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Chapter 5: Forces 
Lesson 5.1 Forces 
1 e.g. friction between the tyres of a car and the 

road 

2 e.g. the gravitational force pulling you down as you 
are falling from a tree 

3a acceleration, force and momentum are vector 
quantities 

3b These quantities have a magnitude and a 
direction; the other quantities only have a 
magnitude. 

4  

 

 

5 Final distance = 400m; Final displacement = 0m. 

Lesson 5.2 Speed 
1 For example, the traffic means you have to slow 

down if there is a car in front of you; there are 
different speed limits on different roads; you need 
to come to a stop when you reach a junction. 

2 average speed = distance / time = 50 m / (2.5 × 
60) s = 0.33 m/s 

3 average speed = distance / time = 10 000 m / 
(1.75 × 60 × 60) s = 1.6 m/s  

4 distance travelled = speed × time = 0.5 mm/s × (1 
× 60 × 60) s = 1800 mm = 1.8 m 

5 The gradient would increase / the line would 
become steeper. 

6 The car is slowing down (because the gradient 
decreases as the time increases) 

7 The gradient of the graph is getting steeper 
between 0 to 10 s. This tells us that the speed is 
getting faster. By measuring the gradient of the 
tangent you can see that the gradient gets steeper 
by the same amount each second. For example, 
when the time is 1 s the gradient is 4 m/s and 
when the time is 2 s the gradient is 8 m/s. 
Therefore, the speed is increasing by the same 
amount each second (constant acceleration). 

Lesson 5.3 Acceleration 
1 Car A has the greater acceleration. 

2 The ball has the force of gravity pulling it to the 
ground. 

3 The air resistance has a greater effect on the 
feather’s motion than it does on the ball. 

4 The ball decelerates to a rest as it moves up to its 
highest point, then it accelerates downwards.  

5 Acceleration = change in velocity / time taken = 
(40 m/s – 20 m/s) / 10 s = 2 m/s2   

6a The velocity increases by 2 m/s each second. 

6b The velocity decreases by 2m/s each second.  

7 Acceleration = change in velocity / time taken = (0 
m/s – 24 m/s) / 3 s = - 8 m/s2 

8 Speed at the start = 72 km/h = 72 × (1000 / 3600) 
m/s = 20 m/s 

 Speed at the end = 108 km /h = 108 × (1000 / 
3600) m/s = 30 m/s 

 Acceleration = change in velocity / time = (30 m/s 
– 20 m/s) / 5 s = 2 m/s2 

9 Every year the glacier moves 4 mm/s faster than it 
was moving a year ago. 

10 They are accelerating because the direction is 
changing so there is a change in velocity. 

Lesson 5.4 Velocity-time graphs 
1

 

 

 

2   
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3 Graph (a) – acceleration = 25 / 5 = 5 m/s2 

 Graph (b) – acceleration = -25 / 5 = - 5 m/s2 

 Graph (c) – acceleration = 0 m/s2 

4 Acceleration = change in velocity / time = -20 / 5  

= -4 m/s2 

5 Change of velocity = acceleration × time = -2 × 4 = 
- 8 m/s. 

 Truck moves at 25 m/s at the beginning and the 
velocity changes by -8 m/s so the velocity after 
braking = 25 – 8 = 17 m/s. 

6a The train accelerates constantly for the first 
minute, then it travels at a constant velocity of 15 
m/s for the next 3 and a half minutes and it then 
decelerates constantly for the final half a minute. 

6b Distance train travels is the area under the graph.  

 Area of the left hand triangle = ½ × 60 s × 15 m/s 
= 450 m 

 Area of the rectangle = 15 m/s × (3.5 × 60) s = 
3150 m 

 Area of the right hand triangle = ½ × 30 s × 15 m/s 
= 225 m 

 So the total distance = 450 + 3150 + 225 = 3805 
m 

7
 

 

 

8 Graph (b) in Figure 5.10 could represent the 
motion of the stone as it moved upwards. This is 
because it is has an upwards velocity at the 
beginning of the throw which constantly reduces 
up to the stone’s maximum height. For the stone 
moving downwards, the straight line could be 
continued so that it carries on going downwards 
below the axis. This would show that the stone is 
gaining speed but in the opposite direction. The 
whole graph should have a constant gradient, as 
the acceleration of the stone is the same 
throughout the motion (acceleration due to 
gravity). 

