3 =  u2 =  × 10.5 = 7.875

 

Find the speed, u1 say, immediately before the ball strikes the floor.

u = 0 , a = 9.8 ,s = 10 , v = u1

v2 = u2 + 2a s

u1
2

= 02 + 2 × 9.8 × 10 = 196

u1 = \ 196 = 14

3

4

3

4

Find the maximum height, h1 say, reached after the first rebound.

u = 10.5, v = 0 , a = − 9.8 ,s = h1

v2 = u2 + 2a s

02 = 10.52 − 2 × 9.8 ×h1 ⇒ h1 =  = 5.625
10.52

2 × 9.8

Immediately before the ball strikes the floor for the second time, its speed is again u2 = 10.5.

3

4

3

4

Find the maximum height, h2 say, reached after the second rebound.
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The greatest height above the floor reached by the ball the second time it rebounds from the floor is 3.2 m (2 s.f.). 

u = 7.875 ,v = 0 , a = − 9.8 ,s = h2

v2 = u2 + 2a s

02 = 7.8752 − 2 × 9.8 ×h2 ⇒ h2 =  = 3.164 …
7.8752

2 × 9.8
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Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise C, Question 16 
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Question: 

A particle P is projected vertically upwards from a point O with speed 12 m s− 1. One second after P has been projected 
from O, another particle Q is projected vertically upwards from O with speed 20 m s− 1. Find a the time between the 
instant that P is projected from O and the instant when P and Q collide, b the distance of the point where P and Q collide 
from O. 

Solution: 

a 

For P, 
 

For Q, 
 

At the point of collision sP = sQ .

 

 

The time between the instant that P is projected from O and the instant when P and Q collide is 1.4 s (2 s.f.). 

b 

sP = 12t − 4.9t2 ≈ 12 × 1.4 − 4.9 × 1.42 ≈ 7.2

 

The distance of the point where P and Q collide from O is 7.2 m (2 s.f.). 

Take upwards as the positive direction.

s = u t +  at2
1

2

sP = 12t − 4.9t2 … … ∗

s = u t +  at2  
1

2
Q has been moving for one less second thanP.

sQ = 20 ( t − 1 )  − 4.9 (t − 1 )  2

12t − 4.9t2 = 20 ( t − 1 )  − 4.9 (t − 1 )  2

12t − 4.9t2 = 20t − 20 − 4.9t2 + 9.8t − 4.9

24.9= 17.8t⇒ t =  = 1.3988 … ≈ 1.4
24.9

17.8

Substitute for t in ∗
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise D, Question 1 
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Question: 

 

The diagram shows the speed-time graph of the motion of an athlete running along a straight track. For the first 4 s, he 
accelerates uniformly from rest to a speed of 9 m s− 1. This speed is then maintained for a further 8 s. Find 

a the rate at which the athlete accelerates, 

b the total distance travelled by the athlete in 12 s. 

Solution: 

a a =  = 2.25

 

The athlete accelerates at a rate of 2.25 m s− 2.

 

b 
 

The total distance travelled by the athlete is 90 m. 

9

4

s =  ( a + b )  h
1

2

=  ( 8 + 12 )  × 9 = 90
1

2
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise D, Question 2 
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Question: 

A car is moving along a straight road. When t = 0 s, the car passes a point A with speed 10 m s− 1 and this speed is 
maintained until t = 30 s. The driver then applies the brakes and the car decelerates uniformly, coming to rest at the point 
B when t = 42 s. 

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

b Find the distance from A to B. 

Solution: 

a 

 

b 
 

The distance from A to B is 360 m. 

s =  ( a + b )  h
1

2

=  ( 30 + 42 )  × 10 = 360
1

2
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise D, Question 3 
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Question: 

 

The diagram shows the speed-time graph of the motion of a cyclist riding along a straight road. She accelerates 
uniformly from rest to 8 m s− 1 in 20 s. She then travels at a constant speed of 8 m s− 1 for 40 s. She then decelerates 
uniformly to rest in 15 s. Find 

a the acceleration of the cyclist in the first 20 s of motion, 

b the deceleration of the cyclist in the last 15 s of motion, 

c the total distance travelled in 75 s. 

Solution: 

a a =  = 0.4

 

The acceleration of the cyclist is 0.4 m s− 2.

 

b a =  ( = − 0.53 )  

 

The deceleration of the cyclist is m s− 2.

 

c 
 

The total distance travelled is 460 m. 

8

20

− 8

15

8

15

s =  ( a + b )  h
1

2

=  ( 40 + 75 )  × 8 = 460
1

2
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise D, Question 4 
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Question: 

A car accelerates at a constant rate, starting from rest at a point A and reaching a speed of 45 km h− 1 in 20 s. This speed 
is then maintained and the car passes a point B 3 minutes after leaving A. 

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

b Find the distance from A to B. 

Solution: 

a 
 

 

b 
 

The distance from A to B is 2125 m. 

45 km h− 1 =  m s− 1 = 12.5 m s− 145 × 1000

3600

3 min = 180 s

s =  ( a + b )  h
1

2

=  ( 160 + 180 )  × 12.5 = 2125
1

2
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise D, Question 5 
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Question: 

A motorcyclist starts from rest at a point S on a straight race track. He moves with constant acceleration for 15 s, 
reaching a speed of 30 m s− 1. He then travels at a constant speed of 30 m s− 1 for T seconds. Finally he decelerates at a 
constant rate coming to rest at a point F, 25 s after he begins to decelerate. 

a Sketch a speed-time graph to illustrate the motion. 

Given that the distance between S and F is 2.4 km, 

b calculate the time the motorcyclist takes to travel from S to F. 

Solution: 

a 

 

b 
 

 

The taken to travel from S to F is ( 15 + T + 25 )  s = 100s. 

s =  ( a + b )  h
1

2

2400 =  ( T + ( 15 + T + 25 )  )  × 30 = 15 ( 2T+ 40 )  
1

2

2T + 40 =  = 160
2400

15

T =  = 60
160 − 40

2
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise D, Question 6 
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Question: 

 

A train is travelling along a straight track. To obey a speed restriction, the brakes of the train are applied for 30 s 
reducing the speed of the train from 40 m s− 1 to 16 m s− 1. The train then continues at a constant speed of 16 m s− 1 for 
a further 70s. The diagram shows a speed-time graph illustrating the motion of the train for the total period of 100 s. Find 

a the retardation of the train in the first 30 s, 

b the total distance travelled by the train in 100 s. 

Solution: 

a a =  = −  = − 0.8

 

The retardation (deceleration) is 0.8 m s− 2.

 

b The area under the graph is made up of a triangle, with sides 30 × 24, and a rectangle, with sides 100 × 16. 

s =  × 30 × 24 + 100 × 16 = 360 + 1600 = 1960

 

The total distance travelled by the train is 1960 m. 

16 − 40

30

24

30

1

2
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise D, Question 7 

Question: 

A train starts from a station X and moves with constant acceleration 0.6 m s− 2 for 20 s. The speed it has reached after 20 
s is then maintained for T seconds. The train then decelerates from this speed to rest in a further 40 s, stopping at a station 
Y. 

a Sketch a speed-time graph to illustrate the motion of the train. 

Given that the distance between the stations is 4.2 km, find 

b the value of T, 

c the distance travelled by the train while it is moving with constant speed. 

Solution: 

a The speed after 20 s is given by 
 

 

b 
 

T =  = 320
 

c at constant speed, distance = speed × time 

= 12 × 320 = 3840 

v = u + at
= 0 + 0.6 × 20 = 12

s =  ( a + b )  h
1

2

4200 =  (T + ( 20 + T + 40 )  )  × 12
1

2

4200 = 6 ( 2T+ 60 )  = 12T + 360
4200 − 360

12
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The distance travelled at a constant speed is 3840 m. 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise D, Question 8 

Question: 

A particle moves along a straight line. The particle accelerates from rest to a speed of 10 m s− 1 in 15 s. The particle then 
moves at a constant speed of 10 m s− 1 for a period of time. The particle then decelerates uniformly to rest. The period of 
time for which the particle is travelling at a constant speed is 4 times the period of time for which it is decelerating. 

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

Given that the total distance travelled by the particle is 480 m, 

b find the total time for which the particle is moving, 

c sketch an acceleration-time graph illustrating the motion of the particle. 

Solution: 

a Let the time for which the particle decelerates be T seconds. 

Then the time for which the particle moves at a constant speed is 4T seconds. 

 

b 
 

The total time for which the particle is moving is 

( 5T + 15 )  s = ( 5 × 9 + 15 )  s = 60 s 

c While accelerating, a =  =  

 

s =  ( a + b )  h
1

2

480 =  ( 4T+ ( 15 + 4T+ T )  )  × 10 = 5 ( 9T+ 15 )  
1

2

45T + 75 = 480

T =  = 9
480 − 75

45

10

15

2

3
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While decelerating, a = −  
 

 

10

9
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise D, Question 9 

© Pearson Education Ltd 2008 

Question: 

 

A particle moves 100 m in a straight line. The diagram is a sketch of a speed-time graph of the motion of the particle. 
The particle starts with speed u m s− 1 and accelerates to a speed 10 m s− 1 in 3 s. The speed of 10 m s− 1 is maintained 
for 7 s and then the particle decelerates to rest in a further 2 s. Find 

a the value of u, 

b the acceleration of the particle in the first 3 s of motion. 

Solution: 

a Area = trapezium + rectangle + triangle 
 

b a =  =  

 

The acceleration of the particle is m s− 2.

 

100 =  (u + 10 )  × 3 + 7 × 10 +  × 2 × 10
1

2

1

2

100 =  (u + 10 )  + 70 + 10
3

2

( u + 10 )  = 100 − 70 − 10 = 20
3

2

u + 10 = 20 ×  =  
2

3

40

3

u =  − 10 =  
40

3

10

3

10 −  
10

3

3

20

9

20

9
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise D, Question 10 
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Question: 

 

The diagram is an acceleration-time graph to show the motion of a particle. At time t = 0 s, the particle is at rest. Sketch 
a speed-time graph for the motion of the particle. 

Solution: 

From t = 0 to t = 4 v = u + at 
= 0 + 0.8 × 4 = 3.2 

From t = 10 to t = 16 v = u + at 
= 3.2 − 0.2 × 6 = 2 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise D, Question 11 
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Question: 

A motorcyclist M leaves a road junction at time t= 0 s. She accelerates at a rate of 3 m s− 2 for 8 s and then maintains the speed she 
has reached. A car C leaves the same road junction as M at time t= 0 s. The car accelerates from rest to 30 m s− 1 in 20 s and then 
maintains the speed of 30 m s− 1. C passes M as they both pass a pedestrian. 

a On the same diagram, sketch speed-time graphs to illustrate the motion of M and C. 

b Find the distance of the pedestrian from the road junction. 

Solution: 

a For M, v = u + at = 0 + 3 × 8 = 24 

 

b Let C overtake M at time T seconds. 

The distance travelled by M is given by 

s =  ( a + b )  h =  ( T − 8 + T )  × 24 = 12 ( 2T− 8 )  

 

The distance travelled by C is given by 

s =  ( a + b )  h =  ( T − 20 + T )  × 30 = 15 ( 2T− 20 )  

 

At the point of overtaking the distances are equal 
 

s = 12 ( 2T− 8 )  = 12 ( 2 × 34 − 8 )  = 720 

The distance of the pedestrian from the road junction is 720 m. 

1

2

1

2

1

2

1

2

12 ( 2T − 8 )  = 15 ( 2T − 20 )  
24T − 96 = 30T − 300
6T = 204

T =  = 34
204

6
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise D, Question 12 

Question: 

A particle is moving on an axis Ox. From time t = 0 s to time t = 32 s, the particle is travelling with constant speed 15 m 
s− 1. The particle then decelerates from 15 m s− 1 to rest in T seconds. 

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

The total distance travelled by the particle is 570 m. 

b Find the value of T. 

c Sketch a distance-time graph illustrating the motion of the particle. 

Solution: 

a 

 

b 
 

c At t = 32, s = 32 × 15 = 480 
 

s =  ( a + b )  h
1

2

570 =  ( 32 + 32 +T )  × 15
1

2

( T + 64 )  
15

2
= 570

T + 64 =  = 76
570 × 2

15

T = 76 − 64 = 12

At t = 44, s = 480 + area of the triangle

= 480 +  × 12 × 15 = 570
1

2
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Kinematics of a particle moving in a straight line 
Exercise E, Question 1 
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Question: 

A car travelling along a straight road at 14 m s− 1 is approaching traffic lights. The driver applies the brakes and the car 
comes to rest with constant deceleration. The distance from the point where the brakes are applied to the point where the 
car comes to rest is 49 m. Find the deceleration of the car. 

Solution: 
 

The deceleration of the car is 2 m s − 2.

 

u = 14,v = 0,s = 49,a = ?

v2 = u2 + 2a s

02 = 142 + 2 × a × 49

a = −  = − 2
142

2 × 49
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Kinematics of a particle moving in a straight line 
Exercise E, Question 2 
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Question: 

A ball is thrown vertically downward from the top of a tower with speed 6 m s− 1. The ball strikes the ground with speed 
25m s− 1. Find the time the ball takes to move from the top of the tower to the ground. 

Solution: 

 

The ball takes 1.9 s (2 s.f.) to move from the top of the tower to the ground. 

Take downwards as the positive direction.

u = 6,v = 25,a = 9.8,t= ?
v = u + a t
25 = 6 + 9.8t

t =  = 1.938 … ≈ 1.9
25 − 6

9.8
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Question: 

 

The diagram is a speed-time graph representing the motion of a cyclist along a straight road. At time t = 0 s, the cyclist is 
moving with speed u m s− 1. The speed is maintained until time t = 15 s, when she slows down with constant 
deceleration, coming to rest when t = 23s. The total distance she travels in 23 s is 152 m. Find the value of u. 

Solution: 
 

s =  ( a + b )  h
1

2

152 =  ( 15 + 23 )  u= 19u
1

2

u =  = 8
152

19
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Question: 

A stone is projected vertically upwards with speed 21 m s− 1. Find

 

a the greatest height above the point of projection reached by the stone, 

b the time between the instant that the stone is projected and the instant that it reaches its greatest height. 

Solution: 

a 

 

The greatest height above the point of projection reached is 23 m (2 s.f.). 

b 
 

The time between the instant that the stone is projected and the instant that it reaches its greatest height is 2.1 s (2 s.f.). 

Take upwards as the positive direction.

u = 21,v = 0,a = − 9.8,s= ?

v2 = u2 + 2a s

02 = 212 − 2 × 9.8 ×s

s =  = 22.5
212

2 × 9.8

u = 21,v = 0,a = − 9.8,t= ?
v = u + a t
0 = 21 − 9.8t

t =  = 2.14 … ≈ 2.1
21

9.8

Page 1 of 1Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_2_e_4.html

PhysicsAndMathsTutor.com



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise E, Question 5 

© Pearson Education Ltd 2008 

Question: 

A train is travelling with constant acceleration along a straight track. At time t = 0 s, the train passes a point O travelling 
with speed 18 m s− 1. At time t = 12 s, the train passes a point P travelling with speed 24 m s− 1. At time t = 20 s, the 
train passes a point Q. Find 

a the speed of the train at Q, 

b the distance from P to Q. 

Solution: 

a From O to P 
 

From O to Q 
 

The speed of the train at Q is 28 m s− 1.

 

b From P to Q 
 

The distance from P to Q is 208 m. 

u = 18,v = 24,t = 12,a = ?
v = u + a t
24 = 18 + 12a

a =  =  
24 − 18

12

1

2

u = 18,t = 20,a =  ,v = ?
1

2

v = u + a t

= 18 +  × 20 = 28
1

2

u = 24,v = 28,t = 8,s = ?

s = (  )  t
u + v

2

= (  )  × 8 = 208
24 + 28

2
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Question: 

A car travelling on a straight road slows down with constant deceleration. The car passes a road sign with speed 40 km 
h − 1 and a post box with speed of 24 km h− 1. The distance between the road sign and the post box is 240 m. Find, in m 
s− 2, the deceleration of the car. 

Solution: 
 

 

The deceleration of the car is 0.165m s− 2 (3 d.p.).

 

40 km h− 1 =  m s− 1 =  m s− 140 × 1000

3600

100

9

24 km h− 1 =  m s− 1 =  m s− 124 × 1000

3600

20

3

u =  ,v =  ,s = 240,a = ?
100

9

20

3

v2 = u2 + 2a s

(  )  2 = (  )  2 + 2 × a × 240
20

3

100

9

a = (  )  = − 0.1646 …
(  )  2 − (  )  2

20

3

100

9

2 × 240
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Question: 

A skier is travelling downhill along a straight path with constant acceleration. At time t= 0 s, she passes a point A with speed 
6 m s− 1. She continues with the same acceleration until she reaches a point B with speed 15 m s− 1. At B, the path flattens out 
and she travels from B to a point C at the constant speed of 15 m s− 1. It takes 20 s for the skier to travel from B to C and the 
distance from A to C is 615 m. 

a Sketch a speed-time graph to illustrate the motion of the skier. 

b Find the distance from A to B. 

c Find the time the skier took to travel from A to B. 

Solution: 

a 

 

b The distance from B to C is given by distance = speed × time = 15 × 20 = 300 ( m )   

The distance from A to B is ( 615 − 300 )  m = 315 m. 

c 

 

The time the skier took to travel from A to B is 30 s. 

Let T seconds be the time for which the skier is accelerating.

s =  ( a + b )  h
1

2

315 =  ( 6 + 15 )  T=  T
1

2

21

2

T =  = 30
315 × 2

21
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise E, Question 8 
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Question: 

A child drops a ball from a point at the top of a cliff which is 82 m above the sea. The ball is initially at rest. Find 

a the time taken for the ball to reach the sea, 

b the speed with which the ball hits the sea. 

c State one physical factor which has been ignored in making your calculation. 

Solution: 

a 

 

The time taken for the ball to reach the sea is 4.1 s (2 s.f.). 

b 
 

The speed with which the ball hits the sea is 40 m s− 1 (2 s.f.).

 

c Air resistance 

Take downwards as the positive direction.

u = 0,s = 82,a = 9.8,t= ?

s = u t +  at2
1

2

82 = 0 + 4.9t2

t2 =  = 16.73 …
82

4.9

t = \ 16.73 … ≈ 4.1

u = 0,s = 82,a = 9.8,v= ?

v2 = u2 + 2a s

= 02 + 2 × 9.8 × 82 = 1607.2
v = \ 1607.2≈ 40.09
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise E, Question 9 

Question: 

A particle moves along a straight line, from a point X to a point Y, with constant acceleration. The distance from X to Y is 
104 m. The particle takes 8 s to move from X to Y and the speed of the particle at Y is 18 m s− 1. Find 

a the speed of the particle at X, 

b the acceleration of the particle. 

The particle continues to move with the same acceleration until it reaches a point Z. At Z the speed of the particle is three 
times the speed of the particle at X. 

c Find the distance XZ. 

Solution: 

a 
 

The speed of the particle at X is 8 m s− 1.

 

b 
 

The acceleration of the particle is 1.25 m s− 2.

 

c From X to Z 

s = 104,t= 8,v = 18,u = ?

s = (  )  t
u + v

2

104 = (  )  × 8 = (u + 18 )  4 = 4u + 72
u + 18

2

u =  = 8
104 − 72

4

s = 104,t= 8,v = 18,a = ?

s = vt −  at2
1

2

104 = 18 × 8 −  a × 82 = 144− 32a
1

2

a =  = 1.25
144 − 104

32
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 u = 8,v = 24,a = 1.25,s= ?

v2 = u2 + 2a s

242 = 82 + 2 × 1.25 ×s

s =  = 204.8
242 − 82

2.5

XZ = 204.8 m
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Kinematics of a particle moving in a straight line 
Exercise E, Question 10 
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Question: 

A pebble is projected vertically upwards with speed 21 m s− 1 from a point 32 m above the ground. Find

 

a the speed with which the pebble strikes the ground, 

b the total time for which the pebble is more than 40 m above the ground. 

Solution: 

a 

 

the speed with which the pebble strikes the ground is 33 m s− 1 (2 s.f.).

 

b 

 

 

the pebble is above 40 m between these times; 3.86 − 0.42 = 3.44 

the pebble is more than 40 m above the ground for 3.4 s (2 s.f.) 

Take upwards as the positive direction.

u = 21,s = − 32,a= − 9.8,v= ?

v2 = u2 + 2a s

= 212 + 2 × ( − 9.8 )  × ( − 32 )  = 441 + 627.2 = 1068.2
v = \ 1068.2 = 32.68 …

40 m above the ground is 8 m above the 
point of projection.

u = 21,s = 8,a = − 9.8,t= ?

s = u t +  at2
1

2

8 = 21t − 4.9t2

4.9t2 − 21t + 8 = 0

t =  =  =  = 3.86,0.42
− b ± \ ( b2 − 4ac )  

2a

21 ± \ ( 212 − 4 × 4.9 × 8 ) 

9.8

21 ± \ 284.2

9.8
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Exercise E, Question 11 
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Question: 

A particle P is moving along the x-axis with constant deceleration 2.5 m s− 2. At time t = 0 s, P passes through the origin 
with velocity 20 m s− 1 in the direction of x increasing. At time t = 12 s, P is at the point A. Find 

a the distance OA, 

b the total distance P travels in 12 s. 

Solution: 

a 
 

b The particle will turn round when v = 0. 

a = − 2.5,u= 20,t = 12,s = ?

s = u t +  at2
1

2

= 20 × 12 −  × 2.5 × 122 = 240 − 180 = 60
1

2

O A = 60 m

a = − 2.5,u= 20,v = 0,s = ?

v2 = u2 + 2a s

02 = 202 − 5s⇒ s = 80

The total distance P travels is ( 80 + 20 )  
m = 100 m.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise E, Question 12 

Question: 

A train starts from rest at a station P and moves with constant acceleration for 45 s reaching a speed of 25 m s− 1. The 
train then maintains this speed for 4 minutes. The train then uniformly decelerates, coming to rest at a station Q. 

a Sketch a speed-time graph illustrating the motion of the train from P to Q. 

The distance between the stations is 7 km. 

b Find the deceleration of the train. 

c Sketch an acceleration-time graph illustrating the motion of the train from P to Q. 

Solution: 

a 

 

b 
 

a =  = −  

 

the deceleration of the train is m s− 2

 

c 

s =  ( a + b )  h
1

2

7000 =  ( 240 + 285 +T )  × 25
1

2

525 +T =  = 560 ⇒ T = 35
7000 × 2

25

The deceleration in the last 35 s is given by 
the gradient of the line.

− 25

35

5

7

5

7

The acceleration of the train in the first 40 
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a =  =  

 

 

s is given by the gradient of the line.

25

45

5

9
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Kinematics of a particle moving in a straight line 
Exercise E, Question 13 
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Question: 

 

A particle moves 451 m in a straight line. The diagram shows a speed-time graph illustrating the motion of the particle. 
The particle starts at rest and accelerates at a constant rate for 8 s reaching a speed of 2u m s− 1. This speed is then 
maintained until t = 20 s. The particle then decelerates to a speed of u m s− 1 at time t = 26 s. Find 

a the value of u, 

b the distance moved by the particle while its speed is less than u m s− 1.

 

Solution: 

a 

 

b 

s =  × 4 × 11 = 22

 

The distance moved with speed less than 11 m s − 1is 22 m.

 

distance = area of triangle + area of rectangle + area of trapezium

451 =  × 8 × 2u+ 12 × 2u+  × ( u + 2u )  × 6
1

2

1

2

= 8u + 24u + 9u = 41u

u =  = 11
451

41

The particle is moving with speed less than um s− 1for the first 4 s.

1

2
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise E, Question 14 

Question: 

A particle is moving in a straight line. The particle starts with speed 5 m s− 1 and accelerates at a constant rate of 2 m 
s− 1 for 
8 s. It then decelerates at a constant rate coming to rest in a further 12 s. 

a Sketch a speed-time graph illustrating the motion of the particle. 

b Find the total distance moved by the particle during its 20 s of motion. 

c Sketch a distance-time graph illustrating the motion of the particle. 

Solution: 

a 

b 

 

s =  ( 5 + 21 )  × 8 +  × 12 × 21 = 104 + 126 = 230
 

The distance moved in 20 s is 230 m. 

c After 8 s, s = 104 

v = u + at
v = 5 + 2 × 8

= 21 m s− 1

distance = area of trapezium + area of triangle

1

2

1

2
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Kinematics of a particle moving in a straight line 
Exercise E, Question 15 

© Pearson Education Ltd 2008 

Question: 

A boy projects a ball vertically upwards with speed 10 m s− 1 from a point X, which is 50 m above the ground. T seconds 
after the first ball is projected upwards, the boy drops a second ball from X. Initially the second ball is at rest. The balls 
collide 
25 m above the ground. Find the value of T. 

Solution: 

 

4.9t2 − 10t − 25 = 0

 

 

Find the time taken by the first ball to 
reach 25 m below its point of projection, 
take upwards as the positive direction.

u = 10,s = − 25,a= − 9.8,t= ?

s = u t +  at2
1

2

− 25 = 10t − 4.9t2

t =  = 3.4989 …
10 + \ ( 102 + 4 × 4.9 × 25 ) 

9.8
The negative solution is not possible.

Find the time taken by the second ball to 
reach 25 m below its point of projection. 
Take downwards as the positive direction.

u = 0,s = 25,a = 9.8,t= t '

s = u t +  at2
1

2

25 = 4.9t ' 2
⇒ t '

≈ 2.2587 …

T = t − t ' = 1.240 … = 1.2 s ( 2 s.f. ) 
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Kinematics of a particle moving in a straight line 
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Question: 

A car is moving along a straight road with uniform acceleration. The car passes a check-point A with speed 12 m s− 1 and another 
check-point C with speed 32 m s− 1. The distance between A and C is 1100 m. 

a Find the time taken by the car to move from A to C. 

Given that B is the mid-point of AC, 

b find the speed with which the car passes B. 

Solution: 

a 
 

1100 = ( 12 + 32 )  t= 22t

 

t =  = 50

 

The time taken by the car to move from A to C is 50 s. 

b 

From A to C 
 

From A to B 
 

The car passes C with speed 24.2m s− 1 (3 s.f.).

 

u = 12,v = 32,s = 1100,t = ?

s = (  )  t
u + v

2

1

2

1100

22

Find a first.

u = 12,v = 32,s = 1100,a = ?

v2 = u2 + 2a s

322 = 122 + 2a × 1100

a =  = 0.4
322 − 122

2200

u = 12,s = 550,a = 0.4,v = ?

v2 = u2 + 2a s

= 122 + 2 × 0.4 × 550 = 584⇒ v = 24.166 …
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Exercise E, Question 17 
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Question: 

A particle is projected vertically upwards with a speed of 30 m s− 1 from a point A. The point B is h metres above A. The 
particle moves freely under gravity and is above B for a time 2.4 s. Calculate the value of h. 

Solution: 

By symmetry, the particle takes = 1.2 s to fall the distance, say x, from the highest point to a point h m above the 

point of projection. 

 

From diagram, 
 

To find greatest height reached H, take 
upwards as the positive direction.

u = 30,v = 0,a = − 9.8,s= H

v2 = u2 + 2a s

02 = 302 − 2 × 9.8 ×H

H =  ≈ 45.918…
302

2 × 9.8

2.4

2

Take downwards as the positive direction.

u = 0,t = 1.2,a= 9.8,s= x

s = u t +  at2
1

2

x = 0 + 4.9 × 1.22 = 7.056

h = H − x = 45.918− 7.056 = 38.862
h = 39 ( 2 s.f. )  
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Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise E, Question 18 

Question: 

Two cars A and B are moving in the same direction along a straight horizontal road. At time t = 0, they are side by side, 
passing a point O on the road. Car A travels at a constant speed of 30 m s− 1. Car B passes O with a speed of 20 m s− 1, 
and has constant acceleration of 4 m s− 2. Find 

a the speed of B when it has travelled 78 m from O, 

b the distance from O of A when B is 78 m from O, 

c the time when B overtakes A. 

Solution: 

a 
 

The speed of B when it has travelled 78 m is 32 m s− 1.

 

b 

 

For A, distance = speed × time 

s = 30 × 3 = 90 

The distance from O of A when B is 78 m from O is 90 m. 

c At time t seconds, for A, s = 30t 

for B,s = u t +  at2 = 20t + 2t2

 

u = 20,a = 4,s = 78,v = ?

v2 = u2 + 2a s

= 202 + 2 × 4 × 78 = 1024
v = \ 1024 = 32

Find time for B to reach the point 78 m 
from O.

v = 32,u = 20,a = 4,t = ?
v = u + a t

32 = 20 + 4t ⇒ t =  = 3
32 − 20

4

1

2

On overtaking the distances are the same.
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For overtaking t > 0, t = 10 

B overtakes A 10 s after passing O. 

20t + t2 = 30t

t2 − 10t = t ( t − 10 )  = 0
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Question: 

A car is being driven on a straight stretch of motorway at a constant speed of 34 m s− 1, when it passes a speed 
restriction sign S warning of road works ahead and requiring speeds to be reduced to 22 m s− 1. The driver continues at 
her speed for 2 s after passing S. She then reduces her speed to 22 m s− 1 with constant deceleration of 3 m s− 2, and 
continues at the lower speed. 

a Draw a speed-time graph to illustrate the motion of the car after it passes S. 

b Find the shortest distance before the road works that S should be placed on the road to ensure that a car driven in this 
way has had its speed reduced to 22m s− 1 by the time it reaches the start of the road works. 

Solution: 

a 

 

 

b 

 

Distance required is 180 m. 

To find time decelerating.

u = 34,v = 22,a = − 3,t = ?
v = u + a t

22 = 34 − 3t ⇒ t =  = 4
34 − 22

3

distance = rectangle + trapezium

s = 34 × 2 +  ( 22 + 34 )  × 4
1

2

= 68 + 112 = 180
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Edexcel AS and A Level Modular Mathematics 
Kinematics of a particle moving in a straight line 
Exercise E, Question 20 

Question: 

A train starts from rest at station A and accelerates uniformly at 3x m s− 2 until it reaches a speed of 30 m s− 1. For the 
next 
T seconds the train maintains this constant speed. The train then retards uniformly at x m s− 2 until it comes to rest at a 
station B. The distance between the stations is 6 km and the time taken from A to B is 5 minutes. 

a Sketch a speed-time graph to illustrate this journey. 

b Show that +T = 300.

 

c Find the value of T and the value of x. 

d Calculate the distance the train travels at constant speed. 

e Calculate the time taken from leaving A until reaching the point half-way between the stations. 

40

x

Solution: 

a 

 

b 

3x =  ⇒ t1 =  =  

 

− x =  ⇒ t2 =  

 

t1 + T + t2 = 300

 

+ T +  = 300 ⇒  + T = 300, as required

 

Acceleration is the gradient of a line.

30

t1

30

3x

10

x

− 30

t2

30

x

10

x

30

x

40

x
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c s =  ( a + b )  h
 

6000 =  (T + 300 )  × 30 = 15T + 4500

 

T =  = 100

 

 

d at constant speed, distance = speed × time = 30 × 100 = 3000 ( m )   

The distance travelled at a constant speed in 3 km. 

e t1 =  =  = 50

 

while accelerating, distance travelled is × 50 × 30  m = 750 m

 

at constant speed, time =  =  s = 75 s

 

Time for train to reach half-way is ( 50 + 75 )  s = 125s. 

1

2

1

2

6000 − 4500

15

Substitute into the result in part b.

+ 100= 300 ⇒  = 200
40

x

40

x

x =  = 0.2
40

200

10

x

10

0.2

 


1

2
 


To reach half way, the train must travel 2250 m at a constant speed.

distance

speed

2250

30
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Exercise A, Question 1 
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Question: 

Remember that g should be taken as 9.8 m s− 2.

 

Find the weight in newtons of a particle of mass 4 kg. 

Solution: 

W = m g = 4 × 9.8 = 39.2 

The weight of the particle is 39.2 N. 
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Question: 

Find the mass of a particle whose weight is 490 N. 

Solution: 
 

The mass of the particle is 50 kg. 

W = m g so 490 =m × 9.8

⇒ m =  = 50
490

9.8
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Exercise A, Question 3 
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Question: 

The weight of an astronaut on the Earth is 686 N. The acceleration due to gravity on the Moon is approximately 1.6 m 
s− 2. Find the weight of the astronaut when he is on the Moon. 

Solution: 
 

The weight of the astronaut on the Moon is 112 N. 

WEARTH = m gEARTH

so, 686 =m × 9.8

⇒ m = 70 i.e. the mass of the astronaut is 70 kg

WMOON = m gMOON

= 70 × 1.6
= 112
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Exercise A, Question 4 

© Pearson Education Ltd 2008 

Question: 

Find the force required to accelerate a 1.2 kg mass at a rate of 3.5m s− 2.

 

Solution: 
 

So the force required is 4.2 N. 

F = m a
= 1.2 × 3.5
= 4.2
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Question: 

Find the acceleration when a particle of mass 400 kg is acted on by a resultant force of 120 N. 

Solution: 
 

The acceleration is 0.3 m s− 2.

 

F = m a
120 = 400a
a = 0.3
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Question: 

An object moving on a rough surface experiences a constant frictional force of 30 N which decelerates it at a rate of 
1.2m s− 2. Find the mass of the object. 

Solution: 
 

The mass of the object is 25 kg. 

F = m a
30 = 1.2m
m = 25
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Question: 

In each of the following scenarios, the forces acting on the body cause it to accelerate as shown. Find the magnitude of 
the unknown forces P and Q. 

a b c 

Solution: 

a 

b 
 

The magnitude of P is 41.2 N. 

c 

R ( ↑ ) , P − 2g = 2 × 3
P = 25.6

Always resolve in the direction of the acceleration.

The magnitude of P is 25.6 N.

R ( ↓ ) , 4g + 10 − P = 4 × 2
49.2 −P = 8
P = 41.2

R ( → ) , P − 4 = 5 × 6
P = 34

The magnitude of P is 34 N.

R ( ↑ ) , Q − 5g = 5 × 0
Q = 49

No acceleration vertically.

The magnitude of Q is 49 N.
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Question: 

In each of the following situations, the forces acting on the body cause it to accelerate as shown. In each case find the 
mass of the body, m. 

a b c 

Solution: 

a 
 

The mass of the body is 2.1 kg (2 s.f.). 

b 
 

The mass of the body is 1.7 kg (2 s.f.). 

c 
 

The mass of the body is 0.22 kg (2 s.f.). 

R ( ↓ ) , m g − 10 = m × 5
9.8m − 10 = 5m
4.8m = 10
m = 2.1 ( 2 s.f. ) 

R ( ↑ ) , 20 − m g = m × 2
20 − 9.8m = 2m
20 = 11.8m
m = 1.7 ( 2 s.f. ) 

R ( ↓ ) , m g + 8 − 10 = m × 0.5
9.8m − 2 = 0.5m
9.3m = 2
m = 0.22 ( 2 s.f. ) 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise A, Question 9 

© Pearson Education Ltd 2008 

Question: 

In each of the following situations, the forces acting on the body cause it to accelerate as shown with magnitude a m 
s− 2. In each case find the value of a. 

a b c 

Solution: 

a 
 

The acceleration of the body is 5.8 m s− 2.

 

b 
 

The acceleration of the body is 2.7 m s− 2.

 

c 
 

The acceleration of the body is 2.7 m s− 2.

 

R ( ↓ ) , 2g − 8 = 2a
19.6 − 8 = 2a
11.6 = 2a
5.8 = a

R ( ↑ ) , 100 − 8g = 8a
100 − 78.4 = 8a
21.6 = 8a
2.7 = a

R ( ↑ ) , 30 + 20 − 4g = 4a
50 − 39.2 = 4a
10.8 = 4a
2.7 = a
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise A, Question 10 

Question: 

The diagram shows a block of mass 4 kg being lowered vertically by a rope. 

a 

 

Find the tension in the rope when the block is lowered a with an acceleration of 2 m s− 2, b at a constant speed of 4 m 
s− 1, 
c with a deceleration of 0.5m s− 2. 

Solution: 

a 

The tension in the rope is 31.2 N. 

b 

The tension in the rope is 39.2 N. 

R ( ↓ ) , 4g − T = 4 × 2
39.2 −T = 8
T = 31.2

R ( ↓ ) , 4g − T = 4 × 0
39.2 = T

 

Constant speed ⇒  zero acceleration.
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c 

The tension in the rope is 41.2 N. 

R ( ↓ ) , 4g − T = 4 × − 0.5
39.2 −T = − 2
T = 41.2  

Deceleration is a negative (downward) 
acceleration
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise B, Question 1 

© Pearson Education Ltd 2008 

Question: 

A ball of mass 200 g is attached to the upper end of a vertical light rod. Find the thrust in the rod when it raises the ball 
vertically with an acceleration of 1.5m s− 2. 

Solution: 

 

The thrust in the rod is 2.3 N (2 s.f.).

R
( ↑ ) , T − 0.2g = 0.2 × 1.5

T − 1.96 = 0.3

T
= 2.26 = 2.3
( 2 s.f. )  
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise B, Question 2 
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Question: 

A small pebble of mass 50 g is dropped into a pond and falls vertically through it with an acceleration of 2.8 m s− 2. 
Assuming that the water produces a constant resistance, find its magnitude. 

Solution: 

 

The resistance of the water is 0.35 N.

R ( ↓ ) , 0.05g− R = 0.05 × 2.8
R = 0.35
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise B, Question 3 
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Question: 

A lift of mass 500 kg is lowered or raised by means of a metal cable attached to its top. The lift contains passengers whose 
total mass is 300 kg. The lift starts from rest and accelerates at a constant rate, reaching a speed of 3 m s− 1after moving a 
distance of 5 m. Find 

a the acceleration of the lift, 

b the tension in the cable if the lift is moving vertically downwards, 

c the tension in the cable if the lift is moving vertically upwards. 

Solution: 

a u = 0 , v = 3 , s = 5 , a = ?  
 

The acceleration of the lift is 0.9 m s− 2. 

b 

c 

v2 = u2 + 2 a s

32 = 02 + 2a × 5
9 = 10a
a = 0.9

 

The tension in the cable is 7120 N.

R ( ↓ ) , 800g− T = 800 × 0.9
7840 −T = 720
T = 7120

 

The tension in the cable is 8560 N.

R ( ↑ ) , T − 800g = 800 × 0.9
T − 7840 = 720
T = 8560
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise B, Question 4 
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Question: 

A block of mass 1.5 kg falls vertically from rest and hits the ground 16.6 m below after falling for 2 s. Assuming that the 
air resistance experienced by the block as it falls is constant, find its magnitude. 

Solution: 

u = 0 , s = 16.6 ,t = 2 , a = ?  
 

s = u t +  a t2 ( ↓ )  
1

2

16.6 = 0 +  a × 221

2

a = 8.3

 

The magnitude of the air resistance is 2.25 N.

