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Overview: How to use this

resource

The Cambridge Education Australia and New Zealand website has more information and demos for this title.

This overview guides you through all the components of the print and PDF textbooks, the Interactive
Textbook (ITB), and the teacher resources in the Online Teaching Suite (OTS). Users of the award-
winning Cambridge Science 7—10 for the Victorian Curriculum will recognise some similarities with this
senior science resource, including the hosting of the digital material on the Edjin platform, which was
developed from Cambridge HOTmaths and is already being used successfully by thousands of teachers and

students across Victoria.

Print book features
Learning objectives

In the Curriculum table at the start of each chapter, the Study Design dot points are translated into Learning
objectives, describing what students should be able to do by the end of the chapter:

Study Design

Learning intentions — at the end of this chapter |

will be able to:

Black text indicates Newton's laws of motion 2B

the portion of the  Investigate and apply theoretically 2B.1
dot point covered by and practically the laws of energy and
. . momentum conservation in isolated 2B.2
the section shown in systems in one dimension
the second column Relationships between force, energy
and mass
® Investigate and analyse theoretically and  2B.3
practically impulse in an isolated system
for collisions between objects movingin ~ 2B.4
. L a straight line: FAt= mAv
White text indicates e Analyse transformations of energy
the portion of the between kinetic energy, 2B.5

gravitational potential energy and
energy dissipated to the environment
(considered as a combination of heat,
sound and deformation of material):
» kinetic energy at low speeds:

dot point covered by
other sections

E :-;-mvz; elastic and inelastic

l

Momentum and impulse

Apply the formula p= mvto calculate the

momentum of bodies

Apply the law of conservation of momentum

to solve problems relating to two or more

objects colliding in a straight line when no

external forces act on those bodies

Be able to determine mathematically if a

collision is elastic or inelastic

Apply the relationship

I=Ap= mAv=mv - mu= F_ Atto solve

collision-type problems

Understand that the area under a force-time

graph is the impulse . . .
Learning objectives are

turned into Success Criteria

(achievement standards) at

the end of the chapter and are

assessed in the Chapter review

and tracked in the Checklists

Relevant Study Design dot points are repeated at the start of each section in the chapter, and an overall

curriculum grid is provided in the teacher resources.

Concept maps

Concept maps display each chapter’s structure with annotations

Concept map
Newton’s laws of motion

Second: the acceleration
experienced by a body is directly
proportional to the net force on the
body and inversely proportional to
the mass of the body

Third: every action force
has an equal and
opposite reaction force

First: an object in a state of rest or
travelling at a constant velocity
will remain in its state of motion
unless acted upon by an
unbalanced force

emphasising interconnectedness, providing a great memory \ ~ /

aid. All concept maps included in this book can be found on

pages xiv and xv.The versions in the ITB are hyperlinked

offer an alternative way of navigating through the course.

Links

The interconnectedness of topics in Physics is demonstrated

1A Newton's laws

and

-
Frictional force

1

through links between sections, displayed in the margins. In the
ITB, these are hyperlinks that provide a second alternative way
of navigating through the course.

Direction of

The work done on an object can also
displacement

cause a change in its kinetic energy.

Kinetic energy
the energy due

to movement
Fs=AE, Force
1B CIRCULAR Fprce perpendicular to
MOTION displacement

It is possible to apply a constant force
on an object and not transfer any
energy to the object. This occurs when
the applied force is perpendicular to
displacement. For example, as shown
in Figure 2A-3, when an object is in
uniform circular motion, there is a net
force on the object, but no energy is

ISBN 978-1-009-25901-9

Figure 2A-3 When the force is perpendicular to
the direction of displacement, no work is done.
For example, when an object is in uniform circular
motion, no work is done on the object.

