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 3 Rectilinear motion2

 3
 Rectilinear motion

Prior knowledge

In this chapter you will need to be able to:
➜ substitute numerical values into formulae and equations using appropriate units. 
➜ plot and draw graphs to show how distance and speed change with time 
➜ determine the gradient of linear graphs.

The key facts that will be useful are:
➜ Velocity, acceleration and displacement are vector quantities.

➜ average velocity = 
displacement

time

➜ acceleration = change in velocity
time

➜ A body in free fall on Earth accelerates downwards at 9.81 m s−2.

Test yourself on prior knowledge

1 What is meant by a vector quantity?

2 Calculate the displacement of an object that travels with an average velocity of 
4.5 m s−1 for 8.0 s.

3 The velocity of a car changes from 36 km h−1 to 18 km h−1 in 8.0 s. Calculate 
the acceleration of the car in m s−2.

4 Calculate the velocity of a brick 2.2 s after it is accidentally dropped from the 
top of a building.

5 Sketch a displacement–time graph for a body moving at constant velocity.

3.1 Speed, velocity and acceleration
Rectilinear motion means motion along a straight path. We saw earlier that average 
speed is distance divided by time, and that velocity is a vector quantity defined as 
displacement divided by time. As all the motion to be studied in this chapter is 
rectilinear, it follows that velocity will be used throughout.

Average and instantaneous velocity
A sprinter accelerates for 20 metres and then maintains a uniform velocity for the 
remaining 80 metres of the 100-metre sprint. If the total time taken is 10.0 s, the 
average velocity, vav, is found using:

vav = 
displacement

time
 = 

100 m
10.0 s

 = 10.0 m s−1
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During the first 20 m the runner’s velocity is continuously increasing to a maximum 
of 12.0 m s−1. If the displacement for a small period of time, say 0.01 s, during the 
acceleration, is 0.06 m, the velocity at this instant will be:

v = 
0.06 m
0.01 s  = 6.0 m s−1

The instantaneous velocity is strictly defined as the velocity at an instant, which may 
be much smaller than 0.01 s but, for practical purposes, measurements of velocity 
taken over a time that is much shorter than the time of the overall measurements 
will be regarded as instantaneous.

Average velocity and instantaneous velocity are sometimes represented by the 
equations:

vav = 
∆x
∆t

vinst = 
δx
δt

where Δt represents an interval of time and δt represents a very small interval.

The instantaneous velocity is often given in the calculus notation 
dx
dt

 that represents 
the value as δt tends to zero.

Activity

Measuring average velocity and instantaneous velocity
A trolley is released at the top of an inclined plane and allowed to run to the bottom of the plane. The distance, Δx, travelled by 
the trolley down the slope is measured, and the time, Δt, is measured using a stopclock. The average velocity is found by dividing 
the distance moved down the plane by the time taken.

An interrupter card cuts through the light beam directed at a light sensor (a ‘light gate’), and the time is electronically recorded. 
The ‘instantaneous’ velocity at that position is calculated by dividing the length of the card, δx, by the time, δt, taken to cross the 
beam.

A sensor placed near the top of the runway can be used 
to find the initial velocity, u, and a lower sensor can give 
the final velocity, v.

A data-logging interface (such as Philip Harris’ DL+) will 
measure the times at each light gate and also the time 
interval between the gates.

average velocity = 
∆x
∆t

initial velocity, u = 
δx
δt1

final velocity, v = 
δx
δt2

If the acceleration down the slope is uniform, the average velocity will be 
(u + v)

2
.

Figure 3.1 Measuring velocity and acceleration (lamp and sensor 
supports omitted for clarity).

trolley

runway
lamp

interrupter card

light sensor
interface

to computer
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This can be compared with the measured 
average velocity:

∆x
∆t  

= 
(u + v)

2

The results of the experiment are shown in 
Figure 3.2. The time scale on the computer 
display has been broken to allow both 
timings to be observed.

Questions
The length of the interrupter card is 
5.0 cm, and the distance between the 
sensors is 0.800 m.

1 Use Figure 3.2 to determine:
a) the time intervals during which the interrupter card cuts the beams at the top and the bottom of the ramp
b) the time taken for the trolley to travel between the sensors.

2 a) Calculate the instantaneous velocity at the top and at the bottom of the slope.
b) Use the values in part (a) to determine the average velocity of the trolley.

3 Calculate the average velocity of the trolley using the total time taken between the sensors.
4 Suggest a reason why the two values for the average velocity differ.

