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Displacement-timeand Ve ocity-timeGraphs

This Factsheet explains how motion can be described using graphs, in
particular how displacement-timegraphsand vel ocity-timegraphscanbe
used.

Displacement-timegraphs

Displacement, plotted on the vertical axis, represents the straight line

distance away from astart point. Time, plotted on the horizontal axis, is

the time taken after the start.

* Sincevelocity = displacement/time, the gradient of adisplacement-
timegraphalsorepresentsvel ocity. Thesteeper thegradient thelarger
the velocity.

e A straight line with a constant gradient will represent an object
travelling with constant velocity.

e A curved line with a gradient that changes will represent an object
travelling with avarying velocity.

displacement displacement
constant gradient
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= larger constant
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time time
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The graph below is a displacement-time for a 100 metre sprinter. The
sprinter isslower at thebeginning asit takessometimetoreach full speed.
Thisisshown by the shallow gradient during thefirst two seconds of the
race, at the start of the graph. Astherace progressesthe sprinter reaches
top speed and i sabl e to maintai n thismaximum vel ocity for therest of the
race. Thisisshown by the gradient of the graph being constant after the
first two seconds.
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Thesizeof thesprinter’ smaximum vel ocity can beobtained fromthegraph
by calculating the gradient of the second section of the graph, beyond the
two second point.

Thegradientisbest cal culated by drawing aright angled triangleas shown
inthediagrambelow. Theheightor ‘rise’ andlengthor ‘run’ of thetriangle
are then easily read from the graph and used to cal cul ate the velocity.
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0;-% Calculating velocity from a displacement-time graph
The gradient of a displacement-time graph isequal to velocity.
Velocity = gradient = un

Calculating instantaneous velocities from displacement-time graphs
Calculating thegradient of agraph that does not have aconvenient straight
line portion requires a tangent to be drawn to the curve.

Consider the displacement-time graph below, which shows a constantly
changing gradient indicating that the velocity of the moving object is
constantly changing.

displacement

time

Theinstantaneousvel ocity of themoving object at point Pwill begiven by
the gradient of the curve at this point.

Calculating the gradient of the curve at this point is done by drawing a
tangent to the curve. Thetangent isthe straight line that just touches the
curveof thegraph and hasthe samegradient asthegraph at thispoint. The
gradient of the tangent can then be calculated in exactly the same way as
described previously, by formingalargeright angledtriangleandreading the
‘rise’ and ‘run’ of thetriangle.
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ExamHint: Itisagoodideatomakethesidesof your gradienttriangle
aslongaspossible. Thereasonfor thisisthat asmall mistakeinalarge
number is not significant but a small mistakein a small number could
easily be. Make sureyou draw aslong a tangent asyou can—in order
to make your gradient calculation as accurate as possible.

Look along your tangent, by holding you graph paper up to your eye.
You can see how good it isand whether or not it just touchesthe curve

at onepoint.
1

O;=w Calculating instantaneous velocities from displacement-
time graphs - The instantaneous velocity can be calculated from a
curved displacement-timegraph by drawing atangent tothecurveat the
placewherethevelocity isrequired. Thegradient of thetangent tothe
curve will be equal to the instantaneous velocity at that point.

Typical Exam Question
Thetable of results below were taken for an object being dropped
and falling under gravity.

Distance fallen (m) 00 |20 |40 |60 |80 |100

Time taken (s) 0.00| 063 | 0.99 | 1.08 | 1.25| 1.40

(i) Plot a graph of distance fallen (on the vertical axis) against

time taken (on the horizontal axis). [4]
(i) Explain why your graph isnot a straight line [2]
(ifi) Calculate the velocity of the object after 1.00 second.  [3]