Lesson 5.5 Calculations of motion 
1a The velocity at the beginning of the motion. 

1b The velocity at the end of the motion. 

2 Acceleration is change of velocity / time so its unit 
needs to be the unit of velocity divided by the unit 
of time. 

3 Rearrange v2 = u2 + 2as to give 2as = v2 – u2 

Dividing by 2a gives s = (v2 – u2) / 2a 

So length of runway = (v2 – u2) / 2a = (602 – 02) / 
(2 × 2.5) = 720 m 

4 Acceleration is 3 m/s2 which means the velocity 
increases by 3 m/s each second. Therefore, after 
4 s the velocity has increased from rest to 3 × 4 = 
12 m/s. 

From question 3, s = (v2 – u2) / 2a 

So the distance the car travels = (122 – 02) / (2 × 
3) = 24 m  

5 s = (v2 – u2) / 2a (a = - 2 m/s2 since this is a 
deceleration) 

Distance train travels = (02 – 402) /(2 × -2) = 400 m 
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6 v2 = u2 + 2as 

 02 = 112 + (2 × -9.8 × s) 

 0 = 121 -19.6s 

 19.6s = 121, so s = 6.2 m (to 2 significant figures) 

7 v2 = u2 + 2as 

 v2 = 02 + (2 × 9.8 × 2.5) 

 v2 = 49 

 v = 7 m/s 

Lesson 5.6 Heavy or massive 
1 Yes they have lost weight as the gravitational force 

on them is smaller. 

2 Yes, Denzil is correct. Weight is a force so a 
weighing scale is measuring a force. 

3a 7 × 9.8 = 68.6 N 

3b 0.5 × 9.8 = 4.9 N 

3c 400 g = 0.4 kg, so weight = 0.4 × 9.8 = 3.92 N 

4a m = W / g = 30 / 9.8 = 3.1 kg 

4b The mass of the block remains at 3.1 kg. 

 g = W / m = 11.1 / 3.1 = 3.6 N/kg. 

5 Yes Alex is right. Weighing scales measure the 
weight and convert this to a mass. However the 
conversion assumes that you are on the Earth. 

6 Her weight is 0N as there is no gravitational force. 

7 E.g. a balance where a beam is placed on a pivot. 
A known mass is placed on one side and the mass 
you need to measure is placed on the other. The 
masses are moved so that the beam balances and 
the reading is made. This would give identical 
readings on the Earth and on the Moon. 

Lesson 5.7 Forces and motion 
1 1 N  

2a The drag force will increase. 

2b No, the force up is larger than the force down. 

3 No, the object could also be moving at a constant 
speed (in a straight line). 

4a Their size must be the same. 

4b They must be in opposite directions. 

5 The forces must be the same size. 

6 The weight acting downwards must have an equal 
size to the reaction force acting upwards so that 
they balance out. 

7 The reaction force from the ground balances the 
weight of the boulder. 

8 The driving force forward on the bicycle is 
balancing out the drag from the air. 

9 The driving force will decrease but the drag force 
remains the same (for the same speed). This 
means that there is an unbalanced force opposing 
the motion and the bicycle slows down. 

10 The Earth would move in a straight line in the 
direction it was moving in just before the Sun 
vanished. It would still be spinning on its axis 
though. (It would also continue to orbit round the 
Milky Way galaxy.) 

Lesson 5.8 Resultant forces 
1 Gemma and Alan produce a total force of 40 + 40 

= 80 N. So the resultant force is 80 – 50 = 30 N. 

2 Total force opposing the motion = 1000 + 500 = 
1500 N. Total forward force = 1500 N so the forces 
are balanced and the resultant force = 0 N. 

