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Displacement-Time Graphs /

Your notes

Displacement-time graphs

What is a displacement-time graph?

= Displacement-time graphs show the displacement of an object from a fixed origin as it
moves in a straight line

= They show displacement (on the vertical axis) against time (on the horizontal axis)

= Displacement-time graphs can go below the horizontal axis whereas distance-time
graphs cannot

= Distance cannotbe negative whereas displacement can be

What are the key features of a displacement-time
graph?
= The gradient of the graph equals the velocity of the object
= Apositive gradient means the object s travelling forwards
= Anegative gradient means that the objectis travelling backwards
= The steepertheline, the greater the speed
= Astraightline shows that the objectis moving at a constant velocity
= Acurved line shows that the object is accelerating or decelerating
= Ahorizontal line shows that the object is stationary

= |f the graph touches the x-axis, then the objectis at the origin at that time
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DISPLACEMENT
(X m) Your notes
TIME
(+ SECONDS)
[INITIAL DISPLACEMENT FROM ORIGIN | MOVING BACKWARDS
TOWARDS ORIGIN

[CONSTANT VELOCITY| | .
AT THE ORIGIN
[ACCELERATING | ]
MOVING BACKWARDS

\STATIONARY J AWAY FROM ORIGIN

How do | find the average speed and the average
velocity of ajourney?

Total distance travelled

Average speed = Time taken

= The average speed cannot be negative as speed is a scalar quantity and can only take a
positive value

Displacement from starting point

Average velocity = - "
ime taken

= The average velocity is a vector quantity and can be positive, zero or negative

o

Worked Example

(

An athlete is training by joggingin a straight line.

The displacement-time graph below shows the displacement of the athlete from her
starting point throughout her motion.
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(a) Calculate the velocity of the athlete during the first 2 seconds.

Answer:
al Displacement
(X m) Mb e
|
|
Sp--- I
I
|
I
5 |
I
I
2 |
0 2 2 £ 14 Time
(1 seconds)
Velocity = Gradient
Velocity = %

Velocity = 2.5 ms™

Remember units!

(b) Describe the motion of the athlete between the times of 2 secondsand 5
seconds.

Answer:

b) Horizontal line means stationary

The athlete is stationary

(c) Calculate the velocity of the athlete at 10 seconds.

Answer:
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c) Displacement ,

( m) V| R Your notes
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0 2 5 14 Time
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Velocity = Gradient

. 0-M
Velocity = Yy
Velocity = — % ms=1 = —1.83 ms~1 (3 sf)

Velocity is negative as the gradient is negative

(d) Findthe total distance travelled by the athlete during the 14 seconds.

Answer:

d) Total distance = Distance forwards + distance backwards
Total distance=M+11=22m

o

Examiner Tips and Tricks

Be careful to spotif you are working with a displacement-time graph or a
velocity-time graph.

Be careful to spotif you are working with a displacement-time graph ora
distance-time graph

Check where the graph starts from on the y-axis, the object does not have to
start at O. Forexample, if the graph starts at 100, the scenario could be a student
onawalk starting 100 m from their house.

Distanceis a scalar soit can not be negative whereas displacement froma
starting point can be.

Think about the units when calculating, make sure they are consistent.
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Velocity-Time Graphs

Velocity-time graphs

Whatis a velocity-time graph?

Velocity- time graphs show the velocity of an object as it moves in a straight line
They show velocity (on the vertical axis) against time (on the horizontal axis)

Velocity-time graphs can go below the horizontal axis whereas speed-time graphs can
not

What are the key features of a velocity-time graph?
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The gradient of the graph equals the acceleration of an object
A straight line shows that the object is accelerating at a constant rate
Ahorizontal line shows that the objectis moving at a constant velocity

The area between the graph and the x-axis tells us the change in displacement of the
object

= Graph above the x-axis means the object is moving forwards
= Graphbelow the x-axis means the object is moving backwards

The total displacement of the object fromits starting pointis the sum of the areas
above the x-axis minus the sum of the areas below the x-axis

The total distance travelled by the object is the sum of all the areas
If the graph touches the x-axis then the object is stationary at that time

If the graph is above the x-axis then the object has positive velocity and is travelling
forwards

If the graph is below the x-axis then the object has negative velocity and s travelling
backwards
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Your notes

VELOCITY
(v ms™)

TIME
(t SECONDS)

SPEEDING UP BUT MOVING
BACKWARDS

[~]

| INITIAL VELOCITY |

| CONSTANT ACCELERATION |

SLOWING DOWN BUT
STILL MOVING BACKWARDS

| VARIABLE ACCELERATION ]

o] [=]

DISTANCE TRAVELLED
[ consTANT VELOCITY ] FORWARDS

DECELERATING (SLOWING DOWN DISTANCE TRAVELLED
BUT STILL MOVING FORWARDS) BACKWARDS

-~
o

@ INSTANTANEOUSLY AT REST
(STATIONARY FOR AN
LINSTANT)

o

Worked Example

The motion of a bird travelling in a straight line is tracked for 60 seconds.