Answer

(i) Graphpaper wouldbesuppliedwithaquestionlikethisone. Choose
anaxisscalethat allowstheplotted pointstofill asmuch asthegraph
paper aspossible. Amark may bededucted if your pointsdon’t fill
mor e than half of the graph paper.
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(i) Theincreasinggradient of thegraph showsanincreasing vel ocity,
in other words acceleration. v/
Theaccelerationiscaused by the gravitational forceacting onthe
object. v/

(iii) The graph shown asthe answer to part (i) has a tangent drawn at
a time of 1.00 second.
Velocity = gradient of tangent v/

rise 9.2-0
= —01= = J
un - 14-05., 2°ms

Velocity-time graphs
Velocity, plotted onthevertical axis, representsthevel ocity moving away
from the start point. The time taken, plotted on the horizontal axis,
represents the time taken since the start.
changeinvelocity
time
the gradient of avelocity-time graph also represents accel eration.
» The steeper the gradient the larger the acceleration
» A straight line with a constant gradient will represent an object
travelling with constant accel eration.
* A curved line with a gradient that changes will represent an object
travelling with avarying acceleration.

* Sinceacceleration=

velocity velocity steeper gradient
=greater acceleration
constant gradient
= constant acceleration
time
_ time
velocity velocity
increasing _ increasing
zerogradient gradient acceleration
= zero acceleration
(constant velocity)
time time

Thegraphbel ow representsthevel ocity-timegraphfor afreefaling skydiver.

velocity constant velocity (terminal velocity)
Atangent asair resistance = weight
A
/1
/1
/
ya
if rike
\:\ largeacceleration
i > time

The gradient is initially large as the skydiver is accelerating with the
acceleration due to gravity.

Thegradient of the graph gradually decreases showing the accel eration of
theskydiver tobedecreasing astheair resistanceontheskydiver increases.
Eventually the air resistance on the skydiver isequal to hisweight; there
is no resultant force so there is no acceleration. The skydiver fals at
constant velocity, shown by thehorizontal lineon thegraph; zero gradient
implies zero acceleration and constant velocity.

The size of the initial acceleration of the skydiver can be determined by
calculatingtheinitial gradient of thegraph. Thisisdoneinexactly thesame
way asfor any other graph, by taking arise and run from the graph, aswe
looked at with displacement —time graphs, using aright angled triangle
drawn on the graph.

f._% Calculating acceleration from a vel ocity-time graph
Thegradient of avelocity-timegraphisequal toacceleration. Theheight
or ‘rise’ and length or ‘run’ of a part of the graph is measured.

changein velocity _ gradient = rise

Acceleration= :
time run
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The total displacement during a journey can also be calculated from a
velocity-time graph. The area beneath the line on avel ocity-time graph
givesthe total displacement.

Thegraphbelow isavelocity-timegraphfor anaccelerating car. Thegraph
is a straight line showing that the car has constant acceleration. The
displacement of the accelerating car after this 5 second journey can be
determined by calculating the area beneath the graph.

Theline of the graph forms atriangle with the horizontal axis so the area
of thetriangle can be calcul ated.

velocity (m/s)

0 -----------

time (s)

o —

Total displacement = area beneath graph = area of triangle shape
=l x basex height =% x5x 30=75m

0:% Calculatingthetotal displacement fromavel ocity-timegraph
Thetotal displacementisegual totheareabeneaththelineonavel ocity-
time graph for the time considered.

ExamHint: Themajority of vel ocity-timegraphsthat will beusedinan
exam will consist of sections of constant acceleration or constant
velocity. Thismeansthat thegraph canbesplitintoaseriesoftriangles
and rectangles when cal culating the area beneath the graph.

Velocity as a vector

Velocity isavector quantity. Thismeansthat velocities are described by

two things; the size or magnitude of the velocity and the direction of the

velocity.

* Thesize of the velocity is simply described by a number with aunit
in the usual way, e.g acyclist moving at 5 ms™.

* Thedirectionof thevelocity injourneysthat canonly goback andforth
inastraightlineisdescribed by adding asigntothesizeof thevel ocity.

