
Year 9 – Spring 2 – Independent study pack (combined science 1-22)

This will be accompanied by a series of videos that deliver each lesson.

11. Newton’s First Law

L.O: Explain Newton’s First Law of Mo on

Do Now (5 min): 

1. Define ‘terminal velocity.’
2. State what happened at point X on the graph.
3. Define accelera on.
4. State the independent variable in an experiment to

determine how weight of a falling object affects terminal
velocity.

5. Convert 3.4 x 103 cm to m.
Calculate the me taken for a train to accelerate from 60m/s to
64m/s, if the accelera on is 3m/s2.

Key Knowledge

State Newton’s First Law of 
Mo on.

If the resultant force ac ng on an object is zero and:
- the object is sta onary; the object remains sta onary
- the object is moving, the object con nues to move at the same speed and 
in the same direc on. So the object con nues to move at the same velocity.

State what happens when a
vehicle travels at a steady 
speed.

When a vehicle travels at a steady speed the resis ve forces balance the 
driving force.

Explain why the velocity of 
an object changes.  

The velocity (speed and/or direc on) of an object will only change if a 
resultant force is ac ng on the object.

Applica on Task – I Do

A car is travelling at a steady velocity of 5m/s to the right. Explain what happens to the car when the thrust of 
the engine increases.

Applica on Task – We Do

A car is travelling at a steady velocity of 7m/s to the right. Explain what happens to the car when the fric on 
increases.
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The car will start to _______________.

This is because the force of the ____________ ac ng to the le  has ____________ which means that the 
resultant force is no longer ________.

Applica on Task – You Do

A car is sta onary. When the engine is turned on and the accelerator peddle pushed down there is a greater 
forwards force from the thrust of the engine. Explain what will happen to the mo on of the car.

Applica on Task – You Do

A boat is travelling at a constant speed. Explain why using what you know about Newton’s First Law of Mo on.

Applica on Task – You Do

A tennis ball is travelling at a constant velocity. When it hits the tennis racket it changes direc on. Explain why.

Plenary:

1. The first law of mo on states that objects will remain in the same state of mo on if what remains the 
zero?

2. What will happen to a sta onary object if the resultant force remains zero?
3. What will happen to an object moving at a constant speed if the resultant force remains zero?
4. What will happen to an object travelling at a steady speed if the resultant force increases forwards?
5. What will happen to an object travelling at a steady speed if the resultant force increases backwards?

Newton’s Second Law

L.O. Explain Newton’s Second Law of Mo on

1. State Newton’s first Law of mo on.
2. State what will happen to the mo on of an object that is

sta onary if the resultant force is 10N to the right.
3. Explain what is happening to a falling object between points

B and C on the graph. 
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4. Name the variable you change in an experiment.
5. Convert 648 km/h to m/s.

Challenge: Explain what has happened if a car’s velocity has changed but its speed has remained the same. 

Key Knowledge

State Newton’s
Second Law of 
Mo on.

Newton’s Second Law of Mo on states that when an unbalanced force acts on an object:
- the direc on of the object's accelera on is the same as the direc on of the unbalanced
force
- the magnitude of the object's accelera on varies in direct propor on with the size of 
the unbalanced force
- the magnitude of the object's accelera on varies inversely with the mass of the object 

State the 
equa on that 
links force, 
mass and 
accelera on

F=ma

Applica on Task – I Do
If a car with a mass of 1200kg accelerates with a forwards force of 800N, calculate its accelera on.

Applica on Task – I Do
If an object with a mass of 35.0 kg accelerates with a downwards force of 5.00 kN, calculate its accelera on.

Applica on Task – We Do
Complete the following. Show your working out. 

1. A force of 1000N is applied to push a mass of 500kg. How quickly does it accelerate?
2. A force of 3000N acts on a car to make it accelerate by 1.5m/s2.  What is the mass of the car?
3. A car accelerates at a rate of 5m/s2.  If it has a mass of 500kg how much driving force is the engine 

applying?
4. A force of 10N is applied by a boy while li ing a 20kg mass.  What is its accelera on?

Application Task – Newton’s Second Law
Answer the questions below in your books. Show your working out. 

1. Calculate force on an object if acceleration is 10 metres per second squared and the mass of the object 
is 54 kilograms.
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2. Calculate the mass of an object that experiences an acceleration of 50  metres per second squared 
from a force of 24  newtons.

3. Calculate the acceleration of an object that is moved with a force of 90  newtons and has a mass of 18  
kilograms.

4. Calculate force on an object if acceleration is 99  metres per second squared and the mass of the object
is 50  kilograms.

5. Calculate the mass of an object that experiences an acceleration of 16  metres per second squared 
from a force of 2  newtons.

6. Calculate the acceleration of an object that is moved with a force of 4  newtons and has a mass of 12  
kilograms.

7. Calculate force on an object if acceleration is 68  metres per second squared and the mass of the object
is 31  kilograms.

8. Calculate the mass of an object that experiences an acceleration of 7  metres per second squared from 
a force of 96  newtons.

9. Calculate the acceleration of an object that is moved with a force of 45  newtons and has a mass of 73  
kilograms.

10. Calculate the mass of an object that experiences an acceleration of 43  metres per second squared 
from a force of 64 kilonewtons. 

11. Calculate the mass of an object that experiences an acceleration of 44  metres per second squared 
from a force of 51 centinewtons. 

12. Calculate the mass of an object that experiences an acceleration of 81  metres per second squared 
from a force of 32 kilonewtons.

13. Calculate the acceleration of an object that is moved with a force of 22 centinewtons and has a mass of 
83  kilograms. 

14. Calculate the acceleration of an object that is moved with a force of 94 kilonewtons and has a mass of 
50  kilograms. 

15. Calculate the acceleration of an object that is moved with a force of 19 millinewtons and has a mass of 
78  kilograms.

13. Iner a and Inter al Mass
L.O. Describe the property of iner a.

Do Now (5 min):
1. State the equa on which links force, mass, and accelera on. 
2. State the rela onship between the mass of an object and its accelera on at a constant force. 
3. Define resultant force.
4. State the independent, dependent, and one reasonable control variable in an experiment to inves gate

how the height a ball is dropped from affects its final velocity. 
5. Calculate the weight of an object on Earth that has a mass of 30kg.

Challenge: Explain with a diagram why an object moving in a circle at a constant speed is accelera ng.

Key Knowledge

Define iner a. Iner a is the tendency for objects to con nue in their state of mo on.

Define ‘state of mo on.’ State of mo on means either: 
- At rest (sta onary)
- Uniform mo on (constant speed)

What is iner al mass a measure
of?

Iner al mass is a measure of how difficult it is to change the velocity of 
an object. 

Define iner al mass. Iner al mass is the ra o of resultant force over accelera on. 
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Give the equa on for iner al 
mass. 

inertialmass=
resultant force
acceleration

Applica on Task – We Do

(a) Explain why the person on the bike con nues moving forwards.

Iner a is the… 
The resultant force is applied to the… but not the… 
Therefore….

Key words to include:
iner a

tendency
resultant force

state of mo on
iner al mass

(b) Explain why the coin falls in the glass.

1. A resultant force of 18 000 N was required to accelerate lorry from rest at 2m/s2. Calculate the iner al mass 
of the lorry

2. A resultant force of 220 N was required to decelerate a motorcyclist at a rate of 0.5m/s2.   Calculate the 
iner al mass

3. A resultant force of 220 N was required to decelerate a motorcyclist at a rate of 0.5m/s2.   Calculate the 
iner al mass

Extended Wri ng Task

Answer the ques on “Explain, in terms of iner a, why it is important for passengers to wear seatbelt.” (4 
marks)

14. RP Inves gate Newton’s 2nd Law

L.O. Inves gate Newton’s Second Law of Mo on

Do Now (5 min):
1. State the rela onship between force and accelera on.
2. State the equa on that links force, mass and accelera on.
3. A mass of 2kg accelerates at 3.5 m/s2. Calculate the force that caused this.
4. A force of 12N acts on a cat of mass 2.5kg. Calculate the accelera on.
5. Convert 5m to cm.

Challenge: Describe what happens to accelera on if, for the same mass, you increase force.

Key Knowledge

State the equa on for Newton’s 2nd

Law.
Force (N)  = mass (kg) x accelera on (m/s2)
F = ma

Describe the graph of force against 
accelera on. 