3  

 

4  

 

5 13N at an angle of 670 above the horizontal. 

6 Draw a scale diagram where e.g. 1cm represents 
a force of 1N. Start with an arrow pointing to the 
right that is 12cm long. At the head of this arrow 
join the tail of a 16cm arrow that is pointing 
downwards.  

The third force needs to end up where the 12cm 
arrow started so that there is no distance between 
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the starting and ending points on the scale 
diagram (so there is no resultant force). 

Therefore, draw the third arrow from the head of 
the 16cm arrow to the tail of the 12 cm one. 
Measure the length of this arrow ( = 25 cm). So 
the size of the force needed = 25 N. 

7 Draw a scale diagram with a line 14.1 cm long at 
an angle of 450 (using a protractor to measure the 
angle). Form a triangle with one side vertical and 
the other side horizontal. The lengths of the sides 
represent the magnitudes of the components. Both 
components are 10N. 

8 The horizontal components of the two forces are 
both 10N to the right, so the total horizontal 
component = 20N. The vertical components are 
both 10N but one points upwards and the other 
points downwards so they cancel out. Therefore, 
the resultant force is 20N to the right. 

Lesson 5.9 Forces and acceleration 
1 In Figure 5.26 the resultant force is to the left; in 

figure 5.27a the resultant force is to the right and 
in figure 5.27b there is no resultant force so there 
is no direction. 

2 The resultant force rises from zero and it acts to 
the left. 

3 a = F / m = 4200 / 1200 = 3.5 m/s2 

4 m = F / a = 1 / 10 = 0.1 kg.  

5 F = ma = 4000 × 2 = 8000 N. However this is the 
resultant force. The resultant force = the force 
needed – the weight of the rocket. 

So 8000 = force needed – 40 000 

Force needed = 8000 + 40 000 = 48 000N 

6 Inertia is a measure of how difficult it is to change 
the velocity of an object (a reluctance to change 
motion). Inertial mass is calculated by dividing the 
force by the acceleration. 

7 Inertial mass is a measure of how much force the 
object needs in order to get it to change its motion 
(accelerate) whereas gravitational mass is a 
measure of how strongly the object feels the force 
of gravity. More massive objects need a bigger 
force to accelerate them (due to their inertial 
mass) and they have a bigger weight (due to their 
gravitational mass). 

8 Both inertial and gravitational mass = 2kg. For 
inertial mass, this is a measure of its reluctance to 
change its motion; for gravitational mass, this is a 
measure of how strongly it feels the force of 
gravity. 

Lesson 5.10 Required Practical: Investigating the 
acceleration of an object 
1 The trolley will accelerate (at a constant rate) to 

the right. 

2 The weight of the falling masses makes the trolley 
accelerate. This force remains constant as the 
trolley is moving. 

3 You could change the mass of the falling mass. 

4 You can use the remaining masses in the trolley to 
add to the falling mass. This changes the force 
acting on the trolley but keeps the mass the same. 

5 You could remove some of the remaining masses 
but not add them to the falling mass. 

6 He should find that the acceleration increases as 
the force increases. 

7 Yes they do. 

8
 

 

The graph is a straight line through the origin 

9 This shows that acceleration is directly 
proportional to the force. 

10 As the mass is increasing the acceleration is 
decreasing 

11 The graph would have a negative gradient and it 
would be curved. 

12 A graph of acceleration against force gives a 
straight line through the origin. If you look at the 
table with mass and acceleration you can see that 
if you double the mass (e.g. from 20 g to 40 g) the 
acceleration halves (e.g. from 5.0 m/s2 to 2.5 
m/s2). This shows that acceleration is inversely 
proportional to the mass. 

13 a = F / m. If F is tripled then the acceleration is 
tripled. However, if m is doubled then the 
acceleration is halved. The combined effect is that 
the acceleration is 3/2 = 1.5 times bigger. 
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Lesson 5.11 Newton’s third law 
1 They have the same magnitude but act in the 

opposite direction. 