Figure 3.2 Computer display.

0 0.20 0.40 0.60 0.80 4.80 5.00 5.20 t/s

Acceleration
As the trolley moves down the slope, its velocity steadily increases. Any change in 
velocity indicates that the trolley is accelerating. The magnitude of the acceleration 
is a measure of the rate at which the velocity changes:

acceleration, a = 
change in velocity

change in time  = 
∆v
∆t

The change in velocity is measured in metres per second (m s−1), so acceleration has 
the unit m s−1 per second, which is written as m s−2.

For uniform acceleration, as in the experiment to measure average and instantaneous 
velocity (in the Activity above), the acceleration is calculated using the equation:

a = 
(v − u)

t

Velocity and acceleration are vectors. If an object slows down, (v – u) will be negative. 
This means that the acceleration is in the opposite direction to the velocities and the 
object is decelerating.
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Equations of motion
The motion of an object moving at constant velocity, or accelerating uniformly, can 
be described by a set of equations known as the equations of motion. The following 
symbols represent the physical quantities involved in the equations:

s = displacement (m)

u = initial velocity (m s−1) at t = 0 s

v = final velocity (m s−1)

a = acceleration (m s−2)

t = time (s)

The first equation is simply the definition of acceleration rearranged so that the final 
velocity, v, is the subject of the equation:

a = 
(v − u)

t

giving

v = u + at Equation 1

Average velocity is defined as total displacement divided by time. For uniform 

motion, the average velocity is 
(u + v)

2
, so:

s
t
 = 

(u + v)
2

Example

In an experiment, a trolley runs down an inclined plane. An interrupter card of 
length 20.0 cm cuts through light gates close to the top and the bottom of the 
slope. The following results were recorded from such an investigation.

Time to cut the top gate, t1 = 0.30 s

Time to cut the bottom gate, t2 = 0.14 s

Time to travel between the gates, t = 0.50 s

Calculate:

a) the velocity of the trolley at each gate

b) the acceleration of the trolley.

Answers

a) Velocity at top gate, u = 
(0.200 m)
(0.30 s)

 = 0.67 m s−1

 Velocity at bottom gate, v = 
(0.200 m)
(0.14 s)

= 1.43 m s−1

b) Acceleration, a = 
(v − u)

t
 = 

(1.43 m s−1 − 0.67 m s−1)
0.50 s

 = 1.5 m s−2
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Test yourself

1 Explain why the quantities u, v, a and s must be vectors for rectilinear motion.

2 Calculate the acceleration of an object that increases in velocity from 2.0 m s−1 
to 5.0 m s−1 in 0.5 s.

3 How long will it take a dog running at 4.0 m s−1 to increase its velocity to 
6.0 m s−1 if it accelerates at 0.8 m s−1?

4 How far will a car travel when it accelerates at 0.5 m s−2 from rest for 20 s?

5 Calculate the final velocity of a cyclist who accelerates at 0.8 m s−2 from an 
initial velocity of 5.0 m s−1 over a distance of 12 m.

giving

s = 
(u + v)t

2
 Equation 2

In order that any two quantities can be calculated if the other three are given, 
a further two equations can be obtained by combining Equations 1 and 2. The 
resulting expressions are:

s = ut + ½at2 Equation 3

v2 = u2 + 2as Equation 4

You do not need to be able to perform these combinations, as Equations 3 and 4 will 
be included on the data sheet at the end of the AS (and A Level) examination papers.

Example

1 A train starts from rest at a station and accelerates 
at 0.2 m s−2 for one minute until it clears the 
platform. Calculate the velocity of the train after 
this time, and the length of the platform.

2 The train now accelerates at 0.4 m s−2 for the next 
540 m. Calculate its final velocity and the time 
taken to travel this distance.

Answers
1 u = 0 m s−1, a = 0.2 m s−2, t = 60 s, v = ?, s = ?

 Using Equation 1:

v = u + at

 = 0 + 0.2 m s−2 × 60 s

 = 12 m s−1

 Using Equation 3:

s = ut + ½at2

 = 0 + ½ × 0.2 m s−2 × (60 s)2

 = 360 m

2 u = 12 m s−1, a = 0.4 m s−2, s = 540 m, v = ?, t = ?

