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Quantities that have size and direction are vectors and those with only size are scalars; 
all quantities are either vectors or scalars. It will be apparent why it is important to 
make this distinction when we add displacements together.

Example
Consider two displacements one after another as shown in Figure 1.23.

Starting from A walk 4 km west to B, then 5 km north to C.

The total displacement from the start is not 5 + 4 but can be found by drawing a 
line from A to C. 

Scalar

A quantity with 
magnitude only.

Vector

A quantity with 
magnitude and 
direction.

N

B

C

5 km

A

Figure 1.23 Displacements 
shown on a map.

Exercise
16 Use Pythagoras’ theorem to find the hypotenuse in the triangles in Figure 1.29.

(a) 

3 cm

4 cm

(b) 

4 cm

4 cm

(c) 

6 cm

2 cm

(d) 

2 cm

3 cm

Figure 1.29.

Using trigonometry to solve vector problems
Once the vectors have been arranged point to tail it is a simple matter of applying the 
trigonometrical relationships to the triangles that you get.

Exercises
Draw the vectors and solve the following problems using Pythagoras’ theorem.

17 A boat travels 4 km west followed by 8 km north. What is the resultant displacement?

18 A plane flies 100 km north then changes course to fly 50 km east. What is the resultant displacement?

In this course we will often consider the simplest examples where the motion is 
restricted to one dimension, for example a train travelling along a straight track. In 
examples like this there are only two possible directions – forwards and backwards. 
To distinguish between the two directions,we give them different signs (forward + and 
backwards –). Adding vectors is now simply a matter of adding the magnitudes, with 
no need for complicated triangles.

+ve–ve
   Figure 1.30 The train 
can only move forwards 
or backwards.

Worked example

If a train moves 100 m forwards along a straight track then 50 m back, what is its � nal 
displacement?

Solution

Figure 1.3 shows the vector diagram.

100 m

50 m

   Figure 1.32 Adding vectors in 
one dimension.

The resultant is clearly 50 m forwards.

Which direction 
is positive?

You can decide for 
yourself which you 
want to be positive but 
generally we follow the 
convention in Figure 1.31.

Right

+

+
–

–

Left

Do
w

n/
So

ut
h

Up
/N

ot
th

Figure 1.31.
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Lesson 1: Velocity
Vector and scalar quantities

Vectors in one dimension

Instead, the displacement can be found using Pythagoras’s theorem: √52 + 42 = 6.4 km.

Check your understanding
1 Can you give some other examples of scalar quantities?
2 Can you give some other examples of vector quantities?
3 If someone walks 500 m east and then 200 m south, what is the distance they have walked?
 Calculate their displacement using Pythagoras’s theorem.
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It is important to understand the difference between distance travelled and displacement. 
To explain this, consider the route marked out on the map shown in Figure 1.4.

Displacement is the shortest path moved in a particular direction.

The unit of displacement is the metre (m).

Displacement is a vector quantity.

On the map, the displacement is the length of the straight line from A to B, a distance of 
5 km west. (Note: since displacement is a vector you should always say what the 
direction is.)

Distance is how far you have travelled from A to B.

The unit of distance is also the metre.

Distance is a scalar quantity.

In this example, the distance travelled is the length of the path taken, which is about 10 
km.

Sometimes this difference leads to a surprising result. For example, if you run all 
the way round a running track you will have travelled a distance of 400 m but your 
displacement will be 0 m.

In everyday life, it is often more important to know the distance travelled. For example, 
if you are going to travel from Paris to Lyon by road you will want to know that 
the distance by road is 450 km, not that your fi n al displacement will be 336 km SE. 
However, in physics, we break everything down into its simplest parts, so we start by 
considering motion in a straight line only. In this case it is more useful to know the 
displacement, since that also has information about which direction you have moved.

Both speed and velocity are a measure of how fast a body is moving, but velocity is a 
vector quantity and speed is a scalar.

Velocity is de�ned as the displacement per unit time.

velocity = 
displacement

time
The unit of velocity is m s–1.

Velocity is a vector quantity.

Speed is de� ned as the distance travelled per unit time.

speed = 
distance

time
The unit of speed is also m s–1.

Speed is a scalar quantity.

Exercise
1 Convert the following speeds into m s–1.

(a) A car travelling at 100 km h–1.
(b) A runner running at 20 km h–1.

Figure 2.1.
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Displacement and distance

Check your understanding
4 Explain the difference between distance and displacement.
5 Under what conditions are the distance and displacement of a journey the same?
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Velocity and speed

Displacement and distance
It is important to understand the difference between distance travelled and displacement. 
To explain this, consider the route marked out on the map shown in Figure 2.1.