R ( ↓ ) , 1.5g − R = 1.5 × 8.3
R = 2.25
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise B, Question 5 
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Question: 

A trolley of mass 50 kg is pulled from rest in a straight line along a horizontal path by means of a horizontal rope 
attached to its front end. The trolley accelerates at a constant rate and after 2 s its speed is 1 m s− 1. As it moves, the 
trolley experiences a resistance to motion of magnitude 20 N. Find 

a the acceleration of the trolley, 

b the tension in the rope. 

Solution: 

a u = 0 , v = 1 , t = 2 , a = ?  
 

The acceleration of the trolley is 0.5 m s− 2. 

b 

v = u + a t
1 = 0 + a × 2

⇒ a = 0.5

 

The tension in the rope is 45 N.

R ( → ) , T − 20 = 50 × 0.5
T = 45
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise B, Question 6 
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Question: 

A trailer of mass 200 kg is attached to a car by a light tow-bar. The trailer is moving along a straight horizontal road and 
decelerates at a constant rate from a speed of 15 m s− 1to a speed of 5 m s− 1in a distance of 25 m. Assuming there is no 
resistance to the motion, find 

a the deceleration of the trailer, 

b the thrust in the tow-bar. 

Solution: 

a u = 15 , v = 5 , s = 25 , a = ?  
 

The deceleration of the trailer is 4 m s− 2. 

b 

v2 = u2 + 2 a s ( → )  

52 = 152 + 2a × 25
25 = 225 + 50a
− 200 = 50a

a = − 4

 

The thrust in the tow-bar is 800 N.

R ( → ) , − T = 200 × − 4
T = 800
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise B, Question 7 
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Question: 

A woman of mass 60 kg is in a lift which is accelerating upwards at a rate of 2 m s− 2.

 

a Find the magnitude of the normal reaction of the floor of the lift on the woman. 
The lift then moves at a constant speed and then finally decelerates to rest at 1.5 m s− 2. 

b Find the magnitude of the normal reaction of the floor of the lift on the woman during the period of deceleration. 

c Hence explain why the woman will feel heavier during the period of acceleration and lighter during the period of 
deceleration. 

Solution: 

a 

The normal reaction on the woman has magnitude 708 N. 

b 

The normal reaction on the woman has magnitude 498 N. 

c The woman's sense of her own weight is the magnitude of the force that she feels from the floor i.e. the normal 
reaction. This is ‘usually’ 60g i.e. 588 N but when the lift is accelerating upwards it increases to 708 N i.e. she feels 
heavier and when the lift is decelerating upwards it decreases to 498 N i.e. she feels lighter. 

R ( ↑ ) , R − 60g = 60 × 2
R − 588 = 120
R = 708

R ( ↑ ) , R − 60g = 60 × − 1.5
R − 588 = − 90
R = 498
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise B, Question 8 
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Question: 

The engine of a van of mass 400 kg cuts out when it is moving along a straight horizontal road with speed 16 m s− 1. The 
van comes to rest without the brakes being applied. 

In a model of the situation it is assumed that the van is subject to a resistive force which has constant magnitude of 200 
N. 

a Find how long it takes the van to stop. 

b Find how far the van travels before it stops. 

c Comment on the suitability of the modelling assumption. 

Solution: 

a 

u = 16 , v = 0 , a = − 0.5 , t ?  
 

It takes 32 s for the van to stop. 

b u = 16 , v = 0 , a = − 0.5 ,s ?  
 

The van travels 256 m before it stops. 

c Air resistance is unlikely to be of constant magnitude. (It is usually a function of speed.) 

R ( → ) , − 200 = 400a

⇒ a = − 0.5

v = u + a t ( → )  
0 = 16 − 0.5t
0.5t = 16
t = 32

v2 = u2 + 2 a s ( → )  

02 = 162 + 2 ( − 0.5 )s 
0 = 256 −s
s = 256
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise B, Question 9 

Question: 

Albert and Bella are both standing in a lift. The mass of the lift is 250 kg. As the lift moves upward with constant 
acceleration, the floor of the lift exerts forces of magnitude 678 N and 452 N respectively on Albert and Bella. The 
tension in the cable which is pulling the lift upwards is 3955 N. 

a Find the acceleration of the lift. 

b Find the mass of Albert. 

c Find the mass of Bella. 

Solution: 

a 

b 

c 

 

The acceleration of the lift upwards is 1.5 m 
s − 2.

R
( ↑ ) , 3955 − 678 − 452 − 250g = 250a

375 = 250a
a = 1.5

 

Draw a diagram showing the forces acting an the 
LIFT only.

 

The mass of Albert is 60 kg.

R ( ↑ ) , 678 −MAg = MA × 1.5

678 = 11.3MA

MA = 60
 

Draw a diagram showing the forces acting on 
ALBERT only.

Draw a diagram showing the forces acting an 
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The mass of Bella is 40 kg.

R ( ↑ ) , 452 −MBg = MB × 1.5

452 = 11.3MB

MB = 40

 

BELLA only.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise B, Question 10 

Question: 

A small stone of mass 400 g is projected vertically upwards from the bottom of a pond full of water with speed 10 m 
s− 1. As the stone moves through the water it experiences a constant resistance of magnitude 3 N. Assuming that the 
stone does not reach the surface of the pond, find 

a the greatest height above the bottom of the pond that the stone reaches, 

b the speed of the stone as it hits the bottom of the pond on its return, 

c the total time taken for the stone to return to its initial position on the bottom of the pond. 

Solution: 

a 

b 

c u = 10 , v = 0 , a = − 17.3, t = ?  

 

u = 10 , v = 0 , a = − 17.3 ,s = ?  
 

The stone rises to a height of 2.9 m (2 s.f.) 
above the bottom of the pond.

R ( ↑ ) , − 3 − 0.4g = 0.4a
a = − 17.3

v2 = u2 + 2 a s ( ↑ )  

0 = 102 + 2 ( − 17.3 )s 
0 = 100 − 34.6s
s = 2.89 … = 2.9 ( 2 s.f. ) 

 

u = 0 , s = (  )  , a = 2.3 ,v = ?
 

 

The stone hits the bottom of the pond with 
speed 3.6 m s− 1 (2 s.f.).

R ( ↓ ) , 0.4g − 3 = 0.4a
0.92 = 0.4a
a = 2.3

100

34.6

v2 = u2 + 2 a s ( ↓ )  

v2 = 02 + 2 × 2.3 × (  ) 
100

34.6

v = 3.646.. = 3.6 ( 2 s.f. )  
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t1 + t2 = 0.57803 + 1.585 = 2.16 

The total time is 2.16 s (3 s.f.). 

v = u + a t ( ↑ )  
0 = 10− 17.3t ,

t1 =  = 0.57803 …
10

17.3

u = 0 , a = 2.3 , s = (  )  , t = ?
100

34.6

s = u t +  a t2 ( ↓ )  
1

2

100

34.6
= 0 +  × 2.3t2

21

2

t2
2 = ·  = 2.51319

2 × 100

2.3 × 34.6

t2 = 1.585
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise C, Question 1 

Question: 

Find the component of each force that acts in 

i the x-direction, ii the y-direction. 

a b c 

d e f 

Solution: 

a 

i 12 cos 20 ° = 11.3 N ( 3 s.f. )   

ii 12 cos 70 ° = 12 sin 20 ° = 4.10 N ( 3 s.f. )   

b 

i 5 cos 90 ° = 0 N 

ii − 5 cos 0 ° = − 5 N 

(or 5 cos 180 ° ) 

c 

i − 8 cos 50 ° = − 5.14 N ( 3 s.f. )   

(or 8 cos 130 ° ) 

ii 8 cos 40 ° = 6.13N ( 3 s.f. )   
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d 

i 10 cos 30 ° = 8.66 N ( 3 s.f. )   

ii − 10 cos 60 ° = − 5 N 

(or 10 cos 120 ° ) 

e 

i − 6 cos 50 ° = − 3.86 N ( 3 s.f. )   

(or 6 cos 130 ° ) 

ii − 6 cos 40 ° = − 4.60 N ( 3 s.f. )   

(or 6 cos 140 ° ) 

f 

i Fcos θ N 

ii F cos ( 90 ° − θ ) = F sin θ N  
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise C, Question 2 
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Question: 

For each of the following systems of forces, find the sum of the components in 

i the x-direction, ii the y-direction. 

a b c 

Solution: 

a 

i 8 cos 60 ° − 6 = − 2 N 

ii 8 cos 30 ° = 6.93 N ( 3 s.f. )   

b 

i 6 cos 40 ° + 5 cos 45 ° + ( 10 cos 90 ° ) = 8.13 N ( 3 s.f. )   

ii 10 ( cos 0 ° ) + 6 cos 50 ° − 5 cos 45 ° = 10.3 N ( 3 s.f. )   

c 

i P cos α + Q ( cos 0 ° ) −R cos ( 90 ° −β )   

= P cos α + Q − R sin β 

ii P cos ( 90 ° − α ) − R cos β = P sin α − R cos β  
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise D, Question 1 

Question: 

Each of the following diagrams shows a body of mass 5 kg lying initially at rest on rough horizontal ground. The 

coefficient of friction between the body and the ground is . In each diagram R is the normal reaction from the ground 

on the body and F is the friction force exerted on the body by the ground. Any other forces applied to the body are as 
shown on the diagram. In each case 

i find the magnitude of F, 

ii state whether the body will remain at rest or accelerate from rest along the ground, 

iii find, when appropriate, the magnitude of this acceleration. 

1

7

a b c 

d e f 

g h i 

j k l 
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Solution: 

a 

i 
 

∴ FMAX =  × 49 = 7 N ∴ F = 3 N

 

ii ∴ F = 3 N and body remains at rest 

b 

i FMAX = 7 N ∴ F = 7 N

 

ii F = 7 N and body remains at rest (in limiting equilibrium) 

c 

i FMAX = 7 N ∴ F = 7 N

 

ii F = 7 N and body accelerates 

iii 
 

Body accelerates at 1 m s− 2

 

d 

i 
 

∴ FMAX =  × 63 = 9 N ∴ F = 6 N

 

ii F = 6 N and body remains at rest 

e 

R ( ↑ ) R − 5g = 0
R = 5g = 49 N

1

7

R ( → ) ,12 − 7 = 5a

a = 1 m s− 2

R ( ↑ ) ,R − 14 − 5g = 0
R = 63 N

1

7
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i F = 9 N 

ii F = 9 N and body remains at rest in limiting equilibrium 

f 

i F = 9 N 

ii F = 9 N and body accelerates 

iii 
 

Body accelerates at 0.6 m s− 2

 

g 

i 
 

∴ FMAX =  × 35 = 5 N∴ F = 3 N

 

ii F = 3 N and body remains at rest 

h 

i F = 5 N 

ii F = 5 N and body remains at rest in limiting equilibrium 

i 

i F = 5 N 

ii F = 5 N and body accelerates 

iii 
 

Body accelerates at 0.2 m s− 2

 

j 

i 
 

∴ FMAX =  × 42 = 6 N

 

R ( → ) ,12 − 9 = 5a

a = 0.6 m s− 2

R ( ↑ ) ,R + 14 − 5g = 0
R = 35 N

1

7

R ( → ) ,6 − 5 = 5a

a = 0.2 m s− 2

R ( ↑ ) ,R + 14 cos 60 ° − 5g = 0
R = 42 N

1

7
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R ( → ) ,14 cos 30 ° −F = 5a  

Since 14 cos 30 ° > 6 

∴ F = 6 N 

ii F = 6 N and body accelerates 

iii 
 

Body accelerates at 1.22 m s− 2 ( 3 s.f. )  

 

k 

i 
 

R ( → ) ,28 cos 30 ° −F = 5a  

Since 28 cos 30 ° > 5 

∴ F = 5 N 

ii F = 5 N and body accelerates 

iii 
 

Body accelerates at 3.85 m s− 2 ( 3 s.f. )  

 

l 

i R ( ↑ ) ,R − 56 cos 45 ° − 5g = 0  

∴ R = 88.6 N ( 3 s.f. )   

∴ FMAX =  × 88.6 = 12.657 N

 

R ( → ) ,56 cos 45 ° −F  

Since 56 cos 45 ° > 12.657 N 

F = FMAX = 12.657 or 12.7 N (3 s.f.)

 

ii body accelerates 

R ( → ) ,14 cos 30 ° − 6 = 5a

a = 1.22 m s− 2 ( 3 s.f. )  

R ( ↑ ) ,R + 28 cos 60 ° − 5g = 0
R = 35 N

∴ FMAX =  × 35
1

7
= 5 N

R ( → ) ,28 cos 30 ° − 5 = 5a

a = 3.85 m s− 2 ( 3 s.f. )  

1

7
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iii 56 cos ( 45 ° ) = 39.5979  

5a = 39.598 − 12.657 = 26.941 

a = 5.3882 

So the acceleration is 5.39m s− 2 (3 s.f.).
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise D, Question 2 
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Question: 

In each of the following diagrams, the forces shown cause the body of mass 10 kg to accelerate as shown along the rough 
horizontal plane. R is the normal reaction and F is the friction force. Find the coefficient of friction in each case. 

a b c 

Solution: 

a 
 

 

b 
 

 

c 
 

 

R ( ↑ ) ,R + 20 cos 60 ° − 10g = 0
R = 88 N

R ( → ) ,20 cos 30 ° −µ × 88 = 10 × 1
µ = 0.083 ( 2 s.f. ) 

R ( ↑ ) ,R + 20 cos 30 ° − 10g = 0
R = 80.679... N

R ( → ) ,20 cos 60 ° −µ × 80.679 = 10 × 0.5
µ = 0.062 ( 2 s.f. ) 

R ( ↑ ) ,R − 20\ 2 cos 45 ° − 10g = 0
R = 118 N

R ( → ) ,20\ 2 cos 45 ° −µ × 118 = 10 × 0.5
µ = 0.13 ( 2 s.f. ) 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise E, Question 1 
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Question: 

A particle of mass 0.5 kg is placed on a smooth inclined plane. Given that the plane makes an angle of 20° with the 
horizontal, find the acceleration of the particle. 

Solution: 

a 

The acceleration of the particle is 3.35m s− 2 ( 3 s.f. )  .

 

R
( ւ ) , 0.5g cos 70°  = 0.5a

a = 3.35
( 3 s.f. )  
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise E, Question 2 
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Question: 

The diagram shows a box of mass 2 kg being pushed up a smooth plane by a horizontal force of magnitude 20 N. The plane is 

inclined to the horizontal at an angle α, where tan α=  .
 

 

Find 

a the normal reaction between the box and the plane, 

b the acceleration of the box up the plane. 

3

4

Solution: 

a 

The normal reaction is 27.7 N (3 s.f.). 

b 
 

The acceleration of the box is 2.12m s− 2.

 

R ( տ ) , R − 20 cos ( 90 ° −α )
− 2g cos α = 0  
R = 20 sin α + 19.6 cosα

= 12 + 15.68
= 27.7 N ( 3 s.f. )  

 

tanα =  
3

4

sinα =  
3

5

cosα =  
4

5

R ( ր ) , 20 cos α − 2g cos ( 90 ° −α )  = 2a

20 cos α − 2g sin α = 2a

a = 2.12 m s− 2
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise E, Question 3 
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Question: 

A boy of mass 40 kg slides from rest down a straight slide of length 5 m. The slide is inclined to the horizontal at an 
angle of 20°. The coefficient of friction between the boy and the slide is 0.1. By modelling the boy as a particle, find 

a the acceleration of the boy, 

b the speed of the boy at the bottom of the slide. 

Solution: 

a 

b u = 0 , a = 2.43 ,s = 5 , u = ?  
 

The speed of the boy is 4.93m s− 1 (3 s.f.).

 

 

Substituting, 
 

The acceleration of the boy is 2.43 m s− 2 (3 
s.f.).

R ( ւ ) , 40g cos 70°
− 0.1R 

= 40a

R ( տ ) , R − 40g cos 20 °  = 0

R = 368.36

392 cos 70 ° − 36.836 = 40a
a = 2.43 ( 3 s.f. ) 

v2 = u2 + 2a s

v2 = 02 + 2 × 2.43 × 5 = 24.3

u = 4.93m s− 1 ( 3 s.f. )  
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise E, Question 4 

© Pearson Education Ltd 2008 

Question: 

A block of mass 20 kg is released from rest at the top of a rough slope. The slope is inclined to the horizontal at an angle 
of 30°. After 6 s the speed of the block is 21 m s− 1. As the block slides down the slope it is subject to a constant 
resistance of magnitude R N. Find the value of R. 

Solution: 

 

u = 0 , v = 21 , t = 6 , a = ?  
v = u + a t
21 = 0 + 6a

a = 3.5 m s− 2

R ( ւ ) , 20g cos 60° − R = 20 × 3.5

98 − R = 70
R = 28 N
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise E, Question 5 
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Question: 

A book of mass 2 kg slides down a rough plane inclined at 20° to the horizontal. The acceleration of the book is 1.5 m 
s− 2. Find the coefficient of friction between the book and the plane. 

Solution: 

 

R ( ւ ) ,   
 

The coefficient of friction is 0.20 (2 s.f.).

R
( տ ) , R − 2g cos 20 °  = 0

R = 2g cos 20 °

2g cos 70 °
− µ × 2g cos 20 ° = 2 × 1.5

µ =  
2g cos 70 ° − 3

2g cos 20 °

= 0.201
( 3 s.f. )  
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise E, Question 6 
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Question: 

A block of mass 4 kg is pulled up a rough slope, inclined at 25° to the horizontal, by means of a rope. The rope lies along 
the line of greatest slope. The tension in the rope is 30 N. Given that the acceleration of the block is 2 m s− 2 find the 
coefficient of friction between the block and the plane. 

Solution: 

 

 

The coefficient of friction is 0.15 (2 s.f.).

R ( տ ) , R − 4g cos 25 °  = 0

R = 4g cos 25 °

R ( ր ) , 30 − 4g cos 65°
− µ4g cos 25 °  

= 4 × 2

22 − 4g cos 65 °

4g cos 25 °
= µ

0.15 (2 s.f. )  = µ
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise E, Question 7 
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Question: 

A parcel of mass 10 kg is released from rest on a rough plane which is inclined at 25° to the horizontal. 

a Find the normal reaction between the parcel and the plane. 

Two seconds after being released the parcel has moved 4 m down the plane. 

b Find the coefficient of friction between the parcel and the plane. 

Solution: 

a 

b 
 

 

The coefficient of friction is 0.24 (2 s.f.). 

 

The normal reaction is 88.8 N (3 s.f.).

R
( տ ) , R − 10g cos 25 °  = 0

R = 98 cos 25 °
= 88.8 N
( 3 s.f. )  

u = 0 , s = 4 , t = 2 , a = ?

s = u t +  a t2
1

2

4 = 0 +  a × 221

2

a = 2 m s− 2

R ( ւ ) , 10g cos 65° − µR = 10 × 2

µ × 98 cos 25 ° = 10g cos 65° − 20

µ =  
98 cos 65 ° − 20

98 cos 25 °

= 0.241 ( 3 s.f. )  
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise E, Question 8 

Question: 

A particle P is projected up a rough plane which is inclined at an angle α to the horizontal, where tan α =  . The 

coefficient of friction between the particle and the plane is . The particle is projected from the point A with speed 20 m 

s− 1and comes to instantaneous rest at the point B. 

a Show that while P is moving up the plane its deceleration is .

 

b Find, to three significant figures, the distance AB. 

c Find, to three significant figures, the time taken for P to move from A to B. 

d Find the speed of P when it returns to A. 

3

4

1

3

13g

15

Solution: 

a 

b 
 

AB = 23.5 m ( 3 s.f. )   

c 

Let mass of particle be m. 
 

 

The deceleration is .

R ( տ ) , R − m g cos α = 0

R =  
4 m g

5

R ( ր )  , − m g sin α −  R
1

3
= m a

−  −  ×  
3 m g

5

1

3

4 m g

5
= m a

−  
13g

15
= a

13g

15

 

tanα =  
3

4

sinα =  
3

5

cosα =  
4

5

u = 20 , v = 0 , a = −  , s = ?
13g

15

v2 = u2 + 2a s

0 = 202 −  s ⇒ s =  = 23.5 m ( 3 s.f. ) 
26g

15

6000

26g
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u = 20 , v = 0 , a =  , t = ?
 

 

d 

 
 

The speed of the particle as it passes A on the way down is 12.4m s− 1 (3 s.f.). 

− 13g

15

v = u + a t

0 = 20 −  
13g t

15

t =  = 2.35 s ( 3 s.f. ) 
300

13g

R =  as before
 4 m g

5

R ( ւ )  , m g sin α −  R
1

3
= m a

−  −  
3 m g

5

1

3

4 m g

5
= m a

g

3
= a

u = 0 , a =  , s =  , v = ?
g

3

6000

26g

v2 = u2 + 2a s

v2 = 0 +  ×  =  
2g

3

6000

26g

4000

26

u = 12.4m s− 1 ( 3 s.f. )  
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise F, Question 1 

© Pearson Education Ltd 2008 

Question: 

Two particles P and Q of mass 8 kg and 2 kg respectively, are connected by a light inextensible string. The particles are 
on a smooth horizontal plane. A horizontal force of magnitude F is applied to P in a direction away from Q and when the 
string is taut the particles move with acceleration 0.4 m s− 2. 

a Find the value of F. 

b Find the tension in the string. 

Solution: 

 

For whole system: 

a 
 

Hence F is 4 N. 

b For Q: 
 

The tension in the string is 0.8 N. 

R ( → ) : F = ( 2 + 8 ) × 0.4 
= 4

R ( → ) : T = 2 × 0.4
= 0.8
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise F, Question 2 
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Question: 

Two bricks P and Q, each of mass 5 kg, are connected by a light inextensible string. Brick P is held at rest and Q hangs 
freely, vertically below P. A force of 200 N is then applied vertically upwards to P causing it to accelerate at 1.2 m s− 2. 
Assuming there is a resistance to the motion of each of the bricks of magnitude R N, find 

a the value of R, 

b the tension in the string connecting the bricks. 

Solution: 

a 

b For Q only: 
 

∴  The tension in the string is 100 N. 

For whole system 
R ( ↑ )  , 
200 −2R − 10g = 10 × 1.2
200 − 2R− 98 = 12
2R = 90
R = 45

R ( ↑ ) , T − R − 5g = 5 × 1.2
T − 45 − 49 = 6
T = 100
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise F, Question 3 

© Pearson Education Ltd 2008 

Question: 

A car of mass 1500 kg is towing a trailer of mass 500 kg along a straight horizontal road. The car and the trailer are 
connected by a light inextensible tow-bar. The engine of the car exerts a driving force of magnitude 10 000 N and the car 
and the trailer experience resistances of magnitudes 3000 N and 1000 N respectively. 

a Find the acceleration of the car. 

b Find the tension in the tow-bar. 

Solution: 

 

a For whole system: 
 

The acceleration of the car is 3 m s−2.

 

b For trailer: 
 

The tension in the tow-bar is 2500 N. 

R ( → ) , 10 000 − 1000 − 3000 = 2000a
a = 3

R ( → ) , T − 1000 = 500 × 3
T = 2500
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise F, Question 4 

Question: 

Two particles A and B of mass 4 kg and 3 kg respectively are connected by a light inextensible string which passes over a 
small smooth fixed pulley. The particles are released from rest with the string taut. 

a Find the tension in the string. 

When A has travelled a distance of 2 m it strikes the ground and immediately comes to rest. 

b Assuming that B does not hit the pulley find the greatest height that B reaches above its initial position. 

Solution: 

a 

The tension in the string is 33.6 N (3 s.f.). 

b For A: ( ↓ )  u = 0 , s = 2 , a =  , v = ?

 

 

For B: ( ↑ )  u2 =  , v = 0 , a = − g , s = ?

 

For A : R ( ↓ ) , 4g − T = 4a 
             (1) 
For B : R ( ↑ ) , T − 3g = 3a 
             (2) 
( 1 ) +
( 2 ) : 4g − 3g = 7a

g
1

7
= a

i.e. a = 1.4 m s− 2

∴ T = 3g +  
3g

7

= 33.6 N
( 3 s.f. )  

5

7

v2 = u2 + 2 a s

v2 = 02 + ( 2 ×  × 2 ) 
5

7

=  
4g

7

4g

7
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∴ Height above initial position is 2 m.

 

v2 = u2 + 2 a s

0 =  − 2 g s ⇒ s =  
4 g

7

2

7

2

7
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise F, Question 5 

Question: 

Two particles A and B of mass 5 kg and 3 kg respectively are connected by a light inextensible string. Particle A lies on a 
rough horizontal table and the string passes over a small smooth pulley which is fixed at the edge of the table. Particle B 
hangs freely. The coefficient of friction between A and the table is 0.5. The system is released from rest. Find 

a the acceleration of the system, 

b the tension in the string, 

c the magnitude of the force exerted on the pulley by the string. 

Solution: 

 

a For A: 
 

 

                   (1) 

 

        (2) 

 

The acceleration of the system is 0.613m s− 2 ( 3 s.f. )  or 0.61m s− 2 ( 2 s.f. )  .

 

R ( ↑ ) , R − 5g = 0
R = 49

R ( → ) , T − 0.5R = 5a

i.e. T − 24.5 = 5a

For B : R ( ↓ ) , 3g − T = 3a

29.4 −T = 3a

( 1 ) + ( 2 ) : 29.4 − 24.5 = 8a
4.9 = 8a
0.6125 = a
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b  
 

The tension in the string is 27.6 N (3 s.f.) or 28 N (2 s.f.). 

c 

The magnitude of the force exerted on the pulley is 39 N (2 s.f.) or 39.0 N (3 s.f.). 

T − 24.5 = 5 × 0.6125
T = 27.5625

By Pythagoras, 

F2 = T2 + T2 = 2T2

F = T\ 2
= 38.979 …
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise F, Question 6 
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Question: 

Two particles P and Q of equal mass are connected by a light inextensible string. The string passes over a small smooth pulley 
which is fixed at the top of a smooth inclined plane. The plane is inclined to the horizontal at an angle α where tan α= 0.75. 
Particle P is held at rest on the inclined plane at a distance of 2 m from the pulley and Q hangs freely on the edge of the plane 
at a distance of 3 m above the ground with the string vertical and taut. Particle P is released. Find the speed with which it hits 
the pulley. 

Solution: 

 

         (1)
 

For Q : R ( ↓ ) , m g − T = m a                      (2) 
 

For P: u = 0 , a =  , s = 2 , v = ?

 

 

P hits the pulley with speed 2.8m s− 1.

 

tan α =  
 

 

3

4

sin α =  
3

5

cos α =  
4

5

For P : R ( ր ) , T − m gsin α = m a

T −  
3m g

5
= m a

( 1 ) + ( 2 )  : m g −  
3 m g

5
= 2 ma

g

5
= a

g

5

v2 = u2 + 2 a s

v2 = 0 2 +  × 2
2g

5

v = \  = 2.8 m s− 14g

5
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise F, Question 7 

Question: 

Two particles P and Q of equal mass are connected by a light inextensible string. The string passes over a small smooth 
pulley which is fixed at the top of a fixed wedge. One face of the wedge is smooth and inclined to the horizontal at an 
angle of 30° and the other face of the wedge is rough and inclined to the horizontal at an angle of 60°. Particle P lies on 
the rough face and particle Q lies on the smooth face with the string connecting them taut. The coefficient of friction 
between P and the rough face is 0.5. 

a Find the acceleration of the system. 

b Find the tension in the string. 

Solution: 

 

a 

 

            (2)
 

∴  The acceleration of the system is 0.569 m s− 2 ( 3 s.f. )  

 

or 0.57 m s− 2 ( 2 s.f. )   

b From (1), 
 

For Q : R ( → ) , T − m g cos 60 ° = m a 
           (1)

ForP : R ( ր ) , S = m g cos 60 ° 

R ( ց ) , m g cos 30 ° −  S − T 
1

2
= m a

m g cos 30 ° −  m g cos 60 ° −T
1

2
= m a

( 1 ) + ( 2 )  : m g −  
\ 3

2

3 m g

4
= 2 ma

( 2\ 3 − 3 )  
g

8
= a

cos 30 ° =  cos 60 ° =  
\ 3

2

1

2

T =  m g +  ( 2\ 3 − 3 ) 
1

2

m g

8

=  ( 1 + 2\ 3 )  
m g

8
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The tension in the string is 1 + 2\ 3  0.56m g .
 

m g

8
 


 


−
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise F, Question 8 
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Question: 

A van of mass 900 kg is towing a trailer of mass 500 kg up a straight road which is inclined to the horizontal at an angle α 
where tan α= 0.75. The van and the trailer are connected by a light inextensible tow-bar. The engine of the van exerts a 
driving force of magnitude 12 kN and the van and the trailer experience resistances to motion of magnitudes 1600 N and 600 
N respectively. 

a Find the acceleration of the van. 

b Find the tension in the tow-bar. 

Solution: 

a 

For whole system: 
 

The acceleration of the van is 1.12 m s− 2.

 

b For trailer: 
 

The tension in the tow-bar is 4100 N. 

tan α = 0.75 =  
 

 

3

4

sin α =  
3

5

cos α =  
4

5

R ( ր ) , 12 000 − 1600 − 600 − 1400gsinα = 1400a

9800 − 1400gsinα = 1400a
7 − 5.88 = a
1.12 = a

R ( ր ) , T − 600 − 500gsin α = 500 × 1.12

T − 600 − 2940 = 560
T = 4100
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise F, Question 9 

Question: 

Two particles P and Q of mass 2 kg and 3 kg respectively are connected by a light inextensible string. The string passes 
over a small smooth pulley which is fixed at the top of a rough inclined plane. The plane is inclined to the horizontal at 
an angle of 30°. Particle P is held at rest on the inclined plane and Q hangs freely on the edge of the plane with the string 
vertical and taut. Particle P is released and it accelerates up the plane at 2.5 m s− 2. Find 

a the tension in the string, 

b the coefficient of friction between P and the plane, 

c the force exerted by the string on the pulley. 

Solution: 

 

a For P: 

 

                           (2) 

∴ T = 21.9 
The tension is 21.9 N. 

b 
 

The coefficient of friction is 0.42 (2 s.f.). 

R ( տ ) , R − 2g cos 30°  = 0

R = g\ 3
cos 30 ° =  

\ 3

2

 

             (1)

R ( ր ) , T − µg\ 3 − 2g cos 60 ° = 2 × 2.5

T − µg\ 3 − g = 5
cos 60 ° =  

1

2

For Q : R ( ↓ ) , 3g − T = 3 × 2.5

3g − T = 7.5

( 1 ) + ( 2 )  2g− µg\ 3 = 12.5
µg\ 3 = 7.1

µ =  = 0.418 ( 3 s.f. ) or 0.42 ( 2 s.f. ) 
7.1

g\ 3
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c 

The force exerted by the string on the pulley is 38 N (2 s.f.). 

F = 2T cos 30 °
= 43.8 cos 30 °
= 37.9 N ( 3 s.f. ) or 38 N ( 2 s.f. ) 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise F, Question 10 
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Question: 

A car of mass 900 kg is towing a trailer of mass 300 kg along a straight horizontal road. The car and the trailer are 
connected by a light inextensible tow-bar and when the speed of the car is 20 m s− 1the brakes are applied. This produces 
a braking force of 2400 N. Find 

a the deceleration of the car, 

b the magnitude of the force in the tow-bar, 

c the distance travelled by the car before it stops. 

Solution: 

 

a For whole system: 
 

The deceleration of the car is 2 m s− 2.

 

b For trailer: 
 

The thrust in the tow-bar is 600 N. 

c u = 20 , a = − 2 , v = 0 , s = ?  
 

The car stops in 100 m. 

R ( → ) , − 2400 = 1200a
a = − 2

R ( → ) , − T = 300 × − 2

⇒ T = 600

v2 = u2 + 2as ( → ) ,  

0 2 = 202 + 2 ( − 2 ) s 
0 = 400 − 4s

s = 100
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise G, Question 1 

© Pearson Education Ltd 2008 

Question: 

A ball of mass 0.5 kg is at rest when it is struck by a bat and receives an impulse of 15 N s. Find its speed immediately 
after it is struck. 

Solution: 

( → )  : 
 

Its initial speed is 30 m s− 1.

15 = 0.5v
30 = v
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Solutionbank M1 
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Dynamics of a particle moving in a straight line 
Exercise G, Question 2 
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Question: 

A ball of mass 0.3 kg moving along a horizontal surface hits a fixed vertical wall at right angles with speed 3.5 m s− 1. 
The ball rebounds at right angles to the wall. Given that the magnitude of the impulse exerted on the ball by the wall is 
1.8 N s, find the speed of the ball just after it has hit the wall. 

Solution: 

( ← )  : 
 

The ball rebounds with speed 2.5 m s− 1.

1.8 = 0.3 ( v − − 3.5 )  
6 = v + 3.5
2.5 = v
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise G, Question 3 
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Question: 

A ball of mass 0.2 kg is dropped from a height of 2.5 m above horizontal ground. After hitting the ground it rises to a 
height of 1.8 m above the ground. Find the magnitude of the impulse received by the ball from the ground. 

Solution: 

u = 0 , a = g , s = 2.5 , v = ?  

v2 = u2 + 2a s ( ↓ )  

v2 = 02 + 2 × 9.8 × 2.5
= 49

v = 7 ( not − 7 )  

( ↑ ) : v = 0 , a = − g , s = 1.8 , u = ?   
 

Take downwards as positive.

v2 = u2 + 2a s

0 2 = u2 + 2 ( − 9.8 ) × 1.8 

u2 = 35.28

u = 5.94 ( not − 5.94 )  

 

The magnitude of the impulse on the ball is 
2.59 N s (3 s.f.).

( ↑ ) : I = 0.2 ( 5.94 − 7 ) 
= − 2.588
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise G, Question 4 

© Pearson Education Ltd 2008 

Question: 

A ball of mass 0.2 kg, moving along a horizontal surface, hits a fixed vertical wall at right angles. The ball rebounds at 
right angles to the wall with speed 3.5 m s− 1. Given that the magnitude of the impulse exerted on the ball by the wall is 
2 N s, find the speed of the ball just before it hit the wall. 

Solution: 

( ← )  : 
 

The speed of the ball before it hits the wall is 
6.5 m s− 1.

2 = 0.2 ( 3.5 − −u )  
10 = 3.5 +u
u = 6.5
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Question: 

A toy car of mass 0.2 kg is pushed from rest along a smooth horizontal floor by a horizontal force of magnitude 0.4 N for 
1.5 s. Find its speed at the end of the 1.5 s. 

Solution: 
 

The speed of the toy car is 3 m s− 1. 

F t = m v − m u
0.4 × 1.5 = 0.2 (v − 0 )  
0.6 = 0.2v
3 = v
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Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise H, Question 1 
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Question: 

A particle P of mass 2 kg is moving on a smooth horizontal plane with speed 4 m s− 1. It collides with a second particle 
Q of mass 1 kg which is at rest. After the collision P has speed 2 m s− 1and it continues to move in the same direction. 
Find the speed of Q after the collision. 

Solution: 

The speed of Q is 4 m s− 1.

 

Conservation of Momentum (→ )   
( 2 × 4 ) +
( 1 × 0 )  

= ( 2 × 2 ) +
( 1 × v )  

8 = 4 + v
4 = v
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Dynamics of a particle moving in a straight line 
Exercise H, Question 2 
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Question: 

A railway truck of mass 25 tonnes moving at 4 m s− 1collides with a stationary truck of mass 20 tonnes. As a result of 
the collision the trucks couple together. Find the common speed of the trucks after the collision. 

Solution: 

The common speed of the trucks is 2 m s− 1.

 

Conservation of Momentum (→ )   
( 4 × 25 ) + ( 20 × 0 ) = 45v

100 = 45v
20

9
= v

2

9
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Question: 

Particles A and B have mass 0.5 kg and 0.2 kg respectively. They are moving with speeds 5 m s− 1and 2 m 
s− 1respectively in the same direction along the same straight line on a smooth horizontal surface when they collide. 
After the collision A continues to move in the same direction with speed 4 m s− 1. Find the speed of B after the collision. 

Solution: 

The speed of B after the collision is 4.5m s− 1.

 

Conservation of Momentum (→ )   
( 0.5 ×5 ) +
( 0.2 × 2 )  

= ( 0.5 × 4 ) +
( 0.2 × v )  

2.5 + 0.4 = 2.0 + 0.2v
0.9 = 0.2v
4.5 = v
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Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise H, Question 4 
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Question: 

A particle of mass 2 kg is moving on a smooth horizontal plane with speed 4 m s− 1. It collides with a second particle of 
mass 1 kg which is at rest. After the collision the particles join together. 

a Find the common speed of the particles after the collision. 

b Find the magnitude of the impulse in the collision. 

Solution: 

a 

The common speed of the particles is 2 m s− 1.

 

b For 1 kg: →  I = 1 × v = 2 m s− 1 

 

The impulse in the collision is 2 m s− 1 N s.

 

 

Conservation of Momentum (→ )   
( 2 × 4 ) + ( 1 × 0 ) = 3v

8 = 3v
8

3
= v

2

3

 


 


2

3

2

3

[ For 2 kg: ( ← )  I = 2 ( − v − − 4 )  

= 2 ( − 2 + 4 ) 
2

3

= 2 × 1 = 2 ] 
1

3

2

3
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Dynamics of a particle moving in a straight line 
Exercise H, Question 5 
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Question: 

Two particles A and B of mass 2 kg and 5 kg respectively are moving towards each other along the same straight line on 
a smooth horizontal surface. The particles collide. Before the collision the speeds of A and B are 6 m s− 1and 4 m 
s− 1respectively. After the collision the direction of motion of A is reversed and its speed is 1.5 m s− 1. Find 

a the speed and direction of B after the collision, 

b the magnitude of the impulse given by A to B in the collision. 

Solution: 

a 

The speed of B is 1 m s− 1 and its direction of motion is unchanged by the collision.

 

b 
 

 

The magnitude of the impulse given to B is 15 N s. 

Conservation of Momentum (→ )   
( 2 × 6 ) +
( 5 × − 4 )  

= ( 2 × − 1.5 )
+ 5v 

12 − 20 = − 3 + 5v
− 5 = 5v

v = − 1

For A ( ← ): I = 2 ( 1.5 − − 6 ) 
= 2 × 7.5
= 15

[ or for B ( → ): I = 5 ( v − − 4 )  
= 5 ( − 1 + 4 ) 
= 15 ]  

Page 1 of 1Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_3_h_5.html

PhysicsAndMathsTutor.com



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise H, Question 6 
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Question: 

A particle P of mass 150 g is at rest on a smooth horizontal plane. A second particle Q of mass 100 g is projected along 
the plane with speed u m s− 1and collides directly with P. On impact the particles join together and move on with speed 
4 m s− 1. Find the value of u. 

Solution: 

 

The value of u is 10. 