Eddy de Jong et al

If a constant force acting on a
body is always perpendiculer to
the velocity, the body will
undergo uniform circular motion

If the only force acting on a
projectile is gravity, it will
undergo projectile motion

1C Projectile motion

1B Circular motion

Ve\ocwty,.“"
A

+ Centripetal acceleration

and centripetal force Y

60 70

0 10 20 30 40 50
Horizontal distance (m)

See the Interactive Textbook for an interactive version of this concept map
interlinked with all concept maps for the course.
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Chapter sections
Chapters are divided into

numbered sections, each with

a consistent set of features.

Engage

At the start of each section,
these boxes provide points
of interest for the topic,
emphasising its place in

Physics. This material, though
not assessable, can be used as

examples of applications.

Explain

This icon marks the start
of essential content that
is assessed.

Glossary

Scientific terms are
highlighted in the text,
definitions are given in the
margin of the print and PDF
textbooks, or on mouseover
in the I'TB, and the terms
are listed at the start of each
chapter and section.

Check-in questions
Each section in the chapter
has one or more sets of
check-in questions, for
formative assessment. Full
answers are provided in the
digital resources.

Formula boxes

Important formulas are given

in boxes.

Worked examples

Fully worked examples are
given for questions involving
application of formulas and
numerical calculations.

ISBN 978-1-009-25901-9
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Study Design coverage for section Glossary terms in the section

’
Newton’s laws
|,
Study Design: Glossary:
e |nvestigate and apply theoretically Free-body diagram
and practically Newton’s three laws Free fall

of motion in situations where two Inertia
or more coplanar forces act along a Net force
straight line and in two dimensions Normal force

g ENGAGE

Maglev trains

Forces can broadly be classified as either contact or non-contact. When the north poles
of two magnets are aligned, a pushing force will occur even though the two magnets are
not in contact. The non-contact force of magnets is utilised in the design of the fastest
trains in the world, magnetic levitation (maglev) trains. A series of superconducting
magnetics and an electromagnetic drive system allows maglev trains to float above the
track. Maglev trains are able to achieve speeds of more than 400 kmh~! and are quieter
and less subject to vibration than normal locomotives.

n EXPLAIN

Newton’s first law
Newton’s first law states that an object in a state of rest or travelling at a constant velocity
will remain in its state of motion unless acted upon by an unbalanced force.

VIDEO 1A-1
NEWTON'S LAWS

Newton'’s first law is sometimes referred to as the law of inertia. For example, if a car is at
rest on the ground, the normal force provided by the ground pushing up on the car balances
the force due to gravity on the car. Since the forces on the stationary car are balanced, it
remains at rest. If a car is moving on a straight road at a constant velocity, then the forces
on the car will also be balanced)\The force of air resistance and rolling resistance is balanced
by the driving force provided by the road on the car.

Inertia

a body’s ability
to resist a
change in its
state of motion.

Terms in the glossary

Check-in questions — Set 1

1 When an object is in uniform circular motion, what is the direction of the net force?

2 When an object is in uniform circular motion, what is the direction of the velocity?

3 A 1300 kg car moves in a horizontal circle that has a radius of 30 m. If the centripetal
force is 9.75 x 103N, calculate the velocity of the car.

Glossary definitions

Formula 1A-4 Acceleration on a frictionless slope

a=gsin 0
Where:
a = Gravitational acceleration down the slope (ms~2)
g = Gravitational field strength close to the surface of Earth, 9.8 Nkg~! (or ms)
6 = Angle of the slope (°)

Worked example 1B-4 Banked turn

A 4500 kg truck travels on a banked track angled at 30° to the horizontal. The track has a

circular radius of 75 m.

a Explain how the banking allows the truck to maintain circular motion around the
bend without relying on the friction force.

b If the truck is travelling at 50.4 km h~, calculate the centripetal force required to keep
the truck in circular motion.

Eddy de Jong et al © Cambridge University Press & Assessment 2023



Skills

Skills boxes in every section provide
advice and guidance on how to
answer and prepare for questions,
especially in examinations. The ITB
has video versions of these, which
provide extra comments and an
alternative medium of delivery.