Displacement is the shortest path moved in a particular direction.

The unit of displacement is the metre (m).

Displacement is a vector quantity.

On the map, the displacement is the length of the straight line from A to B, a distance 
of 5 km west. (Note: since displacement is a vector you should always say what the 
direction is.)

Distance is how far you have travelled from A to B.

The unit of distance is also the metre.

Distance is a scalar quantity.

In this example, the distance travelled is the length of the path taken, which is about 
10 km.

Sometimes this difference leads to a surprising result. For example, if you run all 
the way round a running track you will have travelled a distance of 400 m but your 
displacement will be 0 m.

In everyday life, it is often more important to know the distance travelled. For example, 
if you are going to travel from Paris to Lyon by road you will want to know that 
the distance by road is 450 km, not that your � nal displacement will be 336 km SE. 
However, in physics, we break everything down into its simplest parts, so we start by 
considering motion in a straight line only. In this case it is more useful to know the 
displacement, since that also has information about which direction you have moved.

Velocity and speed
Both speed and velocity are a measure of how fast a body is moving, but velocity is a 
vector quantity and speed is a scalar.

Velocity is de� ned as the displacement per unit time.

 velocity = 
displacement

time
The unit of velocity is m s–1.

Velocity is a vector quantity.

Speed is de� ned as the distance travelled per unit time.

 speed = 
distance

time
The unit of speed is also m s–1.

Speed is a scalar quantity.

Exercise
1 Convert the following speeds into m s–1.

(a) A car travelling at 100 km h–1.
(b) A runner running at 20 km h–1.

Figure 2.1.

N

B A

5 km

36

Mechanics02

M02_IBPS_SB_IBGLB_9083_CH02.indd   36 19/09/2014   11:26

Check your understanding
6 

FORCES AND MOTION MOVEMENT AND POSITION 15

A cylinder containing a vaccine is dropped from a helicopter hovering at 
a height of 200 m above the ground. The acceleration due to gravity is 
10 m/s2. Calculate the speed at which the cylinder will hit the ground.

You are given the acceleration, a = 10 m/s2, and the distance, s = 200 m, 
through which the cylinder moves. The initial velocity, u, is not stated, but 
you assume it is 0 m/s as the helicopter is hovering (staying in one place in 
the air). Substitute these values in the given equation:

v  2 = u2 + 2as

 = 0 m/s2 + (2 × 10 m/s2 × 200 m)

 = 4000 m2/s2 

therefore v =   √ 
____________

  (4000 m2/s2)   

= 63.25 m/s

EXAMPLE 5

LOOKING AHEAD

The equations you have seen in this chapter are called the equations  
of uniformly accelerated motion. This means that they will give you 
correct answers when solving any problems that have objects moving 
with constant acceleration. In your exam you will only see problems 
where this is the case or very nearly so. Examples in which objects 
accelerate or decelerate (slow down) at a constant rate often have a 
constant acceleration due to the Earth’s gravity (which we take as about 
10 m/s2).

In real life, problems may not be quite so simple! Objects only fall with 
constant acceleration if we ignore air resistance and the distance that 
they fall is quite small. 

These equations of uniformly accelerated motion are often called the 
‘suvat’ equations, because they show how the terms s (distance moved), 
u (velocity at the start), v (velocity at the finish), a (acceleration) and t 
(time) are related.

CHAPTER QUESTIONS More questions on speed and acceleration can be found at the end of Unit 1 
on page 55.

1 A sprinter runs 100 metres in 12.5 seconds. Calculate the speed in m/s.

2 A jet can travel at 350 m/s. Calculate how far it will travel at this speed in:

a 30 seconds

b 5 minutes

c half an hour.

3 A snail crawls at a speed of 0.0004 m/s. How long will it take to climb a 
garden stick 1.6 m high?

SKILLS PROBLEM SOLVING 7

8
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Displacement and distance
It is important to understand the difference between distance travelled and displacement. 
To explain this, consider the route marked out on the map shown in Figure 2.1.

Displacement is the shortest path moved in a particular direction.

The unit of displacement is the metre (m).

Displacement is a vector quantity.

On the map, the displacement is the length of the straight line from A to B, a distance 
of 5 km west. (Note: since displacement is a vector you should always say what the 
direction is.)

Distance is how far you have travelled from A to B.

The unit of distance is also the metre.

Distance is a scalar quantity.

In this example, the distance travelled is the length of the path taken, which is about 
10 km.