Conservation of Momentum (→ )   
100u + ( 150 × 0 ) = 250 × 4
100u = 1000
u = 10
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Question: 

A particle A of mass 4m is moving along a smooth horizontal surface with speed 2u. It collides with another particle B of 
mass 3m which is moving with the same speed along the same straight line but in the opposite direction. Given that A is 
brought to rest by the collision, find 

a the speed of B after the collision and state its direction of motion, 

b the magnitude of the impulse given by A to B in the collision. 

Solution: 

a 

The speed of B after the collision is and its direction of motion is reversed by the collision.

 

b 
 

 

Conservation of Momentum (→ )   
( 4m × 2u ) +
( 3m × − 2u )  

= ( 4m × 0 )
+ 3m v 

8 m u − 6 m u = 3 m v
2u

3
= v

2u

3

For A ( ← ): I = 4m ( 0 − − 2u )  
= 8m u

[ or For B ( → ): I = 3m ( v − − 2u )  

= 3m (  + 2u )  
2u

3

= 2m u + 6m u = 8m u ]  
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Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise H, Question 8 
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Question: 

An explosive charge of mass 150 g is designed to split into two parts, one with mass 100 g and the other with mass 50 g. 
When the charge is moving at 4 m s− 1it splits and the larger part continues to move in the same direction whilst the 
smaller part moves in the opposite direction. Given that the speed of the larger part is twice the speed of the smaller part, 
find the speeds of the two parts. 

Solution: 

The larger has speed 8 m s− 1 and the smaller part has speed 4 m s− 1.

 

Conservation of Momentum (→ )   

( 150 ×4 )  
= ( 100 × 2u) +
( 50 × − u )  

600 = 200u− 50u
600 = 150u
4 = u
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise H, Question 9 
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Question: 

Two particles P and Q of mass m and km respectively are moving towards each other along the same straight line on a 
smooth horizontal surface. The particles collide. Before the collision the speeds of P and Q are 3u and u respectively. 
After the collision the direction of motion of both particles is reversed and the speed of each particle is halved. 

a Find the value of k. 

b Find, in terms of m and u, the magnitude of the impulse given by P to Q in the collision. 

Solution: 

a 

The value of k is 3. 

b 

The magnitude of the impulse is .

 

Conservation of Momentum (→ )   

( m × 3u ) +
( k m × − u )  

= ( m ×  )  +

( k m ×  )  

3u

2

u

2

3 m u − k m u
= − 3 +  

m u

2

k m u

2

6 − 2k = − 3 + k
9 = 3k
3 = k

For P ( ← ): I = m (  − − 3u )  
3u

2

=  
9m u

2

[ or For Q: ( → ) I = k m (  − − u )  
u

2

= 3m ×  
3u

2

=  ]  
9m u

2

9m u

2
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Dynamics of a particle moving in a straight line 
Exercise H, Question 10 
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Question: 

Two particles A and B of mass 4 kg and 2 kg respectively are connected by a light inextensible string. The particles are at 
rest on a smooth horizontal plane with the string slack. Particle A is projected directly away from B with speed u m s− 1. 
When the string goes taut the impulse transmitted through the string has magnitude 6 N s. Find 

a the common speed of the particles just after the string goes taut, 

b the value of u. 

Solution: 

a 

The common speed is 3 m s− 1.

 

b Conservation of Momentum (→ )   
 

 

The value of u is 4.5. 

For B ( → )  : 
6 = 2 ( v − 0 )  
3 = v

4u = 2v + 4v = 6 × 3 = 18
u = 4.5

[ or ForA : ( → ) − 6 = 4 ( 3 − u )  
− 1.5 = 3 − u

u = 4.5 ]  
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Dynamics of a particle moving in a straight line 
Exercise H, Question 11 
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Question: 

Two particles P and Q of mass 3 kg and 2 kg respectively are moving along the same straight line on a smooth horizontal 
surface. The particles collide. After the collision both the particles are moving in the same direction, the speed of P is 
1 m s− 1and the speed of Q is 1.5 m s− 1. The magnitude of the impulse of P on Q is 9 N s. Find 

a the speed and direction of P before the collision, 

b the speed and direction of Q before the collision. 

Solution: 

a 

The speed of P before the collision is 4 m s− 1 and it was moving in the same direction as it was after the collision.

 

b For Q : ( → )   
 

[or Conservation of Momentum (→ )   
 

The speed of Q before the collision was 3 m s− 1 and it was moving in the opposite direction to its direction after the 
collision. 

For P : ( ← )   
9 = 3 ( − 1 − − u )  
9 = 3 ( − 1 +u )  
3 = − 1 +u
4 = u

9 = 2 (  1.5 −v )
9 = 3 − 2v
2v = − 6
v = − 3

3u + 2v = ( 3 × 1 ) + ( 2 × 1.5 ) 
12 + 2v = 3 + 3 = 6
2v = − 6
v = − 3 ]  
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise H, Question 12 
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Question: 

Two particles A and B are moving in the same direction along the same straight line on a smooth horizontal surface. The 
particles collide. Before the collision the speed of B is 1.5 m s− 1. After the collision the direction of motion of both 
particles is unchanged, the speed of A is 2.5 m s− 1and the speed of B is 3 m s− 1. Given that the mass of A is three times 
the mass of B, 

a find the speed of A before the collision. 

Given that the magnitude of the impulse on A in the collision is 3 N s. 

b find the mass of A. 

Solution: 

a 

The speed of A before the collision is 3 m s− 1.

 

b For B: ( → )   
 

[or For A: ←  
 

The mass of A is 6 kg. 

Conservation of Momentum (→ )   

3m u + 1.5m
= ( 3m × 2.5 ) +
( m × 3 )  

3 m u + 1.5 m = 7.5 m + 3 m
3u = 9
u = 3

3 = m ( 3 − 1.5 ) 
2 = m

3 = 3m ( − 2.5 − −u )  
3 = 3m ( − 2.5 + 3 )  
1 = 0.5m
2 = m ]
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Dynamics of a particle moving in a straight line 
Exercise I, Question 1 
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Question: 

A bullet is fired by a gun which is 4 kg heavier than the bullet. Immediately after the bullet is fired, it is moving with 
speed 200 m s−1 and the gun recoils in the opposite direction with speed 5 m s− 1. Find 

a the mass of the bullet, 

b the mass of the gun. 

Solution: 

a 

Mass of bullet is 0.103 kg. 

b Mass of gun is 4.103 kg. 

Draw a diagram showing velocities, before and 
after, with arrows.

CLM ( → ) : O = 200m− 5 ( m + 4 )  
20 = 195m
0.103 = m

Momentum is conserved, solving for m.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 2 
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Question: 

A child of mass 25 kg moves from rest down a slide which is inclined to the horizontal at an angle of 35°. When the child 
has moved a distance of 4 m, her speed is 6 m s−1. By modelling the child as a particle, find the coefficient of friction 
between the child and the slide. 

Solution: 

 

v2 = u2 + 2a s

62 = 02 + 2a × 4

Choose the appropriate equation.

a = 4.5 Solving for a

R ( տ ) R − 25g cos 35 ° = 0

R = 25g cos 35 °

We need R to find the friction.

R ( ւ ) 25g cos 55 ° −µR = 25 × 4.5 

25g cos 55 ° −µ × 25g cos 35 °
= 112.5

Resolve in the direction of the acceleration. Solve 
for µ.

µ =  
25g cos 55 ° − 112.5

25g cos 35 °

= 0.14 ( 2 s.f. )  

Answer to 2 s.f. since g = 9.8 has been used.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 3 
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Question: 

A particle P of mass 3m is moving along a straight line with constant speed 2u. It collides with another particle Q of 
mass 4m which is moving with speed u along the same line but in the opposite direction. As a result of the collision P is 
brought to rest. 

a Find the speed of Q after the collision and state its direction of motion. 

b Find the magnitude of the impulse exerted by Q on P in the collision. 

Solution: 

a 

b I = ( 3m × 2u − 0 ) = 6m u impulse 6 mu 

A diagram showing all the velocities, before and 
after, with arrows.

CLM ( → ) :   
6 m u − 4 m u = 4 m v

u
1

2
= v

Conserving momentum
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 4 

Question: 

A small box of mass 2 kg is projected with speed 2 m s−1 up a line of greatest slope of a rough plane. The plane is 
inclined to the horizontal at an angle α where tan α = 0.75. The coefficient of friction between the box and the plane is 
0.4. The box is projected from the point P on the plane. 

a Find the distance that the box travels up the plane before coming to rest. 

b Show that the box will slide back down the plane. 

c Find the speed of the box when it reaches the point P. 

Solution: 

a 

 

b Wt component down plane = 2g ×  =  

 

Limiting friction =  × R =  

 

R ( տ ) R = 2g cos α =  
 

R ( ր )  

8g

5
R is needed to find the 
friction.

−  − 2gsin α
2R

5
= 2a

−  −  
16g

25

6s

5
= 2a

Note the signs.

−  
23s

25
= a Solving for a.

v2 = u2 + 2a s ( ր )  

0 = 22 − 2 ×  × s
23s

25

s
=  = 0.22m ( 2 s.f. )  

50

23g

2 s.f. since g = 9 has been 
used.

3

5

6g

5

2

5

16g

25
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Hence, net force down the plane =  −  
 

=  so it will slide back down

 

c 

6g

5

16g

25

14s

25

R ( ւ )  = 2a⇒ a =  
14g

25

7g

25

v2 = u2 + 2a s ( ւ )  :

v2 = 2 ×  ×  =  
7g

25

50

23g

28

23

2 s.f since g = 9.8 has been 
used.

v = 1.1 m s− 1 ( 2 s.f. )  

Finding the acceleration. 2 
s.f since g = 9.8 has been 
used.
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Question: 

Peter is pulling Paul, who is on a toboggan, along a rough horizontal snow surface using a rope which makes an angle of 
30° with the horizontal. Paul and the toboggan have a total mass of 40 kg and the toboggan is moving in a straight line 
with constant speed. The rope is modelled as a light inextensible string. Given that the tension in the rope is 50 N, find 
the coefficient of friction between the toboggan and the snow. 

Solution: 

 

 R ( ↑ ) , R + 50 cos 60 ° − 40g= 0 

R = 367 N
No vertical acceleration.

R ( → ) , 50 cos 30 ° −µ × 367 = 0 

⇒ µ = 0.12 ( 2 s.f. )  

No horizontal acceleration as moving with 
constant speed.
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Dynamics of a particle moving in a straight line 
Exercise I, Question 6 
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Question: 

A particle of mass 0.5 kg is pushed up a line of greatest slope of a rough plane by a horizontal force of magnitude P N. 
The plane is inclined to the horizontal at an angle α where tan α = 0.75 and the coefficient of friction between P and the 
plane is 0.5. The particle moves with constant speed. Find 

a the magnitude of the normal reaction between the particle and the plane 

b the value of P. 

Solution: 

 

a 

b 

R ( ↑ ) , R cos α −  

Rsin α − 0.5g 
1

2
= 0

R = g = 9.8N

Resolving at right angles to P gives a quick 
solution.

R ( → ) , P − Rsin α −  R cos α = 0 
1

2

⇒ P =  R +  = R = 9.8 N
3

5

2R

5

Alternatively, resolve up the plane.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 7 
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Question: 

A pile driver consists of a pile of mass 200 kg which is knocked into the ground by dropping a driver of mass 1000 kg 
onto it. The driver is released from rest at a point which is 10 m vertically above the pile. Immediately after the driver 
impacts with the pile it can be assumed that they both move off with the same speed. By modelling the pile and the driver 
as particles, 

a find the speed of the driver immediately before it hits the pile, 

b find the common speed of the pile and driver immediately after the impact. The ground provides a constant resistance 
to the motion of the pile driver of magnitude 120,000 N. 

c Find the distance that the pile driver is driven into the ground before coming to rest. 

Solution: 

a 

b 

c 

v2 = u2 + 2a s

v2 = 2 × 10 × 9.8

v = 14m s− 1

Motion under gravity.

CLM ( ↓ )   
1000 ×14 = 1200v

v =  m s− 135

3

Momentum is conserved.

 

R ( ↓ )  , first find the deceleration.

1200g− 120 000 = 1200a
a = − 90.2

v2 = u2 + 20g ( ↓ )  

0 2 = (  )  2 − 2 × 90.2 ×s
35

3

Using u= answer from part b.

s = 0.75m ( 2 s.f. )  2 s.f. as g = 9.8 has been used.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 8 

Question: 

Particles P and Q of masses 2m and m respectively are attached to the ends of a light inextensible string which passes 
over a smooth fixed pulley. They both hang at a distance of 2 m above horizontal ground. The system is released from 
rest. 

a Find the magnitude of the acceleration of the system. 

b Find the speed of P as it hits the ground. 

Given that particle Q does not reach the pulley, 

c find the greatest height that Q reaches above the ground. 

d State how you have used in your calculation, 

(i) the fact that the string is inextensible, 

(ii) the fact that the pulley is smooth. 

Solution: 

a 

b 

The diagram should show all the forces and the 
accelerations.

For P : R ( ↓ ) , 2m g − T = 2m a
For Q : R ( ↑ ) , T − m g = m a
ADD , mg = 3 m a

a =  g
1

3

Resolve in the direction of the acceleration for 
each mass.
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c 

∴  Height above = 2 m

 

d 

For P v2 = u2 + 2a g

v2 = 2 ×  × 2
5

3

v = \  
4g

3

= 3.6 m s− 1 ( 2 s.f. )  

The acceleration is constant.

For Q: R ( ↑ ) , − m g = m a Q now moves under gravity as the string is now 
slack.

v2 = u2 + 2a s ( ↑ ) ,  

0 =  − 2gs
4g

3

s =  m
2

3
Note that g cancels.

2

3

(i) In extensible string ⇒  acceleration of 
both masses in equal.

Learn this.

(ii) Smooth pulley ⇒  same tension in string 
either side of the pulley.

Learn this.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 9 

Question: 

The diagram shows two blocks A and B, of masses 20 kg and 30 kg respectively, inside a cage of mass 10 kg. Block A is 
on top of block B. The blocks are being lowered to the ground using a rope which is attached to the cage. The rope is 
modelled as a light inextensible string. Given that the blocks are moving vertically downwards with acceleration 0.8 m 
s−2, find 

a the tension in the rope, 

b the magnitude of the force that block B exerts on block A, 

c the normal reaction between block B and the floor of the cage. 

Solution: 

a 

b 
R ( ↓ )  , for A 

c 

R ( ↓ )  , for whole system

60g − T = 60 × 0.8
T = 588 − 48

= 540 N

Note that the reactions 
between A and B, and 
between B and the cage 
cancel.

20g − R = 20 × 0.8
R = 196 − 16

= 180 N

Include only the forces 
acting on A.

R ( ↓ )  for B Include only the forces 
acting on B.
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An alternative would be to consider the cage only. 

30g + 180 −S = 30 × 0.8
474 −S = 24
S = 450 N
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 10 

© Pearson Education Ltd 2008 

Question: 

A man, of mass 86 kg, is standing in a lift which is moving upwards with constant acceleration 2 m s− 2. Find the 
magnitude and direction of the force that the man is exerting on the floor of the lift. 

Solution: 

F = ma 

The reaction on the man on the floor is of equal magnitude to the action of the floor on the man and in the opposite 
direction. 
The force that the man exerts on the floor of the lift is of magnitude 1000 N (2 s.f.) and acts vertically downwards.  

By Newton's Third Law the action of the man on 
the floor and the reaction of the floor on the man 
are equal in magnitude, here labelled R, and in 
opposite directions.

For the man 
R ( ↑ ) R − 86g = 86 × 2
R = 86 × 9.8 + 86 × 2

= 1014.8≈ 1000

As the numerical value 9.8 has been used for g you 
should give your answer to 2 significant figures. 
You should not give any answer to an accuracy 
greater than the data you have used to calculate 
that answer.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 11 

© Pearson Education Ltd 2008 

Question: 

A car, of mass 800 kg and travelling along a straight horizontal road. A constant retarding force of F N reduces the speed 
of the car from 18 m s− 1to 12 m s− 1in 2.4 s. Calculate 

a the value of F, 

b the distance moved by the car in these 2.4 s. 

Solution: 

 

a 

b 

The distance moved by the car is 36 m. 

u = 18 , v = 12 , t = 2.4 ,a = ?  
v = u + at
12 = 18 + 2.4a

a =  = − 2.5
12 − 18

2.4

You are going to have to use F= ma to find 
F. So the first step of your solution must be to 
find a.

F = ma

− F = 800 × − 2.5 = − 2000⇒ F = 2000

The retarding force is slowing the car down 
and is in the negative direction. So, in the 
positive direction, the force is −F.

u = 18 , v = 12 , t = 2.4 ,s = ?  

s = (  )  t
u + v

2

= (  )  × 2.4 = 15 × 2.5 = 36
18 + 12

2

You could use the value of a you found in part 
a and another formula. Unless it causes you 
extra work, it is safer to use the data in the 
question.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 12 

© Pearson Education Ltd 2008 

Question: 

Two particles A and B, of mass 0.2 kg and 0.3 kg respectively, are free to move in a smooth horizontal groove. Initially B 
is at rest and A is moving toward B with a speed of 4 m s− 1. After the impact the speed of B is 1.5 m s− 1. Find 

a the speed of A after the impact, 

b the magnitude of the impulse of B on A during the impact. 

Solution: 

 

a 

The speed of A after the impact is 1.75 m s− 1.

 

b 

Conservation of linear momentum 
0.2 × 4 = 0.2 ×v + 0.3 × 1.5
0.8 = 0.2v+ 0.45

v =  = 1.75
0.8 − 0.45

0.2

A full formula for the conservation of momentum is 
mAuA + mBuB = mAvA + mBvB. In this case the 

velocity of B is zero.

Consider the impulse of A 
 

The magnitude of the impulse of B on A 
during the impact is 0.45 N s.

I = mv − mu
= 0.2 × 1.75 − 0.2 × 4
= 0.35 − 0.8 = − 0.45

It is a common mistake to mix up the particles. The 
impulses on the two particles are equal and opposite. 
Finding the magnitude of the impulse, you can 
consider either particle – either would give the same 
magnitude. However, you must work on only one 
single particle. Here you can work on A or B but not 
both.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 13 
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Question: 

A railway truck P of mass 2000 kg is moving along a straight horizontal track with speed 10 m s− 1. The truck P collides 
with a truck Q of mass 3000 kg, which is at rest on the same track. Immediately after the collision Q moves with speed 
5 m s− 1. Calculate 

a the speed of P immediately after the collision 

b the magnitude of the impulse exerted by P on Q during the collision. 

Solution: 

 

a Conservation of linear momentum 
 

The speed of P immediately after the collision is 2.5 m s− 1.

 

b 

The magnitude of the impulse of P on Q is 15 000 N s.  

2000 × 10 = 2000 ×v + 3000 × 5
20 000 = 2000v+ 15 000

v =  = 2.5
20 000 − 15 000

2000

For Q, 
I = mv − mu
I = 3000 × 5 − 3000 × 0 = 15 000

To find the magnitude of the impulse you could 
consider either the change in momentum of P or 
the change of momentum of Q. You must not mix 
them up.

Page 1 of 1Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_3_i_13.html

PhysicsAndMathsTutor.com



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 14 
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Question: 

A particle P of mass 1.5 kg is moving along a straight horizontal line with speed 3 m s− 1. Another particle Q of mass 2.5 
kg is moving, in the opposite direction, along the same straight line with speed 4 m s− 1. The particles collide. 
Immediately after the collision the direction of motion of P is reversed and its speed is 2.5 m s− 1. 

a Calculate the speed of Q immediately after the impact. 

b State whether or not the direction of motion of Q is changed by the collision. 

c Calculate the magnitude of the impulse exerted by Q on P, giving the units of your answer. 

Solution: 

a Conservation of linear momentum 
1.5 × 3 + 2.5 × ( − 4 ) = 1.5 × ( − 2.5 ) + 2.5 ×v  

 

The speed of Q immediately after the impact is 0.7 m s− 1.

 

b The direction of Q is unchanged. 

c For P, I = mv − mu 
I = 1.5 × ( − 2.5 ) − 1.5 × 3 = 8.25  

The magnitude of the impulse exerted by Q on P is 8.25 N s.  

You do not know which direction Q will be moving in 
after the impact. Mark the unknown velocity as 
v m s− 1 in the positive direction. After you have 
worked out v, the sign of v will tell you the direction 
Q is moving in.

4.5 − 10 = − 3.75 + 2.5v
2.5v = 4.5 − 10 + 3.75 = − 1.75

v = −  = − 0.7
1.75

2.5
The sign of v is negative, so Q is moving in the 
negative direction. It was moving in the negative 
direction before the impact and so its direction has not 
changed.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 15 

© Pearson Education Ltd 2008 

Question: 

A particle A of mass m is moving with speed 2u in a straight line on a smooth horizontal table. It collides with another 
particle B of mass km which is moving in the same straight line on the table with speed u in the opposite direction to A. 

In the collision, the particles form a single particle which moves with speed u in the original direction of A's motion.
 

Find the value of k. 

2

3

Solution: 

After the collision A (of mass m) and B (of mass 
km) combine to form a single particle. That 
particle will have the mass which is the sum of the 
two individual masses, m + km.

Conservation of linear momentum 

m × 2u + km × ( − u ) = ( m + km ) ×  u 
2

3

The total linear momentum before impact must 
equal the total linear momentum after impact. 
Particle B is moving in the negative direction 
before the collision and so it has a negative linear 
momentum.

2mu − kmu =  mu +  kmu
2

3

2

3

2mu −  mu
2

3
= kmu +  kmu

2

3

m u
4

3
=  k m u

5

3

k =  ×  =  
4

3

3

5

4

5

m and u are common factors on both sides of the 
equation and can be cancelled.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 16 

Question: 

A block of mass 0.8 kg is pushed along a rough horizontal floor by a constant horizontal force of magnitude 7 N. The 
speed of the block increases from 2 m s− 1 to 4 m s− 1 in a distance of 4.8 m. Calculate 

a the magnitude of the acceleration of the block, 

b the coefficient of friction between the block and the floor. 

Solution: 

a 
 

The magnitude of the acceleration of the block is 1.25 m s− 1. 

b 
 

From ∗  

You should begin by drawing a diagram which shows 
all of the forces acting on the block and the 
acceleration of the block.

u = 2 , v = 4 , s = 4.8 ,a = ?

v2 = u2 + 2as

42 = 22 + 9.6a

a =  = 1.25
16 − 4

9.6

R ( ↑ ) R − 0.8g = 0
R = 0.8g

F = µR = µ0.8g
F = ma

R ( → ) 7 − F = 0.8 × 1.5
F = 7 − 0.8 × 1.5 = 7 − 1 = 6

Newton's Second Law is a relation between vector 
quantities and so you must be careful with the 
directions of forces. In this case, the force of 7 N 
pushing the block is in the positive direction and the 
friction force of F N is in the negative direction.

µ0.8g = 6

µ =  
6

0.8g
=  = 0.765 …

6

0.8 × 9.8

As a numerical approximation for g has been used, 
you should correct your final answer to 2 significant 
figures.
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The coefficient of friction is 0.77 (2 s.f.).  
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 17 

© Pearson Education Ltd 2008 

Question: 

A particle is sliding with acceleration 3 m s− 2 down a line of greatest slope of a fixed plane. The plane is inclined at 40°  
to the horizontal. 

Calculate the coefficient of friction between the particle and the plane. 

Solution: 

Friction is limiting 
 

You are given no value for mass of the particle and 
you will need to have an expression for the weight of 
the particle. Let the mass of the particle be m kg, then 
the weight of the stone is mg N.

R ( ր ) R − mg cos 40◦ = 0  

R = mg cos 40◦
You could multiply 9.8 by cos 40◦  using your 
calculator here but, in general, it is advisable to do all 
of the calculation, in one go, at the end of the 
question. This avoids rounding errors.

F = µR = µmg cos 40◦

R ( ց ) mg sin 40◦ − F = ma

mg sin 40◦ − µ mg cos 40◦ = m3

µ =  =  
g sin 40◦ − 3

g cos 40◦
9.8 sin 40◦ − 3

9.8 cos 40◦
= 0.4394 …

The coefficient of friction between the 
particle and the plane is 0.44, (2 s.f.).

As a numerical value of g has been given, you should 
give your answer to 2 significant figures unless the 
question instructs you otherwise.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 18 

Question: 

A pebble of mass 0.3 kg slides in a straight line on the surface of a rough horizontal concrete path. Its initial speed is 12.6 

m s− 1. The coefficient of friction between the pebble and the path is .
 

a Find the frictional force retarding the pebble. 

b Find the total distance covered by the pebble before it comes to rest. 

3

7

Solution: 

 

a 

b 

R ( ↑ ) R − 0.3g = 0⇒ R = 0.3g 

Friction is limiting

F = µR =  × 0.3 × 9.8 = 1.26
3

7

The frictional force retarding the pebble is 1:3 N (2 
s.f.).

Although the answer was correctly given to 
2 significant figures in part a, in working 
out the deceleration in part b, you should 
use the value of 1.26 for the friction force. 
All working should be carried out to at 
least 3 figures.

F = ma
R ( → ) − 1.26 = 0.3a

a = −  = − 4.2
1.26

0.3

The question has not asked you to work out 
the deceleration but you could not find out 
s without working out a first. You have to 
see this kind of step for yourself.
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u = 12.6 ,v = 0 , a = − 4.2 ,s = ?

v2 = u2 + 2as

02 = 12.62 − 8.4s

s =  = 18.9
12.62

8.4

The total distance covered by the pebble before it 
comes to rest is 19 m (2 s.f.).
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 19 
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Question: 

A particle moves down a line of greatest slope of a smooth plane inclined at an angle θ to the horizontal. The particle 
starts from rest and travels 3.5 m in time 2 s. Find the value of sin θ. 

Solution: 

You are given no value for mass of the 
particle and you will need to have an 
expression for the weight of the particle. 
Let the mass of the particle be m kg, then 
the weight of the stone is mg N. As often 
happens, the m can later be removed from 
the working, using the usual processes of 
algebra.

u = 0 , s = 3.5 , t = 2 , a = ?

s = ut +  at2
1

2

3.5 = 0 +  a × 22 = 2a
1

2

a =  = 1.75
3.5

2

R ( ր ) mg sin θ = ma

sin θ =  =  
1.75

9.8

5

28

There is no friction in this question and the 
only force acting on the particle parallel to 
the plane is the component of the weight of 
the particle. There is an exact answer here 
which can be left. However a decimal 
answer, sinθ ≈ 0.18, would be 
acceptable.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 20 

Question: 

A man of mass 80 kg stands in a lift. The lift has mass 60 kg and is being raised vertically by a cable attached to the top 
of the lift. Given that the lift with the man inside is rising with a constant acceleration of 0.6 m s− 2, find, to two 
significant figures, 

a the magnitude of the force exerted by the lift on the man, 

b the magnitude of the force exerted by the cable on the lift. 

The lift starts from rest and, 5 s after starting to rise, the coupling between the cable and the lift suddenly snaps. There is 
an emergency cable attached to the lift but this only becomes taut when the lift is at the level of its initial position. After 
the coupling snaps, the lift moves freely under gravity until it is suddenly brought to rest in its initial position by the 
emergency cable. By modelling the lift with the man inside as a particle moving freely under gravity, 

c find, to two significant figures, the magnitude of the impulse exerted by the emergency cable on the lift when it brings 
the lift to rest. 

The model used in calculating the value required in part c ignores any effect of air resistance. 

d State, with a reason, whether the answer obtained in c is higher or lower than the answer which would be obtained 
using a model which did incorporate the effect of air resistance. 

Solution: 

a 

b 

R N is the normal reaction of the lift on the 
man. The only forces on the man are this 
reaction and his weight. The cable has no 
direct contact with the man and you should 
not include this in your equation.

R ( ↑ ) R − 80g = 80 × 0.6
R = 80 × 9.8 + 80 × 0.6 = 832

The magnitude of the force exerted by the lift on the 
man is 830 N (2 s.f.).

Combining the man and the lift, and modelling them 
as a single particle of mass 140 kg

There is a reaction of the lift on the man 
and an equal and opposite reaction of the 
man on the lift. When the lift and the man 
are combined, these cancel out and you 
need not consider them when writing down 
the equation of motion of the man and lift 
combined.
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c 

d 

F = ma
R ( ↑ ) T − 140g= 140 × 0.6
T = 140 × 9.8 + 140 × 0.6 = 1456

The magnitude of the force exerted by the cable on 
the lift is 1500 N (2 s.f.)

To find the speed of the lift when the cable breaks,
take the upward direction as positive.

u = 0 , t = 5 , a = 0.6 ,v = ?
v = u + at = 0 + 0.6 × 5 = 3

To find the distance travelled before the cable breaks,
take the upward direction as positive.
u = 0 , t = 5 , a = 0.6 ,s = ?
After the cable breaks, take downwards as positive.

u = − 3 , a = 9.8 ,s = 75 , v = ?

v2 = u2 + 2as = 32 + 2 × 9.8 × 7.5 = 156
v = √ 156
I = mv − mu
I = 0 − 140√ 156 = − 1748 …

The emergency cable reduces the lift to 
rest. To find the impulse, you need to find 
the speed with which the lift returns to its 
original position. After the lift breaks, the 
lift falls freely under gravity. Its 
acceleration is no longer 0.6 m s− 2 
upwards but 9.8 m s− 2 downwards.The magnitude of the impulse exerted by the 

emergency cable on the lift when it brings the lift to 
rest is 1700 N s (2 s.f.).

Air resistance would reduce the speed of the lift as it 
falls and so the impulse would be reduced.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 21 

Question: 

a the normal reaction of the plane on the box, 

b the acceleration of the box. 

A box of mass 2 kg is pulled up a rough 
plane face by means of a light rope. The 
plane is inclined at an angle of 20°  to the 
horizontal, as shown in the figure. The rope 
is parallel to a line of greatest slope of the 
plane. The tension in the rope is 18 N. The 
coefficient of friction between the box and 
the plane is 0.6. By modelling the box as a 
particle, find

Solution: 

a 

b 

R ( ր ) R − 2g cos 20◦  = 0

R = 2g cos 20◦ = 18.417 97 …

The weight 2g N has components 
perpendicular and parallel to the 

plane.

The normal reaction of the plane on the box is 18 N (2 
s.f.).

Friction is limiting

There are three forces acting on the box in 
the direction parallel to the plane. The 
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F = µR = 0.6 ×18.417 97 …
= 11.0507 …

R ( ց )
18 

− F − 2g sin 20◦ = 2a

18 − 11.0507 … − 6.70359 … = 2a

2a = 0.2456 … ⇒ a = 0.1228 …

tension in the rope acting up the plane, and 
the friction force and the component of the 
weight acting down the plane. The F in 
F = ma is the vector sum of these three 
forces.

The acceleration of the box is 0.12 m s− 1 (2 s.f.).
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 22 

Question: 

a the normal reaction of the ground on the sledge, 

b the acceleration of the sledge. 

When the sledge is moving at 12 m s− 1, the rope is released from the sledge.

 

c Find, to three significant figures, the distance travelled by the sledge from the moment when the rope is released to the 
moment when the sledge comes to rest. 

A sledge has mass 30 kg. The sledge is 
pulled in a straight line along horizontal 
ground by means of a rope. The rope makes 
an angle 20°  with the horizontal, as shown 
in the figure. The coefficient of friction 
between the sledge and the ground is 0.2. 
The sledge is modelled as a particle and the 
rope as a light inextensible string. The 
tension in the rope is 150 N. Find, to three 
significant figures,

Solution: 

a 

The tension in the rope has components in 
the vertical and horizontal directions. 

R ( ↑ )
R + 150 sin 20 ◦ − 30g = 0

R = 30g − 150 sin 20◦

= 30 × 9.8 − 150 sin 20◦ = 242.69 …

The normal reaction of the ground on the sledge is 243 
N (3 s.f.). This question asks you to give answers to 3 

significant figures. Usually when a 
numerical value of g is used you correct to 2 
significant figures, but in all A level papers, 
you must follow the instructions given in a 
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b 

c 

particular question. From time to time the 
conditions in a question may vary.

Friction is limiting

F = µR = 0.2 × 242.69 … = 48.539 …
R ( → )

150 cos 20◦ − 48.539 …  
= 30a

a =  
150 cos 20◦ − 48.539 …

30
= 3.080 …

The acceleration of the sledge is 3.08 m s− 1 (3 s.f.).

R ( ↑ ) R − 30g = 0⇒ R = 30g The only force acting in a horizontal 
direction is the friction force. However, with 
the removal of the rope, this has changed. 
The friction force depends on the normal 
reaction and that is now 30g≈ 294 N. It was 
about 243 N in part a. It has increased with 
the removal of the rope. Assuming the 
friction and the normal reaction are 
unchanged is a common error. You must 
start again, draw a fresh diagram and work 
through the question again, resolving in both 
directions.

Friction is limiting

F = µR = 0.2 × 30g= 6g
R ( → )  − F = 30a

a =  = − 1.96
− 6g

30

u = 12 , v = 0 , a = − 1.96 ,s = ?

v2 = u2 + 2as

02 = 122 − 2 × 1.96 ×s

s =  = 36.734 …
122

2 × 1.96

The distance travelled by the sledge is 36.7 m (3 s.f.).
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 23 

Question: 

A metal stake of mass 2 kg is driven vertically into the ground by a blow from a sledgehammer of mass 10 kg. The 
sledgehammer falls vertically on to the stake, its speed just before impact being 9 m s− 1. In a model of the situation it is 
assumed that, after impact, the stake and the sledgehammer stay in contact and move together before coming to rest. 

a Find the speed of the stake immediately after impact. 

The stake moves 3 cm into the ground before coming to rest. Assuming in this model that the ground exerts a constant 
resistive force of magnitude R newtons as the stake is driven down, 

b find the value of R. 

c State one way in which this model might be refined to be more realistic. 

Solution: 

a 

b 

After impact, the sledgehammer 
and the metal stake move together. 
You model the sledgehammer and 
stake as a single particle of mass 12 
kg.

Conservation of linear momentum

10 × 9 + 2 × 0 = 12 ×v

v =  
90

12
= 7.5

The speed of the stake immediately after impact is 
7.5 m s− 1.

The model given in the question 
assumes that the stake and 
sledgehammer stay in contact and 
move together after impact, before 
coming to rest. Although the 
question only refers to the stake, 
you must consider the stake and the 
sledgehammer as moving together, 
with the same velocity and the 
same acceleration, throughout the 
motion after the impact.
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c The resistance (R) could be modelled as varying with speed.  

u = 7.5 ,v = 0 , s = 0.03 ,a = ?

v2 = u2 + 2as

02 = 7.52 + 2 × a × 0.03

a = −  = − 937.5
7.52

0.06

F = ma
12g − R = 12 × ( − 937.5 )  
R = 12 × 9.8 + 12 × 937.5 = 11367.6

= 11 000 ( 2 s.f. ) . 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 24 

Question: 

a the tension in the string immediately after the particles are released, 

b the value of m. 

The particles have mass 3 kg and m kg, where 
m < 3. They are attached to the ends of a light 
inextensible string. The string passes over a 
smooth fixed pulley. The particles are held in 
position with the string taut and the hanging parts 
of the string vertical, as shown in the figure. The 
particles are then released from rest. The initial 

acceleration of each particle has magnitude g. 

Find

3

7

Solution: 

a 

b 

As m < 3, the 3 kg mass will move 
downwards and the m kg mass will move 
downwards.

For the 3 kg mass

R ( ↓ ) F = ma

3g − T = 3 ×  g
3

7

T = 3g − g =  g
9

7

12

7

Newton's second law is a relation between 
vectors and the forces must be given their 
correct sign. For the 3 kg mass, the weight 
is in the same direction as the acceleration 
and the tension in the string is in the 
opposite direction.

The tension in the string is g N.
12

7
The answer can be left in this exact form 
and, in this question, leaving the tension in 
this form leads to g cancelling in part b.

For the m kg mass

For the m kg mass, the tension is in the 
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R ( ↑ ) F = ma

T − mg = m ×  g
3

7

same direction as the acceleration and the 
weight is in the opposite direction.

Using the answer to part a

g − m g =  m g
12

7

3

7

=  m ⇒ m = 1.2
12

7

10

7
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 25 

Question: 

 

A block of wood A of mass 0.5 kg rests on a rough horizontal table and is attached to one end of a light inextensible 
string. The string passes over a small smooth pulley P fixed at the edge of the table. The other end of the string is 
attached to a ball B of mass 0.8 kg which hangs freely below the pulley, as shown in the figure. The coefficient of 
friction between A and the table is µ. The system is released from rest with the string taut. After release, B descends a 
distance of 0.4 m in 0.5 s. Modelling A and B as particles, calculate 

a the acceleration of B, 

b the tension in the string, 

c the value of µ. 

d State how in your calculations you have used the information that the string is inextensible. 

Solution: 

 

a For B 
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The acceleration of B is 3.2 ms−2.

 

b For B 
 

The tension in the string is 5.3 N (2 s.f.). 

c For A 

R ( ↑ ) R − 0.5g = 0⇒ R = 0.5g  

Friction is limiting 

d The information that the string is inextensible has been used when, in part c, the acceleration of A has been taken equal 
to the acceleration of B obtained in part a. 

u = 0 , s = 0.4 , t = 0.5 ,a = ?

s = ut +  at2
1

2

0.4 = 0 +  a × 0.52 =  a
1

2

1

8

a = 8 × 0.4 = 3.2

F = ma
0.8g − T = 0.8 × 3.2

T = 0.8 × 9.8 − 0.8 × 3.2 = 5.28 As the numerical value g = 9.8 has been used, you 
should correct your answer to 2 significant figures.

F = µR = µ0.5g
R ( → ) T − F = ma
5.28 − µ0.5g = 0.5 × 3.2

µ =  = 0.751 …
5.28 − 0.5 × 3.2

0.5 × 9.8

= 0.75 ( 2 s.f. )   

It is a common error to include the weight 0.5g in 
this equation. The weight acts vertically 
downwards and has no component in the 
horizontal direction, which is the direction you are 
resolving in. The weight does, however, affect the 
friction force.

Although you, correctly, gave the answer for the 
tension to two significant figures in part b, all 
working should be given to at least 3 significant 
figures, so you should use T = 5.28 here.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Dynamics of a particle moving in a straight line 
Exercise I, Question 26 

Question: 

 

Two particles A and B, of mass mkg and 3 kg respectively, are connected by a light inextensible string. The particle A is 
held resting on a smooth fixed plane inclined at 30°  to the horizontal. The string passes over a smooth pulley P fixed at 
the top of the plane. The portion AP of the string lies along a line of greatest slope of the plane and B hangs freely from 
the pulley, as shown in the figure. The system is released from rest with B at a height of 0.25 m above horizontal ground. 

Immediately after release, B descends with an acceleration of g. Given that A does not reach P, calculate
 

a the tension in the string while B is descending, 

b the value of m. 

The particle B strikes the ground and does not rebound. Find 

c the magnitude of the impulse exerted by B on the ground, 

d the time between the instant when B strikes the ground and the instant when A reaches its highest point. 