 Using Equation 4:

v2 = u2 + 2as

  = (12 m s−1)2 + 2 × 0.4 m s−2 × 540 m

  = 576 m2 s−2

 giving

v = 24 m s−1

 Using Equation 1:

v = u + at

24 m s−1 = 12 m s−1 + 0.4 m s−2 × t

 giving

t = 30 s

Tip
Always write down the 
values of s, u, v, a and 
t that you are given and 
then select the appropriate 
equation to obtain the 
unknown quantity.
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Activity

Core practical 1: Measuring the acceleration of a free-falling 
object
For an object dropped from rest, the acceleration due to gravity can be calculated using the 
equations of motion:

s = ut + ½at2

or

v2 = u2 + 2as

As u = 0 m s−1 and a = g, these equations become:

s (or h) = ½gt2

and

v2 = 2gs (or 2gh)

Method 1
A ball-bearing is held by an electromagnet at height, h, above a trapdoor switch (Figure 
3.3a). When the switch is thrown (downwards in the diagram), the circuit to the electromagnet 
is broken and the ball begins to fall. At that instant the stopclock starts timing. When the 
ball strikes the trapdoor, the lower circuit is broken and the clock is stopped. The height is 
measured using a metre rule. The timing is repeated several times, and an average value of t is 
recorded.

The experiment is repeated for a range of different heights. A graph of t2 against h is plotted. 

Rearranging h = ½gt2 gives t2 = 
2h
g

, so the gradient of the line will be 
2
g

.

Method 2
A cylinder is dropped down a clear plastic tube so that it cuts through a light beam 
(Figure 3.3b). The length of the cylinder, l, and the height of the top of the tube, h, above the 
light gate are measured, and the time, t, for which the cylinder cuts the beam is recorded.

electromagnet

ball
bearing

lamp

trap-door
switch

switch
h

power
supply

stopclock

light sensor

plastic tube

cylinder

to computer

+

–

h

l

Method 1

Method 2

electromagnet

ball
bearing

lamp

trap-door
switch

switch
h

power
supply

stopclock

light sensor

plastic tube

cylinder

to computer

+

–

h

l

Method 1

Method 2

Figure 3.3 Two methods of measuring acceleration due to gravity.



 3 Rectilinear motion8

The experiment is repeated several times, and an average value of t is obtained. The velocity, v, 

of the cylinder passing through the gate is calculated using v = 
l
t
.

The experiment is repeated for a range of heights, and a graph of v2 against h is plotted.  
As v2 = 2gh, the gradient of the line will be 2g.

A student performing experiments 1 and 2 obtained the results in Table 3.1.

Table 3.1 Results for Methods 1 and 2.

Method 1 Method 2 (l = 0.050 m)

h/m t/s t2/s2 h/m t/s v2/(m s−1)2

0.400 0.29 0.200 0.025

0.800 0.40 0.400 0.018

1.200 0.49 0.600 0.015

1.600 0.57 0.800 0.013

2.000 0.65 1.000 0.011

(The values of t are the average of three readings.)
Method 3
If no specialist equipment is available, the principle of Method 1 can be used by measuring 
the time taken with a stopwatch for the object to be dropped over a range of heights measured 
with a metre rule. The times for each height should be taken several times and an average value 
calculated.

The data analysis is the same as for Method 2.

Questions
1 Copy and complete Table 3.1 to show the values of t2/s2 for Method 1 and v2/(m s−1)2 for 

Method 2. You may use a spreadsheet if you wish.
2 Plot a graph of t2/s2 against h/m for Method 1. Measure the gradient and calculate a value 

for the acceleration due to gravity.
3 Plot a graph of v2/(m s−1)2 against h/m for Method 2. Measure the gradient and calculate a 

value for the acceleration due to gravity.
4 Another student, performing Method 1, noticed that the graph did not pass through the 

origin, but was a straight line with a small intercept on the h axis. Suggest a reason for this.
5 Explain, with reference to the time measurements, why the uncertainty in the value of g is 

greater using Method 2.
6 Give one advantage of using Method 2.
7 A student using Method 3 has a manually operated stopwatch. She takes five readings for an 

object to fall from a height of 2.00 m into a sand tray.
 The recorded values are: 0.65 s, 0.61 s, 0.70 s, 0.63 s, 0.60 s

a) Explain why five separate readings are taken at this height.
b) Calculate the average time and determine the percentage uncertainty in this 

measurement.
c) It is suggested that the experiment would be better performed from an upper storey of a 

tall building. Explain the advantages and disadvantages of such a change.
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Free fall
In the absence of air resistance, all objects, whatever their mass, will fall freely with 
the same acceleration. Galileo Galilei tested this hypothesis by dropping different 
masses from the Leaning Tower of Pisa. Similarly, the astronauts on an Apollo 
Moon-landing mission showed that a hammer and a feather fall at the same rate on 
the Moon (where there is no air).