Sometimes this difference leads to a surprising result. For example, if you run all 
the way round a running track you will have travelled a distance of 400 m but your 
displacement will be 0 m.

In everyday life, it is often more important to know the distance travelled. For example, 
if you are going to travel from Paris to Lyon by road you will want to know that 
the distance by road is 450 km, not that your � nal displacement will be 336 km SE. 
However, in physics, we break everything down into its simplest parts, so we start by 
considering motion in a straight line only. In this case it is more useful to know the 
displacement, since that also has information about which direction you have moved.

Velocity and speed
Both speed and velocity are a measure of how fast a body is moving, but velocity is a 
vector quantity and speed is a scalar.

Velocity is de� ned as the displacement per unit time.

 velocity = 
displacement

time
The unit of velocity is m s–1.

Velocity is a vector quantity.

Speed is de� ned as the distance travelled per unit time.

 speed = 
distance

time
The unit of speed is also m s–1.

Speed is a scalar quantity.

Exercise
1 Convert the following speeds into m s–1.

(a) A car travelling at 100 km h–1.
(b) A runner running at 20 km h–1.

Figure 2.1.
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FORCES AND MOTION MOVEMENT AND POSITION 5

SPEED TRAP! Suppose you want to find the speed of cars driving down your road. You may 
have seen the police using a mobile speed camera to check that drivers are 
keeping to the speed limit. Speed guns use microprocessors (computers on a 
‘chip’) to produce an instant reading of the speed of a moving vehicle, but you 
can conduct a very simple experiment to measure car speed.

Measure the distance between two points along a straight section of road with 
a tape measure or ‘click’ wheel. Use a stopwatch to measure the time taken 
for a car to travel the measured distance. Figure 1.4 shows you how to operate 
your ‘speed trap’.

1 Measure 50 m from a start point along the side of the road.

2 Start a stopwatch when your partner signals that the car is passing the start 
point.

3 Stop the stopwatch when the car passes you at the finish point.

▲ Figure 1.4 How to measure the speed of cars driving on the road

click

click

start stop

2

3

1

Using the measurements made with your speed trap, you can work out the 
speed of the car. Use the equation: 

average speed, v =    
distance moved, s

  _________________  
time taken, t

   

So if the time measured is 3.9 s, the speed of the car in this experiment is:

average speed, v =    50 m _____ 
3.9 s

   

= 12.8 m/s

DISTANCE–TIME GRAPHS

t = 2.5s
t = 2.0s

t = 1.5s
t = 1.0s

t = 0.5s
t = 0.0s

▲	Figure 1.5 A car travelling at constant speed

No measurements should be taken 
on the public road or pavement but it 
is possible to do so within the school 
boundary within sight of the road.

!

KEY POINT

You can convert a speed in m/s into a 
speed in km/h.
If the car travels 12.8 metres in one 
second it will travel
12.8 × 60 metres in 60 seconds (that is, 
one minute) and
12.8 × 60 × 60 metres in 60 minutes 
(that is, 1 hour), which is
46 080 metres in an hour or 46.1 km/h 
(to one decimal place).
We have multiplied by 3600 (60 × 60) to 
convert from m/s to m/h, then divided 
by 1000 to convert from m/h to km/h 
(as there are 1000 m in 1 km).
Rule: to convert m/s to km/h simply 
multiply by 3.6.

▲ Figure 1.3 A stopwatch will measure the time 
taken for the vehicle to travel the distance.
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Distance–time graphs

6 FORCES AND MOTION MOVEMENT AND POSITION

Figure 1.5 shows a car travelling along a road. It shows the car at 0.5 second 
intervals. The distances that the car has travelled from the start position after 
each 0.5 s time interval are marked on the picture. The picture provides a 
record of how far the car has travelled as time has passed. The table below 
shows the data for this car. You will be expected to plot a graph of the distance 
travelled (vertical axis) against time (horizontal axis) as shown in Figure 1.6.

Time from start/s 0.0 0.5 1.0 1.5 2.0 2.5

Distance travelled from start/m 0.0 6.0 12.0 18.0 24.0 30.0

The distance–time graph tells us about how the car is travelling in a much 
more convenient form than the series of drawings in Figure 1.5. We can see 
that the car is travelling equal distances in equal time intervals – it is moving 
at a steady or constant speed. This fact is shown immediately by the fact that 
the graph is a straight line. The slope or gradient of the line tells us the speed 
of the car – the steeper the line the greater the speed of the car. So in this 
example:

speed = gradient =     distance _________ 
time

    =    30 m _____ 
2.5 s

    = 12 m/s

di
st

an
ce

/m

a

time/s

di
st

an
ce

/m

b

time/s

object A

object B
di

st
an

ce
/m

c

time/s

di
st

an
ce

/m

d

time/s

di
st

an
ce

/m

e

time/s

▲	Figure 1.7 Examples of distance–time graphs

In Figure 1.7a the distance is not changing with time – the line is horizontal. 
This means that the speed is zero. In Figure 1.7b the graph shows how two 
objects are moving. The red line is steeper than the blue line because object 
A is moving at a higher speed than object B. In Figure 1.7c the object is 
speeding up (accelerating) shown by the graph line getting steeper (gradient 
getting bigger). In Figure 1.7d the object is slowing down (decelerating).