Thisinformationis displayedin the velocity-time graph below.

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 7



https://www.savemyexams.com/?utm_source=pdf

Velocity + /
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(a) Calculate the acceleration of the bird at 20 seconds.

Answer:
a) Velocity
(v ms™)

6
I
i
16
I
I

0 !
10 18 28 Time

(t seconds)
A

Acceleration = gradient

Acceleration = — % negative as gradient is negative
Acceleration = — % ms2 =—-0.333ms™2

Remember units!

(b) Calculate the distance travelled in the first 28 seconds.

Answer:
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b}

c)

Trapezium ,

10 Your notes

Step 1: ldentify the shape
Step 2: |dentify the lengths 6 i
Step 3: Find the area dabove

x—Axis 28
So distance = displacement (10 + 28) (6) = 114

Displacement = area

N~

Distance = 114m

(c) Calculate the displacement of the bird fromits starting point after 60 seconds.

Answer:

Distance forwards =114 m
Step 1 Find the distance backwards by finding
the area beneath the x—axis
32

28 60 1 THE BIRD
v Area =3(32)(4) =64m HAS TRAVELLED
BACKWARDS 64 m

Step 2: Calculate displacement by
distance forwards — distance backwards
114 — 64

Displacement = 50 m from starting point

>
Examiner Tips and Tricks
= Be carefulto spotif you are working with a distance-time graph or a velocity-time
graph.
= Be careful to spotif you are working with a speed-time graph or a velocity-time
graph.
= Checkwhere the graph starts from on the y-axis, the velocity does not have to
startat O. Forexample, the scenario could be a cardriving at a constant speed
and the driver sees a hazard.
= Be extravigilant when working with negative gradients or with graphs under the x-
axis, it is easy to make mistakes with these.
= Speedisascalarsoitcannotbe negative whereas velocity canbe.
Make sure your units are consistent.
\
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Acceleration-Time Graphs 4

Your notes

Acceleration-Time Graphs

What is an acceleration-time graph?

= Acceleration-time graphs show the acceleration of an object asit moves in a straight
line

= They show acceleration (on the vertical axis) against time (on the horizontal axis)

= Acceleration-time graphs can go below the horizontal axis

What are the key features of an acceleration-time graph?
= Ahorizontal line shows that the objectis accelerating at a constantrate

= |f the graph touches the x-axis then the object is moving with constant velocity at that
time

= |fthe graphis above the x-axis then the object has positive acceleration and its velocity
isincreasing which means

= |tisspeedingupifitis moving forward
= |tisslowing downif it is moving backwards

= |fthe graphis below the x-axis then the object has negative acceleration andits
velocity is decreasing which means

= |tisslowing downifitis moving forward
= |tisspeedingupifitis moving backwards
= The areabetween graph and the x-axis tells us the change in velocity of the object
= Graph above the x-axis means the velocity of the objectisincreasing
= Graphbelow the x-axis means the velocity of the object is decreasing

= The total change invelocity of the object fromits starting pointis the sum of the areas
above the x-axis minus the sum of the areas below the x-axis
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Acceleration
(ams2)

4

Your notes

Time
(t seconds)

[INITIAL ACCELERATION | | CONSTANT VELOCITY

VARIABLE ACCELERATION [6] [CONSTANT ACCELERATION
(BEYOND SCOPE OF SPEC) (VELOCITY DECREASING
CONSTANT ACCELERATION [INCREASE IN VELOCITY |

(VELOCITY INCREASING)

| DECREASE IN VELOCITY |

INSTANTANEOUS CHANGE
IN ACCELERATION

What does an acceleration-time graph NOT show?

= You can not tell the velocity of the object at a specific time just by looking at an
acceleration-time graph

= You can calculate this using the areas between the graph and the x-axis if you know
the initial velocity of the object

= |fthe acceleration-time graphis positive this does not guarantee that the velocity
willbe positive

o

Worked Example

Atraffic tracks a carontheroad foran 8-second period. The acceleration-time graph
shows the journey of the car.
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a)

Answer:

s

(i) the speed of the car after 2 seconds,

Acceleration
(ms™2) 4 Your notes
4
- )

|
|
|
|
|
|
|
|
|
|

0 ' >
2 6 8 Time

I I (t seconds)
-1 | |

Given that the caris travelling with speed 25 m s™ when the traffic officer starts
tracking the car, find:

Acceleration
(ms2)
4 1
0 : ; T
2 (':5 % Time
0 ' (t seconds)
-1 | :

Area = change in velocity
Area=4x2=38

Velocity increases by 8 ms™
25+8=233

» Initial velocity

Speed = 33 ms™
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(i) the distance travelled between the times f =2 and t = 6, ,

Answer: Your notes

b) Acceleration is zero => constant velocity
Constant speed => distance = speed x time

Distance = 33x4

Speed when t = 2% \ETime betweent=2 and t=6

Distance =132 m

(iii) the speed of the car after 8 seconds.