Since force is directly propor onal to accelera on, a graph of force 
against accelera on will be a straight line sloping upwards

State what happens to accelera on The accelera on will be doubled.

Page 5 of 62



if force is double.

State what happens to accelera on
if the mass is doubled.

The accelera on will be halved.

Model Data

Number of
weights on

stack

Force in N Accelera on in
m/s² - Run 1

Accelera on in
m/s² - Run 2

Accelera on in
m/s² - Run 3

Accelera on in
m/s² - Mean

6 0.6 2.90 2.95 3.05 2.97
5 0.5 2.21 2.36 2.26 2.28
4 0.4 1.93 1.78 1.83 1.85
3 0.3 1.65 1.54 1.49 1.56
2 0.2 1.32 1.27 1.42 1.34
1 0.1 1.16 1.11 1.26 1.18
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15.Newton’s Third Law

L.O. Apply Newton’s Third Law

Do Now: 

1. State Newton’s 2nd Law (1)
2. Give the equa on, with units which links force, mass and accelera on. (1)
3. State Newton’s 1st Law (1)
4. Give the name of the variable that we measure in an experiment. (1)
5. Write this number to 4 significant figures:  1947.59675 (1)

Challenge: Calculate the velocity of an object that travelled 15km in 2 hours. Give your answer in m/s to 2 
significant figures

Key Knowledge

State Newton’s third 
law.

Whenever two objects interact, the forces they exert on each other are equal in
size and opposite in direc on.

What do forces always 
involve?

Two objects interac ng.

Applica on Task: I do
Explain why a cannon recoils (moves backwards) as it fires the cannon ball forwards

The cannon exerts a forwards force on the cannon ball when fired.  
The cannon ball exerts a force that is equal is size but opposite in direc on backwards onto the canon.  
This means that the cannon recoils (move backwards)

Applica on Task: We do
Explain why the trampoliner moves up into the air when they push down on the trampoline.

When the trampoliner pushes down on the trampoline….
The trampoline exerts…

Applica on Task: You do
1. Explain why we accelerate forward when we start running.
2. Explain why the person foot crushes the beetle despite the beetle exer ng an equal and opposite force on 

the persons foot

16. Stopping Distances
L.O. Explain factors affec ng stopping distances

Do Now: 
1. State Newton’s third law 
2. Describe the two possibili es for an objects mo on if the resultant force ac ng on it is 0N
3. State 3 non-contact forces
4. Write the equa on linking force, mass and accelera on
5. Calculate the uncertainty of these measurements: 5, 6, 4, 12 
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Challenge: Explain why, despite the moon exer ng an equal and opposite force on the earth, the earth 
doesn’t orbit the moon

Key Knowledge

What is the equa on used to calculate 
stopping distance?

Stopping distance = thinking distance + braking distance

Describe the forces ac ng on the car 
during thinking distance

Balanced (the car is moving at a constant speed)

Describe the forces ac ng on the car 
during braking distance

Unbalanced (the car is decelera ng)

What is thinking distance? the distance the vehicle travels during the driver’s 
reac on me

What is braking distance? the distance the car travels under the braking force

What factors can affect braking 
distance?

Speed of vehicle, condi on of brakes, condi on of tyres,
road surface, mass of vehicle

Applica on Task: I do
A person drives a car on ice at 30m/s and has to stop at traffic lights. The same person drives the same car 
on a normal road surface at 30m/s. Assuming the driver’s reac on me is the same in both condi ons, 
explain in which condi on the stopping distance will be greater.

Because the driver’s reac on me was the same in both condi ons the thinking distance would be the 
same.
On ice there is less fric on between the road and the car’s tyres. This means the braking force will 
decrease. 
Because the car was driving at the same speed in both condi ons the forward force was the same.
So on ice the braking distance will be greater so the stopping distance will also be greater.

Applica on Task: We do
A person drives a car A around a racetrack at 60m/s, the car in front breaks down so the driver needs to 
stop the car immediately. Car B is the same car as car A and also must stop immediately, but was driving at 
30m/s. Assuming the driver’s reac on me is the same in both cars, explain in which car the stopping 
distance will be greater.

Although the driver’s reac on me was…
the thinking distance would be greater in…
Because both cars are the same and on the same surface their braking force will be ____
In car A the forward force is…
so the braking distance will be ____
So in car A the….

Applica on Task: You do
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Two cars are driving at 20m/s along a motorway. There is a queue of traffic up ahead so both react and 
step on the brakes at the same me. Car A has new tyres, whereas car B’s tyres are old and worn. Explain 
which car will have the shortest stopping distance.

Challenge:
A car and a lorry are both travelling at 40mph. A traffic light turns red and both drivers react and step on 
the brakes. Both vehicles have new brakes and tyres. Explain which vehicle will have a shorter stopping 
distance.

17. Factors that affect Thinking Distance
L.O. Explain the factors affec ng thinking distance

Do Now:
1. State five factors that affect braking distance 
2. Define stopping distance
3. Which of Newton’s laws states when the resultant force ac ng on an object is 0N it will either be 

sta onary or moving at a constant speed?
4. In the accelera on required prac cal how is accelera on calculated by the data plo er? 
5. Calculate thinking distance if the total stopping distance was 80m and the braking distance accounts 

for ¾ of this 

Challenge: explain why a car driving at 100mph takes longer to stop than a car travelling at 20mph

Key Knowledge:

List four factors that affect reac on me Distrac ons, drugs, alcohol, redness

In the ruler drop experiment what could be used 
as independent variables?

Whether the person is distracted or not; test person 
before drinking caffeine and a er; test person before 
and a er intense exercise

In the ruler drop experiment what is the 
dependent variable?

Distance caught on ruler in cm, then converted to 
reac on me 

In the ruler drop experiment what must be 
controlled?

Person, height ruler is dropped from, amount of 
prac ce

What is the average persons reac on me? Between 0.2s and 0.9s

Write the equa on that can be used to calculate 
thinking distance

Distance = speed x me

Applica on Task: I do
A driver no ces a hazard and applies the brakes to their car.
The car is travelling at 12 m/s.  The driver’s reac on me is 0.180 s.

i. Calculate the distance travelled during the driver’s reac on me.
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ii. The driver then applies the brakes, moving a further 5m un l completely sta onary. 

The hazard was 8 metres away. Did the car collide with the hazard?
iii. Suggest why the persons reac on me was slow

Applica on Task: We do
A driver is on the phone but no ces a hazard and applies the brakes to their car. The car is travelling at 
30m/s.  The driver’s reac on me is 0.260 s

i. Calculate the distance travelled during the driver’s reac on me.
ii. The driver then applies the brakes, moving a further 10m un l completely sta onary. 

The hazard was 15 metres away. Did the car collide with the hazard?
iii. Suggest why the person’s reac on me was slow

Applica on task: You do
A driver has drunk 2 pints of beer and is driving home and no ces a hazard and applies the brakes to their 
car.
The car is travelling at 45m/s
The driver’s reac on me is 0.425 s

i. Calculate the distance travelled during the driver’s reac on me.
ii. The driver then applies the brakes, moving a further 30m un l completely sta onary. 

The hazard was 48 metres away. Did the car collide with the hazard?
iii. Suggest why the persons reac on me was slow

Prac ce Exam Ques ons

Q1. (a)     A car driver makes an emergency stop.

The chart shows the ‘thinking distance’ and the ‘braking distance’ needed to stop the car.

 

Calculate the total stopping distance of the car.

___________________________________________________________________

Stopping distance = _________________________ m

(1)

(b)     The graph shows how the braking distance of a car driven on a dry road changes with the car’s 
speed.
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                     Speed in m/s

The braking distance of the car on an icy road is longer than the braking distance of the car on a dry road.

(i)      Draw a new line on the graph to show how the braking distance of the car on an icy 
road changes with speed.

(2)

(ii)     Which one of the following would also increase the braking distance of the car?

Put a tick ( ) in the box next to your answer.
 

Rain on the road

The driver having drunk alcohol

The driver having taken drugs

(1)

(c)     The thinking distance depends on the driver’s reaction time.  The table shows the reaction times of 
three people driving under different conditions.
 