2

5

Solution: 

 

a 
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The tension in the string while B is descending is 18 N, to 2 significant figures. 

b 

c To find the speed of B immediately before it strikes the ground 

d 

The time between the instants is s. 

 

For B F = ma

3g − T = 3 ×  g
2

5

T = 3g −  g
6

5
=  g = 17.64

9

5

For A F = ma

R ( ր ) T − m gsin30 ° = m ×  g
2

5

g −  m g
9

5

1

2
=  m g

2

5

(  +  ) m =  m 
1

2

2

5

9

10
=  ⇒ m = 2

9

5

sin30 ° =  is the exact value.
1

2

u = 0 , a =  g , s = 0.25 ,v = ?
2

5

v2 = u2 + 2as = 02 + 2 ×  g × 0.25= 1.96
2

5

v = √ 1.96 =1.4
I = mv − mu
I = 3 × 0 − 3 × 1.4 = − 4.2

As the particle does not rebound, the velocity of B, 
after it strikes the ground, is zero.

The magnitude of the impulse exerted by B on 
the ground is 4.2 N s.

The impulse I calculated here is the impulse 
exerted on B by the ground – it is upwards.The 
impulse asked for is equal to I in magnitude but is 
in the opposite direction.

After B strikes the ground, for A 

R ( ց ) − m gsin30 ° = ma

a = −  g
1

2

After B strikes the ground, there is no tension in 
the string and the only force acting on B parallel to 
the plane is the component of its weight acting 
down the plane.

u = 1.4 ,v = 0 , a = −  g , t = ?
1

2

v = u + at

0 = 1.4 −  gt ⇒ t =  =  =  
1

2

2.8

9.8

28

98

2

7

The approximate answer, 0.28 s, would also be 
acceptable.

2

7
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise A, Question 1 

© Pearson Education Ltd 2008 

Question: 

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the 
diagram, 

a resolve in the x direction, 

b resolve in the y direction, 

c find the magnitude of any unknown forces (marked P and Q) and the size of any unknown angles (marked θ). 

 

Solution: 

a Q − 5 cos 30 ° = 0 
b P − 5sin 30 ° = 0 

c Q = 5 cos 30 ° =  = 4.33 N ( 3 s.f. )  

 
P = 5sin 30 ° = 2.5 N

5\ 3

2

Give exact answers using sin 30 ° =  and 

cos 30 ° =  or give decimal answers using 

your calculator.

1

2

\ 3

2
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise A, Question 2 

© Pearson Education Ltd 2008 

Question: 

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the 
diagram, 

a resolve in the x direction, 

b resolve in the y direction, 

c find the magnitude of any unknown forces (marked P and Q) and the size of any unknown angles (marked θ). 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise A, Question 3 

Question: 

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the 
diagram, 

a resolve in the x direction, 

b resolve in the y direction, 

c find the magnitude of any unknown forces (marked P and Q) and the size of any unknown angles (marked θ). 

 

Solution: 

a 9 − P cos 30 ° = 0 

b Q + P sin 30 ° − 8 = 0 

c From part a, 

Substitute into part b 

P =  
9

cos 30 °
= 9 ÷  

\ 3

2

= 9 ×  
2

\ 3

=  ·  
18

\ 3

\ 3

\ 3

=  
18\ 3

3

= 6\ 3
= 10.4 N ( 3 s.f. ) 

 

Use part a to find P, then substitute into b to find 
a.

cos 30 ° =  
\ 3

2

Q + 6\ 3sin 30 ° − 8 = 0
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sin 30 ° =  
1

2

∴ Q = 8 − 6\ 3 ×  
1

2

= 8 − 3\ 3
= 2.80 N ( 3 s.f. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise A, Question 4 

Question: 

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the 
diagram, 

a resolve in the x direction, 

b resolve in the y direction, 

c find the magnitude of any unknown forces (marked P and Q) and the size of any unknown angles (marked θ). 

 

Solution: 

Substitute into part a to give: 

2\ 6 ×  + 6 ×  −P = 0

 

a Q cos 60 ° + 6 cos 45 ° −P = 0 
b Q sin 60 ° − 6sin 45 ° = 0 
c use part b to give

Use angles on a straight line to find Q makes on 
angle of 60° with the x-axis.

Q =  
6sin 45 °

sin 60 °

= 6 ×  ÷  
1

\ 2

\ 3

2

= 6 ×  ×  
1

\ 2

2

\ 3

=  
12

\ 6

=  
12\ 6

\ 6\ 6

= 2\ 6 = 4.90 N ( 3 s.f. ) 

sin 45 ° =  cos 60 ° =  sin 60 ° =  
1

\ 2

1

2

\ 3

2

1

2

1

\ 2
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∴ P = \ 6 +  

6

\ 2

= \ 6 +  
6\ 2

\ 2\ 2

= \ 6 + 3\ 2
= 6.69 N ( 3 s.f. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise A, Question 5 

© Pearson Education Ltd 2008 

Question: 

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the 
diagram, 

a resolve in the x direction, 

b resolve in the y direction, 

c find the magnitude of any unknown forces (marked P and Q) and the size of any unknown angles (marked θ). 

 

Solution: 

a 4 cos 45 ° +P cos θ − 7 = 0 

b 4sin 45 ° −P sin θ = 0 

c P cos θ = 7 − 4 cos 45 °  (from a)      (1) 

P sin θ = 4sin 45 °  (from b)                (2) 

Substitute this value for θ into equation (2) 

Then 
 

Divide equation (2) by equation (1) 
Then 

P sin θ

P cos θ
=  

4sin 45 °

7 − 4 cos 45 °

∴ tan θ =  
2.828

4.172

= 0.678

∴ θ = 34.1° ( 3 s.f. )  

Use = tan θ to eliminate P from the equations 

after resolving.

P sin θ

P cos θ

P =  
2.828

sin 34.1 °

P = 5.04 N ( 3 s.f. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise A, Question 6 
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Question: 

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the diagram, 

a resolve in the x direction, 

b resolve in the y direction, 

c find the magnitude of any unknown forces (marked P and Q) and the size of any unknown angles (marked θ). 

 

Solution: 

a 6 cos 45 ° − 2 cos 60 ° −P sin θ = 0 

b 6sin 45 ° + 2sin 60 ° −P cos θ − 4 = 0 

c P sin θ = 6 cos 45 ° − 2 cos 60 °     (1) [from a] 

P cos θ = 6sin 45 ° + 2sin 60 ° − 4   (2) [from b] 

Substitute θ back into equation (1) 
 

∴  
P sin θ

P cos θ
=  

6 cos 45 ° − 2 cos 60 °

6sin 45 ° + 2sin 60 ° − 4

∴ tan θ =  
3.24264

1.97469..

= 1.642

∴ θ = 58.7 ° ( 3 s.f. )  

Use = tan θ to eliminate P from the equations after 

resolving.

P sin θ

P cos θ

P sin θ = 6 cos 45 ° − 2 cos 60 °

∴ P =  
3.24264

sin 58.65 °

P = 3.80 N ( 3 s.f. )  
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise A, Question 7 

Question: 

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the 
diagram, 

a resolve in the x direction, 

b resolve in the y direction, 

c find the magnitude of any unknown forces (marked P and Q) and the size of any unknown angles (marked θ). 

 

Solution: 

a P cos θ + 8sin 40 ° − 7 cos 35 ° = 0 

b P sin θ + 7sin 35 ° − 8 cos 40 ° = 0 

c From a P cos θ = 7 cos 35 ° − 8sin 40 ° = 0.5918   (1) 

From b P sin θ = 8 cos 40 ° − 7sin 35 ° = 2.113        (2) 

Divide equation (2) by equation (1) 

Substitute θ into equation (1) 

∴  
P sin θ

P cos θ

=  
8 cos 40 ° − 7sin 35 °

7 cos 35 ° − 8sin 40 °

∴ tan θ =  
2.113

0.5918

= 3.57

∴ θ
= 74.4° ( allow 74.3 ° )
( 3 s.f. )  

Use = tan θ to eliminate P from the 

equations obtained in a and b.

P sin θ

P cos θ
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∴ P cos 74.4 ° = 0.5918

∴ P =  
0.5918

cos 74.3569 °

= 2.19 ( 3 s.f. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise A, Question 8 

Question: 

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the 
diagram, 

a resolve in the x direction, 

b resolve in the y direction, 

c find the magnitude of any unknown forces (marked P and Q) and the size of any unknown angles (marked θ). 

 

Solution: 

a 9 cos 40 ° + 3 −P cos θ − 8sin 20 ° = 0 

b P sin θ + 9sin 40 ° − 8 cos 20 ° = 0 

c From a: P cos θ = 9 cos 40 ° + 3 − 8sin 20 °    (1) 

From b: P sin θ = 8 cos 20 ° − 9sin 40 °             (2) 

Divide equation (2) by equation (1) 

Substitute into equation (2) 

∴  
P sin θ

P cos θ
=  

8 cos 20 ° − 9sin 40 °

9 cos 40 ° + 3 − 8sin 20 °

∴ tan θ =  
1.732

7.158

= 0.242

∴ θ = 13.6° ( 3 s.f. )  

Use = tan θ to eliminate P from the 

equations obtained in parts a and b.

P sin θ

P cos θ
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 P cos 13.6 ° = 9 cos 40 ° + 3 − 8sin 20 °
= 7.158

∴ P =  
7.158

cos 13.6 °

= 7.36 ( 3 s.f. )  
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise A, Question 9 

Question: 

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the 
diagram, 

a resolve in the x direction, 

b resolve in the y direction, 

c find the magnitude of any unknown forces (marked P and Q) and the size of any unknown angles (marked θ). 

 

Solution: 

a P cos 30 ° −Q cos 45 ° − 8 cos 45 °
= 0 

b P sin 30 ° +Q sin 45 ° − 8sin 45 °
− 4 = 0 

c From a P −  =       (1)
 

From b  +  =  + 4         (2)
 

These are simultaneous equations. 
Add (1) and (2) 

 

Substitute into equation (2) 

\ 3

2

Q

\ 2

8

\ 2

P

2

Q

\ 2

8

\ 2

+  −  +  =  +  + 4
P\ 3

2

P

2

Q

\ 2

Q

\ 2

8

\ 2

8

\ 2

∴ P (  +  )  + 0 =  + 4
\ 3

2

1

2

16

\ 2

∴ P = (  + 4 )  ÷ (  )  
16\ 2

\ 2\ 2

\ 3 + 1

2

= ( 8\ 2 + 4 )  ×  
2

\ 3 + 1

= 8 = 11.21 = 11.2 ( 3 s.f. ) 
( 2\ 2 + 1 ) 

\ 3 + 1

 

You will have two equations in two unknown 
forces P and Q, so should use simultaneous 
equations to solve them. Give your answers to 3 
s.f.

cos30 ° =  cos 45 ° =  sin 45 ° =  
\ 3

2

1

\ 2

1

\ 2
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Q = 8 + 4\ 2 −  \ 2 = 5.73 ( 3 s.f. ) . 
P

2
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise A, Question 10 

Question: 

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the 
diagram, 

a resolve in the x direction, 

b resolve in the y direction, 

c find the magnitude of any unknown forces (marked P and Q) and the size of any unknown angles (marked θ). 

 

Solution: 

Multiply equation (1) by \ 3 and add to equation (2). 
 

Substitute into equation (1) 

a Q cos 60 ° −P cos 60 ° + 5sin 45 °
− 6sin 45 ° = 0 

b P sin 60 ° +Q sin 60 ° − 5 cos 45 °
− 6 cos 45 ° = 0 

c From a  −  =  −  
 

        ∴ Q − P = \ 2                  (1) 

From b  +  =  +  
 

       ∴ P\ 3 + Q\ 3 = 11\ 2      (2)

Q

2

P

2

6

\ 2

5

\ 2

P\ 3

2

Q\ 3

2

5

\ 2

6

\ 2

 

Use simultaneous equations to solve the 
equations in parts a and b.

cos60 ° =  sin45 ° =  
1

2

1

\ 2

sin60 ° =  cos45 ° =  
\ 3

2

1

\ 2

∴ 2Q\ 3 = \ 3\ 2 + 11\ 2

∴ Q =  +  
\ 2

2

11\ 2

2\ 3

= 5.198 N ( 4 s.f. ) 
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∴ P = Q − \ 2

= 3.784 N ( 4 s.f. ) 
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Question: 

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the 
diagram, 

a resolve in the x direction, 

b resolve in the y direction, 

c find the magnitude of any unknown forces (marked P and Q) and the size of any unknown angles (marked θ). 

 

Solution: 

a R ( ր )   
Q − 10sin 45 ° = 0 
b R ( տ )   
P − 10 cos 45 ° = 0

Resolve along the plane and perpendicular to the 
plane.

c From b,
 

From a, 

P = 10 cos 45 °
= 5\ 2
= 7.07 N ( 3 s.f. )

cos45 ° =  =  
1

\ 2

\ 2

2

Q = 10sin 45 °
= 5\ 2
= 7.07 N ( 3 s.f. )

sin45 ° =  =  
1

\ 2

\ 2

2
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise A, Question 12 

© Pearson Education Ltd 2008 

Question: 

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the 
diagram, 

a resolve in the x direction, 

b resolve in the y direction, 

c find the magnitude of any unknown forces (marked P and Q) and the size of any unknown angles (marked θ). 

 

Solution: 

a Q + 2 cos 60 ° − 6sin 60 ° = 0 

b P − 2sin 60 ° − 6 cos 60 ° = 0 

c From part b 
 

From part a 
 

P = 2sin 60 ° + 6 cos 60 °
P = 4.73 ( 3 s.f. )  

Q = 6sin 60 ° − 2 cos 60 °
Q = 4.20 ( 3 s.f. )  
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise A, Question 13 
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Question: 

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the 
diagram, 

a resolve in the x direction, 

b resolve in the y direction, 

c find the magnitude of any unknown forces (marked P and Q) and the size of any unknown angles (marked θ). 

 

Solution: 

a 8sin 30 ° −Q cos 30 ° = 0 
b P − Q sin 30 ° − 8 cos 30 ° = 0.

Find Q from the equation written down in part a, then 
substitute into the equation obtained in part b to find P.

c From a
 

Substitute into b

Q =  
8sin 30 °

cos 30 °

= 8tan 30 °

=  
8\ 3

3

= 4.62 N ( 3 s.f. ) 

tan30 ° =  =  
1

\ 3

\ 3

3

P = Q sin 30 ° + 8 cos 30 °

=  ×  + 8 ×  
8\ 3

3

1

2

\ 3

2

=  + 4\ 3
4\ 3

3

=  
16\ 3

3

= 9.24 N ( 3 s.f. )  

sin30 ° =  cos30 ° =  
1

2

\ 3

2
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise A, Question 14 
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Question: 

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the 
diagram, 

a resolve in the x direction, 

b resolve in the y direction, 

c find the magnitude of any unknown forces (marked P and Q) and the size of any unknown angles (marked θ). 

 

Solution: 

a 8 cos 45 ° − 10sin 30 ° −Q = 0 

b P + 8sin 45 ° − 10 cos 30 ° = 0 

c From part b, 
 

From part a, 

P = 10 cos 30 ° − 8sin 45 °
= 5\ 3 − 4\ 2
= 3.00 N ( 3 s.f. )  

Q = 8 cos 45 ° − 10sin 30 °
= 4\ 2 − 5
= 0.657 N ( 3 s.f. )  

You may give your answers as exact answers using 

surds as cos 30 ° =  ,sin 30 ° =  and 

sin 45 ° = cos 45 ° =  =  or you may 

give answers to 3 significant figures, using a 
calculator.

\ 3

2

1

2

1

\ 2

\ 2

2
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise A, Question 15 
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Question: 

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the 
diagram, 

a resolve in the x direction, 

b resolve in the y direction, 

c find the magnitude of any unknown forces (marked P and Q) and the size of any unknown angles (marked θ). 

 

Solution: 

a 2 + 8sin 30 ° −P cos θ = 0 

b 4 − 8 cos 30 ° +P sin θ = 0 

c From a P cos θ = 2 + 8sin 30 °     (1) 

From b P sin θ = 8 cos 30 ° − 4      (2) 

Divide equation (2) by equation (1) 
 

Substitute into equation (1) 

∴  
P sin θ

P cos θ
=  

8 cos 30 ° − 4

2 + 8sin 30 °

i.e.tan θ =  
4\ 3 − 4

6

= 0.488

∴ θ = 26.0° ( 3 s.f. )  

P cos 26.0 ° = 2 + 8sin 30 °

∴ P =  
6

cos 26.0 °

∴ P = 6.68N ( 3 s.f. )  

 

Eliminate P from your equations by using 

= tan θ.
P sin θ

P cos θ

cos30 ° =  sin 30 ° =  
\ 3

2

1

2
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise B, Question 1 
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Question: 

A picture of mass 5 kg is suspended by two light 
inextensible strings, each inclined at 45 °  to the 
horizontal as shown. By modelling the picture as 
a particle find the tension in the strings when the 
system is in equilibrium.
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise B, Question 2 

Question: 

Find a the tension in the string, b the value of m. 

A particle of mass m kg is suspended by a 
single light inextensible string. The string is 
inclined at an angle of 30 ° to the vertical and 
the other end of the string is attached to a 
fixed point O. Equilibrium is maintained by a 
horizontal force of magnitude 10 N which acts 
on the particle, as shown in the figure.

Solution: 

a Let the tension in the string be TN. 

The weight is m g. 

R(←) 

T sin 30 ° − 10 = 0 
 

b R(↑) 

T cos 30 ° −m g = 0 

Draw a diagram showing the forces acting on the 
particle; i.e.: the tension in the string, the weight 
mg and the force 10 N.

∴ T =  
10

sin 30 °

T = 20 N

As T = 20 
cos 30 ° =  

\ 3

2
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m g = 20 cos 30 °

∴ m =  
20 cos 30 °

g

=  
10\ 3

g

= 1.8 ( 2 s.f. )  
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise B, Question 3 

Question: 

A particle of weight 12 N is suspended by a light inextensible string from a fixed point O. A horizontal force of 8 N is 
applied to the particle and the particle remains in equilibrium with the string at an angle θ to the vertical. 

Find a the angle θ, b the tension in the string. 

Solution: 

 

Let the tension in the string be TN. 

R(↑) 
 

Divide equation (1) by equation (2) 
 

Substitute into equation (1) 

> 

R(→) 
8 − T sin θ = 0

∴ T sin θ = 8 (1)

Resolve horizontally and vertically then divide one 
equation by the other to eliminate the tension T.

T cos θ − 12 = 0

∴ T cos θ = 12 (2)

T sin θ

T cos θ
=  

8

12

∴ tan θ =  
2

3

∴ θ = 33.7° ( 3 s.f. )  
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 T sin 33.7 ° = 8

∴ T =  
8

sin 33.7 °
= 14.4 ( 3 s.f. ) 
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Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise B, Question 4 
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Question: 

A particle of mass 6 kg hangs in equilibrium, 
suspended by two light inextensible strings, 
inclined at 60 °  and 45 °  to the horizontal, as 
shown. Find the tension in each of the strings.

Solution: 

R(↑) 

∴ S ( \ 2 sin 60 ° + sin 45 ° ) = 6g  
 

and T = 6g ( \ 3 − 1 ) = 43 ( 2 s.f. )   

Let the tension in the strings be TN and SN as shown in the 
figure.

R(←) 
T cos 60 ° −S cos 45 ° = 0

∴  −  = 0
T

2

S

\ 2

∴ T = S\ 2 (1)

Resolve in two directions and obtain simultaneous equations.

T sin 60 ° +S sin 45 ° − 6g = 0 (2)
cos 60 ° =  cos 45 ° =  

1

2

1

\ 2

Substitute T = S\ 2 into equation (2)
sun 60 ° =  sun 45 ° =  

\ 3

2

1

\ 2

∴ S =  
6g

( \ 2 sin 60 ° + sin 45 ° ) 

=  
6g\ 2

( \ 3 + 1 )  

= 3g\ 2 ( \ 3 − 1 )  
= 30 ( 2 s.f. )  
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise B, Question 5 

Question: 

Find a the tension in the string, 

b the mass of the bead. 

A smooth bead B is threaded on a light 
inextensible string. The ends of the string are 
attached to two fixed points A and C on the same 
horizontal level. The bead is held in equilibrium 
by a horizontal force of magnitude 2 N acting 
parallel to CA. The sections of string make angles 
of 60 °  and 30 °  with the horizontal.

Solution: 

 

a 

R(→) 

Let the tension in the string be T and the mass 
of the bead be m.

The tension is the same throughout the string. 
Resolve horizantally first to find T.

 T cos 30 ° −T cos 60 ° − 2 = 0

∴ T ( cos 30 ° − cos 60 ° ) = 2

∴ T =  
2

cos 30 ° − cos 60 °

=  
4

\ 3 − 1

=  
4 ( \ 3 + 1 )  

( \ 3 − 1 ) ( \ 3 + 1 ) 

=  
4 ( \ 3 + 1 )  

2

= 2 ( \ 3 + 1 ) = 5.46 N ( 3 s.f. ) 

cos 30 ° =  cos 60 ° =  
\ 3

2

1

2
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b R(↑) 

T sin 60 ° +T sin 30 ° −m g = 0 
 

∴ m g = T ( sin 60 ° + sin 30 ° )  

m =  ( \ 3 + 1 ) (  +  )  =  = 0.76 kg ( 2 s.f. )
2

g

\ 3

2

1

2

4 + 2\ 3

g
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise B, Question 6 

Question: 

Find a the tension in the string, 

b the mass of the bead, giving your answer to the nearest gramme. 

A smooth bead B is threaded on a light 
inextensible string. The ends of the string are 
attached to two fixed points A and C where A is 
vertically above C. The bead is held in equilibrium 
by a horizontal force of magnitude 2 N. The 
sections AB and BC of the string make angles of 
30 °  and 60 °  with the vertical respectively.

Solution: 

a R(→) 

Let the tension in the string be TN and let the mass 
of the bead be m kg.

2 − T cos 60 ° −T cos 30 ° = 0

∴ T ( cos 60 ° + cos 30 ° ) = 2

The tension is the same in both sections of the 
string. 
Resolve horizontally first to find T.

cos 60 ° =  cos 30 ° =  
1

2

\ 3

2

Page 1 of 2Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_4_b_6.html

PhysicsAndMathsTutor.com



© Pearson Education Ltd 2008 

b R(↑) 

 

∴ T =  
2

cos 60 ° + cos 30 °

=  ×  
4

1 + \ 3

\ 3 − 1

\ 3 − 1

= 2 ( \ 3 − 1 )  
= 1.46 ( 3 s.f. )  

T sin 60 ° −T sin 30 ° −m g = 0
sin 60 ° =  sin 30 ° =  

\ 3

2

1

2

∴ m g = T ( sin 60 ° − sin 30 ° ) 

= 2 ( \ 3 − 1 ) (  −  )  
\ 3

2

1

2

= ( \ 3 − 1 )  2

= 4 − 2\ 3

m =  = 0.055 kg = 55 g
( 4 − 2\ 3 )  

g
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise B, Question 7 

Question: 

a the value of F, 

b the magnitude of the normal reaction between the particle and the surface. 

A particle of weight 6 N rests on a smooth 
horizontal surface. It is acted upon by two 
external forces as shown in the figure. One of 
these forces is of magnitude 5 N and acts at an 

angle θ with the horizontal, where tanθ =  . 

The other has magnitude F N and acts in a 
horizontal direction. Find

4

3

Solution: 

a 

b R(↑) 

Let the normal reaction be RN.

R(→) 
5 cos θ − F = 0

∴ F = 5 ×  
3

5
= 3 N

The angle θ is defined as satisfying tanθ =  .
 

 
From the right-angled triangle shown, cosθ =  

and sin θ =  .

4

3

3

5

4

5
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 R + 5 sin θ − 6 = 0

∴ R = 6 − 5 ×  
4

5
= 2 N
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise B, Question 8 

Question: 

a the magnitude of P, 

b the normal reaction between the particle and the surface. 

A particle of weight 2 N rests on a smooth 
horizontal surface and remains in equilibrium 
under the action of the two external forces 
shown in the figure. One is a horizontal force 
of magnitude 1 N and the other is a force P N 
at an angle θ to the horizontal, where tanθ =  

. Find
12

5

Solution: 

a 

b 

Let the normal reaction be RN.

R(→) 
P cos θ − 1 = 0 

∴ P = 1 ÷ cos θ

= 1 ÷  
5

13

=  
13

5

P = 2.6

When tan θ =  we can used the triangle 

shown to find sin θ =  and cosθ =  .
 

12

5

12

13

5

13
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R(↑) 

R − P sin θ − 2 = 0 
 

∴ R = P sin θ + 2

= 2.6 × + 2
12

13

= 2.4 + 2
= 4.4
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise B, Question 9 

Question: 

A particle A of mass m kg rests on a smooth horizontal table. The particle is attached by a light inextensible string to 
another particle B of mass 2m kg, which hangs over the edge of the table. 

The string passes over a smooth pulley, which is fixed at the edge of the table so that the string is horizontal between A 
and the pulley and then is vertical between the pulley and B. 

A horizontal force F N applied to A maintains equilibrium. The normal reaction between A and the table is R N. 

a Find the magnitudes of F and R in terms of m. 

The pulley is now raised to a position above the edge of the table so that the string is inclined at 30 degrees to the 
horizontal between A and the pulley. Again the string then hangs vertically between the pulley and B. A horizontal force 
F′ N applied to A maintains equilibrium in this new situation. The normal reaction between A and the table is now R′ N. 

b Find, in terms of m, the magnitudes of F′ and R′. 

Solution: 

a  

R(↑) 
 

Consider the mass m kg. 

R(→) 
 

Consider the mass 2m kg. Consider the mass 2 m kg first, as it has only two 
forces acting on it. This enables you to find the 
tension.

T − 2m g = 0

∴ T = 2m g.

T − F = 0

∴ F = T = 2m g

= 19.6m ( accept 20m )  
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R(↑) 
 

b 

R − m g = 0

∴ R = m g

= 9.8m

Consider the 2m kg mass. 
Again T = 2m g. 
Consider the mass m kg. 
R(→) 
T cos 30° − F = 0 

 

R(↑) 
R + T sin 30 − m g = 0 

∴ F = 2m g ×  = \ 3m g
\ 3

2

= 17m ( 2 s.f. )  

∴ R = m g − T sin 30

= m g − 2m g ×  
1

2

= 0
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Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise B, Question 10 
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Question: 

A particle of mass 2 kg rests on a smooth 
inclined plane, which makes an angle of 45 °  
with the horizontal. The particle is maintained 
in equilibrium by a force P N acting up the 
line of greatest slope of the inclined plane, as 
shown in the figure. Find the value of P.

Solution: 

Let the normal reaction be RN.

R ( ր )  Resolve along the plane.

P − 2g sin 45 ° = 0 

∴ P = 2g sin 45 °

= g\ 2
= 14 N ( 2 s.f. ) 

sun 45 ° =  =  
1

\ 2

\ 2

2
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Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise B, Question 11 
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Question: 

A particle of mass 4 kg is held in equilibrium 
on a smooth plane which is inclined at 45 ° to 
the horizontal by a horizontal force of 
magnitude P N, as shown in the diagram. Find 
the value of P.

Solution: 

Let the normal reaction be RN.

R ( ր )   
P cos 45° − 4g sin 45 ° = 0 

∴ P =  
4g sin 45 °

cos 45 °

= 4g
= 39 ( 2 s.f. )  

Resolve along the plane.

Page 1 of 1Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_4_b_11.html

PhysicsAndMathsTutor.com



Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise B, Question 12 

Question: 

The particle is attached to one end of a light inextensible string which passes over a smooth pulley, as shown in the 
figure. The other end of the string is attached to a particle B of mass 5 kg. Particle A is also acted upon by a force of 
magnitude FN down the plane, along a line of greatest slope. 

Find a the magnitude of the normal reaction between A and the plane, b the value F. 

A particle A of mass 2 kg rests in equilibrium on 
a smooth inclined plane. The plane makes an 

angle θ with the horizontal, where tanθ =  .
3

4

Solution: 

Let the normal reaction between the particle P and 
the plane be RN.

Let the tension in the string be TN. 
Consider first the 5 kg mass. 
R(↑) 

 

Consider the 2 kg mass. 
R ( տ )   

 

R ( ր )   
 

But as T = 5g 

T − 5g = 0

∴ T = 5g

R − 2g cos θ = 0

∴ R = 2g ×  
4

5
=  = 16 N ( 2 s.f. ) 

8g

5

T − F − 2g sin θ = 0

∴ F = T − 2g sin θ

Consider the 5 kg mass first to find T. Then 
resolve perpendicular to the plane and parallel to 
the plane for the forces acting on the 2 kg mass. 
Use a 3, 4, 5 triangle to find sinθ and cosθ.
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F = 5g − 2g ×  
3

5

=  
19g

5

= 37 N ( 2 s.f. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise B, Question 13 

Question: 

Q is attached to one end of a light inextensible string which passes over a smooth pulley as shown. The other end of the 
string is attached to a particle of mass 2 kg. 

The particle Q is also acted upon by a force of magnitude FN acting horizontally. 

Find the magnitude of 

a the force FN, b the normal reaction between particle Q and the plane. 

A particle Q of mass 5 kg rests in equilibrium on 
a smooth inclined plane. The plane makes an 

angle θ with the horizontal, where tanθ =  .
3

4

Solution: 

 

Consider the 2 kg particle. 

R(↑) 
 

Consider the 5 kg particle. 

R ( ր )   
 

As T = 2g, cos θ =  and sin θ =  

 

T − 2g = 0

∴ T = 2g

T + F cos θ − 5g sin θ = 0

∴ F cos θ = 5g sin θ − T

4

5

3

5
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R ( տ )   

R − F sin θ − 5g cos θ = 0 
 

F ×  
4

5
= 5g ×  − 2g

3

5

∴ F = g ÷  
4

5

=  
5g

4

= 12 ( 2 s.f. )  

∴ R = F sin θ + 5g cos θ

=  ×  + 5g ×  
5g

4

3

5

4

5

=  = 47 ( 2 s.f. )  
19g

4
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise B, Question 14 

Question: 

Find a the value of P, 

b the magnitude of the normal reaction between the particle and the plane. 

A particle of weight 20 N rests in equilibrium on 
a smooth inclined plane. It is maintained in 
equilibrium by the application of two external 
forces as shown in the diagram. One of the forces 
is a horizontal force of 5 N, the other is a force 
PN acting at 75 °  to the horizontal.

Solution: 

R ( ր )   

Let the normal reaction be RN.

P cos 30 ° − 5 cos 45 ° − 20 sin 45 °
= 0

Resolve along the plane to find P as it is the only 
unknown in your equation.

cos 45 ° =  sun 45 ° =  cos 30 ° =  
1

\ 2

1

\ 2

\ 3

2
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∴ P =  
5 cos 45 ° + 20 sin 45 °

cos 30 °

= ( 5 ·  + 20 ·  )  ÷  
\ 2

2

\ 2

2

\ 3

2

=  
25\ 2

\ 3

=  
25\ 6

3

= 20.4 ( 3 s.f. )  

R ( տ )   
 

As 

R + P sin 30 ° + 5 sin 45 °
− 20 cos 45 ° = 0

∴ R = 20 cos 45 ° − 5 sin 45 °
− P sin 30 °

P =  
25\ 6

3

R
=  −  =  = 0.400

( 3 s.f. )  

15

\ 2

25\ 6

6

45\ 2 − 25\ 6

6

sun 30 ° =  
1

2
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise C, Question 1 

© Pearson Education Ltd 2008 

Question: 

A book of mass 2 kg rests on a rough horizontal table. When a force of magnitude 8 N acts on the book, at an angle of 
20 °  to the horizontal in an upward direction, the book is on the point of slipping. 

Calculate, to three significant figures, the value of the coefficient of friction between the book and the table. 

Solution: 

 

Let the normal reaction be RN, the friction force be FN and the coefficient of friction be µ. 

R(↑) 
 

As the book is on the point of slipping the friction is limiting and 

F = µR 
 

R(→) 
8 cos 20 ° − F = 0

∴ F = 8 cos 20 °

Resolve horizontally to find F, vertically to find R 
and use F = µR to find µ.

R + 8sin 20 ° − 2 g = 0

∴ R = 2 g − 8sin 20 °

∴ µ =  
F

R

=  
8cos 20 °

2g − 8sin 20 °

=  
7.518

16.86

= 0.446 ( 3 s.f. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise C, Question 2 
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Question: 

A block of mass 4 kg rests on a rough horizontal table. When a force of 6 N acts on the block, at an angle of 30 °  to the 
horizontal in a downward direction, the block is on the point of slipping. Find the value of the coefficient of friction 
between the block and the table. 

Solution: 

R(↑) 

As the block is on the point of slipping 
 

Let the normal reaction be RN and the Friction force 
be FN. Let the coefficient of friction on be µ.

R(→) 
6 cos 30 ° − F = 0

∴ F = 6 cos 30 ° = 3\ 3 = 5.20 ( 3 s.f. ) 

Resolve horizontally to find F, vertically to find R 

and use µ =  .
F

R

R − 6sin 30 ° − 4g= 0 

∴ R = 6sin 30 ° + 4g

= 3 + 4 × 9.8
= 42.2

cos 30 ° =  
\ 3

2

sin 30 ° =  
1

2

F = µR

∴ µ =  
F

R

= 0.123 ( 3 s.f. ) or 0.12 ( 2 s.f. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise C, Question 3 
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Question: 

A block of weight 10 N is at rest on a rough horizontal surface. A force of magnitude 3 N is applied to the block at an 
angle of 60 °  above the horizontal in an upward direction. The coefficient of friction between the block and the surface 
is 0.3. 

a Calculate the force of friction, b determine whether the friction is limiting. 

Solution: 

 

Let the normal reaction force be R and the friction force be F. 

As F < µR the friction force is 1.5 N and is not limiting. 

a R(→) 
3 cos 60 ° − F = 0 

∴ F = 3 cos 60 °

F = 1.5 and so friction is 1.5 N

Find the friction force necessary to maintain 
equilibrium. Find the normal reaction force. Check 
whether F< µR – non limiting equilibrium or 
F = µR – limiting equilibrium.

b R(↑) 
R + 3sin 60 ° − 10 = 0 

∴ R = 10 − 3sin 60 °

= 10 −  
3\ 3

2

= 7.40 ( 3 s.f. )  

∴ µR = 0.3 ×7.40

= 2.22 ( 3 s.f. )  

sin 60 ° =  
\ 3

2
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise C, Question 4 
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Question: 

A packing crate of mass 10 kg rests on rough ground. It is filled with books which are evenly distributed through the crate. 
The coefficient of friction between the crate and the ground is 0.3. 

a Find the mass of the books if the crate is in limiting equilibrium under the effect of a horizontal force of magnitude 147 N. 

b State what modelling assumptions you have made. 

Solution: 

a 

R(→) 
 

R(↑) 
 

As the equilibrium is limiting, F= µR 
 

b The assumption is that the crate and books may be modelled as a particle. 

Let the normal reaction be RN and the friction force be 
FN.

Let the mass of the books be m kg. Find F and R by resolving and use F = µR for limiting 
friction.

147 −F = 0

∴ F = 147

R − 10g − m g = 0

∴ R = 10g + m g

∴ 147 = 0.3 ( 10g+ m g )  

∴ 147 = 3g + 0.3m g

∴ m =  
147 − 3g

0.3g

= 40
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise C, Question 5 

Question: 

A block of mass 2 kg rests on a rough horizontal plane. A force P acts on the block at an angle of 45 °  to the horizontal. 
The equilibrium is limiting, with µ = 0.3. 

Find the magnitude of P if 

a P acts in a downward direction, b P acts in an upward direction. 

Solution: 

a 

R(↑) 
 

As equilibrium is limiting, F = µR 
 

b 

Let R be the normal reaction and F be the force of 
friction.

R(→) 
Pcos 45° − F = 0

∴ F = Pcos 45°

Resolve horizontally and vertically to find F and 
R, then use the condition for limiting friction.

R − P sin 45 ° − 2g = 0

∴ R = P sin 45 ° + 2g

∴ P cos 45 ° = 0.3 (P sin 45 ° + 2g)  

∴ Pcos 45 ° − 0.3Psin 45 ° = 0.6g

∴ P ( cos 45 ° − 0.3sin 45 ° ) = 0.6g 

P =  
0.6g

cos 45 ° − 0.3sin 45 °

=  
6g\ 2

7

= 11.9 N ( 3 s.f. ) or 12 N ( 2 s.f. ) 

cos 45 ° = sin 45 ° =  =  
1

\ 2

\ 2

2

Let R be the normal reaction and F be the force of 
friction.
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R(→) 
 

R(↑) 
 

As equilibrium is limiting, F = µR. 
 

 

Pcos 45 ° −F = 0

∴ F = Pcos 45 °

R + P sin 45 ° − 2g = 0

∴ R = 2g − P sin 45 °

∴ Pcos 45 ° = 0.3 ( 2g− P sin 45 ° )  

∴ Pcos 45 ° + 0.3Psin 45 ° = 0.6g

∴ P ( cos 45 ° + 0.3sin 45 ° ) = 0.6g 

∴ P =  
6g\ 2

13

= 6.40 N ( 3 s.f. ) or 6.4 N ( 2 s.f. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise C, Question 6 
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Question: 

A particle P of mass 0.3 kg is on a rough 
plane which is inclined at an angle 30 ° to the 
horizontal. The particle is held at rest on the 
plane by a force of magnitude 3 N acting up 
the plane, in a direction parallel to a line of 
greatest slope of the plane. The particle is on 
the point of slipping up the plane. Find the 
coefficient of friction between P and the 
plane.

Solution: 

R ( տ )   

R − 0.3gcos 30 ° = 0 
 

As the particle is on the point of slipping 
 

Let R be the normal reaction and F be the force of 
friction.

R ( ր )   
3 − F − 0.3gsin 30 ° = 0 

∴ F = 3 − 0.3gsin 30 °

= 1.53 N

Note that the force of friction acts down the plane. 
Resolve parallel and perpendicular to the plane to 
obtain F and R and use F= µR.

∴ R = 0.3gcos 30 °

= 2.546 N

F = µR

∴ 1.53 = µ × 2.546

∴ µ =  
1.53

2.546

= 0.601 ( 3 s.f. ) ( accept 0.6 ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise C, Question 7 
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Question: 

A particle of mass 1.5 kg rests in equilibrium 
on a rough plane under the action of a force of 
magnitude XN acting up a line of greatest 
slope of the plane. The plane is inclined at 
25 °  to the horizontal. The particle is in 
limiting equilibrium and on the point of 
moving up the plane. The coefficient of 
friction between the particle and the plane is 
0.25. 
Calculate a the normal reaction of the plane 
on P, b the value of X.

Solution: 

b R ( ր )   
 

But the friction is limiting 
 

Let R be the normal reaction and F be the force 
of friction.

a R ( տ )   

R − 1.5 gcos 25 ° = 0

∴ R = 1.5 gcos 25 ° = 13.3 N ( 3 s.f. ) or 13 N
( 2 s.f. )  

The force of friction acts down the plane, and 
as the friction is limiting F = µR.

