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Introduction

For the student

Welcome to your new Physics textbook, Grade 9 Physics. Your textbook comes with a Grade 9 Physics
Student’s Portfolio and a range of digital resources. This book will build on your previous learning of
Physics by helping you to understand the world around you. It aims to develop your learning skills in
science. You will develop these skills yourself while also learning from your teacher and your fellow
students.

Glossary
A comprehensive Glossary for the Textbook and Student's Portfolio bookis included at the back of
this book.

For the teacher

Written for the new Grade 9 Physics subject programme in Kazakhstan, Grade 9 Physics aims to give
students a sense of enjoyment and an interest in the learning of science. The book i based on the
Grade 9 Learning Objectives in the Grade 7- 9 Physics subject programme document. It develops
students'knowledge of and about science through the four content and skills strands described

in the Physics subject programme and highlighted throughout the text, using four different logos
(understanding science, researching and experimenting in science, communicating in science, and
science and society).

aetstany, qeseare, unic,, socie
o m 3 @" fg A a

Learning outcomes are stated at the beginning of each module in student-friendly language.
Keywords are listed at the start of each module to allow students to become familiar with

important new terms.
Activities allow students to build on their knowledge by completing research.

Diagrams have been fully labelled and are drawn in a simple style so that students can replicate
them easily.

@ Questions are interspersed within the text to offer teachers the opportunity to use different

teaching strategies. In particular, there are chances for group work and pair work.
® Did you know? boxes feature interesting facts to stimulate students'interest in science.
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@ Thelanguage used is clear and simple to allow for use by students of varying reading levels.
@ simple and helpful logos are used throughout to enhance student understanding.

oy
A3 Corresponding
Act I @ page in Student’s Key fact

Portfolio

@ Question Group work Research

Student’s Portfolio

The Student’s Portfolio provides additional material, activities and tasks. The
portfolio book enables students to maintain a record of specific acti
and reflect on their learning, as well as focusing on key words and key facts,
through mind maps and comprehension and recall acti
templates for self-assessment and peer assessment. This book works in
conjunction with the Textbook.

ties

. It also contains

Teacher’s Book

The Teacher's Book works in conjunction with the Textbook and the
Student's Portfolio book by providing:

@ Anoutline of the Grade 9 content and skills priorities in the subject
programme

@ Learing outcomes for each module with explanations of how they are
incorporated into lessons

@ Information on topics, questions and researcl

enhance the students'learning

leas that can be used to

@ Answers to all student questions in the Textbook and Student’s Portfolio book

@ Outlines of digital resources for each module and suggestions for integrating them into
classroom work

@ suggestions of ways to assess student activities with assessment templates

@ Arange of other information and suggestions to support teachers in the delivery of the new
course

® Key skills, literacy and numeracy linked to relevant modules

® Guidance for the teacher throughout the module

Additional act

ties and research activities
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Digital resources

The Grade 9 Physics digital resources will further enhance classroom learning. These resources have
been designed to integrate with the Textbook and to complement lessons suggested in the Teacher’s
Book. Following the principles of the new national Physics subject programme, material is provided
to suit a range of learner types and to encourage participation and engagement on the part of the
student.

A series of videos allows students to observe science in action across all modules. These videos
reinforce the topic at hand and allow for other perspectives, which may be discussed in class.
Similarly, a series of videos about scientist biographies presents a lively gateway to develop
students'interest in science and initiate student-led research.

Further classroom discussion and participation is opened up through PowerPoint presentations,

ent videos allow for

including a thematic presentation of information from the Textbook. Expe
ies carried out in the classroom. Extra assessment materi

avisual review of act provided to

support teachers in carrying out a range of oral and written formative and summative assessments.

Guidance for integration of digital resources in the classroom is provided by the digital resource

symbol used throughout the Textbook, as well as the provision of detailed notes and suggestions in

the Teacher's Book.
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Laboratory safety rules for pupils

The following rules are enforced to keep you and your classmates safe while in a school laboratory.

1.

12,

13,

14,

1s.
16.

Do not enter the laboratory without permission.
Do ot use any equipment unless permitted to do so by your teacher.

Make sure you know exactly what you are supposed to do. Ifin doubt, ask your teacher.
Make sure you know the position of all afety equipment in the laboratory, e.g. the fire
extinguishers, first aid equipment etc.

Always wear eye protection or gloves when instructed to do so.

Long hair must be tied back during practical classes.

Place your bag and other personal items safely out of the way.