2 The road pushes on the tyres (due to friction). 

3a They move apart. 

3b There is a force pair. One person pushes on the 
other person with a force and the other person 
pushes on the first person with an equal force in 
the opposite direction. 

4 Ben’s body exerts a 50N force acts on Kim in the 
opposite direction. They move apart. 

5a The resultant force will be the same on each 
vehicle (but acting in opposite directions) as the 
forces are a Newton’s third law pair. 

5b Since F = ma and the force is the same on each 
vehicle then the Lorry will decelerate at a smaller 
rate than the car as its mass is bigger. 

6 Throw the backpack away from the ship. The 
backpack will exert an equal and opposite force on 
her which will push her back to the ship. 

7a It is a gravitational force. 

7b Since the Earth is pulling on the cat with a 
gravitational force downwards, the other force in 
the force pair is the cat pulling on the Earth with a 
gravitational force upwards. 

8a The same as in question 7. The other force in the 
force pair is the gravitational force the cat exerts 
upwards on the Earth. 

8b The force that the cat exerts downwards on the 
table and the force that the table exerts upwards 
on the cat (they’re a pair of electrostatic forces). 

9 The cat exerts a gravitational force upwards on the 
Earth (see question 7). This means the Earth will 
accelerate upwards towards the cat. The 
acceleration is very small though since the mass 
of the Earth is extremely large. 

10 As you begin the jump, you push down onto the 
Earth. This means that the Earth will push 
upwards onto you. As you are in mid-air the Earth 
exerts a gravitational force on you and your body 
is exerting a gravitational force on the Earth. When 
you hit the ground you exert a force on the Earth 
and the Earth exerts an equal and opposite force 
on you, which decelerates you to rest. 

Lesson 5.12 Momentum 
1 p = mv = 1000 × 20 = 20 000 kg m/s. 

2 v = p/m = 240 / 60 = 4 m/s. 

3 Force = change of momentum / time. The change 
of momentum is the same whether the air bag is 
there or not, but the air bag increases the time it 

takes to change momentum. Therefore, the force 
acting on the passenger is less and so there is 
less chance of harm. 

4 If the car stops suddenly, the passengers in the 
back will continue moving forward (since there is 
no force to change their momentum). Therefore, 
they will crash into the back of the driver and the 
front seat passenger who will be crushed between 
them and the front of the car. 

5 F = mΔv / Δt, so Δt = mΔv / F = (800 × 12) / 3000 
= 3.2 s. 

6 Initial momentum = final momentum 

 (1200 × 30) + (m × 0) = (1200 × 4) + (m × 4) 

 36 000 = 4800 + 4m 

 4m = 31200 

 m = 7800 kg. 

7 Initial momentum = final momentum 

 (2 × 8) + (6 × 0) = (2 + 6) v 

 16 = 8 v 

 v = 2 m/s 

Lesson 5.13 Keeping safe on the road 
1a 18 m/s 

1b 24 m 

1c 18 + 24 = 42 m 

2  At 22 m/s the thinking distance = 15 m (to the 
nearest m) and the braking distance is 36 m. 
Therefore the stopping distance = 15 + 36 = 51 m 

3 The braking distance increases as the speed 
increases at an increasing rate. 

4 The braking distance increases at a given speed 
because there is less friction. Therefore, to keep 
the same, safe braking distance the car needs to 
go slower. 

5 Estimate the following values: 

Mass of car = 1250 kg 

Speed of car = 25 m/s 

Braking distance = 50m 

Kinetic energy of the car before stopping = ½ mv2 
= 0.5 × 1250 × 252 = 390 625 J 

Therefore work done stopping the car = 390 625 J 

Force × distance = 390 625 

So F = 390 625 / 50 = 7810 N (to three significant 
figures). 
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6 When the car decelerates rapidly, the brakes heat 
up. This can damage the brakes which then 
become worn. Worn out brakes cannot decelerate 
the car with as much force so the braking distance 
increases. 

