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1 Forces and motion

How fast do things move?
Average speed
Two measurements must be made to find the average speed: the total 
distance travelled must be divided by the time taken. In science, we tend 
to use metres (m) for distance and seconds (s) for time: this gives a speed 
in metres per second (m/s). In everyday life, kilometres per hour (km/h) 
and miles per hour (mph) are often used instead.

average speed = 
total distance travelled

time taken

v = 
d

t

speed, v, in metres per second, 
m/s

distance, d, in metres, m

time, t, in seconds, s

Exam tip

Converting values you are 
given into standard units, 
such as metres and seconds, 
will stop you making mistakes 
when doing calculations in 
your exam.

Example

A runner moves a distance of 500 metres in 200 seconds. Find the 
average speed in m/s.

Answer

average speed = total distance travelled
time taken

average speed = 500
200

average speed = 2.5 m/s

The runner might have been moving faster at some points and slower at 
others. This is why the answer is an average speed. Even short journeys 
involve starting and stopping; your journey to school each morning is an 
everyday example.

Speed and velocity
Scientists make a distinction between speed (which can be motion in any 
direction or combination of directions) and velocity (which is motion in 
a particular direction). In everyday life the two are often mixed up, but 
direction matters in scientific measurements; 20 m/s is a speed, but 20 m/s 
due North is a velocity.

The same symbol (usually v) is used for both speed and velocity and the 
value may not change; it is the presence or absence of a direction that tells 
you which is meant.

Distance–time graphs
If an object or person is moving in a straight line, a distance–time graph 
can be drawn. Time is along the horizontal or x-axis and distance is 
along the vertical or y-axis. The gradient of the graph is equal to the 
speed at that point in the journey, so a steeper line means a greater speed. 

Speed: Distance travelled 
per unit of time

Velocity: Speed in a defined 
direction
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The average speed can be worked out using the total distance travelled 
divided by the total time taken. A straight line represents motion at a 
constant speed and if the line is horizontal, the object has stopped moving 
(described as being stationary or ‘at rest’).

If the line bends, this means the speed of the object is changing. It might 
be increasing (an upward curve) or decreasing (a downward curve).

Distance–time graphs are often plotted from simple measurements. The 
position of an object at set times is recorded. Unlike most scientific graphs, 
these are often plotted by joining the dots instead of drawing a best-fit line.

Exam tip

When describing the motion represented by a distance–time graph, 
refer to each part of the line in turn. For example, ‘between 40 and 
70 seconds the car was stationary’ followed by ‘between 70 and 
100 seconds the car was moving forwards’.

Required practical 

Investigate the motion of everyday objects such as toy cars or tennis balls
Method
1 Two light gates were set up, 0.5 m apart.
2  A tennis ball was selected, and the diameter of the ball was  

measured and recorded.
3  The ball was rolled through both gates. The time that the ball took to pass through each gate was recorded.
4  The time taken for the ball to travel from one gate to the other gate was also recorded.

Analysis
The speed of the ball as it passed each gate was calculated. The ball’s acceleration as it passed from 
the first gate to the second gate was also calculated. The results showed that the ball had accelerated in 
speed between the two gates.

Now test yourself
1 Calculate the speed of the car in Figure 1.1 between 70 and 100 seconds.
2 Calculate the average speed for the car in Figure 1.1.
3 Why are the values for Question 1 and Question 2 different?
4 A runner aims to complete a 10 km event in an hour. How fast (in m/s) will they need to run to achieve this?

Answers on page 131

Figure 1.1 A distance–time 
graph for a car travelling along 
a straight road

200

0

400

600

800

40 60200 80
Time in seconds

100 120

D
is

ta
n

ce
 in

 m
et

re
s

1000

Acceleration
Speeding up and slowing down
No increase or decrease in velocity can happen immediately. 
Acceleration (a) in metres per second squared (m/s2) is calculated by 
finding the change in velocity in metres per second, divided by the time 
taken for that change in seconds. The change in velocity (sometimes 
written Δv) is found by final velocity v, minus the initial velocity u.

acceleration = 
change in velocity

time taken

a = 
v – u

t

Acceleration: The rate of 
change of velocity. It uses 
the unit metres per second 
squared (m/s2).
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acceleration, a, in metres per second squared, m/s2

final velocity, v, in metres per second, m/s

initial velocity, u, in metres per second, m/s

time, t, in seconds, s

Exam tip

If you use symbols rather 
than words, make sure they 
are correct: a, v and t for 
acceleration, velocity and 
time, not A (which means 
area), V (volume) or T 
(temperature). Capitalisation 
is important!

The term deceleration can be used when velocity is decreasing (slowing 
down) rather than increasing (speeding up). This can also be described as 
a negative acceleration.

Velocity–time graphs
Just like distance–time graphs, changing velocity can be plotted. In a 
velocity–time graph, time is along the horizontal or x-axis, and the 
velocity is along the vertical or y-axis. The gradient of the graph is equal 
to the acceleration at that point in the journey, so a steeper line means 
a greater acceleration. A straight line represents motion with a constant 
acceleration. A downward line means the velocity is decreasing.