Never handle any chemicals with bare hands.

Nothing must be eaten, tasted or drunk in the laboratory.

Any cut, burn or other accident must be reported at once to your teacher.

- Always check that the label on the bottle is exactly the same as the material you require. Ifin doubt, ask

your teacher.
Any chemical spilled on the skin or clothing must be washed at once with plenty of water and reported to
your teacher.

Test tubes should never be overflled. When heating a test tube ensure that the mouth of the test tube is
pointed away from you and everyone else.

All equipment should be cleaned and put backin its correct place after use.

Always wash your hands after practical work.

Students should behave in a responsible manner at all times in the laboratory.

Safety labels

The following labels appear on bottles in the laboratory. They also appear on many everyday

chemicals such as cleaning products and solvents. These labels indicate chemicals that could be

dangerous f not used or handled properly. We use these warning symbols on acti

ies in this book.

e Substances which can cause death if they are swallowed, breathed in or
oxic ‘
absorbed through the skin. Example: weedkiller.
i Substances which should not be eaten, breathed in or handled without
farmful or
ok A gloves. Though not as dangerous as toxic substances they may cause a
irritant
rash, sickness or an allergic reaction.
O Substances which provide oxygen, allowing other materials to burn more
idisin ‘
9 intensely. Example: hair bleach.
Highly
Substances which easily catch fire. Example: petrol.
flammable
Substances which attack and destroy living tissue, including skin and eyes.
Corrosive
Example: oven cleaner.
Warning This sign is used to draw attention to a warning of danger, hazards and the
sign A unexpected.
Safety
Wear safety glasses to protect your eyes.
glasses
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MODULE

Learning outcomes
At the end of this module you will be able to:

® Explain meaning of concepts: material point, reference system, the relativity of
mechanical motion and apply theorems of addition velocities and displacements

® Conduct addition, subtraction of vectors and mul

iply vectors on scalar (9212)

® Find vectors projection on coordinate axe and distribute a vector for components (9213)

® Find displacement, velocity and acceleration from graphs of dependence of these values
on time (5214)

® Apply formulas of velocity and acceleration at uniform straight motion in solving problems

® Apply kinematic equations of coordinate and displacement at uniform straight motio

solving problem:

Experimentally define acceleration of a body at uniformly accelerated motion (5217

® Analyse factors influencing the experiment result and suggest ways to improve the
experiment (5.132)

® Plotand explain graphs of displacement and velocity dependency on time for straight

uniformly accelerated motion (5215)

0

Frames of reference

The study of Physics involves the observation and mathematical description of physical

phenomena and to do this we need reference frames which provide points of reference

relative to bodies that we

tostudy. You wil be familiar with some frames of reference
from other subjects, for example, locating a position on a map through degrees of longitude
andla

ide. The frames of reference used in the study of motion are referred to as co-
ordinate systems. These frames use coordinates relating to axes from a given point of origin to
determine the positions and velocities of objects in that frame.
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Vectors and Scalars

In dealing with concepts of mechanical motion and forces we need to distinguish between
two types of measurement: vectors and scalars.

Scalars are measurements which have only magnitude e.g. time.
Vectors are measurements which have both magnitude and direction eg. force.

Atypical measurement for a force, for example, is 20 N west, where the direction is given in
terms of the points of the compass. Think, for example, of a football that is slowly rolling
towards a goal line on awindy day. The direction of the force matters. I a force is applied
behind the football, it wil reach and cross the line. f a force s applied in the opposite:
direction, there may be time for the defending team to prevent a goal.

0O

1.1 Lookat the following types of measurements and decide whether they are scalars (s) or
vectors (v). Think about whether direction s  factor in these measurements.

mass time velocity temperature ‘
speed length momentum volume ¢
force distance displacement  energy

acceleration

Objects moving in a straight line

While there are many types of motion, in this module we examine one type: objects mo

astraight line. We use certain words to describe motion, such as:
® speed ® velocity ® acceleration

We will look at what these mean in the following sections.

Speed
Speed is calculated by dividing the distance travelled by a person by the time to travel this
distance. In the language of mathematics we say:

speed d‘\?:‘l(e
Units for speed
its are Unit of distance _ metre _ m
» units are =, i of time: second ~ S

m -
g ‘5 we usually use m/s or ms’
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Note: When you are answering a mathematical question about speed you might be given

the distance in centimetres (cm) or in kilometres (km). You must always change the distance

value to metres.
Remember: 100 cm is the same as im
70cm is the same as 07m

16cm is the same as 0.16m

1km is the same as 1000 m

akm is the same as 4000m

75km is the same as 7500m

In mathematical questions in physics, we always use seconds for values of time. f the value
for time is in minutes or hours, then change the time value to seconds.