The acceleration of free fall on Earth, commonly termed the acceleration due to 
gravity, g, has a value of 9.8 m s−2.

When using the equations of motion for free-falling bodies, we need to be aware 
that displacement, velocity and acceleration are vector quantities and that the 
acceleration due to gravity always acts downward towards the Earth. If an object is 
thrown upwards, it will still be accelerating downwards at 9.8 m s−2. If the upward 
velocity is assigned a positive value, it follows that the acceleration must be negative. 
If the body was thrown downwards, its direction would be the same as that of g, so 
both can be given positive values.

Example

A ball is thrown vertically upwards with an initial velocity of 10 m s−1. Calculate the 
maximum height it will reach above its starting position, and the time it will take to 
reach this height.

At the instant the ball is at its maximum height, its velocity will be zero.

u = +10 m s−1, v = 0 m s−1, a = −9.8 m s−1, s = ?, t = ?

Using v2 = u2 + 2as:

0 = (+10 m s−1)2 + 2 × (−9.8 m s−2) × s

100 m2 s−2 = 19.6 m s−2 × s

s = 5.1 m

Using v = u + at:

0 = +10 m s−1 + (−9.8 m s−2) × t

t = 1.0 s

Test yourself

6 A football is dropped from the top of a building 
30 m above the road below.

a) Calculate the time the ball takes to reach the 
road.

b) Calculate its velocity on impact with the road.

c) State an assumption that you have made for 
these calculations.

7 A stone is thrown vertically upwards with an 
initial velocity of 8.0 m s−1 from a height of 1.8 m. 
Calculate:

a) the stone’s velocity after 0.50 s

b) the maximum height it reaches

c) the time taken for the stone to fall from the 
highest point to the ground.
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Figure 3.4 shows two balls – one released from rest and the other projected 
horizontally – photographed while illuminated by a strobe lamp. It is clear that the 
vertical acceleration of the projected ball is unaffected by its horizontal motion.

The horizontal distance travelled by projectiles can be found by considering the vertical 
and horizontal motions separately. In the vertical plane, the object will accelerate down 
at 9.8 m s−2, while the horizontal velocity remains constant (in the assumed absence 
of air resistance). The equations of motion can be applied to the vertical motion to 
ascertain the time spent by the object in free fall, and then the horizontal displacement 
is the product of the constant horizontal velocity and this time.

ball released
from rest

ball projected
horizontally

Figure 3.4 Falling spheres 
illuminated by a strobe lamp.

Example

A tennis ball is volleyed horizontally at a height of 1.5 m with a speed of 20 m s−1. 
Calculate the time taken by the ball to hit the ground and the horizontal distance 
travelled by the ball.

The instant the ball is struck, in addition to moving horizontally it will begin to fall 
downwards due to the gravitational force acting on it. The vertical motion of the ball 
is identical to that of a ball dropped from rest and falling to the ground.

In the vertical plane: u = 0 m s−1, a = 9.8 m s−2, s = 1.5 m, t = ?

Using s = ut + ½at2:

1.5 m = 0 + ½ × 9.8 m s−2 × t2

giving

t = 0.55 s

In the horizontal plane: u = 20 m s−1 (constant), t = 0.55 s, s = ?

s = u × t

 = 20 m s−1 × 0.55 s

 = 11 m

3.2 Projectiles
Objects projected horizontally will still fall freely with a vertical downward 
acceleration of 9.8 m s−2.
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Activity

Monkey and hunter
A monkey hangs from the branch of a tree. A hunter 
aims his gun accurately at the monkey and fires. The 
sharp-eyed primate spots the bullet as it leaves the 
gun, releases its grip on the branch and falls to the 
ground. Does the monkey survive?

A laboratory model of the situation is shown in 
Figure 3.5. The ‘gun’ is clamped horizontally to the 
bench so that it is aimed directly at the ‘monkey’, which 
is held by the electromagnet 2 or 3 metres away. The 
‘bullet’ is fired, breaking the circuit as it leaves the end 
of the barrel. The ‘monkey’ is released and falls freely 
to the ground. 

For safety reasons all observers should be behind the 
‘gun’ and protective glasses must be worn.

Question
Explain why the ‘bullet’ always hits the can, regardless 
of the distance from the ‘gun’.