* A positivesign would mean travelling in onedirection and anegative
sign would mean travelling along the same line but in the opposite
direction. Therefore, aswimmer whoisswimminglengthsof the pool,
there and back, would have apositive vel ocity while swimmingto the
far end of the pool but anegative vel ocity while swimming back to the
start.

* Velocity-time graphs can also show negative velocities by having
negative values plotted on the vertical axis.

The swimmer, swimming at aconstant velocity of 0.50 ms*, would have

a velocity-time graph as shown below. The velocity switches from

positiveto negative asthe swimmer turnsaround and startsto swiminthe

opposite direction along the pool.

velocity (m/s)
05

time (s)

05F - -

== Velocity isa vector
Velocity isavector. Avector isameasured quantity that isdescribed
by a magnitude, (or size), and a direction.
For motionalongastraight linethismeansthat movinginonedirection
along the line will be a positive velocity and moving in the opposite
directionwill be called a negative velocity.

Displacement-time graph and velocity-time graph for a bouncing ball
The displacement-time and velocity-time graphs for a bouncing ball are
specifically mentioned in several A-level specifications. Thetwo graphs
below are for a ball that is initialy dropped from someone’s hand and
allowed to bounce on the floor.

displacement

5 time

|

first bounce second bounce
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velocity

NN

Displacement-timegraph

e Zero displacement is defined as the floor.

o Thegradient of thedisplacement-timegraphisvelocity. Thegradient
of thegraphisnegativeand becomesincreasingly largeastheball falls
and speeds up.

e When the ball hits the ground, it bounces back up and the gradient
becomes positive.

e The gradient then decreases until the ball is at the top of its path.

e The ball then drops downwards once more.

Velocity-timegraph

e Theball isdropped from rest and so the initial velocity is zero.

o Védocity downwardshasbeengivenanegativesignandsothevelocity
then becomes a bigger negative number as the ball accelerates
downwards.

e The gradient of the graph is acceleration and this is constant
at —9.81 ms? asthisis accd eration due to gravity.

e Whentheball bouncesit rapidly comestoastop beforebouncing back,
upwards, with a positive velocity.

e The ball will then slow down until, at the top of its path, it will
instantaneously have zero vel ocity before heading back towardsthe
ground.

_— ., e—— e P
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ExamWorkshop

Thisisatypical poor student’sanswer to an exam question. The
comments explain what iswrong with the answersand how they
can beimproved. The examiner’s answer is given below.

Thegraph below r epresentsthedisplacement of adragracing car
along a straight track.

displacement (m)
500 -
4004
300 -
200 -

100 -

0- T
0246 81012141618 20

(a) (i) Calculatetheinstantaneous velocity of the car 12 seconds

v time (9)

after the start. [2]
.. _ displacement _ 250 _ .
velocity = ime - 12- 21 ms-

The student hassimply substituted val ues of displacement andtime
fromthepoint at 12 secondsonthegraph. Noattempt hasbeen made
to determine the gradient of this straight line portion of the graph.

(i) Calculatetheveocity of thecar 6.0 secondsafter thestart. [3]
displacement _ _50_

= 1
e & 8.3ms"

velocity =

Again, thevaluesfromthe point at 6 seconds have been substituted.
Thegraphisacurve at this point and atangent should be drawn on
the graph in order to calcul ate an instantaneous gradient.

(b) Ontheaxeshelow sketch avelocity-timegraph for thecar over
the same period of time. [4]
whx.‘!a

> hime (1)

(-] T & & ¥ io e s 15 20

Eventhoughthequestionsays' sketch' val uesshoul dbeplacedonthevertica
axisaswe havejust calculated 2 points from the first part of the question.

(c) Without any calculation state what the area beneath your
velocity-time graph represents and what the value should be.[2]

Areabeneaththegraphrepresentslength of raceandit should be500m

The candidate would be awarded both marks for this part of the
question but more detail could have been given for thefirst part of the
answer by mentioning the total displacement of the car from the start
position.