Remember: 1 minute is the same as 60
5 minutes is the same as 60x5=300s
1 hour isthesameas  60x60=3600s

Did you know?

@ Inscience we measure speed in metres per second (ms”).

®  Most countries measure the speed of cars in kilometres per hour (kph).

@ Scientist Albert Einstein said that nothing can travel faster than the speed
of light.

0o

1.2 Whatis the meaning of speed?
1.3 What units are used for speed?
1.4 Convert the following to metres:

(a) 17cm (b) 9cm (©) akm (d) 72km
1.5 Convertthe following to seconds:
(2) 6minutes (b) 4hours () 1day
Calculating speed
Helpful hint: look at the triangle: Where D = distance
S =speed D
ST
T =time
distance
Place your finger over the quantity | @ Tocalculate speed:  speed = 2istanS
youare measuring inthe triangle [ g 1 me - ditnce
above and the instruction for your ae
calculation s ight n front of you, || ®_To calculate distance: _ distance = speed x time
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Sample question 1

Calculate the speed of a car that travels 400 m in a time of 10s.

Answer:
distance _ 400m

speed = Thime =105

=40ms

Sample question 2

Calculate the speed of a train that travels a distance of 1.8 km in a time of 1 minute.

Answer:
_ distance _ 1.8km _ 1800m

speed = Time = imin © 605 - 20MS

Sample question 3

Howlong does it take a car travelling at a speed of 40 ms ' to travel a distance of
720m?

Answer:

Be careful with a question that starts with the words‘how long’ because the word
“long' can refer to both distance and time. In this question you are being asked
about time.

Sample question 4

Calculate the distance travelled by a person running at a speed of 5 ms ' for 2 hours.
Answer:
distance = speed x time
X260 60
=36000m

Q) )

1.6 Calculate the speed of a car that travels a distance of 450 m in a time of 90's.

1.7 Calculate the speed of a car that travels a distance of 2.4 km in 2 minutes.

1.8 Calculate the time taken for a car to travel 50 m if the speed of the car is 20 ms™".
1.9 Calculate the distance travelled by a train in 50 i it has a speed of 70 ms "

Did you know?

Words do not always mean the same in science as they do in general conversation

When talking normally with friends we often use words that can have more than
one meaning. For example, the word ‘cool'does not always refer to the fact that
something is cold. But in science we need to be very precise with the meaning of
words.
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Velocity

The words speed and velocity have similar
meanings but there is a very important

difference between them.

The velocity of an object tells you the speed at
which

s travelling and the direction

travelling,

The direction of a moving object is usually

Figure 1.1 Skydivers - after falling for a short
time skydivers reach a ‘terminal velocity”

given using points of the compass, for example:

north, south, east or west.

“ee

110 Using the Internet, research the term ‘terminal velocity'as it applies to: ¢
(a) rain drops. (b) hailstones
Present your findings to the class as a brief PowerPoint presentation.

Unit for velocity

The unit we use for velocity is the same as the unit we use for speed: m/s or ms"'.

Acceleration

In normal conversation many people would use the word acceleration to refer to an object

thatisincreasing its speed, e. going faster. In science this is not fully correct.

Acceleration is about the rate of change in velocity. Remember that a change can be an
increase or a decrease. Acceleration could refer to a car slowing down. In this case we would

have a negative acceleration or a deceleration.

Activity 1.1 A

Question

How can you identify acceleration?

Equipment needed

Laptop with data logging software installed Motion track
Printer Protractor
Speed sensor Setofbooks
Trolley
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Safety

@ The laptop and printer are electrical devices that may be plugged into a socket. Take care when

‘working with electrical appliances.
®  Take care not to drop heavy equipment such as the trolley and the track.

Laptop Speed sensor

Trolley

(e

p 2=SRcE
( |

Motion track

Angle oftit

Figure 1.2

Conducting the activity

Arrange the motion track so it s ilted at an angle of 10° above the horizontal. Books can be used

totilt the track.

Release the trolley from rest at the top of the track.

Using the speed sensor connected to the laptop, record the speed of the trolley as it rolls down

the tilted track.