If an object is projected at an angle, the vertical and horizontal motion can still be 
treated separately by considering the components of the velocity in each plane.

Consider the motion of an object projected at an angle, θ, with an initial velocity, u.

In the vertical plane, the initial velocity is u sin θ (upwards) and the acceleration 
is 9.8 m s−2 (downwards). As both are vectors, if a positive value is assigned to the 
initial velocity, the acceleration and the downward velocities and displacements will 
have negative values.

Neglecting air resistance, the horizontal component of the initial velocity, u cos θ, 
will remain constant throughout the motion.

electromagnet

food can (monkey)

spring-loaded ‘gun’

L.V. power supply

marble

aluminium foil

Figure 3.5 The ‘monkey and hunter’ scenario.

u

u

u cos h 

u sin h 

h

h
initial
velocity

path of projectile

Figure 3.6 Projectile motion.
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Example

A football is kicked with a velocity of 12 m s−1 at an angle of 30° to the ground.

Neglecting any effects of the air on the motion of the ball, calculate:

a) the vertical height reached by the ball

b) the time taken for the ball to rise to this height

c) the horizontal displacement of the ball when it falls to the ground.

Answers
In the vertical plane:

a) u = 12 sin 30 m s−1 = 6.0 m s−1, v = 0 m s−1, a = −9.8 m s−1, s = h = ?

 Using v2 = u2 + 2as:

(0 m −1)2 = (6.0 m −1)2 + 2 × (−9.8 m s−2) × h

h = 
(6.0 m s−1)2

19.6 m s−2
 = 1.8 m

b) u = 12 sin 30 m s−1 = 6.0 m s−1, v = 0 m s−1, a = −9.8 m s−2, t = ?

 Using v = u + at:

0 m s−1 = 6.0 m s−1 + (−9.8 m s−2) × t

t = 
6.0 m s−1

9.8 m s−2
 = 0.61 s

In the horizontal plane:

c) u = 12 cos 30 = 11 m s−1, t = 2 × 0.61 = 1.2 s, s = ?

s = u × t

 = 11 m s−1 × 1.2 s = 13 m

Tip
The independence of the 
vertical and horizontal 
motion of bodies in 
free fall is an important 
concept. It allows you 
to use the equations of 
motion separately in each 
plane.

Test yourself

8 A coin is projected horizontally from a table top at the same time as an identical 
coin is dropped from the same point. Explain why they both strike the floor at 
the same time.

9 A cannonball is fired horizontally from the top of a vertical cliff, 60 m above sea 
level, with a velocity of 200 m s−1. 

a) How far from the cliff face does the cannonball enter the sea?

b) What assumption have you made?

10 An arrow is fired at 40° to the horizontal with velocity 40 m s−1. Calculate:

a) the horizontal component of this velocity

b) the vertical component of this velocity

c) the time taken to hit a target in the same horizontal plane as the release 
point of the arrow

d) the horizontal distance of the target from the archer.
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3.3 Displacement–time and velocity–time 
graphs
Displacement–time graphs
Figure 3.7 shows the displacement–time graph for an object moving at constant 
velocity.

Constant, or uniform, velocity is calculated using the equation:

velocity = 
displacement

time
 = 

∆s
∆t

The velocity is represented by the gradient of a displacement–time graph.

The motion represented in Figure 3.8 is that of a trolley accelerating down an 
inclined plane. The gradient of the line gets steeper, which indicates an increase in 
velocity.

The instantaneous velocity is the gradient, 
δs
δt

, of the graph at a point on the line.

To measure the small values of δs and δt would be very difficult and this would lead 
to large uncertainties in the measured velocity. The instantaneous velocity is more 
accurately measured by drawing a tangent to the graph line at the appropriate point. 
The gradient of this line is calculated using the larger values Δs and Δt.

time t/s

∆ t

∆ s

0
0

di
sp

la
ce

m
en

t s
/m

Figure 3.7 Displacement–time graph 
for constant velocity.

δ t

δ s

time t/s

∆ t
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Figure 3.8 Determining the instantaneous velocity for accelerating object.
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Activity

Measuring the displacement of a moving object
The transmitter of a motion sensor sends out pulses of 
ultrasound and infrared radiation that are picked up by 
the receiver. The distance of the transmitter from the 
sensor is continuously recorded. The sensor is interfaced 
with a computer with data-sampling software to measure 
the position of the trolley at fixed time intervals. The 
trolley may be pulled along the runway at constant 
velocity or allowed to accelerate down an inclined plane.