7 This increases the time that it takes for the child to 
change its speed. Therefore, the deceleration is 
less. Since F = ma then the force on the child 
becomes less and there is a smaller chance of 
harm. 

Lesson 5.14 Moments 
1a 4 × 1.2 = 48 Nm 

1b You could increase the force or you could increase 
the distance. 

2 5 × 1.5 = 7.5 Nm 

3 If the distance is large, you only need a small force 
to produce a big moment so the door handle is 
easier to turn. 

4  Clockwise moment: 1 × 60 = 60 Ncm 

Anticlockwise moment: 2 × 30 = 60 Ncm 

The total anticlockwise moment is equal to the 
total clockwise moment so the beam is balanced. 

5 X × 20 = 300 × 40 

 20X = 12 000 

 X = 12 000 / 20 = 600 N 

6 6 × 20 = F2 × 40 

 120 = 40F2 

 F2 = 3 N 

7 F2 and the 10N force both provide moments 
clockwise. F1 provides a moment anticlockwise. 

Therefore: 

(F2 × 40 cm) + (10 N × 10 cm) = (6N × 20 cm) 

So 40F2 + 100 = 120 

40F2 = 20 

F2 = 0.5 N 

8 It is in the middle of the ruler because all of the 
clockwise moments and the anticlockwise 
moments from the gravitational forces on the 
particles in the ruler cancel out at that point. 

9 You can consider the weight of the vase as a 
single force that acts on the centre of mass. This 
force creates an anticlockwise moment about the 
pivot and this turns the vase so it falls over. 

Lesson 5.15 Levers and gears 
1 It acts in the same way as in Figure 5.45. The lid 

of the bottle is like the load that is being picked up 
and the pivot is the edge of the bottle. 

2 The distance between the load force and the 
fulcrum is bigger than the distance between the 
effort force and the fulcrum. When the 
wheelbarrow is balanced, the moments are the 
same and so the effort force is less than the load 
force. Therefore, it is easier to pick up the handles 
of the wheelbarrow than it is to pick up the load 
directly. 

3 They increase the distance that the cyclist pedals 
which reduces the amount of force that is needed. 

4 The pedals rotate faster than the wheels. So if the 
wheels are rotating quickly then the pedals would 
rotate too fast for the cyclist to keep cycling.  

5 It changes the direction of rotation without 
changing the force needed. 

Lesson 5.16 Pressure in a fluid 
1 The pressure at the lower holes is greater so the 

water comes out faster. 

2 The pressure squashing the can will increase. 
Eventually it will become so large that the can is 
crushed. 

3 pressure due to the petrol = height of column × 
density × g 

 = 5 × 800 × 9.8 

 = 39 200 Pa 

4 pressure due to the water = height of column × 
density × g 

 = 3 × 1000 × 9.8 

 = 29 400 Pa 

5 Lead 

6 ice / air/ petrol 

7 No, ice is denser than petrol so it would sink. 

8 For most substances solids are denser than 
liquids, which are denser than gases. Ice (a solid) 
is not denser than water (a liquid), however, but 
this is unusual.  

9a p = hρg = 10 × 1000 × 10 = 100 000 Pa 

9b Top of cube is 9m below the surface of the water. 
p = hρg = 9 × 1000 × 10 = 90 000 Pa. 

9c The water is trying to squash the cube. Therefore, 
the pressure acts upwards on the base of the cube 
and downwards at the top of the cube. The 
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pressure upwards is bigger than the pressure 
downwards so there is an upthrust. 

9d The force acting on the base of the cube due to 
the pressure of the water = p × A = 100 000 × 1 = 
100 000 N. 

The force acting at the top of the cube = 90 000 × 
1 = 90 000N. 

Therefore, the upthrust = 100 000 – 90 000 = 10 
000 N. 

This is smaller than the weight of the cube (= 12 
000 N) so the cube will sink. (you could also work 
out the density of the cube = mass / volume = 
1200 kg/m3. This is larger than the density of water 
so the cube will sink). 