Car driver Condition
Reaction time

in second

A Wide awake with no distractions 0.7

B Using a hands-free mobile phone 0.9

C Very tired and listening to music 1.2

The graph lines show how the thinking distance for the three drivers, A, B, and C, depends 
on how fast they are driving the car.
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                    Speed in m/s

(i)      Match each graph line to the correct driver by writing A, B, or C in the box next to the correct line.

(2)

(ii)     The information in the table cannot be used to tell if driver C’s reaction time is increased by being 
tired or by listening to music.
Explain why.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

18, Momentum
L.O. Calculate momentum and apply conserva on of momentum.

Do Now (5 min):
1. Draw the forces ac ng on a car at rest. 
2. Give the equa on for stopping distance. 
3. State Newton’s First Law. 
4. Define ‘reproducible results’. 
5. Sketch a graph which shows a directly propor onal rela onship. 
Challenge: Define iner al mass. 

Key Knowledge:

Define momentum. A quan ty rela ng to a moving object that is calculated by mul plying its mass by 
its velocity.

Define ‘conserva on of 
momentum’.

In a closed system, the total momentum before an event is equal to the total 
momentum a er the event.

Give the equa on for 
momentum. 

momentum = mass x velocity
p=mv

Applica on Task – I Do
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The figure below shows a skateboarder jumping forwards off his skateboard. The skateboard is sta onary at the moment 
the skateboarder jumps. The skateboard moves backwards as the 
skateboarder jumps forwards. Explain,
using the idea of momentum, why the
skateboard moves backwards.

Applica on Task – We Do
The objects in the video both have a mass of 1.5 kg. Explain, using the idea of momentum, why the two objects stop 
moving a er they collide.

In a closed system, the total momentum _________ an event is _____________the total momentum ___________ an 
event. 
Therefore, the total momentum _____________ the objects collide is ________________the total momentum 
________________ the objects collide.
Before the objects collide, they have _____________ but opposite momentums, so total momentum is ____________. 
A er colliding, they are at rest, so total momentum is s ll ___________, and momentum is ______________. 

1. Calculate the momentum of an object if its velocity is 76 metres per second and its mass is 80 kilograms.
2. Calculate the mass of an object if it is moving at a velocity of 6  metres per second and its momentum is 44 

kilogram metres per second. 

3. Calculate the velocity of an object if its momentum is 13  kilogram metres per second and its mass is 50  
kilograms. 

Application Task – Momentum
Answer the questions below in your books. Show your working out. 

1.  Calculate the momentum of an object if its velocity is 90 metres per second and its mass is 64 
kilograms.

2. Calculate the momentum of an object if its velocity is 78 metres per second and its mass is 24 
kilograms.

3. Calculate the momentum of an object if its velocity is 36 metres per second and its mass is 50 
kilograms.

4. Calculate the momentum of an object if its velocity is 84 metres per second and its mass is 36 
kilograms.

5. Calculate the mass of an object if it is moving at a velocity of 6 metres per second and its momentum is 
44 kilogram metres per second. 

6. Calculate the mass of an object if it is moving at a velocity of 8 metres per second and its momentum is 
51 kilogram metres per second. 

7. Calculate the mass of an object if it is moving at a velocity of 56 metres per second and its momentum 
is 29 kilogram metres per second. 

8. Calculate the mass of an object if it is moving at a velocity of 34 metres per second and its momentum 
is 24 kilogram metres per second.

9. Calculate the velocity of an object if its momentum is 13 kilogram metres per second and its mass is 50 
kilograms. 

10. Calculate the velocity of an object if its momentum is 3  kilogram metres per second and its mass is 7  
kilograms. 

11. Calculate the velocity of an object if its momentum is 81  kilogram metres per second and its mass is 56
kilograms. 

12. Calculate the velocity of an object if its momentum is 84  kilogram metres per second and its mass is 31
kilograms.

13. Calculate the momentum of an object if its velocity is 34  metres per second and its mass is 11  
kilograms.

14. Calculate the momentum of an object if its velocity is 55 metres per second and its mass is 48 
kilograms.
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15. Calculate the momentum of an object if its velocity is 41 metres per second and its mass is 68 
kilograms.

16. Calculate the momentum of an object if its velocity is 53 metres per second and its mass is 76 
kilograms.

Exam Questions - Momentum

Q1. (a)    In any collision, the total momentum of the colliding objects is usually conserved.

(i)      What is meant by the term ‘momentum is conserved’?

______________________________________________________________

______________________________________________________________
(1)

(ii)     In a collision, momentum is not always conserved.

Why?

______________________________________________________________

______________________________________________________________
(1)

(b)     The diagram shows a car and a van, just before and just after the car collided with 
the van.

 

(i)      Use the information in the diagram to calculate the change in the momentum 
of the car.

Show clearly how you work out your answer and give the unit.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

Change in momentum = _________________________
(3)

(ii)     Use the idea of conservation of momentum to calculate the velocity of the van 
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when it is pushed forward by the collision.

Show clearly how you work out your answer.

______________________________________________________________

______________________________________________________________

______________________________________________________________

Velocity = _________________________ m/s forward
(2)

(Total 7 marks)

Q2.
Quantities in physics are either scalars or vectors.

(a)     Use the correct answers from the box to complete the sentence.
 

acceleration direction distance speed time

Velocity is __________________________ in a given ________________ .
(2)

(b)     Complete the table to show which quantities are scalars and which quantities are 
vectors.

Put one tick ( ) in each row.

The first row has been completed for you.
 

Quantity Scalar Vector

Momentum

Acceleration

Distance

Force

Time

(3)

(c)     The diagram shows two supermarket trolleys moving in the same direction.

Trolley A is full of shopping, has a total mass of 8 kg and is moving at a velocity of 2 
m / s with a kinetic energy of 16 J.

Trolley B is empty, has a mass of 4 kg and is moving at a velocity of 0.5 m / s with a 
kinetic energy of 0.5 J.
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(i)      Calculate the momentum of both trolley A and trolley B.

Give the unit.

______________________________________________________________

______________________________________________________________

Momentum of trolley A = _______________

Momentum of trolley B = _______________

Unit __________
(4)

(ii)     The trolleys in the diagram collide and join together. They move off together.

Calculate the velocity with which they move off together.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

Velocity = _______________ m / s
(3)

(iii)     In a different situation, the trolleys in the digram move at the same speeds as 
before but now move towards each other.

Calculate the total momentum and the total kinetic energy of the two trolleys 
before they collide.

______________________________________________________________

______________________________________________________________

Total momentum = _________________

______________________________________________________________

______________________________________________________________

Total kinetic energy = _______________ J
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(2)

(Total 14 marks)

Q3.
A paintball gun is used to fire a small ball of paint, called a paintball, at a target.

The figure below shows someone just about to fire a paintball gun.

The paintball is inside the gun.

 

(a)     What is the momentum of the paintball before the gun is fired?

___________________________________________________________________

Give a reason for your answer.

___________________________________________________________________

___________________________________________________________________
(2)

(b)     The gun fires the paintball forwards at a velocity of 90 m / s.

The paintball has a mass of 0.0030 kg.

Calculate the momentum of the paintball just after the gun is fired.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Momentum = ____________________ kg m / s
(2)

(c)     The momentum of the gun and paintball is conserved.

Use the correct answer from the box to complete the sentence.
 

equal to                greater than                less than

The total momentum of the gun and paintball just after the gun is fired
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will be ____________________________ the total momentum of the gun and

paintball before the gun is fired.
(1)

(Total 5 marks)

Q4.
The figure below shows a skateboarder jumping forwards off his skateboard.

The skateboard is stationary at the moment the skateboarder jumps.

 

(a)     The skateboard moves backwards as the skateboarder jumps forwards.

Explain, using the idea of momentum, why the skateboard moves backwards.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(3)

(b)     The mass of the skateboard is 1.8 kg and the mass of the skateboarder is 42 kg.

Calculate the velocity at which the skateboard moves backwards if the skateboarder
jumps forwards at a velocity of 0.3 m / s.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________

Velocity of skateboard = ____________________ m / s
(3)

(Total 6 marks)

Q5.
(a)     The picture shows two teenagers riding identical skateboards.

The skateboards are moving at the same speed and the teenagers have the same 
mass.

 

Why do the teenagers not have the same momentum?