Displacement–time graphs can be drawn from the results 
or the graphs may be displayed on the computer.

The following readings were taken using the equipment 
shown in Figure 3.9.

Table 3.2 Experiment 1

t/s 0.20 0.40 0.60 0.80 1.00 1.20

s/m 0.120 0.250 0.404 0.538 0.681 0.822

Table 3.3 Experiment 2

t/s 0.10 0.20 0.30 0.40 0.50 0.60

s/m 0.078 0.165 0.250 0.332 0.448 0.600

Questions
1 On the same axes, plot displacement–time graphs for both experiments.
2 Describe the motion of the trolley in each experiment.
3 Use the graphs to determine the velocity of the trolley after 0.50 s in each case.

Velocity–time graphs
The results of the displacement–time experiment above can be used to illustrate 
how the velocity of the trolley changes as it moves along the runway. The gradient 
of the displacement–time graph is taken for a range of times, and a velocity–time 
graph is plotted. This is quite a tricky exercise, and one that is usually better left to 
the computer program.

The graphs in Figure 3.10 represent (left) an object moving at constant velocity and 
(right) an object with uniform acceleration.

receiver
transmitter

inclined plane
to computer

trolley

Figure 3.9 Measuring displacement using a motion sensor.
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Figure 3.10 Velocity–time 
graphs.
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Acceleration is defined by the expression:

acceleration = 
change in velocity

change in time
 = 

∆v
∆t

The acceleration of an object is therefore equal to the gradient of a velocity–time 
graph. If the object is slowing down, the gradient will be negative. A negative value 
of acceleration indicates that the vector has the opposite direction to the velocity.

Finding displacement from velocity–time graphs
Average velocity is displacement divided by time. For uniform motion, this leads to 
the equation:

s = 
(u + v)

2
 × t

At constant velocity, the displacement is simply the product of velocity and time 
and will be the area under the horizontal line on the left-hand graph in Figure 3.10.

For the accelerating object (right-hand graph), the area under the line is ½ × base 
× height of the triangle, which is the same as the expression for displacement given 
above (since the value of u in this case is zero.)

For any velocity–time graph, the displacement is equal to the area between the line 
and the time axis.

Example

The velocity–time graph in Figure 3.11 represents the motion of a train as 
it travels from station A to station D, via B and C.

1 Describe the changes in the motion of the train.

2 Calculate:

a) the acceleration from A to B

b) the acceleration from C to D

c) the total displacement from A to D.

Answers

1 The train accelerates uniformly from A to B, travels at 20 m s–1 until it reaches C and then decelerates, 
uniformly, to D.

2 a) acceleration  = gradient = 
20 m s−1

60 s
 = 0.33 m s−2

b) acceleration  = gradient = 
−20 m s−1

120 s
 = −0.17 m s−2

c) displacement  = area under graph

 = (½ × 20 m s−1 × 60 s) + (20 m s−1 × 300 s) + (½ × 20 m s−1 × 120 s)

 = 7800 m
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Figure 3.11 Velocity-time graph
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Test yourself

11 Sketch a displacement–time graph for:

a) a stationary object

b) an object moving at constant velocity

c) an object moving with uniform acceleration.

12 How would you determine the velocity of an object at a given time using a 
displacement–time graph?

13 Sketch a velocity–time graph for:

a) an object moving at constant velocity

b) an object moving with uniform acceleration.

14 How would you determine the acceleration at a given time using a velocity–time 
graph?

15 How would you determine the displacement of an object over a given time 
interval using a velocity–time graph?

Bouncing motion 
The motion of a bouncing ball provides a good example of how motion is represented 
graphically.

Activity

Investigating the motion of a bouncing 
ball
An advanced motion sensor with the appropriate data 
logger is ideal for this investigation. The transmitter is 
attached to a basketball, or similar large ball, using Blu-
tack. The receiver is clamped in position vertically above 
the transmitter, as shown in Figure 3.12. The motion 
sensor uses a mixture of infrared and ultrasonic signals to 
measure accurately the distance between the transmitter 
and the receiver.