Lesson 5.17 Atmospheric pressure 
1a The pressure outside the bag is larger than the 

pressure inside the bag. Therefore, the bag will 
crush. 

1b The sides have been pushed in by the 
atmospheric pressure outside the bag. 

2a The helium atoms inside the balloon. 

2b Atmospheric pressure. 

3 There is a smaller height of air above you. 

4 The air has a weight and the force of gravity pulls 
it downwards. 

5 The helium balloon rises upwards. Therefore, 
atmospheric pressure gets less as the balloon 
rises but the pressure inside the balloon due to the 
helium is not affected. This means there is a 
bigger pressure inside the balloon than outside so 
the balloon expands. 

6 Its molecules collide with the walls of its container. 
This creates a force when they rebound which 
creates a pressure. 

7 The molecules in the atmosphere are colliding with 
the outside walls of the can and therefore create a 
force inwards. There is no force to balance this out 
(since there is a vacuum inside the can) so the can 
collapses inwards. 

8 The air particles create a pressure by colliding with 
the suction cup. There are no air particles between 
the wall and the suction cup so the only pressure 
acting is on the outside of the cup. This creates a 
force which pushes the suction cup onto the wall. 
So the man is held onto the wall purely by lots of 
air particles colliding with the suction cup. 

Lesson 5.18 Forces and energy in springs 
1 0N – there is no resultant force 

2 3N 

3 It would end up thinner than it was before it was 
used. 

4 6.0 – 4.8 = 1.2 cm 

5 k = F/e = 4/0.08 = 50 N/m 

6 Compression, e = 10 – 4 = 6cm = 0.06m. F = ke = 
2000 × 0.06 = 120N 

7 Ee = ½ ke2 = ½ × 30 × 0.022 = 0.006J 

8 Work done = the gain of elastic potential energy Ee 
= ½ ke2. 

So 0.2 = ½ × 10 × e2 

0.2 / 5 = e2 

0.04 = e2 

e = 0.2 m  

9 Assume that the limit of proportionality has not 
been exceeded. 10g = 0.01 kg, 10cm = 0.1m. 
Gravitational potential energy of the spring at 1m = 
mgh = 0.01 × 10 × 1 = 0.1J. Therefore elastic 
potential energy stored before the spring is 
released is 0.1J. Ee = ½ ke2 so k = 2Ee / e2 = 2× 
0.1 / 0.12 = 20 N/m. 

Lesson 5.19 Required Practical: Investigate the 
relationship between force and the extension of a 
spring 
1 She could either use a spring balance / newton 

meter or she could hang known masses off the 
springs and calculate their weight. 

2 She could use a ruler to measure the starting 
length of the spring. Then she could measure the 
total length of the spring when a force is added. 
The extension would be the total length – the 
starting length for each force that she uses. 

3 She added all of the repeat readings together and 
then divided this total by the number of readings. 

4 Yes – for Spring 1 at 20N the 20mm extension is 
very different from the other two readings and at 
30N the 30 mm extension is very different from the 
other two readings. 

5 Yes – if the anomalies are discarded and further 
repeat readings are taken. When you find a mean 
value, the random errors become smaller since the 
readings that are slightly too big tend to balance 
out the readings that are slightly too small. 

6 It shows that the extension is directly proportional 
to the weight in this region. 

7 The spring has inelastically deformed. 

8 The extension was directly proportional to the 
force up to a point called the elastic limit but after 
that it was not proportional. 
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9 Spring B: m = 10 / 8 = 1.25 

 Spring C: m = 6 / 8 = 0.75 

10 Spring B: k = 8 / 10 = 0.8 N/cm 

 Spring C: k = 8 / 6 = 1.33 N/cm 

 Spring C is the stiffest as it needs the greater force 
to stretch it by a certain amount. 

11 e.g. for spring B 

 

 

Gradient of this line = 8 / 10 = 0.8 N/cm, which 
agrees with the previous calculation. 

12a Area under line A = a triangle = ½ × base × height 
= ½ × 8 × 0.16 = 0.64 Nm. 