___________________________________________________________________

___________________________________________________________________
(1)

(b)     One of the skateboards slows down and stops. The teenager then jumps off the 
skateboard, causing it to recoil and move in the opposite direction.

 

The momentum of the teenager and skateboard is conserved.

(i)      What is meant by ‘momentum being conserved’?

______________________________________________________________

______________________________________________________________
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(1)

(ii)     The teenager, of mass 55 kg, jumps off the skateboard at 0.4 m/s causing the 
skateboard to recoil at 10 m/s.

Calculate the mass of the skateboard.

______________________________________________________________

______________________________________________________________

______________________________________________________________

Mass = ______________________________ kg
(3)

(c)     Once the skateboard starts to recoil, it soon slows down and its kinetic energy 
decreases.

Explain why.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(2)

(Total 7 marks)

19.Momentum Calcula ons
L.O. Explain how force is related to change in momentum.

Do Now (5 min):
1. State the equa on which links force, mass, and accelera on. 
2. State the rela onship between the mass of an object and its accelera on at a constant force. 
3. Define resultant force.
4. State the independent, dependent, and one reasonable control variable in an experiment to inves gate how the 

height a ball is dropped from affects its final velocity. 
5. Calculate the weight of an object on Earth that has a mass of 30kg.

Challenge: Explain which a diagram why an object moving in a circle at a constant speed is accelera ng.

Key Knowledge

Explain what happens when a net force acts on
an object that is able to move

When an object’s velocity changes, its momentum changes. 

State what is meant by mv. mv = change in momentum. 

State the equa on which links force and rate 
of change in momentum.

State common safety features which protect 
from collisions. 

Air bags, seat belts, crumple zones, cycle helmets, cushioned 
playground surfaces, gymnasium mats.
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Explain how common safety feature protect 
people during collisions. 

They increase the amount of me over which the change in 
momentum occurs, decreasing the force of the collision. 

Applica on Task – I Do
The airbag deflates when it is hit by the driver’s head.  Use the idea of momentum to explain why the airbag reduces the 
risk of the drive sustaining a serious head injury.

Applica on Task – We Do
A seat belt is one of the safety features of a car.
  
In a collision, wearing a seat belt reduces the risk of injury.
In a collision, the seat belt stretches. The me it takes for the person held by the seat belt to lose momentum compared to 
a person not wearing a seat belt __________________ .
This _______________ the rate of change of momentum. 
Therefore, the force on the person’s body ______________________ and so reduces the risk of injury.

Exam Questions – Momentum Calculations

Q1.(a)     A car driver sees the traffic in front is not moving and brakes to stop his car.

The stopping distance of a car is the thinking distance plus the braking distance.

(i)      What is meant by the ‘braking distance’?

______________________________________________________________

______________________________________________________________
(1)

(ii)     The braking distance of a car depends on the speed of the car and the braking force.

State one other factor that affects braking distance.

______________________________________________________________

______________________________________________________________
(1)

(iii)    How does the braking force needed to stop a car in a particular distance depend on the
speed of the car?

______________________________________________________________

______________________________________________________________
(1)

(b)     Figure 1 shows the distance−time graph for the car in the 10 seconds before the driver 
applied the brakes.
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Use Figure 1 to calculate the maximum speed the car was travelling at.
Show clearly how you work out your answer.

___________________________________________________________________

___________________________________________________________________

Maximum speed = ________________ m / s
(2)

(c)     The car did not stop in time. It collided with the stationary car in front, joining the two cars 
together.

Figure 2 shows both cars, just before and just after the collision.

 

(i)      The momentum of the two cars was conserved.

What is meant by the statement ‘momentum is conserved’?

______________________________________________________________

______________________________________________________________
(1)

(ii)     Calculate the velocity of the two joined cars immediately after the collision.

______________________________________________________________
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______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

Velocity = ___________________ m/s
(3)

(d)     Since 1965, all cars manufactured for use in the UK must have seat belts.

It is safer for a car driver to be wearing a seat belt, compared with not wearing a seat belt, if 
the car is involved in a collision.

Explain why.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(4)

Q2. An investigation was carried out to show how thinking distance, braking distance and stopping distance 
are affected by the speed of a car.  The results are shown in the table.

 

Speed
in metres

per second

Thinking
distance
in metres

Braking
distance in

metres

Stopping
distance
in metres

10  6  6 12

15  9 14 43

20 12 24 36

25 15 38 53

30 18 55 73

(a)     Draw a ring around the correct answer to complete each sentence.
 

As speed increases, thinking distance decreases.

increases.
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stays the same.

 

As speed increases, braking distance

decreases.

increases.

stays the same.

(2)

(b)     One of the values of stopping distance is incorrect.

Draw a ring around the incorrect value in the table.

Calculate the correct value of this stopping distance.

_________________________________________Stopping distance = ________________ 
m

(2)

(c)     (i)      Using the results from the table, plot a graph of braking distance against speed.

Draw a line of best fit through your points.

        Speed in metres per second
(3)

(ii)     Use your graph to determine the braking distance, in metres, at a speed of 22 m / s.

Braking distance = ________________ m
(1)

(d)     The speed–time graph for a car is shown below.
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While travelling at a speed of 35 m / s, the driver sees an obstacle in the road at time t = 0. 
The driver reacts and brakes to a stop.

 

       Time in seconds

(i)      Determine the braking distance.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

Braking distance = ________________ m
(3)

(ii)     If the driver was driving at 35 m / s on an icy road, the speed–time graph would be 
different.

Add another line to the speed–time graph above to show the effect of travelling at 
35 m / s on an icy road and reacting to an obstacle in the road at time t = 0.

(3)

(e)     A car of mass 1200 kg is travelling with a velocity of 35 m / s.

(i)      Calculate the momentum of the car.

Give the unit.

______________________________________________________________

______________________________________________________________

______________________________________________________________

Momentum = _____________________
(3)

(ii)     The car stops in 4 seconds.

Calculate the average braking force acting on the car during the 4 seconds.

______________________________________________________________

______________________________________________________________

Force = ________________ N
(2)
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(Total 19 marks)

Q3.
Part of a bus route is along a high street.
The distance-time graph shows how far the bus travelled along the high street and how long it took.

 
Time in seconds

(a)     Between which two points was the bus travelling the slowest?

Put a tick ( ) in the box next to your answer.
 

Give a reason for your answer.

___________________________________________________________________

___________________________________________________________________
(2)

(b)     The bus travels at 5 m/s between points A and B.
The bus and passengers have a total mass of 16 000 kg.

Use the equation in the box to calculate the momentum of the bus and passengers between 
points A and B.

 

momentum = mass x velocity
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Show clearly how you work out your answer.

___________________________________________________________________

___________________________________________________________________

Momentum = _________________________ kg m/s
(2)

(c)     A cyclist made the same journey along the high street.
The cyclist started at the same time as the bus and completed the journey in 220 seconds. 
The cyclist travelled the whole distance at a constant speed.

(i)      Draw a line on the graph to show the cyclist’s journey.
(2)

(ii)     After how many seconds did the cyclist overtake the bus?

The cyclist overtook the bus after _______________________ seconds.
(1)

Q4.The picture shows players in a cricket match.

 

(a)     A fast bowler bowls the ball at 35 m/s. The ball has a mass of 0.16 kg.

Use the equation in the box to calculate the kinetic energy of the cricket ball as it leaves the 
bowler’s hand.

 

Show clearly how you work out your answer.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Kinetic energy = ______________________________ J
(2)
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(b)     When the ball reaches the batsman it is travelling at 30 m/s. The batsman strikes the ball 
which moves off at 30 m/s in the opposite direction.

 

(i)      Use the equation in the box to calculate the change in momentum of the ball.
 

momentum    =    mass    ×    velocity

Show clearly how you work out your answer.

______________________________________________________________

______________________________________________________________

Change in momentum = ______________________________ kg m/s
(2)

(ii)     The ball is in contact with the bat for 0.001 s.
Use the equation in the box to calculate the force exerted by the bat on the ball.

 

Show clearly how you work out your answer.