Finding the area under a velocity–time graph lets you work out the 
distance travelled in that time. Counting squares is a quick way to 
estimate this. When calculating the area under a graph, it is usually 
helpful to divide it into rectangular and triangular sections so that each 
area can be calculated individually.

Example

In the 100 m race an athlete is running at 8.5 m/s after 4 seconds; 7 seconds 
after starting, her velocity is 9.7 m/s. What was her acceleration?

Answer

acceleration = change in velocity
time taken

acceleration = (9.7 – 8.5)
3

acceleration = 0.4 m/s2

Typical mistake

Make sure you use the 
difference between the 
velocity values and divide by 
the time between them when 
working out acceleration. A 
common mistake is to use 
an absolute value where the 
change in either velocity or 
time should have been used 
instead.
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Figure 1.2 A velocity–time 
graph for an athlete

Now test yourself
5 A car accelerates from rest to 15 m/s in 3 seconds.

(a) What is the acceleration?
(b) If it then takes 6 seconds to slow to 3 m/s, what is the deceleration?

6 Sketch a velocity–time graph of the car in Question 5, with the inclusion of a steady speed of 15 m/s for 
10 seconds in between the two events described.

7 Assuming the deceleration continues at the same speed, how much longer will it take the car to 
completely stop?

Answers on page 131

Typical mistake

On a velocity–time graph, a horizontal line does not mean the object has 
stopped, only that the velocity is constant (and so the acceleration is zero). 
Only when the line is on the x-axis is the object ‘at rest’ or stationary. This 
is different to a distance–time graph where a flat line does represent a 
stationary period. 
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Observing and calculating motion
Light gates and ticker timers
No matter what equipment is used to investigate speed (including frames of a 
video recorded with a camera), the important equation to consider is the same:

speed = 
distance

time

For a light gate, the time is measured for the object with a known length to 
pass through. For a ticker timer, the time change between each mark is the 
same, for example 0.02 s, and the distance can be measured with a ruler.

Exam tip

For any measurements or diagrams of a moving object, it should be 
possible to work out values for distance and time, so speed and/or 
acceleration can be calculated. Look for clues and add your thoughts, 
either to the diagram or as bullet points in your notes. These notes 
can gain partial credit even if you do not get the final answer right.

Equations of motion
An important equation links initial and final speed, acceleration and 
distance travelled. This is a useful equation because it does not include any 
value for the time taken, which is often hard to measure. If three values are 
known, the fourth value can be worked out. If an object starts or finishes 
‘at rest’ (stationary) then the relationship becomes much simpler.

v2 = u2 + (2 × a × s)

final velocity, v, in metres 
per second, m/s

initial velocity, u, in metres 
per second, m/s

acceleration, a, in metres per 
second squared, m/s2

distance travelled, s, in 
metres, m

glider

interrupt card
light gate

Figure 1.3 Light gate

Example

A car accelerates at 5 m/s2 for a distance of 30 m. What is the final 
velocity if the initial velocity was 3 m/s?

Answer

v2 = u2 + (2 × a × s)

v2 = 32 + (2 × 5 × 30)

v2 = 9 + 300

v2 = 309

v = √309

v = 17.6 m/s (to 1 d.p.)

Revision activity

Describe your movement between two points using correct terms. 
Any straight-line journey could be shown using a distance–time or 
velocity–time sketch. Describe what is happening at different points 
on the graph. Try sketching a motion graph and then describe it to 
a partner; can they sketch a similar graph from your description, 
without seeing the original? All of these activities will improve your 
fluency in describing motion in words, which makes it much easier to 
choose the correct values for calculations.

Typical mistake

Note that s, the symbol for 
distance, is easily confused 
with s, the abbreviation for 
the SI unit of time (seconds). 
Some students accidentally 
use it to represent speed 
rather than the accepted 
abbreviation v. Make 
sure you are using and 
interpreting your symbols 
properly.

446755_01_MRN_EDX_GCSE_Phy_001-020.indd   4 16/07/18   2:54 PM

Sam
ple



5

1 
Fo

rc
es

 a
nd

 m
ot

io
n

Edexcel International GCSE (9–1) Physics

Introducing forces
Definitions and examples
Forces have three possible effects on an object:
l changing its shape (temporarily or permanently)
l changing its speed (acceleration)
l changing its direction of motion.

We divide forces into those which require contact and those that don’t.
l Contact forces involve particles that push against or collide with each 

other. Tension is a force acting through a stretched object. Friction 
resists movement between surfaces that are touching.

l Non-contact forces such as gravitational, electrical and magnetic forces 
are associated with fields (see page 00 for more information). Gravitational 
forces can only be attractive but magnetic and electrical forces can be 
attractive (pulling together) or repulsive (pushing apart). The attraction 
towards the Earth is called weight and is the gravitational force.

The SI unit of force is the newton (N). Large forces can be measured in 
kilonewtons (kN) instead. If something cannot be measured in newtons, 
it is not a force.