The sensor is activated, and the ball is dropped and 
allowed to bounce two or three times. Practice is needed 
to ensure that the ball does not rotate and that the 
transmitter stays beneath the receiver throughout.

receiver

ball

transmitter

to PC

Figure 3.12 The set-up.
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The data can be displayed as a 
distance–time, a velocity–time or 
an acceleration–time graph. The 
graphs in Figure 3.13 show the 
variations in displacement, velocity 
and acceleration on a common 
timescale. The initial displacement 
(the height above the floor) is 
positive, as are all upward values 
of displacement, velocity and 
acceleration; all downward values 
will be negative.

Questions
Explain the following features of the 
velocity–time graph.

a) The gradient between bounces is 
always the same.

b) The gradient during the bounce 
has a large positive value.

c) The area above and below the 
time axis is the same for a given 
bounce.

d) The velocity of the ball 
immediately after it has bounced 
is always smaller than that with 
which it strikes the ground.
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Figure 3.13 Bouncing ball graphs.

Tip
To describe the motion 
represented by a 
graph, always look at 
the gradient. Check if 
it is constant, positive, 
negative or zero. For a 
displacement–time graph, 
the gradient will give you 
the velocity at any time; 
for a velocity–time graph, 
the gradient gives you the 
acceleration.
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Exam practice questions
 1 A train accelerated from rest to a velocity of 40 m s−1 in a time of 1 

minute and 20 seconds.

a) What was the average acceleration of the train?

A 0.33 m s−2 C 2.0 m s−2

B 0.50 m s−2 D 3.0 m s−2 (1)

b) What was the distance travelled by the train?

A 48 m C 3200 m

B 1600 m D 4800 m (1)

 2 The gradient of a displacement–time graph represents:

A acceleration C speed

B distance D velocity (1)

 3 Explain the difference between average velocity and instantaneous 
velocity.

 4 Write down the equations of motion. (4)

 5 a) Define acceleration. (1)

b) The road-test information for a car states that it can travel from 0 to 
60 mph in 8.0 s.

i) Estimate the average acceleration of the car during this time.

ii) Why is the acceleration unlikely to be uniform? (1 mph ≈ 
0.4 m s−1)   (2)

 6 A cyclist travelling at 4.0 m s−1 accelerates at a uniform rate of 0.4 m s−2 for 
20 s. Calculate:

a) the final velocity of the cyclist

b) the distance travelled by the cyclist in this time. (2)

 7 A stone was dropped down a well. The splash was heard 2.2 s later. 
Calculate:

a) the depth of the well

b) the velocity of the stone when it hit the water. (4)

 8 A ball was thrown vertically upwards with a velocity of 12 m s−1 on 
release. Calculate:

a) the maximum height from point of release reached by the ball

b) the time taken for the ball to reach this height

c) the velocity of the ball 2.0 s after it was released. (3)
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 9 The graph shows the variation of velocity with time for a 
body moving in a straight line.

  Calculate:

a) the acceleration of the body during the final minute

b) the total distance travelled in 3 minutes

c) the average velocity over this time. (5)

 10 a) Describe a method of determining the acceleration due 
to gravity in the laboratory. Include a labelled diagram of 
the equipment you would use and describe all the measurements you 
would take. (6)

b) State which of your readings is most likely to have the biggest effect 
on the uncertainty of the final answer and explain why. (3)

 11 A professional golfer can strike a golf ball so that it ‘carries’ a distance of 
250 m before it hits the ground.

a) If the ball leaves the golf club at an angle of 12° to the horizontal, 
show that the minimum speed of the ball to achieve such a range is 
about 80 m s−1. (4)

b) In theory, the ball should be projected at an angle of 45° to reach a 
maximum range. Suggest reasons why the actual angle is much smaller 
than this. (2)

c) The acceleration due to gravity on the Moon is 1.6 m s−2. Calculate 
the maximum carry of a golf ball hit at the same speed as the ball in 
part (a). (1)

 12 An Olympic ski-jump run has a downhill slope with a 
take-off ramp and a landing slope.

  The ski-jumper jumps upwards to leave the ramp at an 
angle θ to the horizontal and lands at the ‘K-point’ 120 m 
down the landing slope.

  The landing slope is at an angle of 36° to the horizontal 
with its top point 3.0 m below the take-off ramp.