12b k = F / e = 8 / 0.16 = 50 N/m 

Ee = ½ke2 = ½ × 50 × 0.162 = 0.64 J 

12c The answers are the same. This is because the 
area = ½ × F × e but F = ke. Therefore, area = ½ × 
ke × e = 1/2 ke2. So the area = the elastic potential 
energy. 

Lesson 5.20 Key Concept: Forces and acceleration 
1 The acceleration increases. 

2 The roller coaster would decelerate but the 
passengers would continue to move forward at 
their original speed (and so come out of their 
seats). 

3 You would fly off at a tangent to the circle. 

4 The direction is changing to the velocity is 
changing. An acceleration is equal to the change 
in velocity / time rather than the change of speed. 

5 Velocity includes a direction but speed doesn’t. 

6 The riders feel the force when the roller coaster 
accelerates and decelerates. This force is 
designed to make the ride a thrilling experience. 

7 F = ma = 2500 × 10 = 25 000 N 

8 They would experience an acceleration of – 0.5g = 
-5 m/s2 (taking g to be 10 m/s2 in this question).  

9 The water accelerates due to gravity towards the 
ground at 10 m/s2 as normal. However the bottle is 
also accelerated at this rate as part of the ride. 
Therefore, the water remains in the bottle even 
though the bottle is upside down. 

Lesson 5.21 Maths Skills: Making estimates of 
calculations 
1 Volume of this book is about 20 cm × 30 cm × 2 

cm  = 1200 cm3 ≈ 1000 cm3 

2 A typical adult would take about 2 minutes to run 
500 m. So their running speed would be about 500 
m / 120 s ≈ 4 m/s 

3 Change in speed is about 20 m/s. The time is 
about 4 seconds. So the deceleration is about 20 / 
4 which is about 5 m/s2. 

4 Braking distance = (v2 – u2) / 2a ≈ 202 / 14 ≈ 400 / 
10 ≈ 40m 

 Typical reaction time is about 0.5 s so thinking 
distance is about 20 × 0.5 = 10 m. 

 Therefore, total stopping distance ≈ 50 m. 

5 Approximate mass of car = 1000 kg. 

 F = ma ≈ 1000 × 5 = 5000 N  

6 Typical volume of room in orders of magnitude is 
101 × 101 × 1 = 102 m3 

 Mass = density × volume ≈ 1 × 102 = 102 kg or 100 
kg 

7 Length of UK is about 103 km = 106 m. Speed of 
light is about 108 m/s. 

 So time = distance / speed = 106 / 108 = 10-2 s = 
0.01 s. 

End of Chapter Questions 
1 newtons / N [1 mark] 

2 c (mass) [1 mark] 

3 Contact force: e.g. air resistance / friction / 
reaction force / tension [1 mark] 

 Non-contact force: e.g. weight / magnetic 
attraction and repulsion / electrostatic attraction 
and repulsion. [1 mark] 

4 Pa means pascal (or N/m2) – it is a measure of 
pressure. [1 mark] 

5 A force has a direction, so it is a vector quantity. [1 
mark] 

6 v = s/t = 100 /5 = 20 m/s [1 mark] 
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7 W = mg = 50 × 9.8 = 490 N [1 mark] 

8  The object is not moving [1 mark] since the 
distance is staying the same / the gradient of the 
graph = 0 [1 mark] 

9 It must be equal to the anticlockwise moment. [1 
mark] 

10 Constant speed (forwards). [1 mark]  

11 Two factors are identified from speed/condition of 
driver (e.g. tiredness)/condition of road (e.g. 
icy)/condition of brakes/condition of tyres [1 mark] 

Both factors are described: 

e.g. the faster the car travels, the further it moves 
while the driver is reacting; if the driver is tired then 
they take longer to react and the car moves 
further; if the road is icy/the brakes are worn/the 
tyres are worn then the braking force on the car is 
reduced because there is less friction so the car 
travels further. [1 mark] 

 

12a Moment = force × distance [1 mark] = 80 × 0.2 = 
16 Nm [1 mark] 

12b A longer spanner would require a smaller force [1 
mark] to provide the same moment (needed to turn 
the nut). [1 mark] 

13 The pressure due to the water increases with 
depth [1 mark]. Since water is coming out of the 
jets, the water level inside the can is decreasing. 
This means the pressure at the holes is getting 
less [1 mark]. So the jets don’t travel as far. 