______________________________________________________________

______________________________________________________________

Force = ______________________________ N
(1)

(c)     A fielder, as he catches a cricket ball, pulls his hands backwards.
Explain why this action reduces the force on his hands.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(2)

Q5. (a)     A van has a mass of 3200 kg. The diagram shows the van just before and just after it collides with 
the back of a car.
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After collision

Just before the collision, the van was moving at 5 m/s and the car was stationary.
(i)      Calculate the momentum of the van just before the collision.

Show clearly how you work out your answer.

______________________________________________________________

______________________________________________________________

Momentum = _______________ kg m/s
(2)

(ii)     The collision makes the van and car join together.
What is the total momentum of the van and the car just after the collision?

Momentum = _______________ kg m/s
(1)

(iii)    Complete the following sentence by drawing a ring around the correct line in the box.
 

 more than  

The momentum of the car before the collision is the same as the

 less than  

momentum of the car after the collision.
(1)

(b)     A seat belt is one of the safety features of a car.

In a collision, wearing a seat belt reduces the risk of injury.

Use words or phrases from the box to complete the following sentences.
 

decreases stays the same increases

In a collision, the seat belt stretches. The time it takes for the person held by the seat belt to 
lose momentum compared to a person not wearing a seat belt,

__________________________________________________ .

The force on the person’s body _______________________________________ and so 
reduces the risk of injury.

(2)

(Total 6 marks)

Q6. (a)     Complete the following sentence.

Page 30 of 62



The momentum of a moving object has a magnitude, in kg m/s, and a _________________________ .
(1)

(b)     A car being driven at 9.0 m/s collides with the back of a stationary lorry.
The car slows down and stops in 0.20 seconds. The total mass of the car and driver is 1200 
kg.

Calculate the average force exerted by the lorry on the car during the collision.

Show clearly how you work out your answer.

___________________________________________________________________

___________________________________________________________________

Force = _________________________ N
(2)

(c)     Within 0.04 s of the car hitting the back of the lorry, the car driver's airbag inflates.
The airbag deflates when it is hit by the driver’s head.

 

Use the idea of momentum to explain why the airbag reduces the risk of the drive sustaining 
a serious head injury.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(3)

(Total 6 marks)

Page 31 of 62



SEPARATE ONLY

20. Moments (separate only)

L.O. Calculate moments and describe their effects.

Do Now (5 min):
1. Give the equation which links momentum, force, and distance. 
2. Give the equation which links change in momentum, time, and force. 
3. Describe the main safety features of a car. 
4. In the required practical which investigates the effect of force on acceleration, state what is used to 

calculate acceleration.
5. Calculate the speed of a car in metres per second that travels 54.3 kilometres in 35.1 minutes. Give 

your answer to 3 significant figures.
Challenge: Calculate the power needed to raise a 50 kg object 15 metres in the air, in 10 seconds. 

Key Knowledge:

Define moment. Moment is the turning effect of a force, measured in newton-metres, 
Nm.

When is an object in 
equilibrium?

An object is in equilibrium if the total clockwise moment is equal to the 
total anticlockwise moment

Define pivot. The pivot is the point about which an object rotates.

How is distance from the pivot 
measured?

The distance (d) is the perpendicular distance from the pivot to the line 
of action of the force.

Give the equation for moment. moment = force x distance
M=Fd

Application Task – I Do
Explain why the object in  the image is balanced.

Application Task – We Do
Explain why the object in the image is not balanced.

Both bricks exert a _____________ force on the lever. The pivot causes the left-hand force to make the lever 
want to turn _________________, while the right-hand force makes the lever want to turn 
_________________. 
The right-hand mass is _________________ the left-hand mass, so its weight is ______________. 
However, the left-hand mass is ___________ as far from the pivot as the right-hand mass. 
Because moment equals force times distance, the moment of the right-hand mass is  ____________ than the 
moment of the left-hand mass, so the lever turns ________________________.  

Application Task – You Do
Explain why the object in the image is balanced.

1. Calculate moment on a lever if a force of 77 newtons is applied 40 metres from the pivot.
2. Calculate moment on a lever if a force of 69 kilonewtons is applied 99 centimetres from the pivot.
3. Calculate the distance from the pivot a force is applied if the force is 66 newtons and the moment is 28 
newton-metres. 
4. Calculate the force on a turning object if the moment is 88  newton-metres and the force is applied 5 
centimetres from the pivot. 

Practice Questions
Answer the questions below in your books. Show your working out. 

1. Calculate moment on a lever if a force of 27  newtons is applied 28  metres from the pivot.
2. Calculate moment on a lever if a force of 29  newtons is applied 66  metres from the pivot.
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3. Calculate moment on a lever if a force of 82 kilonewtons is applied 27  metres from the pivot.
4. Calculate moment on a lever if a force of 64 kilonewtons is applied 30 centimetres from the pivot.
5. Calculate moment on a lever if a force of 9  newtons is applied 15 millimetres from the pivot.
6. Calculate the distance from the pivot a force is applied if the force is 34  newtons and the moment is 26 

newton-metres. 
7. Calculate the distance from the pivot a force is applied if the force is 21  newtons and the moment is 15 

newton-metres. 
8. Calculate the distance from the pivot a force is applied if the force is 11 centinewtons and the moment is

27  newton-metres. 
9. Calculate the distance from the pivot a force is applied if the force is 62  newtons and the moment is 82 

newton-metres.
10. Calculate the force on a turning object if the moment is 47  newton-metres and the force is applied 95  

metres from the pivot. 
11. Calculate the force on a turning object if the moment is 25  newton-metres and the force is applied 67 

centimetres from the pivot. 
12. Calculate the force on a turning object if the moment is 10  newton-metres and the force is applied 14 

kilometres from the pivot. 

21. Levers and Gears (separate only)
L.O. Explain how levers and gears transmit moments

Do Now (5 min):
1. Define moment.
2. State the equation that links force, distance, and moment. 
3. A force of 37N is applied to a 30cm spanner.  Calculate the clockwise moment.
4. State the equipment used to calculate the acceleration of a glider or cart. 
5. Convert 4590 mg to kg

Challenge: A rollercoaster car is raised a vertical distance of 35 m by a motor in 45 seconds. The mass of the 
rollercoaster is 600 kg.

The motor has a power rating of 8 000 W.

Calculate the percentage efficiency of the motor.  Gravitational field strength = 9.8 N / kg.

Key Knowledge

Define lever. A simple machine consisting of a pivot, effort and load.

Define load. The overall force that is exerted, usually by a mass or object, on a surface.

Define effort. Force used to move a load over a distance.

Define force 
multiplier.

Something that increases the effect of a force.

Define gear. A toothed wheel used with other gears to turn axles at different speeds.

Define axle. A bar, rod or shaft which passes through a wheel or gear. The wheel or gear will rotate 
around the axle.

Application Task – I Do
A solid beam 0.5 m long is laid across a pivot to form a simple 
lever. The pivot is 0.1 m from the end of the beam. Calculate the heaviest load that could be lifted using a force 
of 500N.

First, calculate the moment due to the 500 N force. To do this, distance will also need to be calculated. To lift the
greatest load, the effort must be applied furthest from the pivot.
Calculate the greatest distance from the pivot: 0.5 − 0.1 = 0.4
Then use the values to calculate the moment: M = Fd

M = (500)(0.4)
M = 200 Nm
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Second, use the answer above to calculate the maximum force 0.1 m from the pivot.
F = M/d
F = 200/0.1
F = 2000 N

Application Task – I Do
A gear with a radius of 0.1 m is turned by a gear with a radius of 0.05 m. 
The moment of the smaller gear is 20 Nm. Calculate the moment of the larger gear.
First calculate the force on the teeth of the smaller gear.

F = M/d
F = 20/0.05
F = 400 N

Use the answer above to calculate the moment of the larger gear:
M = Fd
M = (400)(0.1)
M = 40 Nm

Turning a gear that has double the radius doubles the turning effect - it is a 2× force multiplier.

Practice Exam Questions

Q1. A spanner makes it a lot easier to loosen a bolt.

You cannot usually loosen                       It is easier
       a bolt with your fingers.                     with a spanner.

Choose words from this list to complete the sentences below.

lever               piston               pivot               pulley               turning effect

The spanner is a simple ______________________________
You use it to produce a bigger ______________________________ on the bolt. 
A longer spanner works better.
This is because there is a bigger distance between your force and the _______________

(Total 3 marks)

Q2.The diagram shows someone starting to lift the end of a heavy wooden pole.