Answer:

c) Acceleration
(ms2)

Time
(t seconds)

——————eB

-1
Ared = change in velocity
Area=2x1=2 Between t=6 and t=38
Velocity decreases by 2ms™
33-2=31

Speed = 31ms™

\
;
Examiner Tips and Tricks
= Most of the time the acceleration-time graphs you will encounter will comprise of
three disjointed horizontal lines, acceleration-time graphs will not have curved or
diagonallines for this course. Thoughinreal life accelerationis likely to vary.
\
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Drawing Travel Graphs ,

Your notes

Drawing Travel Graphs

How dol draw a displacement-time graph or a velocity-time
graph?
= Youmay be asked to draw a displacement-time graph or a velocity-time graph

= Youwillbe giveninformation about different sections of ajourney and must draw each
section andlabel the points on the axes

= Rememberthat time will always be on the x-axis
= Alwaysremembertoinclude units when you label the axis

= Use appropriate facts about the gradient and area under the graph to work backwards
and find relevant or missing information

= The gradient of a displacement-time graphis the velocity and the gradient of a
velocity-time graphis the acceleration

= The areabetween a velocity-time graph and the x-axis is the displacement
STEP 1: DRAW APPROPRIATE AXES
(LABEL DISPLACEMENT / TIME OR VELOCITY / TIME)

STEP 2: MARK ON KEY POINTS GIVEN IN THE QUESTION
(LABEL THESE ON THE AXES)

STEP 3: DRAW IN THE LINES TO COMPLETE THE GRAPH

| DISPLACEMENT -TIME_GRAPH |

DISPLACEMENT
(m) 6

4 GRADIENT = VELOCITY

60 TIME (s)
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4

VELOCITY-TIME GRAPH Your notes

VELOCITY
(kmK™"

GRADIENT = ACCELERATION

AREA = DISPLACEMENT

15 20

TIME (HOURS)

-20

How dol draw an acceleration-time graph?
= Most of the time the acceleration will be constant so you have to draw horizontal lines

= There will be discontinuities in the graph if the object instantaneously changes from
acceleration at a constant rate to moving with constant velocity

= Theareabetween an acceleration-time graph and the x-axis is the change in velocity
= Youmight not be given the acceleration butinstead expected to calculate it
= Rememberaccelerationis the rate of change of velocity

= |f accelerationis constant then:

Change in velocity

= Acceleration =

o

Worked Example

Time

The driver of a train, travelling at 40 ms™ on a straight horizontal track, is informed of
debris onthe track 0.74 km ahead and immediately applies the brakes.

The train decelerates uniformly for 20 seconds to aspeed of 12ms™.

The train then maintains this speed for another 8 seconds.

The driverreapplies the brakes to slow down the train at a constant rate and bring it to
acomplete stop 10 m before the debris.

(a) Sketchavelocity-time graph to show the motion of the train.

Answer:
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al Velocity
—1
(ms™) 40

Constant deceleration ,

=> Straight line Your notes

Constant velocity
=> Horizontal line

S

Stops = Velocity = OJ

20 23 T Time(s)

(b) Find the deceleration of the train from the moment the brakes were first applied to
the moment its speed first reached12ms™.

Answer:

b) Gradient of velocity — time graph is the acceleration

! tont = — 28 _ _
40—']2: Gradient = 0 - 1.4
=28 !

20

Question says deceleration already so we don’t need the negative sign

Deceleration = 1.4 ms™

(c) Calculate the total time from the moment the brakes were first applied to the
moment the train came torest.

Answer:
c) Area under velocity — time graph is the displacement
Trapezium
Rectangle Triangle
20 8 T-28
%(42 + 40)(20) =520 (8)(12) = 96 %('12(1' —28) = 6(T - 28)

Stops 10 m before debris
0.74km —10m=730m

Areas should add to 730
520+ 96 +6(T - 28) =730

6(T — 28) =114
T-28=19
T=47

Time = 47 seconds
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o Your notes

Examiner Tips and Tricks

= Asinthe worked example, examiners can use otherwords, such as uniformly, to
mean constant.

= Rememberthat displacement and velocity can be negative whereas distance
and speed can not be negative.

= Take care when avelocity-time graphis below the x-axis, if it has a negative
gradient thenitis speeding up and moving backwards. If it has a positive gradient
below the x-axis thenit is still moving backwards but it is slowing down.
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