14  The speed of the object remains the same and 
the velocity of the object changes [1 mark] 

15  Force = 1500 N [1 mark] 

(The car is travelling at a constant speed so the 
resultant force must be zero. Therefore the 
forward force must balance out the frictional force.) 

16  On a graph of force against 
extension/compression [1 mark] the limit of 
proportionality is the point on the graph where it 
stops being a straight line [1 mark] 

17a Ann’s moment = 300 × 2 = 600 Nm anticlockwise 

 Beth’s moment = 500 × 1.5 = 750 Nm clockwise 

 For the see-saw to balance, Cindy must provide a 
moment of 150 Nm clockwise [1 mark]. 

 Cindy’s weight is 300 N so the distance from the 
pivot needs to be 150 / 300 = 0.5 m [1 mark] on 
the same side as Beth [1 mark]. 

17b Total weight of the girls and the platform = 300 + 
500 + 300 + 100 = 1200 N [1 mark] 

F = ke  so e = F/k = 1200 / 8000 = 0.15 m [1 mark] 

Assumption is that the limit of proportionality has 
not been exceeded, as the formula wouldn’t have 
been valid. [1 mark] 

18 When two objects interact [1 mark] the force that 
one object exerts on the other is equal and 
opposite to the force the other object exerts on it [1 
mark]] 

19 First find the acceleration, a of the car. a = F / m = 
3000 / 1500 = (-) 2 m/s2 [1 mark] 

Then use v2 = u2 + 2as 

02 = 252 + (2 × -2 × s) 

625 = 4s 

s = 156.25 m [1 mark] (or 160 m to 2 sig figs) 

20 Level 3 (5 – 6 marks): A clear and logical 
description is made in a coherent sequence of 
steps. The answer includes a description of 
conservation of momentum and realises that the 
mass of the balls must be the same. Ideas about 
that this must be a closed system (since there are 
no external forces such as friction) are included. 
The answer uses sensible numbers for the values 
of the mass (10g – 1kg) and the velocity (0.1 m/s – 
10 m/s). 

 Level 2 (3 – 4 marks): A clear description is made 
which uses ideas about the conservation of 
momentum. An attempt is made to illustrate the 
answer with sensible numbers. 

 Level 1 (1 – 2 marks): A basic description is made 
which identifies that the physics behind this is 
related to either Newton’s second law (so the 
forces between the balls accelerate or decelerate 
them) or the conservation of momentum. 

Indicative content 

• Before the collision, the red ball had no 
momentum because it was stationary 

• Before the collision, the total momentum equals 
the momentum of the white ball 

• After the collision, the white ball has no 
momentum because it is stationary 

• After the collision, the total momentum equals the 
momentum of the red ball 

• This is a closed system since there is no friction 

• Total momentum after the collision = total 
momentum before the collision 

• So momentum of red ball after the collision = 
momentum of white ball before the collision 

• Momentum = mass × velocity 
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• So if the red ball’s velocity after the collision 
equals the white ball’s velocity before the collision 
then the balls must have the same mass 

• Since the velocity is the same, then the red ball 
must be moving in the same direction that the 
white ball moved 

 

Numerical illustration 

Estimated values: mass of white ball and red ball = 
0.1 kg, original velocity of white ball = 1 m/s. 

Let the velocity of the red ball = v. 

Momentum before the collision = momentum after 

Momentum of white + momentum of red before = 
momentum of white + momentum of red after 

(0.1 × 1) + (0.1 × 0) = (0.1 × 0) + (0.1 × v) 

0.1 = 0.1v 

So v = 1 m/s = original velocity of the white ball. 
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