Vectors and scalars
Force is a vector quantity because it has a specific direction, while 
a scalar quantity has only size or magnitude, but no direction. The 
direction in a vector quantity might be expressed as left or right, forwards 
or backwards, or by using a compass direction such as ‘due East’.

Scalar quantity: A quantity like speed that has size or magnitude

Vector quantity: A quantity like velocity that has a specified direction 
as well as size or magnitude

Drawing, adding and subtracting forces
Arrows are drawn to show forces. The length of the arrow represents 
the size or magnitude, so a longer arrow means a larger force. In most 
diagrams the arrow will start where the force is caused, for example this 
will be at the centre of an object for weight. If one object pushes against 
another the force should be shown where they meet. An object which 
has a motor, or something similar which causes motion, may have a force 
labelled ‘thrust’ or ‘driving force’.

Force: A push or a pull

Now test yourself
 8  Rearrange or simplify the formula v2 = u2 + (2 × a × s)

(a)  to find the distance travelled given the other values 
(b)  if the initial velocity is zero.

 9      Calculate the final velocity of a cyclist who accelerates from rest at 2 m/s2 along a 100 m track.
10       A trolley of length 10 cm rolls through two light gates on a flat table. The first reading is 0.1 s and 

the second is 0.2 s. 
(a)  Work out the speed at each point.
(b)  Why is it not possible to work out the acceleration of the trolley?

Answers on page 131

friction,
400N

thrust, 
400N

Figure 1.4 Thrust
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If forces are in exactly the same direction, they can be added together. 
If they are in exactly opposite directions, it is the difference between 
them that is important. If they are of equal magnitude but in opposite 
directions, we say they are balanced.

If an overall or resultant force is acting on an object, it will accelerate in 
the direction of that force. If a resultant force acts on a moving object, it 
will speed up or slow down depending on the direction of the force.

The opposite is also true. In other words, if an object is not accelerating, 
there cannot be a resultant force acting on it. For example, the weight of 
a table acts on it down towards the f loor. The table does not accelerate, so 
there must be an equal force acting up from the f loor. This is called the 
normal contact force.

If two or more forces act on an object, but are balanced, then there may 
be a change of shape even though there is no acceleration. See page 7 for 
more detail.

Resultant force: The 
combination of two or more 
forces in a line. Like other 
forces, it will have both 
magnitude and direction. It 
may be zero.

Forces, acceleration and 
Newton’s laws of motion
Balanced forces
If the forces are of equal magnitude and in opposite directions, they are 
said to be balanced. This means the resultant force is zero.

Forces can be balanced for a stationary or moving object. For stationary 
objects, if the force is balanced, it stays stationary. For moving objects, 
if the force is balanced, it will keep moving in the same direction at the 
same speed.

Newton’s first law is often stated as ‘When the resultant force on an 
object is zero, the forces are balanced and the object does not accelerate.’

Remember that forces like friction oppose motion and, therefore, may 
balance the force pushing an object forwards. The weight of an object 
may be balanced by tension (if suspended) or by the normal contact force 
from the f loor, sometimes called the reaction force.

Now test yourself
11 Add the missing description and value for the forces in the diagram, given that the resultant force  

is zero.

700N

200N, friction
 

thrust

Figure 1.5
12 A rubber ball is at rest until pushed so it rolls along the floor and bounces off the wall. Explain the 

three possible effects of forces that can be observed.

Answers on page 131

(a) stationary;

R = 750N

W = 750N

forces balance

(b) moving at steady speed;
      forces balance

drag forces

driving
forces

Figure 1.6 Balanced forces
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Unbalanced forces
If forces are not balanced, there will be acceleration in the same direction 
as the resultant force. If the object is stationary, it will start to move. If it 
is already moving, the effect will depend on whether the resultant force 
is in the same direction as the existing motion or if it is in the opposing 
direction.

Friction and drag on a moving object, if unbalanced by thrust, will make 
it decelerate and eventually stop.

Force, mass and acceleration
The acceleration a depends on two variables: the magnitude of the 
resultant force F and the mass m of the object. Newton’s second law states 
that ‘Acceleration is proportional to the resultant force.’

resultant force = mass × acceleration
F = m × a

resultant force, F, in 
newtons, N

mass, m, in kilograms, kg

acceleration, a, in metres per 
second squared, m/s2

Example

A car of mass 1500 kg must accelerate from rest at 2 m/s2. What 
resultant force must be exerted?

Answer

F = m × a

F = 1500 × 2

F = 3000 N or 3 kN

Now test yourself
13 Work out the resultant force in each case and state the effect (if any) on the motion.

500 N800 N

N = 750 N

W = 750 N 

6000N
forward force

8000N
drag force

Figure 1.7 What is the overall force in each case?

14 Use Newton’s laws to explain why a moving car slows down if the engine cuts out, even if the brakes 
are not used.

15 An engine exerts a forwards force of 40 kN on a train of mass 200 000 kg. What is the acceleration?

Answers on pages 131–2
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