On the laptop display a graph of speed on the y-axis and time on the x-axis.

Print a copy of this graph. Write on it what angle of tlt was used.
Repeat the above steps for different angles of ilt, 20°, 30° and 40°.

000

1.11 Compare the four graphs. Have they the same shape. How do they differ?

1.12  From doing the activity, which angle of ilt caused the greatest acceleration?

You will need to know this formula for acceleration:

" final speed  first speed
acceleration

Unit for acceleration

The unit we use for acceleration is ms " divi

led by the second.

This can be written two ways: m/s* or ms ™.

‘time taken for the change in speed.
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Sample question 5
Acaris moving at a speed of 4 ms . After 12 s it is moving at a speed of 28 ms ",
Calculate the acceleration of the car.

Answer:

final speed - first speed
Time taken for the change in speed
_28-4

acceleration = —

0
3

Sample question 6 LA

Atrain starts from rest in a station and after 2 minutes it is moving at a speed of
90 ms"". Calculate the acceleration of this train.

Answer:

The words from rest’mean that the first speed of the train was zero.
Remember to change the minutes to seconds.

final speed - first speed
‘time taken for the change in speed
90-0

%60
%0
120
75ms?

acceleration

Sample question 7

Acar was travelling at a speed of 50 ms . After a time of 14 seconds the speed of the
car had changed to 8 s Calculate the acceleration.

Answer:
final speed - first speed
‘time taken for the change in speed
8-50
T4
-4
T4
=-3ms?

acceleration

This could be considered as a deceleration.

1.13 When a caris first observed it has a speed of 20 ms . After a time of 105 it is observed
that the speed is 50 ms . Calculate the acceleration of this car.
1.14 A car starts from rest and after a time of 20 s it has a speed of 40 ms . Calculate the

acceleration of this car.
1.15 When acar s first observed it has a speed of 30 ms". After a time of 6 s the speed has
been reduced to 12 ms"". Calculate the value of the deceleration.
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In Activity 1.1 you plotted your results using a graph. We will now look at different types of
graph and work out the different kinds of calculation that can be made from them.

Displacement — Time graphs

Displacement s plotted on the vertical axis and time on the horizontal axis. Look at the five:
graphs below and match one of the labels below to what they show.

o

(a)  constant velocity (0 zerovelocity
(b)  accelerating (d)  decelerating

Figure 1.4 Time graphs

From a graph such as the one in Figure 1.5 which shows the motion of a car travelling along a
road at constant velocity, several calculations can be made.

Displacement (m)

Figure 1.5 Displacement-time graph
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1.16 Calculate the time taken for the car to travel a distance of 8 m.
1.17 Calculate the distance travelled by the car after 4.5 5.
1.18  Calculate the velocity of the car.

The graphs below in contrast to Figure 1.5 show the displacement of a car starting at rest and
moving at a constant acceleration. The average for velocity of the car for any part of this
journey can still be calculated from the graphs, using the formula shown in Figure 1.7, but the
calculation will give an average velocity for that section of the journey.

g

Displacement (m)
NN

€
0 H v=ad/at
15 5
10
5

L] 2 3 4 5 6

Time (s)

Time (5)

Figure 1.6 Constantacceleration Figure 1.7 Constant acceleration ~

formula
: s

119 Calculate the average velocity of the car in Figure 1.6 between seconds 3 and 4 of the
Jjourney.

1.20 Calculate the average velocity of the car across the entire journey shown in Figure 1.6.

Velocity — Time Graphs

Ina velocity - time graph, velocity is plotted on the vertical axis and time on the horizontal
axis. In Figure 1.8, the graph represents the velocity of a train starting at rest and then
moving at constant acceleration. It is important to remember that the graph does not
represent the direction of the journey but the velocity of the train.
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Velocity (m/s”)

26
24
22
20
18
16
14
12
10

8

6

4

2
0

Figure 1.8 Velocity-time graph

0O

1.21 Calculate the velocity of the train after 4.5 seconds.

122 Calculate how long it takes to reach a velocity 10 ms .

1.23 Calculate the acceleration between points (1,4) and (5,20) on the graph.

1.24 Ifthe shape of the slope on diagram A in Figure 1.9, represents constant acceleration,
what do the slopes in diagrams B and C represent?