Examiner’ sAnswer v
(@) (i) velocity = gradient of graph = “ine- 43%%00- 375msY
(ii) Instantaneousvelocity = gradient of tangent
_ rise _ 115-0v_ i
= un T 102 D 4Ams

Please note that actual numbers for rise and run will vary
depending onthesizeof thelineused to cal culatethegradient but
the final answers should all be very similar.

(®) vel ogity (m/s)
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(c) Theareabeneaththegraphrepresentsthetotal displacement of thecar,
whichisthe distancethe car hastravelled along the straight track.v’
Theareabeneath thegraph should bethetotal displacement givenon
the displacement-time graph = 500m.v’

time (s)

Typical Exam Question
Thegraph below isan idealised velocity-timegraph for asprinter.
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(8) What is the initial acceleration of the sprinter? [3]

(b) Over what distance did the sprinter race? [3]
(c) What wasthe average velocity of the sprinter for theentirerace? [2]

Answer
changein velocity _ gradlent— rise_ 10 )
time run 2

(b) Thedisplacement of the sprinter will givethelength of therace.
The area beneath the graph gives the displacement. v/
Thegraph can be split up into atrianglefor thefirst 2 secondsand a
rectanglefor thefinal 9 seconds.
Thetotal displacement will be given by the sum of the two areas.
Displacement = total area beneath the graph v/
= (Y2x2x10) + (9><10) =100 m v

total displacement _ 100 .

total fimetaken ~ 11V 1S

(a) acceleration=

(c) average velocity =
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Qual itative(Concept) Test

What does the gradient of a displacement-time graph represent?
How would the gradient of a curved graph be calculated?

What does the gradient of a velocity-time graph represent?

What does the area beneath a vel ocity-time graph represent?

What isavector and how isthe vector nature of velocity in astraight
line shown?

Sketch the displacement-time and vel ocity-time graph of abouncing
ball and label the important features of both.

NSNS

o

Quantitative(Calculation) T est
1. The graph below represents the depth of a scuba diver during a 15
minutedive.

Depth (m)
N

18 -
16 -
14 4
12 4
10 -
8 -
6 -
4 4

2 -
time (mins)
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1 2 3 45 6 7 8 9 10 11 12 13 14 15

(8 During which period of the dive was the diver ascending the
quickest? [1]

(b) How long did thediver stay at thebottom of thesea, adepth of 18m?

(1]
(c) What was the vertical velocity of the diver during his descent?[ 3]

2. Thetable of results below were taken for acyclist travelling along a
straight road.
Velocity(ms™®) |0 | 5|10 [15|15| 12| 9| 6| 3| O
Timetaken(s) |0 [10 | 20 |30 |40 | 50| 60|70 | 80 |90

(a) Draw agraph of velocity on the vertical axis against time on the
horizontal axis for the journey. [4]
(b) What isthe initial acceleration of the cyclist? [2]
(c) Calculate the deceleration of the cyclist in thefinal 50 seconds of
the journey. [3]
(d) Calculate the total distance that the cyclist travelled along the
straight road. [3]
(e) Cdculate the average velocity of the cyclist for the entirejourney. [2]

Quantitative Test Answers
1. (@) Inthefinal minute of the dive.
(b) 4 minutes
18
2 x60

rlse
run

=0.15ms?

(c) velocity = gradient =

changeinvelocity
time taken

= 0.50 ms 2

2. (b) acceleration=

_(15:0) _
~ (30-0)

che}ngelnvelouty = gradient = rise
time taken run

-0.30 ms 2

(c) acceleration =

_ (0-15) _
(90-40)

deceleration = 0.30 ms 2

(d) Total distance = area beneath graph

= (%2 x 30 x15) + (10 x 15) + (¥2 x50 x 15) = 750m

total di stance _ 750

-1
time 90 =83ms’

(e) average velocity =
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