X − F − 1.5gsin 25 ° = 0

∴ X = F + 1.5 gsin 25 °

∴ F = µR

= 0.25 × 13.3227
= 3.3306...

∴ X = 3.33 + 1.5gsin 25 °

= 9.54 N ( 3 s.f. ) or 9.5 N ( 2 s.f. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise C, Question 8 

Question: 

a Find the magnitude and direction of the frictional force acting on the block. 

b Find the normal reaction between the block and the plane. 

c What can you deduce about the coefficient of friction between the block and the plane? 

A horizontal force of magnitude 20 N acts on 
a block of mass 1.5 kg, which is in 
equilibrium resting on a rough plane inclined 
at 30 °  to the horizontal. The line of action of 
the force is in the same vertical plane as the 
line of greatest slope of the inclined plane.

Solution: 

The friction force has magnitude 9.97 N or 10 N (2 s.f.) and acts down the plane. 

b R ( տ )   

R − 20sin 30 ° − 1.5gcos 30 ° = 0 
 

The normal reaction has magnitude 22.7 N or 23 N (2 s.f.). 

c For equilibrium F ≤ µR 

Let the normal reaction be R and the friction force 
be F acting down the plane.

a R ( ր )   
20 cos 30 ° −F − 1.5 gsin 30 ° = 0 

∴ F = 20 cos 30 ° − 1.5gsin 30 °

= 9.97 ( 3 s.f. )  

Draw a diagram showing all the forces acting with 
friction down the plane. 
Resolve along the plane. If F > 0 then you have 
chosen the correct direction. If F< 0 then friction 
acts up the plane.

∴ R = 20sin 30 ° + 1.5 g cos 30 °

= 22.7 ( 3 s.f. )  
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∴ µ ≥  

F

R

i.e. : µ ≥ 0.439 orµ ≥ 0.44 ( 2 s.f. )  
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise C, Question 9 

Question: 

a Find the normal reaction between the box and the plane. b Find X. 

A box of mass 3 kg lies on a rough plane 
inclined at 40 °  to the horizontal. The box is 
held in equilibrium by means of a horizontal 
force of magnitude XN. The line of action of 
the force is in the same vertical plane as the 
line of greatest slope of the inclined plane. 
The coefficient of friction between the box 
and the plane is 0.3 and the box is in limiting 
equilibrium and is about to move up the plane.

Solution: 

R ( ր )   
 

As the friction is limiting, F = µR 
 

Let the normal reaction be R and the friction force 
be F acting down the plane.

R ( տ )   

R − Xsin 40 ° − 3gcos 40 ° = 0

∴ R = Xsin 40 ° + 3gcos 40 ° *

You may decide to find X first and then use your 
answer to find R. 
The simplest way to find R first is to resolve 
vertically as there is no X term in the equation 
obtained.

Xcos 40 ° −F − 3gsin 40 ° = 0

∴ F = Xcos 40 ° − 3gsin 40 °

∴ Xcos 40 ° − 3gsin 40 ° = 0.3 (Xsin 40 ° + 3gcos 40 ° )  

∴ Xcos 40 ° − 0.3Xsin 40 ° = 0.9gcos 40 ° + 3gsin 40 °

∴ X ( cos 40 ° − 0.3sin 40 ° )  = 0.9gcos 40 ° + 3gsin 40 °
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Substitute into equation ∗  to give 

R = 51.3or R = 51 ( 2 s.f. )   

∴ X =  
0.9gcos 40 ° + 3gsin 40 °

cos 40 ° − 0.3sin 40 °

=  
25.65

0.5732

∴ X = 44.8 (accept 44.7 ) orx = 45 ( 2 s.f. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise C, Question 10 

Question: 

A small child, sitting on a sledge, rests in 
equilibrium on an inclined slope. The sledge is 
held by a rope which lies along the slope and 
is under tension. The sledge is on the point of 
slipping down the plane. Modelling the child 
and sledge as a particle and the rope as a light 
inextensible string, calculate the tension in the 
rope, given that the mass of the child and 
sledge is 22 kg, the coefficient of friction is 
0.125 and that the slope is a plane inclined at 
35 °  with the horizontal. The direction of the 
rope is along a line of greatest slope of the 
plane.

Solution: 

R ( ր )   

T + F − 22gsin 35 ° = 0 *  

R ( տ )   
 

Normal reaction is 180 N (2 s.f.). 

As the friction is limiting, F = µR 
 

Friction is 22 N (2 s.f.) 

Substitute into equation ∗  to give 

Let the normal reaction be R and the friction be F 
acting up the plane. 

The friction acts up the plane, as the sledge is on 
the point of slipping down the plane.

R − 22gcos 35 ° = 0

∴ R = 22gcos 35 °

R = 176.6

∴ F = 0.125 ×176.6

= 22.1 ( 3 s.f. ) 
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Tension is 100 N (2 s.f.) 

T = 22gsin 35 − 22.0.76...
= 101.6
= 102 ( 3 s.f. )  
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise C, Question 11 

Question: 

a if the box is about to move up the plane, 

b if the box is about to move down the plane. 

A box of mass 0.5 kg is placed on a plane 
which is inclined at an angle of 40 °  to the 
horizontal. The coefficient of friction between 

the box and the plane is . The box is kept in 

equilibrium by a light inextensible string 
which lies in a vertical plane containing a line 
of greatest slope of the plane. The string 
makes an angle of 20 °  with the plane, as 
shown in the diagram. The box is in limiting 
equilibrium and may be modelled as a 
particle. The tension in the string is TN. Find 
T

1

5

Solution: 

a 

R ( տ )   
 

R ( ր )   
 

As the friction is limiting F = µR 

Let the normal reaction be R and the friction force 
be F. 

In part a F acts down the plane and in part b F '  
acts up the plane.

R + Tsin 20 ° − 0.5gcos 40 ° = 0

∴ R = 0.5gcos 40 ° −Tsin 20 °

T cos 20 ° −F − 0.5gsin 40 ° = 0

∴ F = T cos 20 ° − 0.5gsin 40 °
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Tension is 3.9 N (2 s.f.) 

b 

The change from a is the direction of the friction force. 

∴ R = 0.5gcos 40 ° −Tsin 20 °  as before 

and F ' = 0.5gsin 40 ° − T cos 20 °  ( i.e. F ' = − F )   

As F ' = µR

 

 

 

Tension is 2.8 N (2 s.f.). 

∴ T cos 20 ° − 0.5gsin 40 ° =  ( 0.5gcos 40 ° −Tsin 20 ° )  
1

5

∴ T cos 20 ° +  Tsin 20 ° = 0.1gcos 40 ° + 0.5gsin 40 °
1

5

∴ T ( cos 20 ° +  sin 20 ° )  = 3.900
1

5

∴ T =  = 3.87N
3.900

cos 20 ° + 0.2sin 20 °

Let the normal reaction be R and the friction force 
be F ' .

0.5gsin 40 ° −T cos 20 ° =  ( 0.5gcos 40 ° −Tsin 20 ° ) 
1

5

∴ 0.5gsin 40 ° − 0.1gcos 40 ° =T cos 20 ° −  Tsin 20 °
1

5

∴ 2.399 = T ( cos 20 ° − 0.2sin 20 ° ) 

∴ T =  
2.399

( cos 20 ° − 0.2sin 20 ° ) 

= 2.75
= 2.8N ( 2 s.f. )  
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise C, Question 12 

Question: 

A box of mass 1 kg is placed on a plane, 
which is inclined at an angle of 40 °  to the 
horizontal. The box is kept in equilibrium by a 
light inextensible string, which lies in a 
vertical plane containing a line of greatest 
slope of the plane. The string makes an angle 
of 20 °  with the plane, as shown in the 
diagram. The box is in limiting equilibrium 
and may be modelled as a particle. The 
tension in the string is 10 N and the coefficient 
of friction between the box and the plane is µ. 
Find µ if the box is about to move up the 
plane.

Solution: 

 

R ( տ )   

R + 10sin 20 ° −gcos 40 ° = 0 
 

R ( ր )   
 

 

As the friction is limiting F = µR 

∴ R = gcos 40° − 10sin 20 °

= 4.087

10 cos 20 ° −F − gsin 40 ° = 0

∴ F = 10 cos 20 ° −gsin 40 °

= 3.0976...
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∴ µ =  

F

R

=  
3.0976

4.087

= 0.758 ( 3 s.f. ) 
Soµ = 0.76 ( 2 s.f. )
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 1 

Question: 

A particle P of mass 2 kg is held in equilibrium under gravity by two 
light inextensible strings. One string is horizontal and the other is inclined at an angle α to the horizontal, as shown in the 
diagram. The tension in the horizontal string is 15 N. The tension in the other string is T newtons. 

a Find the size of the angle α. b Find the value of T. 

Solution: 

 

R(→) 
 

R(↑) 
 

Divide equation (2) by equation (1) 
 

Substitute into equation (1) 

15 − T cos α = 0

∴ T cos α = 15 (1)

T sin α − 2g = 0

∴ T sin α = 2g (2)

T sin α

T cos α
=  

2g

15

∴ tan α =  
2g

15

= 1.307

∴ α = 52.6°
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 T cos 52.6 ° = 15

∴ T =  
15

cos 52.6 °
= 24.7
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 2 

Question: 

A particle is suspended by two light inextensible strings and hangs in equilibrium. One string is inclined at 30 °  to the 
horizontal and the tension in that string is of magnitude 40 N. the second string is inclined at 60 °  to the horizontal. 
Calculate in N 

a the weight of the particle, b the magnitude of the tension in the second string. 

Solution: 

 

Let the weight of the particle be WN and the tension in the second string be TN. 

R(→) 

40 cos 30 ° −T cos 60 ° = 0 
 

R(↑) 

T sin 60 ° + 40 sin 30 ° −W = 0 

∴ W = T sin 60 ° + 40 sin 30 °  

SubstituteT = 40\ 3, sin 60 ° =  and sin 30 ° =  

 

 

∴  the weight of the particle is 80 N and the tension in the second string is 69.3 N 

Alternative method 

R ( ր )   

∴ T =  
40 cos 30 °

cos 60 °

= 40\ 3 ( = 69.3 N ) 

\ 3

2

1

2

ThenW = 60 + 20
= 80
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b R ( տ )   

T − W sin 60 ° = 0 
 

40 − W cos 60 ° = 0

∴ W cos 60 ° = 40

∴ W =  
40

cos 60 °

= 80.

∴ T = W sin 60 °

= 80 
\ 3

2

= 40\ 3
= 69.3 ( 3 s.f. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 3 

Question: 

A particle P of weight 6 N is attached to one end of a light inextensible string. 
The other end of the string is attached to a fixed point O. A horizontal force of magnitude F newtons is applied to P. The 
particle P is in equilibrium under gravity with the string making an angle of 30 °  with the vertical, as shown in the 
diagram. 

Find, to three significant figures, 

a the tension in the string, b the value of F. 

Solution: 

a R(↑) 

T cos 30 ° − 6 = 0 
 

b R(→) 

F − T sin 30 ° = 0 

Let the tension in the string =T N.

∴ T =  
6

cos 30 °

= The 6.93 tension is 6.93 N ( 3 s.f. ) 
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∴ F = T sin 30 °

= T ×  
1

2

= 3.46. ( 3 s.f. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 4 

Question: 

A body of mass 5 kg is held in equilibrium under gravity by two 
inextensible light ropes. One rope is horizontal, the other is at an angle α to the horizontal, as shown in the diagram. 

The tension in the rope inclined at α to the horizontal is 72 N. Find 

a the angle α, giving your answer to the nearest degree, 

b the value of T to the nearest whole number. 

Solution: 

 

a R(↑) 

72 sin α − 5g = 0 
 

b R(→) 

T − 72 cos α = 0 
 

∴ sin α =  
5g

72

= 0.681

∴ α = 42.9 ( 3 s.f. )  

= 43 ° ( nearest degree ) 

∴ T = 72 cos α

= 52.8
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∴  Tension is 53 N to the nearest Newton 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 5 

Question: 

In the diagram, ∠ AOC = 90 °  and ∠ BOC = θ ° . A 
particle at O is in equilibrium under the action of three coplanar forces. The three forces have magnitudes 8 N, 12 N and 
XN and act along OA, OB and OC respectively. Calculate 

a the value, to one decimal place, of θ, 

b the value, to two decimal places, of X. 

Solution: 

 

a 

R(↑) 

12 cos ( θ − 90 ° ) − 8 = 0  
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b R(→) 

X − 12 sin (θ − 90 ° ) = 0  
 

∴ cos (θ − 90 ° )  =  
8

12

∴ θ − 90 ° = 48.2°

∴ θ = 138.2° ( 1 d.p. ) 

∴ X = 12 sin 48.2°

= 8.95 ( 2 d.p. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 6 

Question: 

The two ends of a string are attached to two points A and B of a horizontal beam. A package of mass 2 kg is attached to 
the string at the point C. When the package hangs in equilibrium ∠ BAC = 20 °  and ∠ ABC = 40 ° , as shown below. 

 

By modelling the package as a particle and the string as light and inextensible, find, to three significant figures, 

a the tension in AC, b the tension in BC. 

Solution: 

 

Let the tension in AC be TN and the tension in BC be SN. 

R(→) 

S cos 40 ° −T cos 20 ° = 0 (1) 

R(↑) 

S sin 40 ° +T sin 20 ° − 2g = 0 (2) 

Solve the simultaneous equations (1) and (2) 

( 1 ) × sin 40 ° − ( 2 ) × cos 40 °   

− T sin 40 ° cos 20 ° −T sin 20 ° cos 40 ° + 2g cos 40 ° = 0 

∴ T ( sin 40 ° cos 20 ° + cos 40 ° sin 20 ° ) = 2g cos 40 °   
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Substitute the value of T into equation (1) 
 

∴ T =  
2g cos 40 °

sin 40 ° cos 20 ° + cos 40 ° sin 20 °

= 17.3 [ NB sin 40 ° cos 20 ° + cos 40 ° sin 20 ° = sin 60 ° ] 

ThenS =  
T cos 20 °

cos 40 °

= 21.3
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 7 

© Pearson Education Ltd 2008 

Question: 

A block of mass 3 kg rests on a rough, horizontal table. When a force of magnitude 10 N acts on the block at an angle of 
60 °  to the horizontal in an upwards direction, the block is on the point of slipping. Calculate, to two significant figures, 
the value of the coefficient of friction between the block and the table. 

Solution: 

 

Let the normal reaction be R, N the friction force be FN and the coefficient of friction be µ. 

R(→) 
 

R(↑) 

R + 10 sin 60 ° − 3g = 0 
 

As the block is an the point of slipping, the friction is limiting and F = µR. 
 

10 cos 60 ° −F = 0

∴ F = 10 cos 60 °

F = 5

∴ R = 3g − 10 sin 60 °

= 3g − 5\ 3
= 20.7

∴ µ =  
F

R

=  
5

20.7

= 0.241 0.24 ( 2 s.f. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 8 

Question: 

A particle P of mass 7m is placed on a rough horizontal table, the coefficient of friction between P and the table being µ. 
A force of magnitude 2mg, acting upwards at an acute angle α to the horizontal, is applied to P and equilibrium is on the 

point of being broken by the particle sliding on the table. Given that tanα =  , find the value of µ.
 5

12

Solution: 

R(→) 

2m g cos α − F = 0 

∴ F = 2m g cos α 

R(↑) 

R + 2m g sin α − 7m g = 0 

∴ R = 7m g − 2m g sin α 

As the friction is limiting, F = µR. 
 

As tan α =  , sin α =  and cosα =  

 

Let the normal reaction be RN and the friction force 
be FN.

∴ µ =  
F

R

=  
2m g cos α

7m g − 2m g sin α

5

12

5

13

12

13
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∴ µ =  

2m g ×  
12

13

7m g − 2m g ×  
5

13

=  
24

81

=  
8

27

= 0.296 ( 3 s.f. )  
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 9 

© Pearson Education Ltd 2008 

Question: 

A box of mass 50 kg rests on rough horizontal ground. The 
coefficient of friction between the box and the ground is 0.6. A force of magnitude P newtons is applied to the box at an angle 
of 15°  to the horizontal, as shown in the diagram, and the box is now in limiting equilibrium. By modelling the box as a 
particle find, to three significant figures, the value of P. 

Solution: 

 

Let the normal reaction be RN and the frictional force be FN. 

R(→) 
 

R(↑) 

R − P sin 15° − 50g = 0

 

∴ R = P sin 15 ° + 50g

 

As the friction is limiting, F= µR 

∴ P cos 15° = 0.6 ( P sin 15° + 50g )  

 

∴ P cos 15° − 0.6P sin 15° = 30g

 

∴ P ( cos 15° − 0.6 sin 15° ) = 30g 

 

 

F − P cos 15° = 0

∴ F = P cos 15 °

∴ P =  
30g

cos 15° − 0.6 sin 15°

∴ P = 363
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 10 
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Question: 

A book of mass 2 kg rests on a rough plane inclined at an angle α °  to the horizontal. Given that the coefficient of 
friction between the book and the plane is 0.2, and that the book is on the point of slipping down the plane, find, to the 
nearest degree, the value of α. 

Solution: 

 

R ( ր )   

F − 2g sin α = 0 

∴ F = 2g sin α 

R ( տ )   

R − 2g cos α = 0 

∴ R = 2g cos α 

As the friction is limiting, F = µR 

∴ 2g sin α = 0.2 × 2g cos α 

Divide both sides by 2g cos α 
 

∴ tan α = 0.2

∴ α = 11.3°

α = 11 ° ( to the nearest degree ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 11 
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Question: 

a A book is placed on a desk lid which is slowly tilted. Given that the book begins to slide when the inclination of the lid 
to the horizontal is 30 ° , find the coefficient of friction between the book and the desk lid. 

b State an assumption you have made about the book when forming the mathematical model you used to solve part a. 

Solution: 

a 

R ( ր )   

F − m g sin 30 ° = 0 

R ( տ )   

R − m g cos 30 ° = 0 

As the friction is limiting F = µR 

∴ m g sin 30 ° =µ m g cos 30 °  

Divide both sides by mg cos 30 ° . 
 

b The book was modelled as a particle. 

Let the normal reaction be RN, the friction be FN 
and the mass be m kg.

m g sin 30 °

m g cos 30 °
= µ

∴ µ = tan 30 °

=  
\ 3

3

= 0.577
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 12 
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Question: 

A particle is placed on a smooth plane inclined at 35 °  to the horizontal. The particle is kept in equilibrium by a 
horizontal force, of magnitude 8 N, acting in the vertical plane containing the line of greatest slope of the inclined plane 
through the particle. Calculate, in N to one decimal place, 

a the weight of the particle, 

b the magnitude of the force exerted by the plane on the particle. 

Solution: 

a R ( ր )   

8 cos 35 ° −W sin 35 ° = 0 
 

b R ( տ )   

R − 8 sin 35 ° −W cos 35 ° = 0 
 

Let the normal reaction be RN and let the weight of 
the particle be WN.

∴ W sin 35 ° = 8 cos 35 °

∴ W = 8 
cos 35 °

sin 35 °

W = 11.4

∴ R = 8 sin 35 ° + W cos 35 °

R = 13.9
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 13 
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Question: 

A particle of mass 0.3 kg lies on a smooth plane inclined at an angle α to the horizontal, where tanα =  . The particle is 

held in equilibrium by a horizontal force of magnitude Q newtons. The line of action of this force is in the same vertical 
plane as a line of greatest slope of the inclined plane. Calculate the value of Q, to one decimal place. 

3

4

Solution: 

R ( ր )   
 

But tan α =  

 

 

Let the normal reaction force be RN.

Q cos α − 0.3g sin α = 0

∴ Q cos α = 0.3g sin α

∴ Q =  
0.3g sin α

cos α

= 0.3g tan α

3

4

∴ Q = 0.3g ×  
3

4

= 2.2 ( 1 d.p. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 14 
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Question: 

A small boat B of mass 100 kg is standing on a ramp which is inclined at 18°  to 
the horizontal. A force of magnitude 400 N is applied to B and acts down the ramp as shown in the diagram. The boat is in 
limiting equilibrium on the point of sliding down the ramp. Find the coefficient of friction between B and the ramp, giving 
your answer to two decimal places. 

Solution: 

R ( ր )   
 

R ( տ )   
 

As the Friction is limiting F= µR 
 

Let the normal reaction be RN and the friction be FN.

F − 400 − 100g sin 18° = 0

∴ F = 400+ 100g sin 18°

= 702.8

R − 100g cos 18° = 0

∴ R = 100g cos 18°

= 932.0

∴ µ =  
F

R

= 0.754
= 0.75 ( 2 d.p. ) . 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 15 

Question: 

A parcel of mass 5 kg lies on a rough plane inclined at an angle of α to the 

horizontal, where tanα =  . The parcel is held in equilibrium by the action of a horizontal force of magnitude 20 N, as 

shown in the diagram. The force acts in a vertical plane through a line of greatest slope of the plane. The parcel is on the 
point of sliding down the plane. Find the coefficient of friction between the parcel and the plane. 

3

4

Solution: 

R ( ր )   
 

As tan α =  , sin α =  and cosα =  

 

∴ F = 3g − 16 

R ( տ )   
 

As the friction is limiting F = µR 

Let the normal reaction be RN and the friction be 
FN.

F − 5g sin α + 20 cos α = 0

∴ F = 5g sin α − 20 cos α

3

4

3

5

4

5

R − 20 sin α − 5g cos α = 0

∴ R = 20 sin α + 5g cos α

= 12 + 4g
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∴ µ =  

F

R

=  
3g − 16

12 + 4g

=  
13.4

51.2

= 0.262 ( 3 s.f. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 16 

Question: 

A small parcel of mass 3 kg is held in equilibrium on a rough plane by the 
action of a horizontal force of magnitude 30 N acting in a vertical plane through a line of greatest slope. The plane is 
inclined at an angle of 30 °  to the horizontal, as shown in the diagram. 

The parcel is modelled as a particle. The parcel is on the point of moving up the slope. 

a Draw a diagram showing all the forces acting on the parcel. 

b Find the normal reaction on the parcel. 

c Find the coefficient of friction between the parcel and the plane. 

Solution: 

a 

b R ( ր )   

30 cos 30 ° −F − 3g sin 30 ° = 0 
 

R ( տ )   
 

c As the friction is limiting, F = µR. 

Let the normal reaction be RN and the friction be 
FN.

∴ F = 30 cos 30 ° − 3g sin 30 °

= 11.28

R − 30 sin 30 ° − 3g cos 30 ° = 0

∴ R = 30 sin 30 ° + 3g cos 30 °

= 40.46
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∴ µ =  

F

R

=  
11.28

40.46

= 0.2788
= 0.279 ( 3 s.f. ) . 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 17 

Question: 

A box of mass 6 kg lies on a rough plane inclined at an angle of 30 °  to the 
horizontal. The box is held in equilibrium by means of a horizontal force of magnitude P newtons, as shown in the 
diagram. 

The line of action of the force is in the same vertical plane as a line of greatest slope of the plane. The coefficient of 
friction between the box and the plane is 0.4. The box is modelled as a particle. Given that the box is in limiting 
equilibrium and on the point of moving up the plane, find, 

a the normal reaction exerted on the box by the plane, 

b the value of P. 

The horizontal force is removed. 

c Show that the box will now start to move down the plane. 

Solution: 

a R(↑) 

R cos 30 ° −F sin 30 ° − 6g = 0 (1) 

As the friction is limiting, F = µR 

∴ F = 0.4R 

Substitute into equation (1) 

Let the normal reaction be RN and the friction be 
FN.
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b R(→) 
 

c 

R ( տ )   
 

R ( ր )   
 

As maximum value F can take is 20.4, there is a resultant force of 9 N down the plane and the box will move. 

∴ R cos 30 ° − 0.4Rsin 30 ° = 6g

∴ R ( cos 30 ° − 0.4 sin 30 ° ) = 6g

∴ R =  
6g

cos 30 ° − 0.4 sin 30 °

R = 88.3

P − R sin 30 ° − F cos 30 ° = 0

∴ P = R sin 30 ° + 0.4R cos 30 ° ( asF = 0.4R )  

= 88.3 ( sin 30 ° + 0.4 cos 30 ° )  
= 74.7

Draw a new sketch with the new normal reaction RN 
and friction force FN.

R − 6g cos 30 ° = 0

∴ R = 6g cos 30 °

= 50.9

∴ µR = 20.4

Resultant force down the plane = 6gsin 30 ° −F
= 29.4 −F
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 18 

Question: 

A box of mass 1.5 kg is placed on a plane which is inclined at an angle of 

30 °  to the horizontal. The coefficient of friction between the box and plane is . The box is kept in equilibrium by a 

light string which lies in a vertical plane containing a line of greatest slope of the plane. The string makes an angle of 
20 °  with the plane, as shown in the diagram. 

The box is in limiting equilibrium and is about to move up the plane. The tension in the string is T newtons. The box is 
modelled as a particle. Find the value of T. 

1

3

Solution: 

R ( ր )   

T cos 20 ° −F − 1.5g sin 30 ° = 0 

∴ F = T cos 20 ° − 1.5g sin 30 °  

R ( տ )   
 

As the box is in limiting equilibrium, F = µR 

Let the normal reaction be RN and the friction force 
be FN.

R + T sin 20 ° − 1.5g cos 30 ° = 0

∴ R = 1.5g cos 30 ° −T sin 20 °
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∴ T cos 20 ° − 1.5gsin 30 ° =  ( 1.5g cos 30 ° −T sin 20 ° ) 

1

3

∴ T cos 20 ° +  T sin 20 °
1

3
= 0.5g cos 30 ° + 1.5gsin 30 °

∴ T ( cos 20 ° +  sin 20 ° ) 
1

3
= 0.5g cos 30 ° + 1.5gsin 30 °

∴ T =  
11.59

1.054

∴ T = 11.0
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 19 

Question: 

A rough slope is inclined at an angle α to the horizontal, where α < 45° . A 
small parcel of mass M is at rest on the slope, and the coefficient of friction between the parcel and the slope is µ. A force 
of magnitude kMg, where k is a constant, is applied to the parcel in a direction making an angle α with a line of greatest 
slope, as shown in the diagram. 

The line of action of the force is in the same vertical plane as the line of greatest slope. Given that the parcel is on the 

point of moving down the slope, show that: k =  
 µ cosα − sinα

cosα − µ sinα

Solution: 

R ( ր )   
 

R ( տ )   
 

As the friction is limiting; F = µR. 

Let R be the normal reaction and F be the force of 
friction.

F − kM g cos α − M g sin α = 0

∴ F = M g ( k cos α + sin α )  

R − kM g sin α − M g cos α = 0

∴ R = M g ( k sin α + cos α )  
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∴ M g ( k cos α + sin α )  = µM g ( k sin α + cos α )  

∴ k cos α − µk sin α = µ cos α − sin α

∴ k ( cos α − µ sin α )  = µ cos α − sin α

∴ k =  
µ cos α − sin α

cos α − µ sin α
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 20 

Question: 

A parcel A of mass 2 kg rests on a rough slope inclined at an 

angle θ to the horizontal, where tanθ =  . A string is attached to A and passes over a small smooth pulley fixed at P. 

The other end of the string is attached to a weight B of mass 2.2 kg, which hangs freely, as shown in the diagram. 

The parcel A is in limiting equilibrium and about to slide up the slope. By modelling A and B as particles and the string 
as light and inextensible, find 

a the normal contact force acting on A, 

b the coefficient of friction between A and the slope. 

3

4

Solution: 

a 

Consider the 2 kg mass. 

R ( ր )   
 

As tan θ =  , sin θ =  and cosθ =  

 

Let the normal reaction be RN and the friction be 
FN acting down the plane. Let the tension in the 
string be TN.

R − 2g cos θ = 0

∴ R = 2g cos θ

3

4

3

5

4

5
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b Consider the 2.2 kg mass. 

R(↑) 
 

Consider the 2 kg mass. 

R ( ր )   
 

But T = 2.2g and sin θ =  

 

 

As the Friction is limiting F = µR 
 

∴ R = 2g ×  
4

5

=  
8g

5

R = 15.68
= 15.7 ( 3 s.f. ) 

T − 2.2g = 0

∴ T = 2.2g

T − F − 2g sin θ = 0

∴ F = T − 2g sin θ

3

5

∴ F = 2.2g − 2g ×  
3

5

i.e. : F = g

∴ F = 9.8

∴ µ =  
F

R

=  ( or g ÷  )  
9.8

15.68

8g

5

= 0.625 or  
5

8
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 21 

Question: 

A light inextensible string passes over a smooth peg, and is attached at one end to 
a particle of mass m kg and at the other end to a ring also of mass m kg. The ring is threaded on a rough vertical wire as 
shown in the diagram. The system is in limiting equilibrium with the part of the string between the ring and the peg 
making an angle of 60 °  with the vertical wire. 

Calculate the coefficient of friction between the ring and the wire, giving your answer to three significant figures. 

Solution: 

Consider the particle of mass m. 

R(↑) 
 

Consider the ring. 

R(→) 
 

Let the normal reaction, the friction and the tension 
be RN, FN and TN respectively.

T − m g = 0

∴ T = m g

T sin 60 − R = 0

∴ R = T sin 60 °

= m g sin 60 °

= m g 
\ 3

2
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R(↑) 
 

As the friction is limiting F = µR 
 

F + T cos 60 ° − m g = 0

∴ F = m g − T cos 60 °

= m g −  m g
1

2

=  m g
1

2

∴ µ =  
F

R

=  m g ÷ m g 
1

2

\ 3

2

=  
1

\ 3

= 0.577 ( 3 s.f. )  
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 22 

Question: 

A light inextensible string passes over a smooth peg, and is attached at one end to a particle of mass 3m 
kg and at the other end to a ring of mass 2m kg. The ring is threaded on a rough vertical wire as shown in the diagram. 
The system is in limiting equilibrium with the part of the string between the ring and the peg making an angle of 30 °  
with the vertical wire. 

Calculate the coefficient of friction between the ring and the wire, giving your answer to three significant figures. 

Solution: 

Consider the 3 m kg particle. 

R(↑) 
 

Consider the 2 m kg ring. 

R(→) 
 

R(↑) 

Let the normal reaction, the friction and the tension 
be RN, FN and TN respectively.

T − 3m g = 0

∴ T = 3m g

R − T sin 30 ° = 0

∴ R = T sin 30 °

∴ R = 3m g sin 30 ° , asT = 3m g

∴ R =  
3m g

2
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As friction is limiting: F = µR 
 

T cos 30 ° − F − 2m g = 0

∴ F = T cos 30° − 2m g

= 3m g − 2m g= 0.598m g
\ 3

2

∴ µ =  
F

R
=  

0.598m g

1.5m g

= 0.399 ( 3 s.f. ) 
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Solutionbank M11 
Edexcel AS and A Level Modular Mathematics 
Statics of a particle 
Exercise D, Question 23 

Question: 

A ring of mass 0.3 kg is threaded on a fixed, rough horizontal curtain pole. A 
light inextensible string is attached to the ring. The string and the pole lie in the same vertical plane. The ring is pulled 

downwards by the string which makes an angle α to the horizontal, where tanα =  as shown in the diagram.
 

The tension in the string is 2.5 N. 

Given that, in this position, the ring is in limiting equilibrium, 

a find the coefficient of friction between the ring and the pole. 

The direction of the string is now altered so that the ring is pulled upwards. The string lies in the same vertical plane as 
before and again makes an angle α with the horizontal, as shown in the diagram below. 

 

The tension in the string is again 2.5 N. 

b Find the normal reaction exerted by the pole on the ring. 

c State whether the ring is in equilibrium in the position shown in the second figure, giving a brief justification for your 
answer. You need make no further detailed calculation of the forces acting. 

1

4

Solution: 

a 

R(→) 

2.5 cos α − F = 0 

Let the normal reaction and friction force be 
RN and FN respectively.
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∴ F = 2.5 cos α. 

∴ F = 2.5 ×  = 2.425

 

R(↑) 
 

As the friction is limiting F = µR 
 

b 

R(↑) 
 

c To maintain equilibrium F would need to be 2.425 N (as in part a) 

But the maximum value F can take is µR 

i.e. : 0.684× 2.33 ( 1.596N )   

As tan α =  , sin α =  and cosα =  from 

Pythagoras' Theorem.

1

4

1

\ 17

4

\ 17

4

\ 17

R − 0.3g − 2.5 sin α = 0

∴ R = 0.3g + 2.5 ×  
1

\ 17

= 3.546

∴ µ =  
F

R

=  
2.425

3.546

= 0.684 ( 3 s.f. ) 

Let the new normal reaction be R′ N, the 
friction remains FN.

R ′ + 2.5 sin α = 0.3g

∴ R ′ = 0.3g − 2.5 ×  
1

\ 17

= 2.33
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As 2.425> 1.596 the ring is not in equilibrium. 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise A, Question 1 

© Pearson Education Ltd 2008 

Question: 

Calculate the moment about P of each of these forces acting on a lamina. 

 

Solution: 

Moment = 3 × 2 = 6 Nm clockwise
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise A, Question 2 

© Pearson Education Ltd 2008 

Question: 

Calculate the moment about P of each of these forces acting on a lamina. 

 

Solution: 

Moment = 7 × 1.5 = 10.5 Nm clockwise
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise A, Question 3 

© Pearson Education Ltd 2008 

Question: 

Calculate the moment about P of each of these forces acting on a lamina. 

 

Solution: 

Moment = 2 × 6.5 = 13 Nm anticlockwise
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise A, Question 4 

© Pearson Education Ltd 2008 

Question: 

Calculate the moment about P of each of these forces acting on a lamina. 

 

Solution: 

Line of action passes through P so the distance is 
zero. 
Moment = 0 Nm 
(No turning effect)
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise A, Question 5 

© Pearson Education Ltd 2008 

Question: 

Calculate the moment about P of each of these forces acting on a lamina. 

 

Solution: 

 
Perpendicular distance = 5 × sin 30 ° 

Draw in the right angled triangle.

Moment = 4 × 5 sin 30 °
= 10 Nm anticlockwise
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise A, Question 6 

© Pearson Education Ltd 2008 

Question: 

Calculate the moment about P of each of these forces acting on a lamina. 

 

Solution: 

 
The angle inside the triangle is 180 ° − 140 °
= 40 ° , 

so the distance = 5 × sin 40 °  
Moment = 3.6 × 5 sin 40 °  
≈ 11.6 Nm clockwise

Draw in the right angled triangle.
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise A, Question 7 

© Pearson Education Ltd 2008 

Question: 

Calculate the moment about P of each of these forces acting on a lamina. 

 

Solution: 

 

≈ 30.5 Nm anticlockwise

Distance = 7.2 × sin 45 °
Moment = 6 × 7.2 sin 45 °
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise A, Question 8 

© Pearson Education Ltd 2008 

Question: 

Calculate the moment about P of each of these forces acting on a lamina. 

 

Solution: 

The line of action of the force acts through P, so 
moment = 0 Nm
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise A, Question 9 

© Pearson Education Ltd 2008 

Question: 

Calculate the moment about P of each of these forces acting on a lamina. 

 

Solution: 

Distance = 2.8 × cos 60 °
Moment = 9.5 × 2.8 cos 60 °

= 13.3 Nm clockwise
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise A, Question 10 

© Pearson Education Ltd 2008 

Question: 

Calculate the moment about P of each of these forces acting on a lamina. 

 

Solution: 

 
The angle inside the triangle = 180 ° − 137 °
= 43 °  

 

≈ 33.8 Nm anticlockwise

Draw in the right angled triangle.

Distance = 6.2 × sin 43 °
Moment = 8 × 6.2 sin 43 °
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise B, Question 1 

Question: 

These diagrams show sets of forces acting on a light rod. For each rod, calculate the sum of the moments about P. 

a b 

c d 

e f 

Solution: 

a 

b 

↻  (Total of moments for forces acting clockwise about 
P): 3 × 1 = 3 Nm 
↺  (Total of moments for forces acting anticlockwise 

about P): 
( 1 + 3 ) × 2 = 8 Nm

Sum of moments = 8 − 3
= 5 Nm anticlockwise
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c 

d 

e 

f 

↻ 4 × ( 2 + 1 ) + 3 × 1 = 15 Nm

↺ 2 × 1 = 2 Nm

Sum of moments = 15 − 2
= 13 Nm clockwise

↻ 3 × 1 = 3 Nm

↺ 7 × ( 1 + 1 ) + 4 × 2 = 22 Nm

Sum of moments = 22 − 3
= 19 Nm anticlockwise

↻ 3 × 1 = 3 Nm

↺ 2 × 1 + 4 × ( 2 + 1 ) = 14 Nm

Sum of moments = 14 − 3
= 11 Nm anticlockwise

↻ 3 × ( 1 + 1 ) + 2 ×
( 1 + 1 + 1 )  

= 12 Nm

↺ 4 × 1 + 1 × ( 1 + 1 + 1 + 1 )  = 8 Nm

Sum of moments = 12 − 8
= 4 Nm clockwise

↻ 1 × 1 + 2 × 1 = 3 Nm

↺ 2 × ( 1 + 1 ) + 3 ×
( 1 + 1 )  

= 10 Nm

Sum of moments = 10 − 3
= 7 Nm anticlockwise
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise B, Question 2 

Question: 

These diagrams show forces acting on a lamina. In each case, find the sum of the moments of the set of forces about P. 

a b 

c d 

e f 

Solution: 

a 

↻ 3 × 2 + 2 × 5 = 16 Nm

↺ None

Sum of moments = 16 Nm clockwise
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b 

c 

d 

e 

f 

↻ 4 × 2 = 8 Nm

↺ 3 × 3 = 9 Nm

Sum of moments = 9 − 8
= 1 Nm anticlockwise

↻ 6 × 4 = 24 Nm

↺ 7 × 2 = 14 Nm

Sum of moments = 24 − 14
= 10 Nm clockwise

↻ 5 × 2 = 10 Nm

↺ 3 × 1 = 3 Nm

Sum of moments = 10 − 3
= 7 Nm clockwise

↻ 3 × 0.9 = 2.7 Nm

↺ 4 × 0.8 = 3.2 Nm

Sum of moments = 3.2 − 2.7
= 0.5 Nm anticlockwise
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↻ 5 × 0.8 = 4 Nm

↺ 6 × ( 2.5 × sin 65 °
)  

= 13.594… Nm

or ( 6 × sin 65 ° )
× 2.5 

or ( 6 × cos 25 ° )
× 2.5 

Sum of moments = 13.594. … − 4
≈ 9.59 Nm anticlockwise
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise C, Question 1 

Question: 

AB is a uniform rod of length 5 m and weight 20 N. In these diagrams AB is resting in a horizontal position on supports at 
C and D. In each case, find the magnitudes of the reactions at C and D. 

a b 

c d 

Solution: 

a 

b 

c 

d 

R(↑) 
RC + RD = 20 

Taking moments about C: 
3 × RD = 20 × 1.5 = 30 

⇒ RD = 10 N and RC = 10 N

R(↑) 
RC + RD = 20 

Taking moments about C: 
RD × 2 = 20 × 0.5 = 10 

⇒ RD = 5 N and RC = 15 N

R(↑) 
RC + RD = 20 

Taking moments about C: 
RD × 2.5 = 20 × 1 = 20 

⇒ RD =  = 8 N and RC = 12 N
20

2.5
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R(↑) 
RC + RD = 20 

Taking moments about C: 
2.7 × RD = 20 × 1 = 20

⇒ RD =  ≈ 7.4 NandRC ≈ 12.6 N
20

2.7
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise C, Question 2 

Question: 

Each of these diagrams shows a light rod in equilibrium in a horizontal position under the action of a set of forces. 

a b 

c d 

Solution: 

a 

b 

c 

R(↑) 
X + Y = 10 + 15 = 25 
Taking moments about P: 
15 × ( 2 + 1 ) = 10 × 1 +Y × 2

⇒ 45 = 10 + 2 Y ,  2Y = 35 , Y = 17.5

⇒ X = 7.5 and Y = 17.5

R(↑) 
15 + Y = 20 + X , Y − X = 5 
Taking moments about P: 
20 × ( 2 + 1 ) = 15 × 2 +X × 1

⇒ 60 = 30 + X ,  X = 30

⇒ X = 30and Y = 35
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d 

R(↑) 
 

Taking moments about P: 

5g + X = 5g + 10g + 15g = 30g

⇒ X = 25g = 245

15g × d + 5g ×
( 2 + 3 )  

= 10g × 3 + 5g ×
( 2 + 2 + 3 )  

⇒ 15g d + 25g = 30g + 35g

⇒ 15d = 40 , d = 2 
2

3

R(↑) 
 

Taking moments about P: 
 

2X + 3X = 5g + 10g + 10g = 25g

⇒ X = 5g = 49

5g × d + 15g × ( 1 + 1.5 )  
= 10g × 1 + 10g× ( 1 + 1.5 + 1 ) 

⇒ 5d + 15 × 2.5 = 10 + 35 , 5d= 7.5 ,

⇒ d = 1.5
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise C, Question 3 

© Pearson Education Ltd 2008 

Question: 

Jack and Jill are playing on a see-saw made from a uniform plank AB of length 5 m pivoted at M, the mid-point of AB. 
Jack has mass 35 kg and Jill has mass 28 kg. Jill sits at A. Where must Jack sit for the plank to be in equilibrium when 
horizontal? 