A B c

v v v

Figure 1.9

Itis possible to calculate displacement from velocity-time graphs, as the area under the line is
equal to displacement of the object up to that point. So from the Figure 1.10, we need to
calculate the area of the purple triangle (which represents the section of the journey where
the train s accelerating) and the orange rectangle (which represents the section of the

n journey where the train is moving at constant velocity).
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Velocity (mis)

NWws o N e o 3

10
Time (5

Figure 1.10 Calculating displacement in velocity-time graphs

areaof triangle = base x height

area of rectangle

Total displacement

1.25 Calculate the displacement of the vehicle represented in the graph for the first
8 seconds of the journey.
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1.26 A speedboat starts from rest and reaches a velocity of 25 m s in 10s. It continues at
this velocity for a further 4 . It then comes to a stop in the next 4 s.
e the motion of the boat during its journey.

() Drawa velocity-time graph to dest

(b) Useyour graph to estimate the
velocity of the speedboat after 6 5.

() Calculate the acceleration of the
boat during the first 10s.

(d) What was the distance travelled by
the boat whe

was moving ata
constant velocity?

(e) What was the total distance
travelled by the boat?

Figure 1.12

Vector addition

So far in this module, we have looked at the vector quantities of velocity, displacement and
only take examples of mathematical operations with these
measurements and consider forces in the next module.

acceleration so we

Adding scalars is simpler than adding vectors because you simply add numbers
©e.g. 4 seconds + 12 seconds = 16 seconds. Adding vectors is more complicated because
direction has to be taken into account. When adding vectors together we are essentially
looking to see how two or more vectors could be replaced with a single vector. We want to
know how large that single vector would be, and in what direction it would point.

The single vector that is found as the result of adding two vectors s called the resultant
vector. This can be found either graphically by drawing and measuring scale diagrams or
mathematically.

N

Scale diagram 6

Take the example of a man

walking in a forest who initially 5

walks 6 km east and then 4km N

north. We could represent this,

on a scale diagram as follows: 3
2

o

Figure 1.13 Scale diagram

20
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Q)

1.27 By drawing a ine from the tail of the first vector to the head of the second vector, you
will be able to measure the resultant displacement with a ruler and the resultant

direction with a protractor.

Figure 1.14 Measuring resultant displacement

Mathematical method
The Pythagorean Theorem can also be used to calculate the result of two vectors at a right
angle to each other. The theorem which you need to remember can be stated as follows:

al+b?=c?

Figure 1.15 Pythagorean Theorem

It can be used to solve the type of problem in the example calculation.
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Sample question 8
A person is walking along the deck of a ship so that their velocity is 2 m s ' east. The
shipis moving through the sea with a velocity of S m s* north. What is the overall
velocity of the person? =
Answer:
542
539ms s| v
180
39 ms (north 21.8° east)
(or 68.2° north east)
Figure 1.16

0o

128 Aboat moves across a river as shown in the diagram, so that the forward velocity is
11 ms ™. The river is flowing with a current of 4 ms'. In what direction, and with what
velocity, would the boat cross the river?

Figure 117

1.29 Anaircraft takes off from an airport, A. It flies 6 km east, it then swings round to fly 8 km
north to point B. What

ts displacement from A?

Vector subtraction

The negative of a vectoris defined as a vector with the

same magnitude but the opposite direction. The diagram A

shows vector A s of the same length as -A, but indicates an

opposite direction. -A

Let us take a situation and work through a problem.

22 °

Figure 1.18 Vector subtraction
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A group of orienteering students are given a challenge of
finding their way to a base camp at night. They have been
told to head 4.5 km 62 north of east of their starting point
and then to head 110 north of east from that point for 4.8 km i0s
to reach the camp. \

Their intended route represented diagrammatically should
ook like this.

00

1.30  Using the vector tail and head (ruler and protractor)
method we used earlier, draw this diagram to scale and
calculate the resultant vector of the base camp by vector
addition. Now imagine that at the head of point A, they
make a mistake and travel in the opposite
travel 4.8 km in direction - B?

1.31 Draw vectors A and -B using the tail to head method. Use
your ruler and protractor to measure the magnitude and
direction of resultant vector from the groups starting point.

62°

Figure 1.19

ection and

Figure 1.20 ‘

Did you know!

If you add two vectors in opposite directions, their magnitudes are subtracted,
not added. For example, the resultant vector of adding 4m Nto3m Sis 1 mN.