  The time taken between take-off and landing is 4.5 s.

a) Calculate:

i) the horizontal distance travelled between take-off and landing (1)

ii) the horizontal component of the take-off velocity (1)

iii) the vertical downward displacement of the jumper (1)

iv) the vertical component of the take-off velocity (1)

v) the take-off angle, θ   (1)

vi) the speed of take-off.   (1)

b) Explain why the jumper would need a take-off speed much bigger 
than this to achieve this distance on this slope. (2)
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 13 A friction-driven toy car, with an ultrasound emitter attached, is 
energised and then released on a flat bench. An ultrasound receiver, 
placed at the starting point, is connected to a data logger that 
records the displacement from that point at regular time intervals. 
The results in the table were displayed on a computer loaded with 
suitable software.

t/ms 0 100 200 300 400 500 600

s/m 0 0.082 0.240 0.538 0.903 0.981 1.000

a) i) Use the data in the table to plot a graph of displacement against 
time. (3)

ii) Use your graph to determine values of the velocity of the car at 
100 ms intervals. (3)

iii) Plot a graph of velocity against time. (3)

iv) Use your second graph to describe the motion of the car over the 
complete journey. (3)

b) The computer program is able to use the data to display instantaneous 
values of the velocity at the times used in part (a). Explain how this 
is achieved and why it is likely to give more accurate velocity values 
than the graphical method. (2)

Stretch and challenge
 14 A tennis player returns a shot when the ball is 1.40 m from the net and 

0.20 m above ground. She hits the ball at an angle of 30° to the horizontal 
and the ball leaves the racquet with a speed of 12 m s−1.

  The height of the net is 0.90 m.

a) Show that the ball will clear the net. (6)

  The distance from the net to the baseline on the other side is 11.9 m. The 
player’s opponent allows the ball to bounce after it has crossed the net.

b) Perform suitable calculations to determine if the ball bounces in play 
(short of the baseline) or out of play (beyond the baseline). (4)

  Some players apply ‘backspin’ when playing such a shot.

c) Describe how the trajectory of the ball is likely to be affected by such 
spin. (2)



Hachette UK’s policy is to use papers that are natural, renewable and recyclable products and 
made from wood grown in sustainable forests. The logging and manufacturing processes are 
expected to conform to the environmental regulations of the country of origin.

Orders: please contact Bookpoint Ltd, 130 Milton Park, Abingdon, Oxon OX14 4SB. 
Telephone: +44 (0)1235 827720. Fax: +44 (0)1235 400454. Lines are open 9.00a.m.–
5.00p.m., Monday to Saturday, with a 24-hour message answering service. Visit our website 
at www.hoddereducation.co.uk

© Mike Benn, Graham George 2015

First published in 2015 by

Hodder Education,

An Hachette UK Company

338 Euston Road

London NW1 3BH

Impression number    10  9  8  7  6  5  4  3  2  1

Year                           2019  2018  2017  2016  2015

All rights reserved. Apart from any use permitted under UK copyright law, no part of this 
publication may be reproduced or transmitted in any form or by any means, electronic or 
mechanical, including photocopying and recording, or held within any information storage 
and retrieval system, without permission in writing from the publisher or under licence from 
the Copyright Licensing Agency Limited. Further details of such licences (for reprographic 
reproduction) may be obtained from the Copyright Licensing Agency Limited, Saffron 
House, 6–10 Kirby Street, London EC1N 8TS.

Cover photo © nacroba – Fotalia

Typeset in Bembo Regular 11/13pt by DC Graphic Design Limited

A catalogue record for this title is available from the British Library.

ISBN 9781471807527



PHYSICS

EdExcEl A LeveL

1

Includes AS level

Help students to build and develop the essential 
knowledge and skills needed with these textbooks that 
provide plenty of practical assessment guidance and 
support for the new mathematical requirements.

l Provides support for all 16 core practicals 
l Offers  plenty of practice with Test Yourself Questions, 

Exam Practice Questions and Challenge Questions
l Supports the mathematical requirements of the course with 

worked examples of calculations and a dedicated ‘Maths in 
Physics’ chapter 

l Develops understanding with free online access to Test 
yourself Answers, an Extended Glossary, Learning 
Outcomes and Topic Summaries

This sample chapter is taken 
from Edexcel A level Physics 
Year 1 Student Book.

ALSO AVAILABLE 
Dynamic Learning

Edexcel A level Science Dynamic Learning 
Dynamic Learning is an online subscription solution that supports teachers 
and students with high quality content and unique tools. Dynamic Learning 
incorporates Teaching and Learning resources, Whiteboard and Student eTextbook elements 
that all work together to give you the ultimate classroom and homework resource. 

To request Inspection Copies and sign up for a free 30 day trial of Dynamic Learning visit: 

www.hoddereducation.co.uk/ALevelScience/Edexcel 

Textbook subject to change based 
on Ofqual feedback