Solution: 

Suppose that Jack sits x m from B. 
Taking moments about the pivot (M): 
28g × 2.5 = 35g× ( 2.5 −x )   
⇒ 28 × 2.5 = 35 ( 2.5 −x )   

5 ( 2.5 − x ) = 4 × 2.5 = 10  
2.5 − x = 2 , ⇒ x = 0.5 
Jack sits 0.5 m from B
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise C, Question 4 

© Pearson Education Ltd 2008 

Question: 

A uniform rod AB of length 3 m and mass 12 kg is pivoted at C, where AC = 1 m. Calculate the vertical force that must 
be applied at A to maintain equilibrium with the rod horizontal. 

Solution: 

Suppose that the force required is V N acting 
vertically downwards at A. 
Taking moments about the pivot (C): 
V × 1 = 0.5 × 12g

⇒ V = 6g = 59 N (2 s.f.)
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise C, Question 5 

© Pearson Education Ltd 2008 

Question: 

A broom consists of a broomstick of length 130 cm and mass 5 kg and a broomhead of mass 5.5 kg attached at one end. 
By modelling the broomstick as a rod and the broomhead as a particle, find where a support should be placed so that the 
broom will balance horizontally. 

Solution: 

Let the support be x m from the broomhead. 
Taking moments about the support: 

 

The support should be 31 cm from the broomhead.

5.5g × x = 5g × ( 0.65 −x )  
5.5x = 5 × 0.65 − 5x
10.5x = 3.25
x ≈ 0.31
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise C, Question 6 

© Pearson Education Ltd 2008 

Question: 

A uniform rod AB of length 4 m and weight 20 N is suspended horizontally by two vertical strings attached at A and at B. 
A particle of weight 10 N is attached to the rod at point C, where AC = 1.5 m. Find the magnitudes of the tensions in the 
two strings. 

Solution: 

Let the tensions in the two strings be TA and TB 

respectively. 
R(↑) 
TA + TB = 10 + 20 = 30 

Taking moments about point A: 

10 × 1.5 + 20 × ( 1.5 + 0.5 ) = 4 × TB

⇒ 4TB = 15 + 40 = 55 ,TB = 13.75 N

  andTA = 16.25 N

Page 1 of 1Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_5_c_6.html

PhysicsAndMathsTutor.com



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise C, Question 7 

© Pearson Education Ltd 2008 

Question: 

A uniform plank AB of length 5 m and mass 30 kg is resting horizontally on supports at C and D, where AC = 1 m and 
AD = 3.5 m. When a particle of mass 14 kg is attached to the rod at point E the magnitude of the reaction at C is equal to 
the magnitude of the reaction at D. Find the distance AE. 

Solution: 

R(↑) 
R + R = 30g + 14g = 44g⇒ R = 22g 
Let distance AE = x m 
Taking moments about A: 
R × 1 + R × 3.5 = 30g× 2.5 + 14g× x 

 

AE ≈ 1.71 m

⇒ 4.5 × 22g= 75g + 14gx

99 = 75 + 14x

⇒ 24 = 14x , x ≈ 1.71
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Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise C, Question 8 

© Pearson Education Ltd 2008 

Question: 

A uniform rod AB has length 4 m and mass 8 kg. It is resting in a horizontal position on supports at points C and D were 
AC = 1 m and AD = 2.5 m. A particle of mass m kg is placed at point E where AE = 3.3 m. Given that rod is about to tilt 
about D, calculate the value of m. 

Solution: 

If the rod is about to turn about D then the reaction 
at C is zero. 
Taking moments about point D: 
8g × 0.5 =m g × 0.8

⇒ m = 5
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Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise C, Question 9 

© Pearson Education Ltd 2008 

Question: 

A uniform bar AB of length 6 m and weight 40 N is resting in a horizontal position on supports at points C and D where 
AC = 2 m and AD = 5 m. When a particle of weight 30 N is attached to the bar at point E the bar is on the point of tilting 
about C. Calculate the distance AE. 

Solution: 

If the bar is about to tilt about C then the reaction at 
D is zero. 
Let the distance AE= x m 
Taking moments about C: 

 

The distance AE=  m

40 × 1 = 30 × ( 2 −x ) , 40 = 60 − 30x 

⇒ 30x = 20 , x =  
2

3

2

3
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise C, Question 10 

© Pearson Education Ltd 2008 

Question: 

A plank AB of mass 12 kg and length 3 m is in equilibrium in a horizontal position resting on supports at C and D where 
AC = 0.7 m and DB = 1.1 m. A boy of mass 32 kg stands on the plank at point E. The plank is about to tilt about D. By 
modelling the plank as a uniform rod and the boy as a particle, calculate the distance AE. 

Solution: 

Let the distance AE be x m. 
If the plank is about to tilt about D then RC = 0. 

Taking moments about D: 
 

E is 2.05 m from A

12g × 0.4 = 32g× ( x − 1.9 )  
12 × 0.4 = 32x− 32 × 1.9
32x = 4.8 + 60.8 = 65.6

⇒ x = 65.6 ÷ 32 = 2.05 m
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise C, Question 11 

Question: 

A uniform rod AB has length 5 m and weight 20 N. The rod is resting on supports at points C and D where AC = 2 m and 
BD = 1 m. 

a Find the magnitudes of the reactions at C and D. 

A particle of weight 12 N is placed on the rod at point A. 

b Show that this causes the rod to tilt about C. 

A second particle of weight 12 N is placed on the rod at E to hold it in equilibrium. 

c How far must E be from A? 

Solution: 

a 

b Adding the weight of 12 N:  

c Adding the second particle: 

R(↑) 
RC + RD = 20 

Taking moments about C: 
20 × 0.5 =RD × 2 , RD = 5 N

RC = 15 N

Taking moments about C: 
 

⇒ RD is negative, which is impossible, therefore 

there is an anticlockwise moment about C – the rod 
will tilt.

20 × 0.5 = 12 × 2 +RD × 2

10 = 24 + 2RD

Let the distance AE be x m. 
If the system is just about to tilt about C, taking 
moments about C and RD = 0 
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The second particle needs to be 3.17 m from A to 
prevent tilting.

12 × ( x − 2 ) + 20 × 0.5 = 12 × 2
12x − 24 + 10 = 24
12x = 38

⇒ x = 38 ÷ 12 ≈ 3.17
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Moments 
Exercise D, Question 1 
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Question: 

A non-uniform rod AB of length 4 m and weight 6 N rests horizontally on two supports at A and B. Given that the centre 
of mass of the rod is 2.4 m from the end A, find the reactions at the two supports. 

Solution: 

R(↑) 
6 = RA + RB 

Taking moments about A: 
 

The reactions at A and B are 2.4 N and 3.6 N 
respectively.

6 × 2.4 = 4 × RB

⇒ RB = 3.6 N

RA = 2.4 N
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Question: 

A non-uniform bar AB of length 5 m is supported horizontally on supports at A and B. The reactions at these supports are 
3g N and 7g N respectively. Find the position of the centre of mass. 

Solution: 

Let m be the mass of the bar. 
R(↑) m g = 3g + 7g 
⇒  the mass of the bar is 10 kg 

Let the centre of mass be x m from A: 
Taking moments about A: 

 

The centre of mass is 3.5 m from A.

m g × x = 7g × 5

⇒ m x = 35 , 10x= 35 , x = 3.5 m
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Question: 

A non-uniform plank AB of length 4 m and weight 120 N is pivoted at its mid-point. The plank is in equilibrium in a 
horizontal position with a child of weight 200 N sitting at A and a child of weight 300 N sitting at B. By modelling the 
plank as a rod and the two children as particles find the distance of the centre of mass of the plank from A. 

Solution: 

Let the centre of mass be x m from A. 
Taking moments about the mid-point: 

 

The centre of mass is m from A.

120 × ( 2 −x ) + 200 × 2 = 300 × 2 
240 − 120x+ 400 = 600
120x = 40

⇒ x =  =  
40

120

1

3

1

3
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Question: 

A non-uniform rod AB of length 5 m and mass 15 kg rests horizontally suspended from the ceiling by two vertical strings 
attached to C and D, where AC = 1 m and AD = 3.5 m. 

a Given that the centre of mass is at E where AE = 3 m, find the magnitudes of the tensions in the strings. 

When a particle of mass 10 kg is attached to the rod at F the rod is just about to rotate about D. 

b Find the distance AF. 

Solution: 

a 

b 

Taking moments about C: 
 

R(↑) 
TC + TD = 15g , TC = 3g = 29.4 N

TD × 2.5 = 15g × 2

2.5TD = 30g

⇒ TD = 12g = 118 N (3 s.f.)

With the particle attached at F, TC is zero because 

the rod is about to rotate about D. 
Let the distance AF= x m. 
Taking moments about D: 

 

The distance AF is 4.25 m

15g × 0.5 = 10g× ( x − ( 1 + 2 + 0.5 ) ) 
= 10g × ( x − 3.5 )  

7.5g = 10gx − 35g
42.5 = 10x

⇒ x = 4.25
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Question: 

 

A plank AE, of length 6 m and weight 100 N, rests in a horizontal position on supports at B and D, where AB = 1 m and 
DE = 1.5 m. A child of weight 145 N stands at C, the mid-point of AE, as shown in the diagram above. The child is 
modelled as a particle and the plank as a uniform rod. The child and the plank are in equilibrium. Calculate 

a the magnitude of the force exerted by the support on the plank at B, 

b the magnitude of the force exerted by the support on the plank at D. 

The child now stands at a different point F on the plank. The plank is in equilibrium and on the point of tilting about D. 

c Calculate the distance DF. 

Solution: 

 

a Taking moments about the point D: 
⇒  since the child and the plank are in equilibrium, 

1.5 × 100 + 1.5 × 145 = 3.5 ×FB , 150 + 217.5 = 3.5 ×FB , ⇒ FB = 367.5 ÷ 3.5 = 105 N 

b R(↑), the child and the plank are in equilibrium, so 
 

c 

100 + 145 =FB + FD ,

245 =105 +FD

⇒ FD = 245 − 105 = 140 N
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If the plank is about to tilt about D, then FB = 0 and the child must be standing to the right of D.

 

Let the distance DF be x m. Taking moments about D: 

⇒ 100 × 1.5 = 145 ×x ,  x =  ≈ 1.03 m  = 103 cm  
 

100 × 1.5

145
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Question: 

 

A uniform rod AB has length 4 m and weight 150 N. The rod rests in equilibrium in a horizontal position, smoothly 
supported at points C and D, where AC = 1 m and AD = 2.5 m as shown in the diagram above. A particle of weight W N 
is attached to the rod at a point E where AE = x metres. The rod remains in equilibrium and the magnitude of the reaction 
at C is now equal to the magnitude of the reaction at D. 

a Show that W =  

 

b Hence deduce the range of possible values of x. 

150

7 − 4x

Solution: 

 

a Since the rod is uniform, the centre of mass is at the mid-point. 
Taking moments about A: 

 

R(↑), equilibrium ⇒ W + 150 =R + R , 2R = W + 150 

Hence R =  , and Wx + 300 =  ×  
 

 

W  7 − 4x  = 150 ,W =  
 

Wx + 150 × 2 =R × 1 + R × 2.5 ,
Wx + 300 = 3.5R

W + 150

2

7

2

W + 150

2

⇒ 4 ( Wx + 300 )  = 7W + 7 × 150 , 4Wx+ 1200 = 7W+ 1050

1200 − 1050 = 7W− 4Wx

 


 


150

7 − 4x
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b x ≥ 0 and  > 0
 

 

150

7 − 4x

⇒ 7 − 4x > 0

4x < 7

x <  
7

4

x < 1.75
So 0 ≤ x < 1.75
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Question: 

 

A uniform plank AB has mass 40 kg and length 4 m. It is supported in a horizontal position by two smooth pivots. One pivot is at the 
end A and the other is at the point C where AC= 3 m, as shown in the diagram above. A man of mass 80 kg stands on the plank 
which remains in equilibrium. The magnitude of the reaction at A is twice the magnitude of the reaction at C. The magnitude of the 
reaction at C is RN. The plank is modelled as a rod and the man is modelled as a particle. 

a Find the value of R. 

b Find the distance of the man from A. 

c State how you have used the modelling assumption that 

   i the plank is uniform, 

   ii the plank is a rod, 

   iii the man is a particle. 

Solution: 

 

a 
 

b Taking moments about A: 80g × x + 40g × 2 = 40g× 3 

80g × x = 40g , ⇒ x =  = 0.5m
 

c (i) Since the plank is uniform, the weight acts at centre of plank. 
(ii) Since the plank is a rod, the plank remains straight. 
(iii) Since the man is a particle, his weight acts at a single point.  

R ( ↑ ) 3R = 80g + 40g
R = 40g = 392 N

1

2
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Question: 

 

A non-uniform rod AB has length 4 m and weight 150 N. The rod rests horizontally in equilibrium on two smooth 
supports C and D, where AC = 1 m and DB = 0.5 m, as shown in the diagram above. The centre of mass of AB is x metres 
from A. A particle of weight WN is placed on the rod at A. The rod remains in equilibrium and the magnitude of the 
reaction of C on the rod is 100 N. 

a Show that 550 + 7W = 300x. 

The particle is now removed from A and placed on the rod at B. The rod remains in equilibrium and the reaction of C on 
the rod now has magnitude 52 N. 

b Obtain another equation connecting W and x. 

c Calculate the value of x and the value of W. 

Solution: 

a 

 

R(↑) 100 +R = W + 150 ,R = W + 50 

Taking moments about A, 
 

b 

100 × 1 + (W + 50 ) × 3.5 = 150 ×x
150x = 100 + 175 + 3.5W
275 + 3.5W = 150x
550 + 7W = 300x
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R(↑) 52 + R = 150 +W , R = 150 +W − 52 = 98 +W 
Taking moments about B: 52 × 3 + ( 98 +W ) × 0.5 = 150 × ( 4 −x )   

156 + 49 + 0.5W = 600 − 150x 
doubling, 410 +W = 1200 − 300x , W = 790 − 300x 

c Solving the simultaneous equations → W = 790 − ( 550 + 7W )  , 
8W = 790 − 550 = 240⇒ W = 30 

⇒ 410 + 30 = 1200 − 300x , 300x = 760 ,x = 2.53 ( 3 s.f. )   
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Question: 

 

A lever consists of a uniform steel rod AB of weight 100 N and length 2 m, which rests on a small smooth pivot at a point 
C. A load of weight 1700 N is suspended from the end B of the rod by a rope. The lever is held in equilibrium in a 
horizontal position by a vertical force applied at the end A, as shown in the diagram above. The rope is modelled as a 
light string. 

a Given that BC = 0.25 m find the magnitude of the force applied at A. 

The position of the pivot is changed so that the rod remains in equilibrium when the force at A has magnitude 150 N. 

b Find, to the nearest centimetre, the new distance of the pivot from B. 

Solution: 

a Let the force applied at A be V. 

 

Taking moments about C: V × 1.75 + 100 × 0.75 = 1700 × 0.25 
⇒ 1.75V + 75 = 425 , 1.75V = 350 ,V = 200 N 

b If the distance BC = x 

 

Taking moments about C: 150 ( 1 + 1 − x ) + 100( 1 − x ) = 1700x  
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⇒ 300 − 150x + 100 −100x = 1700x ⇒ 400 − 250x = 1700x

400 = 1950x, x =  ≈ 0.21 m ( 2 s.f. ) 
400

1950
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Question: 

 

A plank AB has length 4 m. It lies on a horizontal platform, with the end A lying on the platform and the end B projecting over 
the edge, as shown above. The edge of the platform is at the point C. 

Jack and Jill are experimenting with the plank. Jack has mass 48 kg and Jill has mass 36 kg. They discover that if Jack stands 
at B and Jill stands at A and BC= 1.8 m, the plank is in equilibrium and on the point of tilting about C. 

a By modelling the plank as a uniform rod, and Jack and Jill as particles, find the mass of the plank. 

They now alter the position of the plank in relation to the platform so that, when Jill stands at B and Jack stands at A, the plank 
is again in equilibrium and on the point of tilting about C. 

b Find the distance BC in this position. 

Solution: 

a Let the mass of the plank be M. Since the plank is uniform, its centre of mass is at its mid-point. 

 

Taking moments about C: 48g × 1.8 =Mg × 0.2 + 36g× 2.2 
 

b Let the distance BC be x 

 

Taking moments about C: 36gx + 36g ( x − 2 ) = 48g( 4 − x )   
⇒ ( dividing by the common factor 12g)   

3x + 3 ( x − 2 ) = 4 ( 4 −x ) ,  6x − 6 = 16 − 4x  
⇒ 10x = 22 ,  x = 2.2 m 

86.4g = 0.2Mg + 79.2g , 86.4 = 0.2M + 79.2

0.2M = 86.4 − 79.2 = 7.2⇒ M = 36 kg
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Question: 

 

A plank of wood AB has mass 12 kg and length 5 m. It rests in a horizontal position on two smooth supports. One support is at the 
end A. The other is at the point C, 0.5 m from B, as shown in the diagram above. A girl of mass 30 kg stands at B with the plank in 
equilibrium. 

a By modelling the plank as a uniform rod and the girl as a particle, find the reaction on the plank at A. 

The girl gets off the plank. A boulder of mass m kg is placed on the plank at A and a man of mass 93 kg stands on the plank at B. The 
plank remains in equilibrium and is on the point of tilting about C. 

b By modelling the plank again as a uniform rod, and the man and the boulder as particles, find the value of m. 

Solution: 

a 

 

Taking moments about C: RA × 4.5 + 30g× 0.5 = 12g × 2
 

 

b 

 

The plank is about to tilt about C⇒  reaction at A= 0 
Taking moments about C: mg × 4.5 + 12g× 2 = 93g× 0.5 
⇒ 4.5m = 93 × 0.5 − 24 = 22.5 ,  m = ie 5 

RA × 4.5 = 24g − 15g = 9g

⇒ RA = 2g = 19.6N
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Question: 

 

A plank AB has mass 50 kg and length 4 m. A load of mass 25 kg is attached to the plank at B. The loaded plank is held 
in equilibrium, with AB horizontal, by two vertical ropes attached at A and C, as shown in the diagram. The plank is 
modelled as a uniform rod and the load as a particle. Given that the tension in the rope at C is four times the tension in 
the rope at A, calculate 

a the tension in the rope at C, 

b the distance CB. 

Solution: 

 

a Let the tension in the rope at A be T N 

R(↑) T + 4T = 50g + 25g , 5T = 75g 
⇒ T = 15g, so tension at C is 60g N = 588 N 

b Let the distance BC be x 

Taking moments about C: 15g × ( 4 − x ) + 25g × x = 50g × ( 2 − x )   
 60 − 15x+ 25x = 100 − 50x

60x = 40 , x =  m
2

3
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Question: 

 

A uniform beam AB has weight 200 N and length 5 m. The beam rests in equilibrium in a horizontal position on two 
smooth supports. One support is at end A and the other is at a point C on the beam, where BC = 1 m, as shown in the 
diagram. The beam is modelled as a uniform rod. 

a Find the reaction on the beam at C. 

A woman of weight 500 N stands on the beam at the point D. The beam remains in equilibrium. The reactions on the 
beam at A and C are now equal. 

b Find the distance AD. 

Solution: 

a 

 

Taking moments about A: 
 

b 

 

Let the distance AD be x 
R(↑) 2R = 500 + 200 = 700 

R = 350 N 
Taking moments about A: R × 4 = 200 × 2.5 + 500 × x ,  

200 × 2.5 = RC × 4

RC = 125 N
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1400= 4 R = 500 + 500x , 900 = 500x , x = 1.8m 
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Question: 

A bird flies 5 km due north and then 7 km due east. How far is the bird from its original position, and in what direction? 

Solution: 

 

The bird is 8.60 km (3 s.f.) from the starting point on a 
bearing of 054 ° (nearest degree).

d = \ 52 + 72 = \ 25 + 49 = \ 74≈ 8.60 km

θ = tan− 1 = tan− 11.4 = 54.46 … . °
7

5
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Question: 

A girl cycles 4 km due west then 6 km due north. Calculate the total distance she has cycled and her displacement from 
her starting point. 

Solution: 

Distance cycled = 4 km + 6 km = 10 km 
 

bearing = 270 ° + 56 ° = 326 °  
The displacement is 7.2 km (3 s.f.) on a bearing of 326 °
(nearest degree).

d = \ 42 + 62 = \ 16 + 36 = \ 52≈ 7.2 …

θ = tan− 1 = tan− 11.5 = 56.3 °
6

4
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Question: 

A man walks 3 km due east and then 5 km northeast. Find his distance and bearing from his original position. 

Solution: 

 

=  
 

sin θ =  = 0.476,θ = 28.4 ° (3 s.f.)
 

⇒  bearing is 90 ° − 28 ° = 062 ° (nearest degree)

d2 = 32 + 52 − 2 × 3 × 5 × cos 135 ° = 55.21 …
d = 7.43km (3 s.f.)

sin θ

5

sin 135 °

d

5 × sin 135 °

d
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Question: 

In an orienteering exercise, a team hike 8 km from the starting point, S, on a bearing of 300◦  then 6 km on a bearing 
040◦  to the finishing point, F. Find the magnitude and direction of the displacement from S to F. 

Solution: 

 

 

⇒  bearing is 300 ° + 40 ° = 340 ° (nearest degree) 

⇒  the vector SF is 9.13 km (3 s.f.) on a bearing of 340 °
(nearest degree)

d2 = 62 + 82 − 2 × 6 × 8 × cos 80 ° = 83.3 …
d = 9.13km (3 s.f.)

sin θ

6
=  

sin 80 °

d

sin θ =  = 0.647 … ,θ = 40.3 ° (3 s.f.)
6 × sin 80 °

d
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Question: 

A boat travels 20 km on a bearing of 060◦ , followed by 15 km on a bearing of 110◦ . What course should it take to 
return to its starting point by the shortest route? 

Solution: 

 

 

⇒  bearing of the start = 360 ° − 29 ° − 70 ° = 261 °
(nearest degree) 
⇒  the return course is 31.8 km (3 s.f.) on a bearing of 

261° (nearest degree)

d2 = 202 + 152 − 2 × 20 × 15 × cos 130 °
= 1010.67…

d = 31.8 km (3 s.f.)

sin θ

20
=  

sin 130 °

d

sin θ =  = 0.4819 … ,θ = 28.8 ° (3 s.f.)
20 × sin 130 °

d
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Question: 

An aeroplane flies from airport A to airport B 80 km away on a bearing of 070◦ . From B the aeroplane flies to airport C, 
60 km from B. Airport C is 90 km from A. Find the two possible directions for the course set by the aeroplane on the 
second stage of its journey. 

Solution: 

⇒ bearing 

of C from B is 
180 ° + 70 ° −θ = 171.4 ° (1 d.p.) or 180 °
+ 70 ° + θ = 323.6 ° (1 d.p.) 

cos θ =  = 0.19791 …
62 + 82 − 92

2 × 6 × 8

θ = 78.6 ° (3 s.f.)
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Question: 

In a regatta, a yacht starts at point O, sails 2 km due east to A, 3 km due south from A to B, and then 4 km on a bearing of 
280◦  from B to C. Find the displacement vector of C from O. 

Solution: 

Starting with the displacement OB, distance 
OB = \ 22 + 32 = \ 13 

θ = tan− 1 = 33.7 ° (3 s.f.)
 

Now, looking at triangle OBC, 
 

 

⇒  bearing = 90 + ( 90 −θ ) + β = 220 °  (nearest degree) 

⇒  vector ie OC is 3.01 km (3 s.f.) on a bearing of 220 °
(nearest degree)

2

3

α = 80 − 33.7 = 46.3 ° (3 s.f.)

d2 = 42 + 13 − 2 × 4 × \ 13 × cos 46.3 ° = 9.07 …
d = 3.01km (3 s.f.)

sin β

4
=  

sin 46.3 °

d

sin β =  = 0.960 … ,β = 73.59 °
4 × sin 46.3 °

d
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Question: 

 

ACGI is a square, B is the mid-point of AC, F is the mid-point of CG, H is the mid-point of GI, and D is the mid-point of 
AI. 

Vectors b and d are represented in magnitude and direction by AB and AD respectively. Find, in terms of b and d, the 
vectors represented in magnitude and direction by 

a AC, b BE, c HG, d DF,
e AE, f DH, g HB, h FE,
i AH, j BI, k EI, l FB.

Solution: 

In this exercise there will usually be several correct routes to the answers because the addition law for vectors allows 
several options for equivalent vectors. You might reach the correct answers by a different routes to those used in these 
solutions. 

a AC = 2AB = 2b 

b BE = AD (parallel and equal in length) =d 

c HG = BC (parallel and equal in length) =AB (B is midpoint of AC) = b 

d DF = AC (parallel and equal in length) = 2b 

e AE = AD + DE ( triangle law of addition )   

= AD + AB ( DE andAB parallel and equal in length ) =d + b  

f DH = DI + IH ( triangle law of addition )   

= AD + AB ( AD = DI becauseD is the midF point ofAI, andAB is parallel and equal toIH )   

= d + b 
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g HB = − BH ( same length, opposite direction )   

= − AI ( parallel and equal in length ) = − 2d  

h FE = − EF ( same length, opposite direction )   

= − HG ( parallel and equal in length ) = −b ( from part c )   

i AH = AI + IH (triangle law of addition) = 2d + b 

j BI = BA + AI = − AB + AI = − b + 2d 

k EI = EB + BA + AI = − BE − AB + AI = − d − b + 2d = − b + d 

l FB = FD + DA + AB = − DF − AD + AB = − 2b − d + b = − b − d 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Vectors 
Exercise B, Question 2 

Question: 

 

OACB is a parallelogram. M, Q, N and P are the mid-points of OA, AC, BC and OB respectively. Vectors p and m are 
equal to OP and OM respectively. Express in terms of p and m 

a OA b OB c BN d DQ
e OD f MQ g OQ h AD
i CD j AP k BM l NO.

Solution: 

a OA = 2OM (M is the mid F point of OA) = 2m 

b OB = 2OP (P is the mid F point of OB) = 2p 

c BN =  BC =  OA (opposite sides parallel and equal) =m

 

d DQ = PD ( MN andPQ bisect each other )   

= OM ( line segments parallel and equal in length ) =m  

e OD = OP + PD ( addition of vectors )   

= OP + OM ( PD andOM are parallel and equal in length ) =p + m  

f MQ = MO + OP + PQ ( vector addition )   

= − OM + OP + OA ( PQ andOA are parallel and equal in length )   

= − m + p + 2m = p + m 

g OQ = OP + PQ = p + 2m 

h AD = AO + OD ( vector addition ) = −OA + OD = − 2m + ( p + m ) = p − m  

i CD = CN + ND ( vector addition )   

= MO + PO ( line segments parallel and equal in length)   

1

2

1

2
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= − OM + − OP = − m − p 

j AP = AO + OP (vector addition) = −OA + OP = − 2m + p 

k BM = BO + OM (vector addition) = −OB + OM = − 2p + m 

l NO = NB + BO ( vector addition )   

= MO + BO ( MO andNB are parallel and equal in length )   

= − OM + − OB = − m − 2p 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Vectors 
Exercise B, Question 3 

Question: 

 

OAB is a triangle. P, Q and R are the mid-points of OA, AB and OB respectively. OP and OR are equal to p and r 
respectively. Find, in terms of p and r 

Use parts b and f to prove that triangle PAQ is similar to triangle OAB. 

a OA b OB c AB d AQ
e OQ f PQ g QR h BP.

Solution: 

a OA = 2OP (P is the mid F point of OA) = 2p 

b OB = 2OR (R is the mid F point of OB) = 2r 

c AB = AO + OB (addition of vectors) = −OA + OB = − 2p + 2r 

d AQ =  AB (Q is the mid F point of AB) =  − 2p + 2r  = − p + r 

 

e OQ = OA + AQ (addition of vectors) = 2p + ( − p + r ) = p + r  

f PQ = PO + OQ (addition of vectors) = −OP + OQ = − p + ( p + r ) = r  

g QR = QO + OR (addition of vectors) = −OQ + OR = − ( p + r ) + r = − p  

h BP = BO + OP (addition of vectors) = −OB + OP = − 2r + p 

From b OB = 2r, and from f PQ = r, 

⇒ OB and PQ are parallel 

⇒ ∠ AOB = ∠ APQ and ∠ ABO = ∠ AQP (corresponding angles, parallel lines) 

1

2

1

2
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Angle A is common to both triangles 

⇒  triangles PAQ and OAB are similar (three equal angles) 
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Question: 

 

OAB is a triangle. OA = a and OB = b. The point M divides OA in the ratio 2:1. MN is parallel to OB. Express the vector 
ON in terms of a and b. 

Solution: 

M divides OA in the ratio 2:1⇒ OM =  a

 

Using vector addition, 

ON = OA + AN = OA + λAB (N lies on AB, so AN = λAB ) = a + λ ( − a + b )  and ON = OM + MN = OM + µOB 

(MN is parallel to OB) =  a + µb
 

⇒ a + λ  − a + b  =  a + µb 

 

⇒  (by comparing coefficients of a and b), 1 − λ =  and λ = µ

 

so λ = µ =  and ON =  a +  b

 

2

3

2

3

 


 


2

3

2

3

1

3

2
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Question: 

 

OABC is a square. M is the mid-point of OA, and Q divides BC in the ratio 1:3. AP and MQ meet at P. If OA = a and OC= c, 
express OP in terms of a and c. 

Solution: 

M is the mid F point of OA, so OM=  OA =  a

 

 

P lies on both AC and MQ, so 

OP = OM + λMQ =  a + λ  a + c  

 

and OP= OA + µAC = a + µ ( − a + c )   

⇒  a + λ  a + c  = a + µ  − a + c  

 

by comparing coefficients of a and c, we get +λ = 1 − µ and λ= µ

 

⇒  λ =  ,λ = µ =  andOP =  a +  b

 

1

2

1

2

Using vector addition,MQ = MA + AB + BQ

= MA + AB +  BC =  a + c −  a =  a + c
1

4

1

2

1

4

1

4

andAC = AO + OC = − a + c

1

2
 


1

4
 


1

2
 


1

4
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1

4

5

4

1

2

2

5
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5

2

5
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Question: 

Express the vectors v1 , v2 , v3 , v4 , v5 and v6 using the i, j notation.

 

 

Solution: 

v1 = 4i , v2 = 5i + 2j , v3 = − 3i + j , v4 = 2i + 3j , v5 = − 2i − j , v6 = − 3j.

 

Note that some people prefer to describe vectors as ‘column vectors’. In this case, the answers would be 

v1 =  , v2 =  , v3 =  , v4 =  , v5 =  , v6 =  .

 

 


4
0
 


 


5
2
 


 


− 3
1

 


 


2
3
 


 


− 2
− 1

 


 


0
− 3
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Question: 

Given that a = 2i + 3j and b = 4i − j, find these terms of i and j. 

a a + b b 3a + b c 2a − b d 2b + a
e 3a − 2b f b − 3a g 4b − a h 2a − 3b

Solution: 

a  a + b = ( 2i + 3j ) + ( 4i − j ) = ( 2 + 4 ) i + ( 3 − 1 ) j = 6i + 2j  

b  3a + b = 3 ( 2i + 3j ) + ( 4i − j ) = ( 6i + 9j ) + ( 4i − j ) = ( 6 + 4 ) i + ( 9 − 1 ) j = 10i + 8j  

c  2a − b = 2 ( 2i + 3j ) − ( 4i − j ) = ( 4i + 6j ) − ( 4i − j ) = ( 4 − 4 ) i + ( 6 − ( − 1 ) ) j = 7j  

d  2b + a = 2 ( 4i − j ) + ( 2i + 3j ) = ( 8i − 2j ) + ( 2i + 3j ) = ( 8 + 2 ) i + ( − 2 + 3 ) j = 10i + j  

e  

f   b − 3a = ( 4i − j ) − 3 ( 2i + 3j ) = ( 4i − j ) − ( 6i + 9j ) = ( 4 − 6 ) i + ( − 1 − 9 ) j = − 2i − 10j  

g  

h  

3a − 2b = 3 ( 2i + 3j ) − 2 ( 4i − j ) = ( 6i + 9j ) − ( 8i − 2j ) = ( 6 − 8 ) i +
( 9 + 2 ) j =

− 2i + 11j

4b − a =
4 ( 4i − j ) − ( 2i + 3j ) = ( 16i − 4j ) − ( 2i + 3j ) = ( 16 − 2 ) i +
( − 4 + ( − 3 ) ) j = 14i − 7j

2a − 3b =
2 ( 2i + 3j ) − 3 ( 4i − j ) = ( 4i + 6j ) − ( 12i − 3j ) = ( 4 − 12 ) i +
( 6 − ( − 3 ) ) j = − 8i + 9j
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Question: 

Find the magnitude of each of these vectors. 

a 3i + 4j b 6i − 8j c 5i + 12j d 2i + 4j
e 3i − 5j f 4i + 7j g − 3i + 5j h − 4i − j

Solution: 

a | 3i + 4j | = \ 32 + 42 = \ 9 + 16 = \ 25 = 5 

 

b | 6i − 8j | = \ 62 + 82 = \ 36 + 64 = \ 100 = 10 

 

c | 5i + 12j | = \ 52 + 122 = \ 25 + 144 = \ 169 = 13 

 

d | 2i + 4j | = \ 22 + 42 = \ 4 + 16 = \ 20 = 4.47 ( 3 s.f. )  

 

e | 3i − 5j | = \ 32 + 52 = \ 9 + 25 = \ 34 = 5.83 ( 3 s.f. )  

 

f | 4i + 7j | = \ 42 + 72 = \ 16 + 49 = \ 65 = 8.06 ( 3 s.f. )  

 

g | − 3i + 5j | = \ 32 + 52 = \ 9 + 25 = \ 34 = 5.83 ( 3 s.f. )  

 

h | − 4i − j | = \ 42 + 12 = \ 16 + 1 = \ 17 = 4.12 ( 3 s.f. )  
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Question: 

Find the angle that each of these vectors makes with the positive x-axis. 

a 3i + 4j b 6i − 8j c 5i + 12j d 2i + 4j

Solution: 

= 53.1° above ( 3 s.f. )  = 53.1° below ( 3 s.f. )  = 67.4° above ( 3 s.f. )  63.4° above ( 3 s.f. )   

a 3i + 4j b 6i − 8j c 5i + 12j d 2i + 4j

arc tan (  )  
4

3
arctan (  )  

8

6
arctan (  )  

12

5
arctan (  )  

4

2
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Question: 

Find the angle that each of these vectors makes with the positive y-axis. 

a 3i − 5j b 4i + 7j c − 3i + 5j d − 4i − j

Solution: 

= 90 ° + 59 ° = 149 ° ( 3 s.f. ) to the right = 29.7 ° ( 3 s.f. )  to the right = 31.0 ° ( 3 s.f. )  to the left = 90 °
+ 14 ° = 104° ( 3 s.f. ) to the left  

a 3i − 5j b 4i + 7j c − 3i + 5j d − 4i − j

90 ° + arctan (  )  
5

3
arctan (  )  

4

7
arctan (  )  

3

5
90 ° + arctan (  )  

1

4
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Question: 

Given that a = 2i + 5j and b = 3i − j, find 

a λ if a + λb is parallel to the vector i, b µ if µa + b is parallel to the vector j,

Solution: 

a a + λb = ( 2i + 5j ) + λ ( 3i − j ) = ( 2 + 3λ ) i + ( 5 − λ ) j  

Parallel to i, so 5 −λ = 0 , λ = 5. 

b µa + b = µ ( 2i + 5j ) + ( 3i − j ) = ( 2µ + 3 ) i + ( 5µ − 1 ) j  

Parallel to j, so 2µ + 3 = 0 ,µ =  

 

− 3

2
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Question: 

Given that c = 3i + 4j and d = i − 2j, find 

a λ if c + λd is parallel to i+ j, b µ if µc + d is parallel to i + 3j,
c s if c − sd is parallel to 2i+ j, d t if d − tc is parallel to − 2i+ 3j.