00

1.32 Aman walks 51.5 m east, then 20 m west. Calculate his displacement from the point at

which he started.
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Vector multiplication by scalars

The result of the multiplication or division of a vector by a scalar is a vector. Take for example,
the displacement vector of someone who walks 750 m due north: 750 m N. If we multiply this
vector by 2 (a positive number) the magnitude is multiplied by the scalar quantity and the
direction of the result is the same as for the original vector. The calculation tells us that the
person has walked twice as far in the same direction: 1500 m N. If, however, the scalar is
negative, then the direction of the resultis the opposite of the original vector. 750 m N x -2
gives 1500 m . This tells us that the person walked twice as far in the opposite direction.

0o

1.33 A man walks 340 m on a straight road. The vector for the journey is 340 m 41.0° north
of east. His friend follows exactly the same path but only covers half the distance. What
is the vector for the friend's journey.

1.34 What s the vector 217 mW x -37 ¢

Vector components

In the above section on vector addition, it was shown that two vectors can be represented by
asingle vector [the resultant vector] that has the same effect. The reverse process involves
calculating the component vectors that have the same effect as the single vector. Imagine a
plane flying from Almaty to Nur Sultan. Under normal circumstances, taking a reasonably
direct route the plane would fly northwest as indicated by the displacement vector below.

Astana

Almaty

There are two components i this displacement vector: a north component and west
componentas shown in the diagram.

Figure 1.21

Astana

Almaty

Figure 1.22
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The pair of vertical and horizontal vector components would have the same overall effect as
the original single displacement vector.

y

Calculating vector components

Let us take an example involving a velocity vector.

We take the original velocity vector and identify its
components on xand y axes as shown in the diagram.

Parallelogram Method

Draw a parallelogram around the two vectors and measure
the length of the sides of the parallelogram. Using a scale
you will be able to work out the magnitude of the °

igure 1.23 Calculating vector
componentsin real units by measuring them accurately. components

0®

135 The velocity of the original single vector is 50 m/s. Using the parallelogram method
draw and calculate the magnitude of the two component vectors:V, and V..

Trigonometry method
We can resolve the component vectors of a single vector of known magnitude and known
angle to the x and y axes by using simple right angle trigonometry.

Figure 1.24
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Sample question 9

Calculate the values V, and V., in the above vector diagram.

Answer:
v-cos(6) sin(6)

=25c0520° =255in20°
23.49ms” .55ms

0O

136 Resolve this vector into its horizontal and vertical components.

30m

1.37 A plane taking off has a velocity of 215 m/s at an angle of 21° to the ground. Calculate
the horizontal and vertical components of its velocity. .
1.38 Awoman crosses a road walking at 5 m s She crosses a road of width 25 m, atan
angle of 45° to the side of the road. What is the component of her velocity (a) parallel
to (b) perpendicular to the side of the road?

Figure 1.26

How long will it take her to cross the road?
139 Acartravels 3120 m atan angle of 35°. How far did it travel north and east?
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~ Learning outcomes

 Atthe end of this module you will be able to:

Describe uniform motion of a body in a circle using values for linear and angular velocity
211

Apply formulae of the interrelation between linear and angular velocity when solving
problem:

Apply formulae of centripetal acceleration when solving problems 92115

Uniform circular motion
There are many examples of objects that move in a circular or linear path. The wheel of a car,
for example, the big wheel at a fairground or a satellite orbiting the Earth are all examples of

uniform circular motion.

Figure 2.1

Such objects are all very different, as are the processes that cause them to travel in a circular
path, but they all are subject to simple mathematical rules that we shall consider below.
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Linear and angular velocity

The velocity - remember this is a vector quantity - of an object travelling in a circle at
constant speed is constantly changing. The change in velocity is not due to the magnitude
changing but due to the fact that its direction is constantly changing.

The two objects in travelling on the paths in Figure 2.2 are travelling at the same speed but
their veloc

s are different.

To calculate the speed of an object travelling in circular motion we need to calculate both

Figure 2.2

its linear and angular velocity. The calculation for linear velocity is the same s if an object
is travelling in a straight line. You will remember the formula for the calculation we used in
Module 1:

distance

speed = distance v

As we can see from Figure 2.3, when an object
is travelling n circular motion, the distance
travelled equals |, forming an arc of a circle.
Rather than measure the distance travelled on
this arc every second, we can instead measure
the angle, 6, through which it moves every £8)
second. Angular velocity, denoted by the

letter w, i thus a measurement of the angle (6)

an object moves through, measured in radians

(rad), divided by the time (1) taken to move

through that angle. This means that the unit for °
angular velocity s radians per second, rad 5.

igure 2.3
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