 

(a)     Use the equation in the box to calculate the moment produced by the weight of the 
pole.

 

moment    =    force    ×
perpendicular distance from the line of
action of the force to the axis of rotation
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___________________________________________________________________

___________________________________________________________________

Moment = _________________________ Nm
(2)

(b)     (i)  Complete the following sentence by drawing a ring around the correct line in the 
box.

 

 bigger than

The smallest force needed to lift the end of the pole will be the same as

 smaller than

the weight of the pole.
(1)

(ii)     Give a reason for your answer to part (b)(i).

______________________________________________________________

______________________________________________________________
(1)

(c)     How could the person lifting the end of the pole increase the moment?

___________________________________________________________________

___________________________________________________________________
(1)

(Total 5 marks)

Q3.  The diagram below shows an outline of a balance. The balance is used to weigh lorries. A 
fraction of the weight of a lorry is used as the load on the right side of the pivot.

A standard weight W is moved along the arm until the weight of the load is balanced.

 

(a)     As the weight W is moved away from the pivot it can support a heavier load.
Why is this?

___________________________________________________________________

_________________________________________________________________(2)
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(b)     (i)      The weight W is 100 N. When it is 0.2 m from the pivot it balances the load.
Calculate the moment of the weight W about the pivot.

______________________________________________________________

______________________________________________________________

Answer ___________________ Nm
(2)

(ii)     The load is one hundredth of the weight of the lorry and is 0.02 m from the pivot.
Calculate the weight of the lorry.

______________________________________________________________

______________________________________________________________

Answer ___________________ N
(2)

4.(a)     A student investigates the moment of a force.

(i)      What does the word moment mean in this sentence?

______________________________________________________________

______________________________________________________________
(1)

(ii)     The diagram shows how she sets up her apparatus.

 

Suggest the purpose of the G-clamp.

______________________________________________________________

______________________________________________________________
(1)
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(iii)    A horizontal rod fits into a hole at the centre of the metre ruler. This is the axis of rotation. 
The student changes the load Y and adjusts the distance X until the metre ruler is horizontal. 
She takes six pairs of measurements which are shown in the table.
 

Load Y
in newtons

Distance X
in centimetres

1 7

2 14

3 21

4 28

5 35

6 42

Explain fully how distance X varies with load Y.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
(2)

(iv)     The weight of the ruler can be ignored in this experiment.
) in the box next to your 

answer.
 

The weight of the ruler is so small it is negligible.  
 

The centre of mass of the ruler is at the axis of rotation.  
 

The ruler is a symmetrical object.  
(1)

(b)     In the summer, a town council fits hanging baskets to some of its lamp posts.
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Use the information in the diagram and the equation in the box to calculate the 
moment produced by the weight of the hanging basket about an axis through 
point A.

 

moment    =    force    × perpendicular distance from the line of
action of the force to the axis of rotation

Show clearly how you work out your answer and give the unit.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Moment =________________________________________
(3)

22. Static Electricity (separate only)

L.O. Explain the effects of static electricity

Do Now (5 min):

1. A force of 37N is applied to a 30cm spanner.  Calculate
the clockwise moment.

2. A knife has a force of 15N applied to it.  It is 15cm long.
Calculate the clockwise moment.

3. The ring pull on a can of coke has a force of 55N
applied to it.  The moment is 56Nm.  Calculate the
length of the ring pull. 

4. Describe the deformation of a spring that
exceeds the limit of proportionality.

5. Give 0.0538 kg in standard form. 

Challenge: Explain how levers act as force multipliers. 

Key Knowledge

State the force charges exert on 
each other. 

Electrostatic force.

Describe the effects of the 
electrostatic force on charges. 

Opposite charges attract, while like charges repel.

Explain how static charge can be 
generated.

• When certain insulating materials are rubbed against each 
other they become electrically charged. 

• Negatively charged electrons are rubbed off one material 
and on to the other. 

• The material that gains electrons becomes negatively 
charged. 

• The material that loses electrons is left with an equal 
positive charge.
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Application Task – We Do

Two polythene rods were rubbed with a woollen cloth. One rod is then placed on a balance. The rod was 
separated from the metal pan of the balance by a thin block of insulating material ensuring the rod keeps its 
charge. The student then held a second charged insulating rod above, but not touching, the first rod. The 
reading on the balance increased. Explain why. 

When two insulating materials are ___________________, electrons can be _________________ from one to 
the other. 

The material which loses electrons will become ____________ charged, and the material which gains electrons 
will become _____________ charged. 

Because the rods were both rubbed with the _________ material, they will have both either _______ or 
____________ electrons. 

Therefore, both rods will have the ___________ charge. 

Because both rods have the ________ charge, they _________. 

The upper rod exerts a downwards ________ on the lower rod, changing the reading on the balance. 

Practice Questions

Q1. A student used some everyday items to investigate static electricity.

Figure 1 shows a flexible plastic strip being rubbed with a cloth.

Figure 1

 

(a)     Complete the sentence. Choose the answer from the box.
 

electrons neutrons protons

Rubbing the plastic strip with the cloth causes the strip to become negatively 
charged because ____________________ move from the cloth onto the plastic 
strip.

(1)

(b)     Complete the sentence.

Choose the answer from the box.
 

a negative a positive zero

The cloth is left with ____________________ charge.
(1)

(c)     The student hung the plastic strip over a wooden rod.
The ends of the strip moved away from each other.
Figure 2 shows the position of the plastic strip on the wooden rod.
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Figure 2

 

What two conclusions should the student make about the forces acting on the two 
halves of the plastic strip?

1. _________________________________________________________________

___________________________________________________________________

2. _________________________________________________________________

_________________________________________________________________(2)

(d)     Another student repeated the experiment using the same method and found the 
plastic strip moved in the same way.

Complete the sentence.

Choose the answer from the box.
 

an anomaly repeatable reproducible

The investigation was _____________________ .
(1)

Q2. (a)    A student uses some everyday items to investigate static electricity.

 

1 A strip of plastic is cut
from a plastic carrier bag

2 The plastic strip is rubbed
with a cloth

3 The plastic strip is hung
over a wooden rod

(i)      Draw a ring around the correct answer in the box to complete each sentence.

Rubbing the plastic strip with a cloth causes the strip to become negatively 
charged.
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 electrons  

This happens because neutrons move from the cloth onto the plastic strip.

 protons  

 

 a negative  

The cloth is left with a positive charge.

 zero  

(2)

(ii)     When the plastic strip is hung over the wooden rod, the two halves of the strip 
move equally away from each other.

What two conclusions should the student make about the forces acting on the 
two halves of the plastic strip?

1. ____________________________________________________________

______________________________________________________________

2. ____________________________________________________________

______________________________________________________________
(2)

(b)     Electrical charges move more easily through some materials than through other 
materials.

Through which one of the following materials would an electrical charge move most 
easily?

Draw a ring around your answer.
 

aluminium glass rubber

(1)

Q3. (a)     A student rubs a nylon comb on the sleeve of his jumper.
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(i)      Use words from the box to complete the following sentence.
 

electrons             hand                jumper          protons

The comb becomes negatively charged because __________________ move

from the student’s ______________________ to the comb.
(2)

(ii)     What type of charge is left on the jumper?

______________________________________________________________
(1)

(iii)     The negatively charged comb is placed close to a charged plastic ruler. The 
comb and the ruler attract each other.

Complete the following sentence by drawing a ring around the correct line in 
the box.

 

The ruler is

negatively charged

positively charged

uncharged

(1)

(b)     Electrostatic charge can damage computer chips. People working with computer 
chips may wear a special bracelet, with a wire joining the bracelet to earth (the earth
wire). Any negative charge on the person will flow through the wire to earth.

          

(i)      Which one of the following materials should the bracelet be made from?

Draw a ring around your answer.

                    copper       plastic      rubber

Give a reason for your answer.

______________________________________________________________

______________________________________________________________
(2)

(ii)     Which one of the following words is used to describe the rate of flow of charge
through a wire?
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Draw a ring around your answer.

                    current      resistance        voltage
(1)

 Q4. A pupil did an experiment following the instructions below.