Solution: 

a c + λd = ( 3i + 4j ) + λ ( i − 2j ) = ( 3 + λ ) i + ( 4 − 2λ ) j  

Parallel to i + j, so 3 +λ = 4 − 2λ 

3λ = 1 , λ =  

 

b µc + d = µ ( 3i + 4j ) + ( i − 2j ) = ( 3µ + 1 ) i + ( 4µ − 2 ) j  

Parallel to i + 3j, so 4µ − 2 = 3 ( 3µ + 1 )   

4µ − 2 = 9µ + 3 , 5µ = − 5 , µ = − 1 

c c − sd = ( 3i + 4j ) − s ( i − 2j ) = ( 3 − s ) i + ( 4 + 2s ) j  

Parallel to 2i + j, so 3 −s = 2 ( 4 + 2s )   

3 − s = 8 + 4s , − 5 = 5s , s = − 1 

d d − tc = ( i − 2j ) − t ( 3i + 4j ) = ( 1 − 3t ) i + ( − 2 − 4t ) j  

Parallel to − 2i + 3j, so − 2 ( − 2 − 4t ) = 3 ( 1 − 3t )   

4 + 8t = 3 − 9t , 1 = − 17t , t = −  

 

1

3

1

17
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Question: 

In this question, the horizontal unit vectors i and j are directed due east and due north respectively. 

Find the magnitude and bearing of these vectors. 

a 2i + 3j b 4i − j c − 3i + 2j d − 2i − j

Solution: 

a | 2i + 3j | = \ 22 + 32 = \ 4 + 9 = \ 13 = 3.61 ( 3 s.f. )  

 

arc tan  = 33.7 ° , so bearing ≈ 034 °

 

b | 4i − j | = \ 42 + 12 = \ 16 + 1 = \ 17 = 4.12 ( 3 s.f. )  

 

arc tan  = 14.0 ° , so bearing ≈ 90 ° + 14 ° = 104 °

 

c | − 3i + 2j | = \ 32 + 22 = \ 9 + 4 = \ 13 = 3.61 ( 3 s.f. )  

 

arc tan  = 33.7 ° , so bearing ≈ 270 ° + 34 ° = 304 °

 

d | − 2i − j | = \ 22 + 12 = \ 4 + 1 = \ 5 = 2.24 ( 3 s.f. )  

 

arc tan  = 26.6 ° , so bearing ≈ 270 ° − 27 ° = 243 °

 

 


2

3
 


 


1

4
 


 


2

3
 


 


1

2
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Question: 

Find the speed of a particle moving with these velocities: 

a 3i + 4jm s− 1 b 24i − 7jkm h − 1

c 5i + 2jm s− 1 d − 7i + 4jcm s− 1

Solution: 

a Speed = | 3i + 4j | = \ 32 + 42 = \ 9 + 16 = \ 25 = 5 m s− 1 

 

b Speed = | 24i − 7j | = \ 242 + ( − 7 )  2 = \ 576 + 49 = \ 625 = 25 km h− 1 

 

c Speed = | 5i + 2j | = \ 52 + 22 = \ 25 + 4 = \ 29 = 5.39 m s− 1 ( 3 s.f. )  

 

d Speed= | − 7i + 4j | = \ ( − 7 )  2 + 42 = \ 49 + 16 = \ 65 = 8.06cms − 1 ( 3 s.f. )  
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Question: 

Find the distance moved by a particle which travels for: 

a 5 hours at velocity 8i + 6j km h − 1

 

b 10 seconds at velocity 5i − j m s− 1

 

c 45 minutes at velocity 6i + 2j km h − 1

 

d 2 minutes at velocity − 4i − 7j cms− 1.

 

Solution: 

a Distance = speed × time = \ 82 + 62 × 5 = 5 × \ 64 + 36 = 5 × \ 100 = 50 km

 

b Distance = speed × time = \ 52 + ( − 1 )  2 × 10 = 10 × \ 25 + 1 = 10 × \ 26 = 51.0 m ( 3 s.f. )  

 

c Distance = speed × time = \ 62 + 22 × 0.75 = 0.75 × \ 36 + 4 = 0.75 × \ 40 = 4.74 km ( 3 s.f. )  

 

d Distance= speed× time = \ ( − 4 )  2 + ( − 7 )  2 × 120 = 120 × \ 16 + 49 = 120 × \ 65 = 967cm ( 3 s.f. )  
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Question: 

Find the speed and the distance travelled by a particle moving with: 

a velocity − 3i + 4j m s− 1 for 15 seconds

 

b velocity 2i + 5j m s− 1 for 3 seconds

 

c velocity 5i − 2j km h − 1 for 3 hours

 

d velocity 12i − 5j kmh − 1 for 30 minutes.

 

Solution: 

a Speed = \ ( − 3 )  2 + 42 = \ 9 + 16 = \ 25 = 5 m s− 1,

 

Distance = 5 × 15 = 75 m 

b Speed = \ 22 + 52 = \ 4 + 25 = \ 29 = 5.39 m s− 1 ( 3 s.f. )  

 

Distance = 3 × 5.39 = 16.2 m ( 3 s.f. )   

c Speed = \ 52 + ( − 2 )  2 = \ 25 + 4 = \ 29 = 5.39 km h− 1 ( 3 s.f. )  

 

Distance = 3 × 5.39 = 16.2 km ( 3 s.f. )   

d Speed = \ 122 + ( − 5 )  2 = \ 144 + 25 = \ 169 = 13 km h− 1,

 

Distance= 0.5 × 13 = 6.5km 
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Question: 

A particle P is moving with constant velocity v m s− 1. Initially P is at the point with position vector r. Find the position 
of P 
t seconds later if: 

a r0 = 3j , v = 2i and t = 4, b r0 = 2i − j , v = − 2j and t= 3,

c r0 = i + 4j , v = − 3i + 2j and t = 6, d r0 = − 3i + 2j , v = 2i − 3j and t= 5.

Solution: 

a Using r = ro + vt,r = 3j + 2i × 4 = 8i + 3j

 

b Using r = ro + vt,r = ( 2i − j ) + ( − 2j ) × 3 = 2i − j − 6j = 2i − 7j 

 

c Using r = ro + vt,r = ( i + 4j ) + ( − 3i + 2j ) × 6 = i + 4j − 18i + 12j = − 17i + 16j 

 

d Using r = ro + vt,r = ( − 3i + 2j ) + ( 2i − 3j ) × 5 = − 3i + 2j + 10i − 15j = 7i − 13j 
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Question: 

A particle P moves with constant velocity v. Initially P is at the point with position vector a. t seconds later P is at the 
point with position vector b. Find v when: 

a a = 2i + 3j , b = 6i + 13j , t = 2, 

b a = 4i + j , b = 9i + 16j , t = 5, 

c a = 3i − 5j , b = 9i + 7j , t = 3, 

d a = − 2i + 7j , b = 4i − 8j , t = 3, 

e a = − 4i + j , b = − 12i − 19j , t = 4. 

Solution: 

a Using  r = ro + vt, ( 6i + 13j ) = ( 2i + 3j ) + 2v,2v = ( 6i + 13j ) − ( 2i + 3j ) = 4i + 10j 

 

v = 2i + 5j 

b Using  r = ro + vt, ( 9i + 16j ) = ( 4i + j ) + 5v,5v = ( 9i + 16j ) − ( 4i + j ) = 5i + 15j 

 

v = i + 3j 

c Using r = ro + vt, ( 9i + 7j ) = ( 3i − 5j ) + 3v,3v = ( 9i + 7j ) − ( 3i − 5j ) = 6i + 12j 

 

v = 2i + 4j 

d Using r = ro + vt, ( 4i − 8j ) = ( − 2i + 7j ) + 3v,3v = ( 4i − 8j ) − ( − 2i + 7j ) = 6i − 15j 

 

v = 2i − 5j 

e Using r = ro + vt, ( − 12i − 19j ) = ( − 4i + j ) + 4v,4v = ( − 12i − 19j ) − ( − 4i + j ) = − 8i − 20j 

 

v = − 2i − 5j 
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Question: 

A particle moving with speed vm s− 1 in direction d has velocity vector v. Find v for these.

 

a v = 10 , d = 3i − 4j b v = 15 , d = − 4i + 3j
c v = 7.5 ,d = − 6i + 8j d v = 5\ 2 , d = i + j
e v = 2\ 13 ,d = − 2i + 3j f v = \ 68 , d = 3i − 5j
g v = \ 60 , d = − 4i − 2j h v = 15 , d = − i + 2j

Solution: 

a | d | = \ 32 + ( − 4 )  2 = \ 25 = 5,10 ÷ 5 = 2,v = 2 ( 3i − 4j ) = 6i − 8j 

 

b | d | = \ ( − 4 )  2 + 32 = \ 25 = 5,15 ÷ 5 = 3,v = 3 ( − 4i + 3j ) = − 12i + 9j 

 

c  d  = \ ( − 6 )  2 + 82 = \ 100 = 10,7.5 ÷ 10 =  ,v =  − 6i + 8j  = − 4.5i + 6j 

 

d | d | = \ 12 + 12 = \ 2,5\ 2 ÷ \ 2 = 5,v = 5 ( i + j ) = 5i + 5j 

 

e | d | = \ ( − 2 )  2 + 32 = \ 13,2\ 13 ÷ \ 13 = 2,v = 2 ( − 2i + 3j ) = − 4i + 6j 

 

f | d | = \ 32 + ( − 5 )  2 = \ 34,\ 68 ÷ \ 34 = \ 2,v = √ 2 ( 3i − 5j ) = 3 √ 2i − 5 √ 2j 

 

g | d | = \ ( − 4 )  2 + ( − 2 )  2 = \ 20,\ 60 ÷ \ 20 = \ 3,v = √ 3 ( − 4i − 2j ) = − 4 √ 3i − 2 √ 3j 

 

h | d | = \ ( − 1 )  2 + 22 = \ 5,15 ÷ \ 5 = 3\ 5,v = 3 √ 5 ( − i + 2j ) = − 3 √ 5i + 6 √ 5j 

 

 


 


3

4

3

4
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Question: 

A particle P starts at the point with position vector r0. P moves with constant velocity vms − 1. After t seconds, P is at the 

point with position vector r. 

a Find r if r0 = 2i , v = i + 3j, and t= 4.

 

b Find r if r0 = 3i − j , v = − 2i + j, and t= 5.

 

c Find r0 if r = 4i + 3j , v = 2i − j, and t= 3.

 

d Find r0 if r = − 2i + 5j , v = − 2i + 3j, and t= 6.

 

e Find v if r0 = 2i + 2j , r = 8i − 7j, and t= 3.

 

f Find the speed of P if r0 = 10i − 5j , r = − 2i + 9j, and t= 4.
 

g Find t if r0 = 4i + j , r = 12i − 11j, and v= 2i − 3j.

 

h Find t if r0 = − 2i + 3j , r = 6i − 3j, and the speed of P is 4 m s− 1.

 

Solution: 

a Using r= ro + vt,r = ( 2i ) + ( i + 3j ) × 4 = 2i + 4i + 12j = 6i + 12j 
 

b Using r= ro + vt,r = ( 3i − j ) + ( − 2i + j ) × 5 = 3i − j − 10i + 5j = − 7i + 4j 

 

c Using r= ro + vt, ( 4i + 3j ) = ro + ( 2i − j ) × 3,ro = ( 4i + 3j ) − ( 6i − 3j ) = 4i + 3j − 6i + 3j = − 2i + 6j 

 

d Using r= ro + vt, ( − 2i + 5j ) = ro + ( − 2i + 3j ) × 6,ro = ( − 2i + 5j ) − ( − 12i + 18j )  

 

= − 2i + 5j + 12i − 18j = 10i − 13j 

e Using r= ro + vt, ( 8i − 7j ) = ( 2i + 2j ) + v × 3,3v = ( 8i − 7j ) − ( 2i + 2j ) = 6i − 9j 

 

v = 2i − 3j 

f Using r= ro + vt, ( − 2i + 9j ) = ( 10i − 5j ) + v × 4,4v = ( − 2i + 9j ) − ( 10i − 5j ) = − 12i + 14j v = − 3i + 3.5j ,

 

speed = \ ( − 3 )  2 + 3.52 = \ 21.25≈ 4.61 ms − 1

 

g Using r= ro + vt, ( 12i − 11j ) = ( 4i + j ) + ( 2i − 3j ) × t, ( 2i − 3j ) × t = ( 12i − 11j ) − ( 4i + j )

= 8i − 12j,t = 4  

h Using r= ro + vt, ( 6i − 3j ) = ( − 2i + 3j ) + vt,vt = ( 6i − 3j ) − ( − 2i + 3j ) = 8i − 6j 

 

4t = | vt | 4t = | 8i − 6j | = \ 82 + ( − 6 )  2 = \ 100= 10,4t = 10,4 t = 2.5  
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Question: 

The initial velocity of a particle P moving with uniform acceleration a m s− 2 is u m s− 1. Find the velocity and the speed 
of P after t seconds in these cases. 

a u = 5i , a = 3j, and t = 4 b u = 3i − 2j , a = i − j, and t = 3
c a = 2i − 3j , u = − 2j + j, and t = 2 d t = 6 , u = 3i − 2j, and a = − i
e a = 2i + j , t = 5, and u = − 3i + 4j

Solution: 

a Using v = u + at,v = ( 5i ) + ( 3j ) × 4 = 5i + 12j  
speed = \ 52 + 122 = \ 169 = 13 m s− 1 

b Using v = u + at,v = ( 3i − 2j ) + ( i − j ) × 3 = 3i − 2j + 3i − 3j = 6i − 5j  
speed = \ 62 + ( − 5 )  2 = \ 36 + 25 = \ 61≈ 7.81 m s− 1 

c Using v = u + at,v = ( − 2i + j ) + ( 2i − 3j ) × 2 = − 2i + j + 4i − 6j = 2i − 5j  

speed = \ 22 + ( − 5 )  2 = \ 4 + 25 = \ 29≈ 5.39 m s− 1

 

d Using v = u + at,v = ( 3i − 2j ) + ( − i ) × 6 = 3i − 2j − 6i = − 3i − 2j  

speed = \ ( − 3 )  2 + ( − 2 )  2 = \ 9 + 4 = \ 13≈ 3.61 m s− 1

 

e Using v = u + at,v = ( − 3i + 4j ) + ( 2i + j ) × 5 = − 3i + 4j + 10i + 5j = 7i + 9j  

speed= \ 72 + 92 = \ 49 + 81 = \ 130≈ 11.4m s − 1
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Question: 

A constant force F N acts on a particle of mass 4 kg for 5 seconds. The particle was initially at rest, and after 5 seconds it 
has velocity 6i − 8j ms− 1. Find F. 

Solution: 

Using v = u + at,  6i − 8j  = a × 5,a =  6i − 8j  

 

Using F = ma,F = 4 ×  6i − 8j  = 4.8i − 6.4j 
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Question: 

A force 2i − j N acts on a particle of mass 2 kg. If the initial velocity of the particle is i + 3j m s− 1, find how far it moves 
in the first 3 seconds. 

Solution: 

Using F = ma,  2i − j  = 2a,a = i −  j 

 

Using s = ut +  at2,s =  i + 3j  × 3 +  i −  j  × 32 = 3i + 9j + 4 i − 2 j = 7 i + 6 j 

 

distance = \  7 2 +  6 2 = \ 56.25 + 45.5625 = \ 101.8125≈ 10.1 m
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Question: 

At time t = 0, the particle P is at the point with position vector 4i, and moving with constant velocity i + j m s− 1. A 
second particle Q is at the point with position vector −3j and moving with velocity v m s− 1. After 8 seconds, the paths of 
P and Q meet. Find the speed of Q. 

Solution: 

Using r = ro + vt for P, r = ( 4i ) + ( i + j ) × 8 = 4i + 8i + 8j = 12i + 8j 

 

Using r = ro + vt for Q, r = ( − 3j ) + v × 8 

 

Both at the same point: 12i + 8j = ( − 3j ) + v × 8,8v = 12i + 8j + 3j = 12i + 11j  

v =  12i + 11j  = 1.5i + 1.375j 
 

speed= | v | = \ 1.52 + 1.3752 = \ 2.25+ 1.890625≈ 2.03m s− 1 

 

1

8
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Question: 

In questions 9 and 10 the unit vectors i and j are due east and due north respectively. 

At 2 pm the coastguard spots a rowing dinghy 500 m due south of his observation point. The dinghy has constant 
velocity ( 2i + 3j ) m s− 1 . 

a Find, in terms of t, the position vector of the dinghy t seconds after 2 pm. 

b Find the distance of the dinghy from the observation point at 2.05 pm. 

Solution: 

a Using r = ro + vt,r = − 500j + ( 2i + 3j ) × t = − 500j + 2ti + 3tj = 2ti + ( − 500 + 3t ) j 

 

b 5 minutes = 5 × 60 seconds = 300 seconds, r = 2 × 300i + ( − 500 + 3 × 300 )j = 600i + 400j  

distance= \ 6002 + 4002 = \ 360 000+ 160 000= \ 520 000≈ 721m
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Question: 

At noon a ferry F is 400 m due north of an observation point O moving with constant velocity ( 7i + 7j ) m s− 1 , and a 
speedboat S is 500 m due east of O, moving with constant velocity ( − 3i + 15j ) m s− 1 . 

a Write down the position vectors of F and S at time t seconds after noon. 

b Show that F and S will collide, and find the position vector of the point of collision. 

Solution: 

a 
 

 

b For F and S to collide, 7ti + ( 400 + 7t ) j = ( 500 − 3t ) i + 15tj , 

    i components equal: 7t = 500 − 3t,10t = 500,t = 50 

    j components equal: 400 + 7t = 15t,400 = 8t,t = 50 

Both conditions give the same value of t, so the two position vectors are equal when t = 50, i.e. F and S collide at 
r = 7 × 50i + ( 400 + 7 × 50 ) j = 350i + 750j . 

Usingr = ro + vt for F,r = 400j+ ( 7i + 7j ) × t = 400j+ 7ti + 7tj 

= 7ti + ( 400 + 7t) j 

Usingr = ro + vt for S,r = 500i+ ( − 3i + 15j ) × t = 500i− 3ti + 15tj 

= ( 500 − 3t ) i + 15tj 
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Question: 

At 8 am two ships A and B are at rA = ( i + 3j ) km and rB = ( 5i − 2j ) km from a fixed point P. Their velocities are 

vA = ( 2i − j ) km h − 1 and vB = ( − i + 4j ) km h− 1 respectively. 

a Write down the position vectors of A and B t hours later. 

b Show that t hours after 8 am the position vector of B relative to A is given by ( ( 4 − 3t ) i + ( − 5 + 5t ) j ) km . 

c Show that the two ships do not collide. 

d Find the distance between A and B at 10 am. 

Solution: 

a Using r = ro + vt for A,r = ( i + 3j ) + ( 2i − j ) × t = ( 1 + 2t ) i + ( 3 − t ) j 

 

Using r = ro + vt for B,r = ( 5i − 2j ) + ( − i + 4j ) × t = ( 5 − t ) i + ( − 2 + 4t ) j 

 

b Using AP + PB,AB = PB − PA 
 

c If A and B collide, the vector AB would be zero, 

so 4 − 3t = 0 and − 5 + 5t = 0, but these two equations are not consistent (t = 1 and t ≠ 1), so vector AB can never be 
zero, and A and B will not collide. 

d At 10 am, t = 2,AB = ( 4 − 3 × 2 )i + ( − 5 + 5 × 2 )j = − 2i + 5j , 

Distance= \ ( − 2 )  2 + 52 = \ 4 + 25 = \ 29 ≈ 5.39km

 

= { ( 5 − t ) i + ( − 2 + 4t ) j { − { ( 1 + 2t ) i + ( 3 − t ) j {  
= ( 5 − t − 1 − 2t ) i + ( − 2 + 4t− 3 + t ) j = ( 4 − 3t ) i + ( − 5 + 5t ) j 
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Question: 

A particle A starts at the point with position vector 12i+ 12j. The initial velocity of A is ( − i + j ) m s− 1 , and it has 
constant acceleration ( 2i− 4j ) m s− 2 . Another particle, B, has initial velocity im s− 1 and constant acceleration 2jm s− 2. 
Af ter 3 seconds the two particles collide. Find 

a the speeds of the two particles when they collide, 

b the position vector of the point where the two particles collide, 

c the position vector of B's starting point. 

Solution: 

a Using v= u + at and t = 3, 

For A: 
 

 

For B: 
 

 

b Using s= ut +  at2 for A,s =  − i + j  × 3 +  ×  2i− 4j  × 9 = − 3i+ 3j + 9i − 18j = 6i − 15j 

 

So at the instant of the collision, A is at the point with position vector 

r = ( 12i + 12j ) + ( 6i − 15j ) = 18i − 3j  

c Using s= ut +  at2 for B, s =  i  × 3 +  ×  2j × 9 = 3i+ 9j , so B's starting point is

 

( 18i − 3j ) − ( 3i + 9j ) = 15i − 12j  

v = ( − i + j ) + ( 2i − 4j ) × 3 
= ( − 1 + 6 ) i + ( 1 − 12 )j 
= 5i − 11j

Speed= \ 52 + 112 = \ 25 + 121

= \ 146 = 12.1 ms− 1 ( 3 s.f. )  

v = i + 2j × 3
= i + 6j

Speed= \ 12 + 62 = \ 1 + 36

= \ 37 = 6.08 ms− 1 ( 3 s.f. )  

1
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Question: 

A particle is in equilibrium at O under the action of three forces F1 , F2 and F3. Find F3 in these cases.

 

a F1 = ( 2i + 7j )  and F2 = ( − 3i + j )  b F1 = ( 3i − 4j )  and F2 = ( 2i + 3j )  

c F1 = ( − 4i − 2j )  and F2 = ( 2i − 3j )  d F1 = ( − i − 3j )  and F2 = ( 4i + j )  

Solution: 

a  

 

 

b  

 

 

c  

 

 

d  

 

 

F1 + F2 + F3 = 0⇒ ( 2i + 7j ) + ( − 3i + j ) + F3 = 0

⇒ F3 = − ( 2i + 7j ) − ( − 3i + j )  = − 2i − 7j + 3i − j = i − 8j

F1 + F2 + F3 = 0⇒ ( 3i − 4j ) + ( 2i + 3j ) + F3 = 0

⇒ F3 = − ( 3i − 4j ) − ( 2i + 3j )  = − 3i + 4j − 2i − 3j = − 5i + j

F1 + F2 + F3 = 0⇒ ( − 4i − 2j ) + ( 2i − 3j ) + F3 = 0

⇒ F3 = − ( − 4i − 2j ) − ( 2i − 3j )  = 4i + 2j − 2i + 3j = 2i + 5j

F1 + F2 + F3 = 0⇒ ( − i − 3j ) + ( 4i + j ) + F3 = 0

⇒ F3 = − ( − i − 3j ) − ( 4i + j )  = i + 3j − 4i − j = − 3i + 2j
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Question: 

For each part of Question 1 find the magnitude of F3 and the angle it makes with the positive x-axis.

 

Solution: 

a | F3 | = \ ( 1 )  2 + ( − 8 )  2 = \ 1 + 64 = \ 65≈ 8.06 

 

 

b | F3 | = \ ( − 5 )  2 + ( 1 )  2 = \ 25 + 1 = \ 26≈ 5.10 

 

 

c | F3 | = \ ( 2 )  2 + ( 5 )  2 = \ 4 + 25 = \ 29≈ 5.39 

 

 

d | F3 | = \ ( − 3 )  2 + ( 2 )  2 = \ 9 + 4 = \ 13≈ 3.61 

 

 

tan θ =  ⇒ θ
8

1
= 82.9 ° ( 3 s.f. )  

angle withOx = 82.9 ° below ( 3 s.f. ) 

tan θ =  ⇒ θ
1

5
= 11.3 ° ( 3 s.f. )  

angle withOx = 169 ° above ( 3 s.f. ) 

tan θ =  ⇒ θ
5

2
= 68.2 ° ( 3 s.f. )  

angle withOx = 68.2 ° above ( 3 s.f. ) 

tan θ =  ⇒ θ
2

3
= 33.7 ° ( 3 s.f. )  

angle withOx = 146 ° above ( 3 s.f. ) 
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Question: 

Forces P N, Q N and R N act on a particle of m kg. Find the resultant force on the particle and the acceleration produced 
when 

a P = 3i + j , Q = 2i − 3j , r = i + 2j and m = 2, 

b P = 4i − 3j , Q = − 3i + 2j , r = 2i − j and m = 3, 

c P = − 3i + 2j , Q = 2i − 5j , r = 4i + j and m = 4, 

d P = 2i + j , Q = − 6i − 4j , r = 5i − 3j and m = 2. 

Solution: 

a Resultant force =P + Q + R = ( 3i + j ) + ( 2i − 3j ) + ( i + 2j ) = 6i  

⇒ usingF = ma ,  6i = 2 × a , a = 3i m s− 2

 

b Resultant force =P + Q + R = ( 4i − 3j ) + ( − 3i + 2j ) + ( 2i − j ) = 3i − 2j  

⇒ usingF = ma ,  3i − 2j = 3 × a , a =  i −  j  m s− 2 

 

c Resultant force =P + Q + R = ( − 3i + 2j ) + ( 2i − 5j ) + ( 4i + j ) = 3i − 2j  

⇒ usingF = ma ,  3i − 2j = 4 × a , a =  i −  j  m s− 2 

 

d Resultant force =P + Q + R = ( 2i + j ) + ( − 6i − 4j ) + ( 5i − 3j ) = i − 6j  

⇒ usingF = ma ,  i − 6j = 2 × a , a =  i − 3j  m s− 2 
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Question: 

 

A particle is in equilibrium at O under the action of forces X, Y and R, as shown in the diagram. Use a triangle of forces 
to find the magnitude of R and the value of θ when: 

a | X | = 3 N , |Y | = 5 N ,b | X | = 6 N , |Y | = 2 N ,c | X | = 5 N , |Y | = 4 N .

Solution: 

a 

b 

Using Pythagoras' theorem, 

tan θ =  

⇒ θ = 59.0 ° ( 3 s.f. )  

| R | = \ 32 + 52 = \ 9 + 25 = \ 34≈ 5.83 N 
5

3

Using Pythagoras' theorem, 

tan θ =  

⇒ θ = 18.4 ° ( 3 s.f. )  

| R | = \ 62 + 22 = \ 36 + 4 = \ 40≈ 6.32 N 
2

6
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c 

Using Pythagoras' 
theorem, | R | = \ 52 + 42 = \ 25 + 16 = \ 41 = 6.40 N

( 3 s.f. )  tan θ =  ⇒ θ = 38.7 ° ( 3 s.f. )  
4

5
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Question: 

 

The diagram shows two strings attached to a particle P, of weight W N, and to two fixed points A and B. The line AB is 
horizontal and P is hanging in equilibrium with ∠ BAP = α and ∠ ABP = β. The magnitude of the tension in AP is 
TAN, and the magnitude of the tension in BP is TBN. 

Use a triangle of vectors to find: 

a TA and TB if W = 5 , α = 40◦  and 

β = 50◦ ,

b TA and TB if W = 6 , α = 30◦  and 

β = 45◦ ,

c TA and W if TB = 5 , α = 40◦  and 

β = 50◦ ,

d W and TB if TA = 5 , α = 30◦  and 

β = 70◦ ,

e TA and α if W = 7 , TB = 6 and β= 50◦ .

Solution: 

a 

The triangle of forces is a right-angled triangle 
⇒ TA = 5 × sin 40 ° = 3.21 N ( 3 s.f. )  and 

TB = 5 × cos 40 ° = 3.83 N ( 3 s.f. )  

Triangle of forces
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b 

c 

Using the Sine rule,
Triangle of forces

=  =  
TB

sin 60 °

TA

sin 45 °

6

sin 75 °

TA =  = 4.39 N ( 3 s.f. ) 
6 × sin 45 °

sin 75 °

TB =  = 5.38 N ( 3 s.f. ) 
6 × sin 60 °

sin 75 °
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d 

The triangle of forces is a right-angled triangle
Triangle of forces ⇒ TA = 5 × tan 40 ° = 4.20 N ( 3 s.f. )  

and 5 = W × cos 40 ° ,

W =  = 6.53 N ( 3 s.f. ) 
5

cos 40 °

Triangle of forces Using the Sine rule

=  =  
 W

sin 100 °

5

sin 20 °

TB

sin 60 °

W =  = 14.4N ( 3 s.f. )  
5 × sin 100 °

sin 20 °

TB =  = 12.7 N ( 3 s.f. )  
5 × sin 60 °

sin 20 °
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e 

Triangle of forces Using the Cosine rule:
 

Using the Sine rule: 

=  
 

sin ( 90 ° −α ) =  = 0.848 …  
 

90 ° − α = 58.1 ° ,α = 31.9 ° ( 3 s.f. )  

TA
2 = 62 + 72 − 2 × 6 × 7 × cos 40 ° = 20.65 …

TA = 4.54 N ( 3 s.f. )  

sin 40 °

TA

sin ( 90 ° −α )  

6

6 × sin 40 °

4.54
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Question: 

Three forces F1 , F2 and F3 act on a particle. F1 = ( − 3i + 7j ) N , F2 = ( i − j ) N and F3 = ( pi + qj ) N .

 

a Given that this particle is in equilibrium, determine the value of p and the value of q. The resultant of the forces F1 and 

F2 is R. 

b Calculate, in N, the magnitude of R. 

c Calculate, to the nearest degree, the angle between the line of action of R and the vector j. 

Solution: 

a F1 + F2 + F3 = 0⇒ ( − 3i + 7j ) + ( i − j ) + ( pi + qj ) = 0 

 

( − 3 + 1 +p ) i + ( 7 − 1 +q ) j = 0  
p = 2,q = − 6 

b R = F1 + F2 = ( − 3i + 7j ) + ( i − j ) = − 2i + 6j 

 

| R | = \ ( − 2 )  2 + 62 = \ 4 + 36 = \ 40 = 6.32 N  

c 

tan θ =  
2

6

θ = 18 °
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Question: 

In this question, the horizontal unit vectors i and j are directed due east and north respectively. 

A coastguard station O monitors the movements of ships in a channel. At noon, the station's radar records two ships 
moving with constant speed. Ship A is at the point with position vector ( − 3i + 10j ) km relative to O and has velocity 
( 2i + 2j ) km h − 1 . Ship B is at the point with position vector ( 6i + j ) km and has velocity ( −i + 5j ) km h− 1 . 

a Show that if the two ships maintain these velocities they will collide. 

The coastguard radios ship A and orders it to reduce its speed to move with velocity (i + j ) km h − 1 . Given that A 
obeys this order and maintains this new constant velocity. 

b find an expression for the vector AB at time t hours after noon, 

c find, to three significant figures, the distance between A and B at 1500 hours, 

d find the time at which B will be due north of A. 

Solution: 

a At time t 
 

i components equal when − 3 + 2t = 6 − t ⇒ 3t = 9,t = 3 

t = 3 : rA = 3i + 16j ; rB = 3i + 16j ⇒ collide

 

b New rA = ( − 3 + t ) i + ( 10 + t ) j 

 

⇒ AB = rB − rA = ( 6 − t ) i + ( 1 + 5t ) j − { ( − 3 + t ) i + ( 10 + t ) j {  

 

 

c t = 3 : AB = 3i + 3j, ⇒ dist. = \ ( 3 2 + 32 )  ≈ 4.24 km

 

d B north of A ⇒  no i component ⇒ 9 − 2t = 0⇒ t =  ⇒  time 1630 hours

 

rA = ( − 3 + 2t ) i + ( 10 + 2t ) j 

rB = ( 6 − t ) i + ( 1 + 5t ) j 

= ( 6 − t + 3 − t ) i + ( 1 + 5t − 10 − t ) j 
= ( 9 − 2t ) i + ( − 9 + 4t ) j 

9

2

Page 1 of 1Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_6_h_2.html

PhysicsAndMathsTutor.com



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Vectors 
Exercise H, Question 3 

© Pearson Education Ltd 2008 

Question: 

Two ships P and Q are moving along straight lines with constant velocities. Initially P is at a point O and the position 
vector of Q relative to O is ( 12i + 6j ) km , where i and j are unit vectors directed due east and due north respectively. 
Ship P is moving with velocity 6i km h− 1 and ship Q is moving with velocity ( − 3i + 6j ) km h − 1 . At time t hours the 
position vectors of P and Q relative to O are p km and q km respectively. 

a Find p and q in terms of t. 

b Calculate the distance of Q from P when t = 4. 

c Calculate the value of t when Q is due north of P. 

Solution: 

a p = 6ti 

q = ( 12i + 6j ) + ( − 3i + 6j ) t = ( 12 − 3t ) i + ( 6 + 6t ) j  

b t = 4 : p = 24i,q = 30j 

⇒ dist. apart = \ 242 + 302 = \ 576 + 900 = \ 1476≈ 38.4 km

 

c Q north of P ⇒ i components match ⇒ 6t = 12 − 3t ⇒ 9t = 12⇒ t = 1 

 

1

3
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Question: 

A particle P moves with constant acceleration ( − 3i + j ) m s− 2 . At time t seconds, its velocity is v ms− 1. When 
t = 0, v = 5i − 3j. 

a Find the value of t when P is moving parallel to the vector i. 

b Find the speed of P when t = 5. 

c Find the angle between the vector i and the direction of motion of P when t = 5. 

Solution: 

a ν = u + at : v = ( 5i − 3j ) + ( − 3i + j ) × t = ( 5 − 3t ) i + ( − 3 + t ) j  

v parallel to i ⇒ − 3 + t = 0⇒ t = 3 s 

b t = 5,v = − 10i + 2j 

Speed = |v | = √ 104≈ 10.2 m s− 1 

 

c 

 

Angle =  arctan + 90° = 168.7°  1 s.f.  

 

 


10

2
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Question: 

A particle P of mass 5 kg is moving under the action of a constant force F newtons. At t = 0, P has velocity 5i − 3j  

m s− 1 . At t = 4 s, the velocity of P is ( − 11i + 5j ) m s− 1 . Find
 

a the acceleration of P in terms of i and j, 

b the magnitude of F. 

At t = 6 s, P is at the point A with position vector ( 28i + 6j ) m relative to a fixed origin O. At this instant the force F 
newtons is removed and P then moves with constant velocity. Two seconds after the force has been removed, P is at the 
point B. 

c Calculate the distance of B from O. 

 


 


Solution: 

a a =  : a =  − 11i + 5j  −  5i − 3j  = − 4i + 2j m s− 2 

 

b F = m a = 5 × ( − 4i + 2j ) = − 20i + 10j  
| F | = \ ( − 20 )  2 + 102 = \ 500≈ 22.4 N  

c t = 6,v = u + at ⇒ v = ( 5i − 3j ) + ( − 4i + 2j ) × 6 = 5i − 3j − 24i + 12j = − 19i + 9j  
At B : r = r0 + vt ⇒ r = ( 28i + 6j ) + ( − 19i + 9j ) × 2 = − 10i + 24j  

DistanceOB = \ ( − 10 )  2 + 242 = \ 100+ 576= \ 676= 26m ¯

 

ν − u

t

1

4
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Question: 

In this question the vectors i and j are horizontal unit vectors in the directions due east and due north respectively. 

Two boats A and B are moving with constant velocities. Boat A moves with velocity 6i km h − 1. Boat B moves with 
velocity ( 3i + 5j ) km h− 1 . 

a Find the bearing on which B is moving. 

At noon, A is at point O and B is 10 km due south of O. At time t hours after noon, the position vectors of A and B 
relative to O are a km and b km respectively. 

b Find expressions for a and b in terms of t, giving your answer in the form pi + qj. 

c Find the time when A is due east of B. 

At time t hours after noon, the distance between A and B is dkm. By finding an expression for AB, 

d show that d2 = 34t2 − 100t + 100.

 

At noon, the boats are 10 km apart. 

e Find the time after noon at which the boats are again 10 km apart. 

Solution: 

a 

 

tan θ =  ⇒ θ = 31 ° , bearing is 031°

 

b 
 

c A due east of B ⇒ j components match ⇒ − 10 + 5t = 0 

3

5

a = 6ti
b = 3ti + ( − 10 + 5t) j 
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t = 2⇒ 1400 hours 

d 
 

e d = 10⇒ d2 = 100⇒ 34t2 − 100t = 0

 

 

AB = b − a = { 3ti + ( − 10 + 5t) j { − 6ti = − 3ti + ( − 10 + 5t) j 

d2 = | b − a | 2 = ( − 3t ) 2 + ( − 10 + 5t)  2 = 9t2 + 100 − 100t+ 25t2 

= 34t2 − 100t+ 100, as required.

⇒ t = 0 or  = 2.9411 … …
100

34

⇒ time is 1456 hours
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Question: 

A small boat S, drifting in the sea, is modelled as a particle moving in a straight line at constant speed. When first sighted at 
0900, S is at a point with position vector ( − 2i− 4j ) km relative to a fixed origin O, where i and j are unit vectors due east 
and due north respectively. At 0940, S is at the point with position vector ( 4i− 6j ) km . At time t hours after 0900, S is at 
the point with position vector s km. 

a Calculate the bearing on which S is drifting. 

b Find an expression for s in terms of t. 

At 1100 a motor boat M leaves O and travels with constant velocity (pi + qj ) km h− 1 .

 

c Given that M intercepts S at 1130, calculate the value of p and the value of q. 

Solution: 

a ( Direction ofv ) = ( 4i − 6j ) − ( − 2i − 4j ) = 6i − 2j  

 
 

b Expressing v in kmh− 1,v =  6i − 2j  ×  = 9i − 3j 

 

r = r0 + vt ⇒ s = ( − 2i − 4j ) + t ( 9i − 3j ) = ( − 2 + 9t ) i + ( − 4 − 3t ) j 

 

c At 1130, t= 2.5,s= ( − 2 + 9 × 2.5 )i + ( − 4 − 3 × 2.5 )j = 20.5i− 11.5j  

M has been travelling for 30 minutes ⇒ m = 0.5 ( pi + qj )   

s = m ⇒ p = 41,q = − 23 

tan θ =  ⇒ θ = 18.43 … °1

3

Bearing = 90° + θ = 108°

 


 


60

40
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Question: 

A particle P moves in a horizontal plane. The acceleration of P is ( − 2i + 3j ) m s− 2 . At time t = 0, the velocity of P 
is ( 3i − 2j ) m s− 1 . 

a Find, to the nearest degree, the angle between the vector j and the direction of motion of P when t = 0. 

At time t seconds, the velocity of P is v m s− 1. Find

 

b an expression for v in terms of t, in the form ai + bj, 

c the speed of P when t = 4, 

d the time when P is moving parallel to i + j. 

Solution: 

a 

 

tan θ =  θ = 33.7°  

 

angle between v and j = 90 + 33.7≈ 124°

 

b v = u + at : v = 3i − 2j + ( − 2i + 3j ) × t = ( 3 − 2t ) i + ( − 2 + 3t ) j  

c t = 4,v = ( 3 − 2 × 4 )i + ( − 2 + 3 × 4 )j = − 5i + 10j  
speed = \ ( − 5 )  2 + 102 = \ 25 + 100 = \ 125≈ 11.2 m s− 1 

d v parallel to i + j ⇒ i and j components must be equal ⇒ 3 − 2t = − 2 + 3t 

⇒ 5t = 5,t = 1 

2

3
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Question: 

In this question, the unit vectors i and j are horizontal vectors due east and north respectively. 