THE DIFFERENCE BETWEEN SPEED AND VELOCITY
Some displacement–time graphs look like the one shown in Figure 1.7e. It is 
a straight line, showing that the object is moving with constant speed, but 
the line is sloping down to the right rather than up to the right. The gradient of 
such a line is negative because the distance that the object is from the starting 
point is now decreasing – the object is going back on its path towards the 
start. Displacement means ‘distance travelled in a particular direction’ from a 
specified point. So if the object was originally travelling in a northerly direction, 
the negative gradient of the graph means that it is now travelling south. 

0.0 0.5 1.0 1.5 2.0 2.5
0

6

12

18

24

30
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ce
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time/s

▲	Figure 1.6 Distance–time graph for the 
travelling car in Figure 1.5

KEY POINT

A curved line on distance–time graphs 
means that the speed or velocity of the 
object is changing. To find the speed 
at a particular instant of time we would 
draw a tangent to the curve at that 
instant and find the gradient of the 
tangent.
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16 FORCES AND MOTION MOVEMENT AND POSITION

 4 Look at the following distance–time graphs of moving objects.
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Identify in which graph the object is:
a moving backwards
b moving slowly
c moving quickly
d not moving at all.

 5 Sketch a distance–time graph to show the motion of a person walking quickly, 
stopping for a moment, then continuing to walk slowly in the same direction.

 6 Plot a distance–time graph using the data in the following table. Draw 
a line of best fit and use your graph to find the speed of the object 
concerned.

Distance/m 0.00 1.60 3.25 4.80 6.35 8.00 9.60

Time/s 0.00 0.05 0.10 0.15 0.20 0.25 0.30

 7 The diagram below shows a trail of oil drips made by a car as it travels 
along a road. The oil is dripping from the car at a steady rate of one drip 
every 2.5 seconds.

oil drips on the road

a Describe the way the car is moving.
b The distance between the first and the seventh drip is 135 metres. 

Determine the average speed of the car.

 8 A car is travelling at 20 m/s. It accelerates uniformly at 3 m/s2 for 5 s.
a Sketch a velocity–time graph for the car during the period that it is 

accelerating. Include numerical detail on the axes of your graph.
b Calculate the distance the car travels while it is accelerating.

 9 Explain the difference between the following terms:
a average speed and instantaneous speed

b speed and velocity.

10 A sports car accelerates uniformly from rest to 24 m/s in 6 s. Calculate the 
acceleration of the car.

11 Sketch velocity–time graphs for an object:
a moving with a constant velocity of 6 m/s

b accelerating uniformly from rest at 2 m/s2 for 10 s
c decelerating to rest at 4 m/s2 for 5 s.
Include numbers and units on the velocity and time axes in each case.

SKILLS ANALYSIS 6

SKILLS INTERPRETATION

7

SKILLS PROBLEM SOLVING

8

SKILLS INTERPRETATION

5

6

SKILLS PROBLEM SOLVING 8

SKILLS INTERPRETATION

7

8
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Distance–time graphs – continued

Check your understanding – continued
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b The distance between the first and the seventh drip is 135 metres. 

Determine the average speed of the car.

 8 A car is travelling at 20 m/s. It accelerates uniformly at 3 m/s2 for 5 s.
a Sketch a velocity–time graph for the car during the period that it is 

accelerating. Include numerical detail on the axes of your graph.
b Calculate the distance the car travels while it is accelerating.

 9 Explain the difference between the following terms:
a average speed and instantaneous speed

b speed and velocity.

10 A sports car accelerates uniformly from rest to 24 m/s in 6 s. Calculate the 
acceleration of the car.

11 Sketch velocity–time graphs for an object:
a moving with a constant velocity of 6 m/s

b accelerating uniformly from rest at 2 m/s2 for 10 s
c decelerating to rest at 4 m/s2 for 5 s.
Include numbers and units on the velocity and time axes in each case.
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16 FORCES AND MOTION MOVEMENT AND POSITION
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