1.       Take a polythene rod (AB), hold it at its centre and rub both ends with a cloth.

2.       Suspend the rod, without touching the ends, from a stand using a stirrup and nylon 
thread.

3.       Take a perspex rod (CD) and rub it with another cloth.

4.       Without touching the ends of the perspex rod bring each end of the perspex rod up 
to, but without touching, each end of the polythene rod.

(i)      Explain why they attracted each other.

______________________________________________________________

______________________________________________________________

(ii)     What would happen if end C were brought near end A?

______________________________________________________________
(3)

(b)     The experiment was repeated with two polythene rods.

(i)      Describe what you would expect the pupil to observe as the end of one rod 
was brought near to the end of the other.

______________________________________________________________

______________________________________________________________

(ii)     Explain your answer.

______________________________________________________________

______________________________________________________________
(2)
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(c)     Explain, in terms of electron movement, what happened as the rods were rubbed 
with the cloths.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(3)

23. Electric Fields

L.O. Explain how charges interact

Do Now (5 min):

1. Give the equation for stopping
distances. 

2. State a factor that can affect reaction
time

3. Define terminal velocity.

4. State the apparatus used to measure a
force. 

5. Calculate the clockwise moment of the lever below.

Challenge: Explain what is inertia is and why a train is harder to stop than a bicycle.

Key Knowledge

Define electric field. The area around a charge where another charge 
experiences a force.

Where is an electric field strongest? The electric field is strongest close to the charged 
object.

How does the strength of an electric field vary with 
distance?

The electric field weakens as distance from the 
charged object increases. 

How does the strength of an electric field vary with 
charge?

The higher the charge, the stronger the electric field. 

What is shown by the arrows in an electric field 
diagram.

The arrows show the direction a positive charge 
would move.

What is shown by the closeness of the lines in an 
electric field diagram?

The closer the lines, the stronger the electric field.

Application Task – I Do
1. Draw the electric field lines around a single, small positive charge. 
2. Draw the electric field lines around a single, large positive charge. 

1. Draw the electric field lines around a single, small negative charge. 
2. Draw the electric field lines around a single, large negative charge.
3. Draw the field lines between a positive charge and a negative charge. 
4. Draw the field lines between a negative charge and a negative charge. 

Figure 2 shows a plan view of the positively charged metal dome of a Van de Graaff generator.
5. Draw the electric field pattern around the metal dome when it is isolated from its surroundings.

Use arrows to show the direction of the electric field.
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6. Another positively charged object is placed in the electric field. Look at the image. In which position would the 
object experience the greatest force? Explain your answer.
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COMBINED & SEPARATE

24. Magnets

L.O. Explain the properties of magnets

Do Now: 

1. Write the equation used to calculate stopping distance

2. List four factors that can affect reaction time

3. What effect does braking have on the wheels energy store?

4. What does reproducible mean?

5. Calculate the uncertainty of these measurements:

10cm3, 10.5cm3 , 11cm3, 9.5cm3, 11.5cm3

Challenge: calculate the speed a car was travelling if the persons reaction time was 0.4s and the cars thinking 
distance was 6m

Key Knowledge
Define "poles" on a magnet The place where the magnetic force is the strongest

What is the effect of two like poles on each 
other?

Repel 

What is the effect of two different poles on 
each other?

Attract

Define permanent magnet A material that produces its own magnetic field

Define induced magnet A material that only becomes magnetic when placed in a 
magnetic field

Name four magnetic materials Iron, cobalt, nickel, steel

 

Application Task (You do)

3 different materials tested with bar magnets to see if they were magnets, magnetic materials, or non-magnetic.

• Material 1 showed no magnetic force and remained stationary when a either pole of a bar magnet was 
placed near it.

• Material 2 was attracted to only the north pole.

• Material 3 was attracted to both poles.

Name the types of materials and justify your answer. (6)

Practice Questions

Q1. David put two bars of iron close to each other. There was no magnetic force between them.
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David recorded the result as shown below.

 

(a)     David did three other tests.  Tick the correct box to show the result for each test.

(i)      

 
1 mark

(ii)     

 
1 mark

(iii)     

 
1 mark

(b)     David then did two experiments with magnets.
The tick in each box shows David’s results in each experiment.
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Label the missing poles on each magnet to match David’s results.

(i)      

 
1 mark

(ii)     

 
1 mark

Q2. The diagram below shows three trolleys. Peter put a bar magnet on each trolley.

(a)     He pushed trolleys A, B and C together.

•    Magnet B attracted magnet A.
•    Magnet B repelled magnet C.

 

On the diagram above, label the north and south poles of magnets A and C. Use the letters N and S.
2 marks

(b)     Peter turned trolley B around. Trolleys A and C were not turned around.

 

          What would happen now when Peter pushed them all together?
Use either attract or repel to complete each sentence below.
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          Magnet B would .................................... magnet A.

          Magnet B would .................................... magnet C.
1 mark

(c)     Peter held two trolleys close together and then let go.

           

          The magnets repelled each other.

          Draw an arrow on both magnets to show which way they would move.
1 mark

(d)     Peter took a magnet, a steel bar and an aluminium bar.

          He put them on three trolleys as shown below.

 

(i)      What happens to the steel bar as he moves it closer to the magnet?

...............................................................................................................
1 mark

(ii)     What happens to the aluminium bar as he moves it closer to the magnet?

...............................................................................................................
1 mark

maximum 6 marks

Q3. Sam made a model cat.
          He mixed modelling powder with water.
          He poured all of the mixture into a mould.
          He covered the mould with plastic film so that water could not evaporate.

 

(a)     (i)      After 10 minutes, Sam removed the model cat from the mould.
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Sam had mixed 40 g of modelling powder with 12 g of water.  What was the mass of the model 
cat?

................. g

(ii)     Complete the sentence below using words from the list.

                   gas             liquid         solid           vapour

         After 10 minutes, the mixture in the mould changed from a

.......................................... into a .............................................
2 marks

(b)     Sam attached a small magnet to the model cat.
The magnet was attracted to the fridge door.

 

          What metal are magnets made from?

...................................................
1 mark

(c)     Sam made another model, B. He attached a small magnet to model B.
(i)      Sam placed model A next to model B. The magnets attracted each other.
         Label the poles on the magnet on model B.  Use the letters N and S.

 

(ii)     Sam then turned the magnet on model A around. What would happen to model B?

..........................................................
2 marks

25. Magnetic Fields
L.O. Explain how magnetic objects interact
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Do Now (5 min):
1. State the type of magnet that the paperclips 

in the image at right are. 
2. State the three magnetic elemental metals. 
3. Describe the motion of an object if the resultant force on that object is 50N southwest. Can you 

calculate acceleration? If not, why not?
4. State the apparatus used to measure mass. 
5. Calculate the weight of an object with a mass of 450 g on the Moon (1.6 N/kg). Calculate its kinetic 

energy when it hits the surface of the Moon if it is dropped from a height of 35 m. 

Challenge: Explain how a Van de Graaff generator causes a person’s hair to stand on end. 

Key Knowledge:

Define magnetic field. Area surrounding a magnet that can exert a force on magnetic 
materials.

Where is a magnetic field 
strongest?

A magnetic field is strongest near the poles.

How does a magnetic compass 
work?

A magnetic compass contains a small bar magnet. The Earth has a 
magnetic field. The compass needle points in the direction of the 
Earth’s magnetic field.

How is a magnetic field mapped 
with a plotting compass?

1. place the plotting compass near the magnet on a piece of 
paper

2. mark the direction the compass needle points
3. move the plotting compass to many different positions in the 

magnetic field, marking the needle direction each time
4. join the points to show the field lines

What is shown by the arrows in an
magnetic field diagram?

The arrows show the direction of force a north pole would experience.

What is shown by the closeness of
the lines in an magnetic field 
diagram?

The closer the lines, the stronger the magnetic field.

Application Task – We Do
Look at the magnet below. Draw in the missing field lines either around the magnet or between the poles of the 
magnet, showing the shape and the direction.

Look at the magnets below. Draw in the missing field lines either around the magnet or between the poles of the
magnets, showing the shape and the direction.

Exam Questions:
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Q1. (a)     Diagram 1 shows a magnetic closure box when open and shut. It is a box that stays 
shut, when it is closed, due to the force between two small magnets.

These boxes are often used for jewellery.

Diagram 1

 

Diagram 2 shows the two magnets. The poles of the magnets are on the longer faces.