At time t = 0 a football player kicks a ball from the point A with position vector ( 3i + 2j ) m on a horizontal football 
field. The motion of the ball is modelled as that of a particle moving horizontally with constant velocity ( 4i + 9j )
m s− 1 . Find 

a the speed of the ball, 

b the position vector of the ball after t seconds. 

The point B on the field has position vector ( 29i + 12j ) m . 

c Find the time when the ball is due north of B. 

At time t = 0, another player starts running due north from B and moves with constant speed v m s− 1.

 

d Given that he intercepts the ball, find the value of v. 

Solution: 

a v = 4i + 9j ⇒  speed of ball =√ ( 4 2 + 92 ) ≈ 9.85 m s− 1 

 

b r = r0 + vt ⇒  position vector of the ball after t seconds

 

= ( 3i + 2j ) + ( 4i + 9j ) × t = ( 3 + 4t ) i + ( 2 + 9t ) j  

c North of B when i components same, i.e. 3 + 4t = 29,4t = 26,t = 6.5 s 

d When t = 6.5, position vector of the ball 
 

Distance travelled by 2nd player = 60.5 − 12 = 48.5 m 

Speed= 48.5÷ 6.5≈ 7.46m s − 1

 

= ( 3 + 4 × 6.5 )i + ( 2 + 9 × 6.5 )j = 29i + 60.5j 

⇒ j component = 60.5
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Question: 

Two ships P and Q are travelling at night with constant velocities. At midnight, P is at the point with position vector ( 10i + 15j )
km relative to a fixed origin O. At the same time, Q is at the point with position vector ( − 16i+ 26j ) km . Three hours later, P is 
at the point with position vector ( 25i+ 24j ) km . The ship Q travels with velocity 12ikm h− 1. At time t hours after midnight, the 
position vectors of P and Q are p km and q km respectively. Find 

a the velocity of P in terms of i and j, 

b expressions for p and q in terms of t, i and j. 

At time t hours after midnight, the distance between P and Q is d km. 

c By finding an expression for PQ, show that 

d2 = 58t2 − 430t+ 797

 

Weather conditions are such that an observer on P can only see the lights on Q when the distance between P and Q is 13 km or less. 

d Given that when t= 2 the lights on Q move into sight of the observer, find the time, to the nearest minute, at which the lights on Q 
move out of sight of the observer. 

Solution: 

a r = r0 + vt ⇒ vP = { ( 25i + 24j ) − ( 10i + 15j ) { / 3 = ( 5i + 3j ) km h− 1 

 

b 
 

c 
 

d d = 13⇒ 58t2 − 430t+ 797 = 169,58t2 − 430t + 628 = 0

 

We are given that t= 2 is one solution, so we know that (t − 2 )  is a factor 
 

r = r0 + vt ⇒ after t hours,

p = ( 10i + 15j ) + ( 5i + 3j ) × t = ( 10 + 5t ) i + ( 15 + 3t ) j 
q = ( − 16i + 26j ) + 12i × t = ( − 16 + 12t ) i + 26j 

PQ = q − p = { ( − 16 + 12t ) i + 26j { − { ( 10 + 5t ) i + ( 15 + 3t ) j {  
= ( − 26 + 7t ) i + ( 11 − 3t ) j 

⇒ d2 = ( − 26 + 7t )  2 + ( 11 − 3t )  2

= 676 − 364t + 49t2 + 121 − 66t + 9t2

= 58t2 − 430t + 797, as required

⇒ ( t − 2 ) ( 58t − 314 ) = 0 

⇒ t =  ≈ 5.41 hours, so time≈ 0525 to the nearest minute
314

58
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Question: 

A particle P of mass 0.2 kg is moving along a straight horizontal line with constant speed 12 m s− 1. Another particle Q 
of mass 0.8 kg is moving in the same direction as P, along the same straight horizontal line, with constant speed 2m s− 1. 
The particles collide. Immediately after the collision, Q is moving with speed 6 m s− 1. 

a Find the speed of P immediately after the collision. 

b State whether or not the direction of motion of P is changed by the collision. 

c Find the magnitude of the impulse exerted on Q in the collision. 

Solution: 

 

a Conservation of linear momentum 
 

the speed of P immediately after the collision is 4 m s− 1

 

b The direction of motion of P has been changed by the collision. 

c For Q, I = 0.8 × 6 − 0.8 × 2 = 3.2 

the magnitude of the impulse on Q is 3.2 N s 

0.2 × 12 + 0.8 × 2 = 0.2 ×v + 0.8 × 6

0.2v = − 0.8⇒ v = − 4
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Question: 

A particle P of weight W newtons is attached to one end of a light inextensible string. The 
other end of the string is attached to a fixed point O. The string is taut and makes an angle 
30° with the vertical. The particle P is held in equilibrium under gravity by a force of 
magnitude 12 N acting in a direction perpendicular to the string, as shown. Find 

a the tension in the string, 

b the value of W. 

Solution: 

 

a R ( → )  T cos 60 ° = 12 cos 30 °  

T = 12 √ 3 ( ≈ 20.8 )   

the tension in the string is 12√ 3 N 

b 
 R ( ↑ )  W = T sin 60 ° + 12 sin 30 °

= 12 √ 3 ×  + 12 ×  = 24
√ 3

2

1

2
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Question: 

A car is moving along a straight horizontal road. At time t= 0, the car passes a sign 
A with speed 8 m s− 1 and this speed is maintained for 6 s. The car then accelerates uniformly from 8 m s− 1 to 12 m s− 1 in 9 s. The 
speed of 12 m s− 1 is then maintained until the car passes a second sign B. The distance between A and B is 390 m. 

a Sketch a speed-time graph to illustrate the motion of the car as it travels from A to B. 

b Find the time the car takes to travel from A to B. 

c Sketch a distance-time graph to illustrate the motion of the car as it travels from A to B. 

Solution: 

a 

 

 

the time the car takes to travel from A to B is 36 s 

c 

 

b Let the time travelled at 12 m s− 1 be T seconds.

6 × 8 +  ( 8 + 12 )  × 9 + 12 ×T = 390
1

2

12T = 390 − 48 − 90 = 252⇒ T = 21
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Question: 

Two particles A and B are connected by a light inextensible string which passes over a fixed 
smooth pulley. The mass of A is 4 kg and the mass of B is m, where m > 4kg. The system is 
released from rest with the string taut and the hanging parts of the string vertical, as shown. 

After release, the tension in the string is mg.
 

a Find the magnitude of the acceleration of the particles. 

b Find the value of m. 

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

1

4

Solution: 

 

a For B 
 

the magnitude of the acceleration of the particles is g

 

b For A 

R ( ↓ )  mg − T = ma

mg −  mg
1

4
= ma

a =  g
3

4

3

4
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c the accelerations of the particles have the same magnitude. 

R ( ↑ )  T − 4g = 4a

m g − 4 g
1

4
= 4 ×  g

3

4

m = 28
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Question: 

A particle of mass 0.8 kg is moving under the action of two forces P and Q. The 
force P has magnitude 4 N and the force Q has magnitude 6 N. The angle 
between P and Q is 110°, as shown. The resultant of P and Q is F. Find 

a the angle between the direction of F and the direction of P. 

b the magnitude of the acceleration of the particle. 

Solution: 

(i) 
 

 

the angle between the direction of F and the direction of P is 70.9 °  (3 s.f.) 

(ii)  
 

5.96515 … = 0.8a ⇒ a = 7.456 …  

the acceleration of P is 7.46ms − 2 (3 s.f.)

 

R ( → )  X = 4 − 6 cos 70 ° = 1.947879 …
R ( ↑ )  Y = 6 sin 70 ° = 5.638155 …

tan θ =  = 2.89451 …
Y

X

θ = 70.9 ° ( 3 s.f. )  

| F |  2 = X2 + Y2 = 35.583 …
F = | F |  = √ 35.583 … = 5.96515 …
F = ma
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Question: 

A small stone, S, of mass 0.3 kg, slides with constant acceleration down a line of 
greatest slope of a rough plane, which is inclined at 30° to the horizontal. The stone 
passes through a point X with speed 1.5 m s− 1. Three seconds later it passes through a 
point Y, where XY= 6 m, as shown. Find. 

a the acceleration of S, 

b the magnitude of the normal reaction of the plane on S, 

c the coefficient of friction between S and the plane. 

Solution: 

 

a u = 1.5,t= 3,s = 6,a = ?  
 

the acceleration of S is m s− 2

 

b R ( ↑ )  R = 0.3g cos 30 ° = 2.546 …  

the magnitude of the normal reaction of the plane on S is 2.5 N (2 s.f.) 

c Friction is limiting F= µR = µ × 0.3g cos 30 °  
 

The coefficient of friction between S and the planeis 0.54 (2 s.f.) 

s = ut +  at2
1

2

6 = 1.5 × 3 +  a × 9
1

2

1.5 = 4.5a ⇒ a =  
1

3

1

3

R ( տ )  0.3g sin 30 ° − µ0.3g cos 30 ° = 0.3 ×  
1

3

µ =  = 0.538 …
g sin 30 ° −  

1

3

g cos 30 °
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Question: 

In this question the unit vectors i and j are due east and north respectively and position vectors are given with respect to 
a fixed origin O. 

A ship S is moving with constant velocity (2i−3j) km h−1 and a ship R is moving with constant velocity 6i km h−1.

 

a Find the bearing along which S is moving. 

At noon S is at the point with position vector 8i km and R is at O. At time t hours after noon, the position vectors of S and 
T are s km and r km respectively. 

b Find s and r, in terms of t. 

At time T hours, R is due north-east of S. Find 

c the value of T, 

d the distance between S and R at time T hours. 

Solution: 

a 

b 
 

c At time t = T, r − s = ( 4T − 8 )  i + 3Tj 

If S is north-east of R, 

= 1⇒ T = 8

 

tanθ=  ⇒ θ ≈ 56.3 °
 

the bearing along which S is moving is 146

3

2

s = 8i + ( 2i − 3j )  t
r = 6ti

3T

4T − 8
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d When T = 8 
 

The distance between S and R is 24 √ 2km. 

r − s = 24i + 24j

SR2 = 242 + 242 ⇒ SR = 24 √ 2
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Examination style paper 
Exercise A, Question 8 

Question: 

 

A uniform steel girder AB has length 8 m and weight 400 N. A load of weight 200 N is attached to the girder at A and a 
load of weight W newtons is attached to the girder at B. The girder and the loads hang in equilibrium, with the girder 
horizontal. The girder is held in equilibrium by two cables attached to the girder at P and Q, where AP = 2 m and 
QB = x m, as shown. The girder is modelled as a uniform rod, the loads as particles and the cables as light inextensible 
strings. 

a Show that the tension in the cable at Q is N.

 

Given that the tension in the cable attached at P is five times the tension in the cable attached to Q, 

b find W in terms of x, 

c deduce that x < 2. 

 


400 + 6W

6 − x
 


Solution: 

 

a 
 

Y =  

 

M ( P ) Y ( 6 − x )  + 200 × 2 = 400 × 2 +W × 6
Y ( 6 − x )  = 800 − 400 + 6W

400 + 6W

6 − x
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the tension in the cable at Q is N
 

b 
 

 

c W □ ≥ □ 0 □ ⇒ □ x □ ≥ □ 2 

 


400 + 6W

6 − x
 


R ( ↑ )  X + Y = 600 +W

X = 600 +W −  
400 + 6W

6 − x

=  
3200 − 600x − wx

6 − x

X = 5Y⇒ 3200− 600x − Wx = 5 ( 400 + 6W)  

1200 − 600x = ( 30 + x )  W

W =  
600 ( 2 −x )  

30 + x
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Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 1 
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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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 2 
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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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Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 3 

© Pearson Education Ltd 2008 

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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 4 

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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Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 5 
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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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Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 6 
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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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Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 7 
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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 um 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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Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 8 
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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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Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 9 

© Pearson Education Ltd 2008 

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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Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 10 
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Question: 

A stone is projected vertically upwards from a point A with initial speed um 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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Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 11 
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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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 12 
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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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 13 
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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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Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 14 

© Pearson Education Ltd 2008 

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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Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 15 
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Question: 

A particle is projected vertically upwards from a point A with speed um 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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Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 16 
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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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Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 17 
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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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Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 18 

© Pearson Education Ltd 2008 

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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 19 

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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 20 
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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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 21 
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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 um 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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 22 

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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 23 

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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 24 

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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 25 

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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 26 

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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 27 

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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Review Exercise 
Exercise A, Question 28 
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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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 29 

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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 30 

Question: 

The brakes of a train, which is travelling at 108 km h− 1, are applied as the train passes a point A. The brakes produce a retardation of 
magnitude 3fm 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 fm 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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Review Exercise 
Exercise A, Question 32 

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: 
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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: 
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© 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: 
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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: 

 

Page 1 of 2Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_rev1_a_36.html

PhysicsAndMathsTutor.com



© Pearson Education Ltd 2008 

 

Page 2 of 2Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_rev1_a_36.html

PhysicsAndMathsTutor.com



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 37 

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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Exercise A, Question 43 

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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Review Exercise 
Exercise A, Question 44 

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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Exercise A, Question 46 

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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Review Exercise 
Exercise A, Question 47 

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: 

 

Page 1 of 2Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_rev1_a_47.html

PhysicsAndMathsTutor.com



© Pearson Education Ltd 2008 

 

Page 2 of 2Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_rev1_a_47.html

PhysicsAndMathsTutor.com



Solutionbank M1 
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Exercise A, Question 48 

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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Exercise A, Question 49 

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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Exercise A, Question 50 

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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Exercise A, Question 51 

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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Review Exercise 
Exercise A, Question 52 

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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Review Exercise 
Exercise A, Question 53 

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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Review Exercise 
Exercise A, Question 54 

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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Exercise A, Question 55 

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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Exercise A, Question 56 

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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 57 

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
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 58 

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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
Review Exercise 
Exercise A, Question 59 

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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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 1 

Question: 

 

A particle of weight 24 N is held in equilibrium by two light inextensible strings. One string is horizontal. The other string is inclined 
at an angle of 30° to the horizontal, as shown. The tension in the horizontal string is Q newtons and the tension in the other string is P 
newtons. Find 

a the value of P, 

b the value of Q. 

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 2 

Question: 

 

A particle P, of mass 2 kg, is attached to one end of a light string, the other end of which is attached to a fixed point O. The particle 
is held in equilibrium, with OP horizontal, by a force of magnitude 30 N applied at an angle  to the horizontal, as shown. 

a Find, to the nearest degree, the value of . 

b Find, in N to 3 significant figures, the magnitude of the tension in the string. 

α

α

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 3 

Question: 

 

A body of mass 5 kg is held in equilibrium under gravity by two inextensible light ropes. One rope is horizontal, the other is at an 
angle  to the horizontal, as shown. The tension in the rope inclined at  to the horizontal is 72 N. Find 

a the angle , giving your answer to the nearest degree, 

b the tension T in the horizontal rope, giving your answer to the nearest N. 

α α

α

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 4 

Question: 

 

A particle P is attached to one end of a light inextensible string. The other end of the string is attached to a fixed point O. A 
horizontal force of magnitude 12 N is applied to P. The particle P is in equilibrium with the string taut and OP making an angle of 
20° with the downward vertical, as shown. Find 

a the tension in the string, 

b the weight of P. 

Solution: 

 

Page 1 of 3Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_rev2_a_4.html

PhysicsAndMathsTutor.com



 

Page 2 of 3Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_rev2_a_4.html

PhysicsAndMathsTutor.com



© Pearson Education Ltd 2008 

Page 3 of 3Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_rev2_a_4.html

PhysicsAndMathsTutor.com



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 5 

Question: 

 

A particle P is held in equilibrium under gravity by two light, inextensible strings. One string is inclined at an angle of 60° to the 
horizontal and has a tension of 40 N. The other string is inclined at an angle of 40° to the horizontal and has a tension of T newtons, 
as shown. Find, to three significant figures, 

a the value of T, 

b the weight of P. 

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 6 

Question: 

 

A smooth bead B is threaded on a light inextensible string. The ends of the string are attached to two fixed points A and C on the 
same horizontal level. The bead is held in equilibrium by a horizontal force of magnitude 6 N acting parallel to AC. The bead B is 

vertically below C and ∠ BAC = α, as shown in the diagram. Given that tan α=  , find
 

a the tension in the string, 

b the weight of the bead. 

3

4

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 7 

Question: 

 

Two small rings, A and B, each of mass 2m, are threaded on a rough horizontal pole. The coefficient of friction between each ring 
and the pole is µ. The rings are attached to the ends of a light inextensible string. A smooth ring C, of mass 3m, is threaded on the 
string and hangs in equilibrium below the pole. The rings A and B are in limiting equilibrium on the pole, with 

∠ BAC = ∠ ABC = θ, where tanθ =  , as shown in the diagram.
 

a Show that the tension in the string is mg.

 

b Find the value of µ. 

3

4

5

2

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 8 

Question: 

 

A particle of weight W newtons is attached at C to the ends of two light inextensible strings AC and BC. The other ends of the strings 
are attached to two fixed points A and B on a horizontal ceiling. The particle hangs in equilibrium with AC and BC inclined to the 
horizontal at 30° and 60° respectively, as shown. Given the tension in AC is 50 N, calculate 

a the tension in BC, to three significant figures, 

b the value of W. 

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 9 

© Pearson Education Ltd 2008 

Question: 

 

A small box of mass 20 kg rests on a rough horizontal floor. The coefficient of friction between the box and the floor is 0.25. A light 
inextensible rope is tied to the box and pulled with a force of magnitude P newtons at 14° to the horizontal as shown in the diagram. 
Given that the box is on the point of sliding, find the value of P, giving your answer to 1 decimal place. 

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 10 

Question: 

 

A smooth plane is inclined at an angle 10° to the horizontal. A particle P of mass 2 kg is held in equilibrium on the plane by a 
horizontal force of magnitude F newtons, as shown. 

Find, to three significant figures, 

a the normal reaction exerted by the plane on P. 

b the value of F. 

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 11 

Question: 

 

A particle P of mass 2.5 kg rests in equilibrium on a rough plane under the action of a force of magnitude X newtons acting up a line 
of greatest slope of the plane, as shown in the diagram. The plane is inclined at 20° to the horizontal. The coefficient of friction 
between P and the plane is 0.4. The particle is in limiting equilibrium and is on the point of moving up the plane. Calculate 

a the normal reaction of the plane on P, 

b the value of X. 

The force of magnitude X newtons is now removed. 

c Show that P remains in equilibrium on the plane. 

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 12 

Question: 

 

A parcel of weight 10 N lies on a rough plane inclined at an angle of 30° to the horizontal. A horizontal force of magnitude P 
newtons acts on the parcel, as shown. The parcel is in equilibrium and on the point of slipping up the plane. The normal reaction of 
the plane on the parcel is 18 N. The coefficient of friction between the parcel and the plane is . Find 

a the value of P, 

b the value of . 

The horizontal force is removed. 

c Determine whether or not the parcel moves. 

µ

µ

Solution: 

 

Page 1 of 3Heinemann Solutionbank: Mechanics 1 M1

3/22/2013file://C:\Users\Buba\kaz\ouba\m1_rev2_a_12.html

PhysicsAndMathsTutor.com



Page 2 of 3Heinemann Solutionbank: Mechanics 1 M1

3/22/2013file://C:\Users\Buba\kaz\ouba\m1_rev2_a_12.html

PhysicsAndMathsTutor.com



© Pearson Education Ltd 2008 

 

Page 3 of 3Heinemann Solutionbank: Mechanics 1 M1

3/22/2013file://C:\Users\Buba\kaz\ouba\m1_rev2_a_12.html

PhysicsAndMathsTutor.com



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 13 

© Pearson Education Ltd 2008 

Question: 

 

A small ring of mass 0.25 kg is threaded on a fixed rough horizontal rod. The ring is pulled upwards by a light string which makes an 
angle 40° with the horizontal, as shown. The string and the rod are in the same vertical plane. The tension in the string is 1.2 N and 
the coefficient of friction between the ring and the rod is µ. Given that the ring is in limiting equilibrium, find 

a the normal reaction between the ring and the rod, 

b the value of µ. 

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 14 

Question: 

 

The diagram shows a boat B of mass 400 kg held at rest on a slipway by a rope. The boat is modelled as a particle and the slipway as 
a rough plane inclined at 15° to the horizontal. The coefficient of friction between B and the slipway is 0.2. The rope is modelled as a 
light, inextensible string, parallel to a line of greatest slope of the plane. The boat is in equilibrium and on the point of sliding down 
the slipway. 

a Calculate the tension in the rope. 

The boat is 50 m from the bottom of the slipway. The rope is detached from the boat and the boat slides down the slipway. 

b Calculate the time taken for the boat to slide to the bottom of the slipway. 

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 15 

Question: 

 

A heavy package is held in equilibrium on a slope by a rope. The package is attached to one end of the rope, the other end being held 
by a man standing at the top of the slope. The package is modelled as a particle of mass 20 kg. The slope is modelled as a rough 
plane inclined at 60° to the horizontal and the rope as a light inextensible string. The string is assumed to be parallel to a line of 
greatest slope of the plane, as shown in the diagram. At the contact between the package and the slope, the coefficient of friction is 
0.4. 

a Find the minimum tension in the rope for the package to stay in equilibrium on the slope. 

The man now pulls the package up the slope. Given that the package moves at constant speed, 

b find the tension in the rope. 

c State how you have used, in your answer to part b, the fact that the package moves 

i up the slope, 

ii at constant speed. 

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 16 

Question: 

 

A particle P of mass 0.5 kg is on a rough plane inclined at an angle  to the horizontal, where . The particle is held at rest on 

the plane by the action of a force of magnitude 4 N acting up the plane in a direction parallel to a line of greatest slope of the plane, 
as shown. The particle is on the point of slipping up the plane. 

a Find the coefficient of friction between P and the plane. 

The force of magnitude 4 N is removed. 

b Find the acceleration of P down the plane. 

α tanα = 3

4

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 17 

Question: 

 

A box of mass 30 kg is being pulled along rough horizontal ground at a constant speed using a rope. The rope makes an angle of 20° 
with the ground, as shown. The coefficient of friction between the box and the ground is 0.4. The box is modelled as a particle and 
the rope as a light, inextensible string. The tension in the rope is P newtons. 

a Find the value of P. 

The tension in the rope is now increased to 150 N. 

b Find the acceleration of the box. 

Solution: 
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Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 18 
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Question: 

 

A uniform rod AB has length 8 m and mass 12 kg. A particle of mass 8 kg is attached to the rod at B. The rod is supported at a point C and 
is in equilibrium in a horizontal position, as shown. 

Find the length of AC. 

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 19 

Question: 

 

A uniform beam AB has mass 12 kg and length 3 m. The beam rests in equilibrium in a horizontal position, resting on two smooth 
supports. One support is at end A, the other at a point C on the beam, where BC = 1 m, as shown in the diagram. The beam is 
modelled as a uniform rod. 

a Find the reaction on the beam at C. 

A woman of mass 48 kg stands on the beam at the point D. The beam remains in equilibrium. The reactions on the beam at A and C 
are now equal. 

b Find the distance AD. 

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 20 
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Question: 

 

Two men, Eric and Fred, set out to carry a water container across a desert, using a long uniform pole. The length of the pole is 4 m and its 
mass is 5 kg. The ends of the pole rest in equilibrium on the shoulders of the two men, with the pole horizontal. The water container has 
mass 16 kg and is suspended from the pole by means of a light rope, which is short enough to prevent the container reaching the ground, as 
shown. Eric has a sprained ankle, so Fred fixes the rope in such a way that the vertical force on his shoulder is twice as great as the vertical 
force on Eric's shoulder. 

a Find the vertical force on Eric's shoulder. 

b Find the distance from the centre of the pole to the point at which the rope is fixed. 

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 21 

Question: 

 

A uniform rod AB has length 1.5 m and mass 8 kg. A particle of mass m kg is attached to the rod at B. The rod is supported at the 
point C, where AC= 0.9 m, and the system is in equilibrium with AB horizontal, as shown. 

a Show that m= 2. 

A particle of mass 5 kg is now attached to the rod at A and the support is moved from C to a point D of the rod. The system, 
including both particles, is again in equilibrium with AB horizontal. 

b Find the distance AD. 

Solution: 
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Question: 

 

A uniform steel girder AB, of mass 150 kg and length 10 m, rests horizontally on two supports at A and B. A man of mass 90 kg 
stands on the girder at the point P, where AP= 2 m, as shown. By modelling the girder as a uniform rod and the man as a particle. 

a find the magnitude of the reaction at B. 

 

The support B is moved to a point Y on the girder, where BY= x metres, as shown. The man remains on the girder at P. The 
magnitudes of the reactions at the two supports are now equal. 

Find 

b the magnitude of the reaction at each support, 

c the value of x. 

Solution: 
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Question: 

A footbridge across a stream consists of a uniform horizontal plank AB of length 5 m and mass 140 kg, supported at the ends A and 
B. 
A man of mass 100 kg is standing at a point C on the footbridge. Given that the magnitude of the force exerted by the support at A is 
twice the magnitude of the force exerted by the support at B, calculate 

a the magnitude, in N, of the force exerted by the support at B, 

b the distance AC. 

Solution: 
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Question: 

A non-uniform thin straight rod AB has length 3d and mass 5m. It is in equilibrium resting horizontally on supports at the points X 
and Y, where AX= XY = YB = d. A particle of mass 2m is attached to the rod at B. Given that the rod is on the point of tilting about 
Y, find the distance of the centre of mass of the rod from A. 

Solution: 
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Question: 

 

A uniform rod AB has weight 70 N and length 3 m. It rests in a horizontal position on two smooth supports placed at P and Q, where 
AP = 0.5 m as shown in the diagram. The reaction on the rod at P has magnitude 20 N. Find 

a the magnitude of the reaction on the rod at Q, 

b the distance AQ. 

Solution: 

 

 

Page 1 of 1Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_rev2_a_25.html

PhysicsAndMathsTutor.com



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 26 

Question: 

 

A uniform plank AB has weight 120 N and length 3 m. The plank rests horizontally in equilibrium on two smooth supports C and D, 
where AC= 1 m and CD= x m, as shown. The reaction of the support on the plank at D has magnitude 80 N. Modelling the plank as 
a rod. 

a show that x= 0.75. 

A rock is now placed at B and the plank is on the point of tilting about D. Modelling the rock as a particle, find 

b the weight of the rock, 

c the magnitude of the reaction of the support on the plank at D. 

d State how you have used the model of the rock as a particle. 

Solution: 
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Exercise A, Question 27 

Question: 

 

A seesaw in a playground consists of a beam AB of length 4 m which is supported by a smooth pivot at its centre C. Jill has mass 25 
kg and sits on the end A. David has mass 40 kg and sits at a distance x metres from C, as shown. The beam is initially modelled as a 
uniform rod. Using this model, 

a find the value of x for which the seesaw can rest in equilibrium in a horizontal position. 

b State what is implied by the modelling assumptions that the beam is uniform. 

David realises that the beam is not uniform as he finds he must sit at a distance 1.4 m from C for the seesaw to rest horizontally in 
equilibrium. The beam is now modelled as a non-uniform rod of mass 15 kg. Using this model, 

c find the distance of the centre of mass of the beam from C. 

Solution: 
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Exercise A, Question 28 

Question: 

 

A steel girder AB has weight 210 N. It is held in equilibrium in a horizontal position by two vertical cables. One cable is attached to 
the end A. The other cable is attached to the point C on the girder, where AC= 90 cm, as shown. The girder is modelled as a uniform 
rod, and the cables as light inextensible strings. 

Given that the tension in the cable at C is twice the tension in the cable at A, find 

a the tension in the cable at A, 

b show that AB= 120 cm. 

A small load of weight W newtons is attached to the girder at B. The load is modelled as a particle. The girder remains in equilibrium 
in a horizontal position. The tension in the cable at C is now three times the tension in the cable at A. 

c Find the value of W. 

Solution: 
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Question: 

 

A uniform rod AB has mass 8 kg and length 4 m. A particle of mass 4 kg is attached to the rod at A and a particle of mass M kg is 
attached to the rod at B. The rod is supported at the point C, where AC = 1.5m, and rests in equilibrium in a horizontal position, as 
shown in the diagram. 

a Find the value of M. 

b State how you used the information that the rod is uniform. 

Solution: 
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Exercise A, Question 30 

Question: 

 

A uniform plank ABC, of length 12 m and mass 30 kg, is supported in a horizontal position at the points A and B, where AB= 8 m 
and BC = 4 m, as shown in the diagram. A woman of mass 60 kg stands on the plank at a distance of 2 m from A, and a rock of mass 
M kg is placed on the plank at the end C. The plank remains in equilibrium. The plank is modelled as a uniform rod, and the woman 
and the rock as particles. 

Given that the forces exerted by the supports on the plank at A and B are equal in magnitude, 

a find i the value of M, ii the magnitude of the force exerted by the support at A on the plank. 

b State how you used the modelling assumption that the rock is a particle. 

Solution: 
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Exercise A, Question 31 

Question: 

 

A l ight rod AB has length 10 m. It is suspended by two light vertical cables attached to the rod at the points C and D, where 
AC = 2 m, CD= 4 m, and DB = 4 m, as shown in the diagram. A load of weight 60 N is attached to the rod at A and a load of weight 
XN is attached to the rod at B. The rod is hanging in equilibrium in a horizontal position. Find, in terms of X, 

a the tension in the cable at C, 

b the tension in the cable at D, 

c Hence show that 15≤ X ≤ 90. 

If the tension in either cable exceeds 120 N that cable breaks. 

d Find the maximum possible value of X. 

Solution: 
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Question: 

 

A large uniform plank of wood of length 8 m and mass 30 kg is held in equilibrium by two small steel rollers A and B, ready to be 
pushed into a saw-mill. The centres of the rollers are 50 cm apart. One end of the plank presses against roller A from underneath, and 
the plank rests on top of roller B, as shown in the diagram. The rollers are adjusted so that the plank remains horizontal and the force 
exerted on the plank by each roller is vertical. 

a Suggest a suitable model for the plank to determine the forces exerted by the rollers. 

b Find the magnitude of the force exerted on the plank by the roller at B. 

c Find the magnitude of the force exerted on the plank by the roller at A. 

Solution: 
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2 Review Exercise 
Exercise A, Question 33 

Question: 

 

A plank of wood AB has length 5.4 m. It lies on a horizontal platform, with 1.2 m projecting over the edge, as shown in the diagram. 
When a girl of mass 50 kg stands at the point C on the plank, where BC = 0.3 m, the plank is on the point of tilting. By modelling the 
plank as a uniform rod and the girl as a particle, 

a find the mass of the plank. 

The girl places a rock on the end of the plank at A. By modelling the rock also as a particle, 

b find, to two significant figures, the smallest mass of the rock which will enable the girl to stand on the plank at B without tilting. 

c State briefly how you have used the modelling assumption that 

i the plank is uniform, 

ii the rock is a particle. 

Solution: 
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2 Review Exercise 
Exercise A, Question 34 

Question: 

Three forces F1, F2 and F3 act on a particle.
 

F1 = ( − 3ⅈ + 7j ) N , F2 = ( ⅈ − j ) N , F3 = ( pⅈ + qj ) N 

 

a Given that the particle is in equilibrium, determine the value of p and the value of q. 

The resultant of the forces F1 and F2 is R.
 

b Calculate, in N, the magnitude of R. 

c Calculate to the nearest degree, the angle between the line of action of R and the vector j. 

Solution: 
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Exercise A, Question 35 

Question: 

 

Two forces P and Q, act on a particle. The force P has magnitude 5 N and the force Q has magnitude 3 N. The angle between the 
directions of P and Q is 40°, as shown in the diagram. The resultant of P and Q is F. 

a Find, to three significant figures, the magnitude of F. 

b Find, in degrees to one decimal place, the angle between the directions of F and P. 

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

Question: 

Two forces P and Q act on a particle. The force P has magnitude 7 N and acts due north. The resultant of P and Q is a force of 
magnitude 10 N acting in a direction with bearing 120°. Find 

a the magnitude of Q, 

b the direction of Q, giving your answer as a bearing. 

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 37 

Question: 

Two forces F1 = ( 2ⅈ + 3j ) N and F2 = ( λⅈ + µj ) N , where λ and µ are scalars, act on a particle. The resultant of the two forces is 

R, where R is parallel to the vector ⅈ + 2j. 

a Find, to the nearest degree, the acute angle between the line of action of R and the vector i. 

b Show that 2λ − µ + 1 = 0. 

Given that the direction of F2 is parallel to j,
 

c find, to three significant figures, the magnitude of R. 

Solution: 
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Solutionbank M1 
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2 Review Exercise 
Exercise A, Question 38 

Question: 

A force R acts on a particle, where R= ( 7ⅈ + 16j ) N . 

Calculate 

a the magnitude of R, giving your answers to one decimal place, 

b the angle between the line of action of R and i, giving your answer to the nearest degree. 

The force R is the resultant of two forces P and Q. The line of action of P is parallel to the vector (ⅈ + 4j )  and the line of action of 
Q is parallel to the vector (ⅈ + j )  . 

c Determine the forces P and Q expressing each in terms of i and j. 

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 39 

Question: 

A particle P moves in a straight line with constant velocity. Initially P is at the point A with position vector ( 2ⅈ − j )  m relative to a 
fixed origin O, and 2s later it is at the point B with position vector ( 6ⅈ + j )  m. 

a Find the velocity of P. 

b Find, in degrees to one decimal place, the size of the angle between the direction of motion of P and the vector i. 

Three second after it passes B the particle P reaches the point C. 

c Find, in metres to one decimal place, the distance OC. 

Solution: 
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Exercise A, Question 40 
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Question: 

A particle P is moving with constant velocity ( 5ⅈ − 3j ) m s− 1 . At time t= 0, its position vector, with respect to a fixed origin O, is 
( − 2ⅈ + j )  m. Find, to three significant figures. 

a the speed of P, 

b the distance of P from O when t = 2s. 

Solution: 
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2 Review Exercise 
Exercise A, Question 41 

Question: 

A boat B is moving with constant velocity. At noon, B is at the point with position vector ( 3ⅈ − 4j )  km with respect to a fixed 
origin O. At 1430 on the same day, B is at the point with position vector ( 8ⅈ + 11j )  km. 

a Find the velocity of B, giving your answer in the form pⅈ + qj. 

At time t hours after noon, the position vector of B is b km. 

b Find, in terms of t, an expression for b. 

Another boat C is also moving with constant velocity. The position vector of C, c km, at time t hours after noon, is given by 

c = ( − 9ⅈ + 20j ) + t ( 6ⅈ + − j )  , where λ is a constant. 

Given that C intercepts B, 

c find the value of λ, 

d show that, before C intercepts B, the boats are moving with the same speed. 

Solution: 
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Question: 

A particle P of mass 2 kg is moving under the action of a constant force F newtons. When t= 0, P has velocity ( 3ⅈ + 2j ) m s− 1 
and at time t= 4s, P has velocity ( 15ⅈ − 4j ) m s− 1 . Find 

a the acceleration of P in terms of i and j, 

b the magnitude of F, 

c the velocity of P at time t = 6s. 

Solution: 
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Exercise A, Question 43 

Question: 

The horizontal unit vectors i and j are due east and due north respectively. 

A ship S is moving with constant velocity . At time 1200, the position vector of S relative to a fixed origin O is 
. Find 

a the speed of S, 

b the bearing on which S is moving. 

The ship is heading directly towards a submerged rock R. A radar tracking station calculates that, if S continues on the same course 
with the same speed, it will hit R at the time 1500. 

c Find the position vector of R. 

The tracking station warns the ship's captain of the situation. The captain maintains S on its course with the same speed until the time 
is 1400. He then changes course so that S moves due north at a constant speed of . Assuming that S continues to move with 
this new constant vector, find 

d an expression for the position vector of the ship t hours after 1400. 

e The time when S will be due east of R. 

f The distance of S from R at the time 1500. 

(−2.5i + 6j)kmh−1

(16i + 5j)km

5kmh−1

Solution: 
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Exercise A, Question 44 

Question: 

The horizontal unit vectors i and j are due east and due north respectively. 

A model boat A moves on a lake with constant velocity . At time , A is at the point with position vector . 
Find 

a the speed of A, 

b the direction in which A is moving, giving your answer as a bearing. 

At time , a second boat B is at the point with position vector . 

Given that the velocity of B is , 

c show that A and B will collide at a point P and find the position vector of P. 

Given instead that B has speed  and moves in the direction of the vector . 

d find the distance of B from P when . 

(−i + 6j)m s−1 t = 0 (2i − 10j)m

t = 0 (−26i + 4j)m

(3i + 4j)ms−1

8 ms−1 (3i + 4j)

t = 7s

Solution: 
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Exercise A, Question 45 

Question: 

The horizontal unit vectors i and j are due east and due north respectively. 

At time t = 0, a football player kicks a ball from the point A with position vector ( 2ⅈ + j )  m on a horizontal football field. The 
motion of the ball is modelled as that of a particle moving horizontally with constant velocity ( 5ⅈ + 8j ) m s− 1 . Find 

a the speed of the ball, 

b the position vector of the ball after t seconds. 

The point B on the field has position vector ( 10ⅈ + 7j ) m . 

c Find the time when the ball is due north of B. 

At time t = 0, another player starts running due north from B and moves with constant speed vm s− 1. Given that he intercepts the 
ball, 

d find the value of v. 

e State one physical factor, other than air resistance, which would be needed in a refinement of the model of the ball's motion to 
make the model more realistic. 

Solution: 
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2 Review Exercise 
Exercise A, Question 46 

Question: 

A destroyer is moving due west at a constant speed of 10 km h− 1. It has radar on board which, at time t= 0, identifies a cruiser, 50 
km due west and moving due north with a constant speed of 20 km h− 1. The unit vectors i and j are directed due east and north 
respectively, and the origin O is taken to be the initial position of the destroyer. Each vessel maintains its constant velocity. 

a Write down the velocity of each vessel in vector form. 

b Find the position vector of each vessel at time t hours. 

c Show that the distance d km between the vessels at time t hours is given by 

d2 = 500t2 − 1000t+ 2500

 

The radar on the cruiser detects vessels only up to a distance of 40 km. By finding the minimum value of d2, or otherwise,

 

d determine whether the destroyer will be detected by the cruiser's radar. 

Solution: 
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Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 47 

Question: 

In this question the vectors i and j are horizontal unit vectors in the directions due east and due north respectively. Two boats A and B 
are moving with constant velocities. Boat A moves with velocity 9j km h− 1. Boat B moves with velocity ( 3ⅈ + 5j ) km h− 1 . 

a Find the bearings on which B is moving. 

At noon A is at the point O and B is 10 km due west of O. At time t hours after noon, the position vectors of A and B relative to O are 
a km and b km respectively. 

b Find expressions for a and b in terms of t, giving your answer in the form 

pⅈ + qj 

c Find the time when B is due south of A. 

At time time t hours after noon, the distance between A and B is d km. By finding an expression for AB, 

d show that d2 = 25t2 − 60t + 100.

 

At noon the boats are 10 km apart. 

e Find the time after noon at which the boats are again 10 km apart. 

Solution: 
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