Diagram 2

 

 

(i)      Draw, on Diagram 2, the magnetic field pattern between the two facing poles.
(2)

(ii)     The magnets in the magnetic closure box must not have two North poles 
facing each other.

Explain why.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
(2)

(b)     A student is investigating how the force of attraction between two bar magnets 
depends on their separation.

She uses the apparatus shown in Diagram 3.

Diagram 3
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She uses the following procedure:
•        ensures that the newtonmeter does not have a zero error
•        holds one of the magnets
•        puts sheets of paper on top of the magnet
•        places the other magnet, with the newtonmeter magnetically attached, close to

the first magnet
•        pulls the magnets apart
•        notes the reading on the newtonmeter as the magnets separate
•        repeats with different numbers of sheets of paper between the magnets.
The results are shown in the table.

 

Number of sheets
of paper between the
magnets

10 20 30 40 50 60 70 80 120

Newtonmeter reading
as the magnets
separate

3.1 2.6 2.1 1.5 1.1 1.1 1.1 1.1 1.1

(i)      Describe the pattern of her results.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
(2)

(ii)     No matter how many sheets of paper the student puts between the magnets, 
the force shown on the newtonmeter never reaches zero.

Why?

______________________________________________________________

______________________________________________________________
(1)
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(iii)    The student is unable to experiment with fewer than 10 sheets of paper without glueing the
magnet to the newtonmeter.   Suggest why.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
(2)

(iv)    Suggest three improvements to the procedure that would allow the student to gain more 
accurate results.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
(3)

(v)     The thickness of one sheet of paper is 0.1 mm. What is the separation of the magnets 
when the force required to separate them is 2.1 N?

______________________________________________________________

______________________________________________________________

______________________________________________________________

Separation of magnets = ________________ mm
(3)

Q2. Figure 1 shows two iron nails hanging from a bar magnet.
The iron nails which were unmagnetised are now magnetised.

Figure 1
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(a)     Complete the sentence. Use a word from the box.
 

forced induced permanent

The iron nails have become _____________________ magnets.
(1)

(b)     Each of the three metal bars in Figure 2 is either a bar magnet or a piece of 
unmagnetised iron.

The forces that act between the bars when different ends are placed close together 
are shown by the arrows.

Figure 2

 

Which one of the metal bars is a piece of unmagnetised iron?  Tick one box.
 

Bar 1  

Bar 2  

Bar 3  

Give the reason for your answer.

___________________________________________________________________

___________________________________________________________________
(2)

(c)     A student investigated the strength of different fridge magnets by putting small 
sheets of paper between each magnet and the fridge door.

The student measured the maximum number of sheets of paper that each magnet 
was able to hold in place.

Why was it important that each small sheet of paper had the same thickness?

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________
(1)

(d)     Before starting the investigation the student wrote the following hypothesis:

‘The bigger the area of a fridge magnet the stronger the magnet will be.’

The student’s results are given in the table below.
 

Fridge
magnet

Area of
magnet
in mm2

Number of
sheets of

paper held

A 40 20

B 110 16

C 250 6

D 340 8

E 1350 4

Give one reason why the results from the investigation do not support the student’s 
hypothesis.

___________________________________________________________________

___________________________________________________________________
(1)

26. Electromagnets

L.O. Explain the effects of electromagnetism

Do Now (5 min):

1. State what is shown by the direction of the arrows on this magnetic field diagram.

2. Explain how you know from the diagram the magnetic field is strongest at the poles. 

3. Explain what is meant by negative acceleration. 

4. State the equipment used to investigate the magnetic field of a bar magnet.
5. Give 9.852 x 103 J to two significant figures.

Challenge: Explain how to calculate instantaneous speed from a curved distance-time graph. 

Key Knowledge

What does a current in a 
wire produce?

When a current flows in a wire, it creates a circular magnetic field around the
wire. 

Define solenoid. A straight coil of wire which can carry an electric current to create a magnetic
field. 

Define electromagnet. A magnet made by passing an electric current through a solenoid wrapped 
around an iron core.

How can the strength of the 
magnetic field in a solenoid 
be increased?

- Add an iron core.
- Add more turns to the solenoid.
- Increase the current through the solenoid.
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Application Task – We Do

Some students want to build an electromagnet. The students have the equipment shown below. Describe how the 
students could build an electromagnet. Include in your answer how the students should vary and test the strength of 
their electromagnet.

The students would first strip the ends of the ____________ _____. 

They would then connect the exposed ends of the wire using the crocodile clips on the con__________________ 
_________. 

They would wrap the _________ __________ around the _____ _____ to make a __________ with an iron core, 
an _____________.

They would hang the _______________ from the clamp, and connect the leads to the power supply. 

They could investigate the strength of the electromagnet by attempting to attract _____________. 

By increasing or decreasing the ______________ of the power supply, they would increase or decrease the 
______________. 

When the current is _______________, they should be able to pick up more ________________.

Practice Questions

Q1. Figure 1 shows two paper clips hanging from a bar magnet.

Figure 1

The paper clips have become magnetised.

(a)  Label the north and south poles of both paper clips.
(1)

A student investigated how the number of turns of wire on an electromagnet affects the strength of the 
electromagnet.  Figure 2 shows the equipment used by the student. Throughout the investigation the 
student kept the current through the wire constant.
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Figure 2

(b)  The student measured the strength of the electromagnet by counting the number of paper 
clips the electromagnet could hold.

Explain why it was important that the paper clips were all the same size.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(2)

The table below shows the student’s results.
 

Number of turns
of wire on the 
electromagnet

Number of
paper clips held

10 3

20 6

30 9

40 12

(c)  Describe the pattern shown in the table.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(2)
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(d)  The student then used 50 turns of wire on the electromagnet.

The electromagnet picked up 18 paper clips. This was more paper clips than the student 
had expected.

Which one is the most likely cause of this result?

Tick one box.
 

The paper clips used with 50 turns were larger than the others.

There were less than 50 turns of wire on the electromagnet.

Some of the paper clips were already magnetised.

(1)

(e)  The student repeated the measurement for 50 turns of wire three more times.

This gave her the following set of results.

18   16   14   15

Explain what the student should now do with the four results for 50 turns of wire.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(3)

(f)  The student wrote the hypothesis:

‘Increasing the current through the wire will make the electromagnet stronger.’

Describe how the student should change the investigation to test this hypothesis.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(3)
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Q2. A student is investigating the strength of electromagnets. Figure 1 shows three electromagnets. The
student hung a line of paper clips from each electromagnet.

Figure 1

 
 

Electromagnet A Electromagnet B Electromagnet C

No more paper clips can be hung from the bottom of each line of paper clips.

(a)     (i)      Complete the conclusion that the student should make from this investigation.

Increasing the number of turns of wire wrapped around the nail will 

______________ the strength of the electromagnet.
(1)

(ii)     Which two pairs of electromagnets should be compared to make this conclusion?

Pair 1: Electromagnets __________ and __________

Pair 2: Electromagnets __________ and __________
(1)

(iii)    Suggest two variables that the student should control in this investigation.

1. ____________________________________________________________

2. ____________________________________________________________
(2)

(b)     The cell in electromagnet A is swapped around to make the current flow in the opposite 
direction. This is shown in Figure 2.

Figure 2
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What is the maximum number of paper clips that can now be hung in a line from this 
electromagnet?

Draw a ring around the correct answer.

fewer than 4                4                more than 4

Give one reason for your answer.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(2)

(c)     Electromagnet A is changed to have only 10 turns of wire wrapped around the nail.

Suggest the maximum number of paper clips that could be hung in a line from the end of 
this electromagnet.

Maximum number of paper clips = _________________________
(1)

(Total 7 marks)

Q3. Figure 1 shows two bar magnets suspended close to each other.

Figure 1

(a)     Explain what is meant by the following statement.

‘A non-contact force acts on each magnet'.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(2)

(b)     Describe how to plot the magnetic field pattern of a bar magnet.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(3)

A student has set up the apparatus shown in Figure 2.

The iron rod is fixed to the track and cannot move.

Figure 2

(c)     The student gives the steel ball bearing a gentle push in the direction of the iron rod.

At the same time the student closes the switch S.

Explain the effect on the motion of the ball bearing when the switch S is closed.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(4)
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