Charts, diagrams and tables
Detailed charts integrating text and
diagrams, and illustrated tables,
feature throughout the print books.
In the ITB, many of these are
available as animated slide-show
presentations for students to use,
with copies for teachers to display
on data projectors or whiteboards.

Section questions

Summative assessment is provided
at the end of each section, with
full answers provided in the

digital resources.

Chapter reviews
Summaries: Students are
encouraged to make their own se
of summary notes, to help them
assimilate the material. Model
summaries are provided in the
teacher resources, to be given to
those who need help. Creating
summaries can also be turned into
an assessment task, with the models
serving as the answer.

Checklists and Success criteria:
The learning objectives from the
front of the chapter are listed again

2A SKILLS

Understanding how variables relate to each other

When looking at a formula, it is a useful skill to be able to quickly determine how the
variables in the formula relate to each other. For example, consider the formula for
gravitational potential energy:

.= mgAh

In this formula, the gravitational potential energy would be directly proportional to the
mass, gravity and change in height.

Im_m

L

5
8

<&

g
nd
]
e

Tine (5)

Time (s)

Figure 208 Elast

Vertical spring sy
in

Section 1A questions

Multiple-choice questions

1 A tennis ball is travelling through the air in a direction up and to the right, close to the
surface of Earth. Assuming that air resistance is negligible, which of the diagrams below
represents all of the forces acting on the ball?

Chapter 1 review

Summary
Create your own set of summary notes for this chapter on paper or in a digital document. A model
summary is provided in the Teacher Resources, which can be used to compare with yours.

Checklist

In the Interactive Textbook, the success criteria are linked from the review questions and will be
automatically ticked when answers are correct. Alternatively, print or photocopy this page and tick
the boxes when you have answered the corresponding questions correctly.

Success criteria — | am now able to: Linked questions

1A.1  Apply Newton’s first law to draw free-body diagrams and determine if 37, 4[], 5[,
a net force is acting on a body 703, 8, 1007,
1101 121

17 A violin string is played forming a 900 Hz sound standing wave. The string is fixed at the ends

. . . . Short-answer questions
in the form of success criteria lmked/ q

to the multiple-choice and short-
answer questions that follow. The
checklists are printable from the
ITB, and students can tick off their
achievement manually. If they do the
questions in the ITB, they are ticked
automatically when the questions
are marked or self-assessed.

Unit revision exercises

Each L[%Hﬁ lggg ) 58@{%_sxercise in the print book, gfégp c]%oﬂﬂd’élgﬁple'ChOié%%RgrﬁBQ%ﬁQéWr&ge&gH&B&m ent 2023

and a strobe photo of the vibrating string shows regions of no vibration (nodes), as shown
below. The distance between the fixed ends is 30 cm. The dashed line shows the string’s
position when it is not vibrating.

(1 mark)
(2 marks)

a Describe the mechanism leading to the formation of the standing wave.
b Calculate the period of the standing wave.

Photocopying is restricted under law and this material must not be transferred to another party.



Interactive Textbook features

The digital version of the textbook is hosted on the Edjin platform, offering easy

navigation, excellent on-screen display and multimedia assets, as well as auto-

marking of multiple-choice questions, and workspaces for other questions with

self-assessment and confidence rating tools. The different kinds of digital assets are

listed below:

« Printable Worksheets with extra questions and activities (and content in WORKSHEET 1A-1 EEE]
some cases) are provided for all chapters, marked by an icon in the margin, NEWTON'S LAWS
as shown on the right.

o Videos are provided for all chapters, and are of two kinds: concept videos VIDED 1A-1
demonstrate or illustrate important theory, while skills and example videos NEWTON'S LAWS
work through the textbook’s skills and example boxes, providing extra
explanation and guidance. Some videos are provided in the print pages as QR
codes for immediate access and review.

+ Animated slide-show presentations (in PowerPoint Show format) of many 3
charts, diagrams and tables are provided and are marked by an icon in the L&
margin as shown at right, enabling them to be explored interactively.

« Answers (suggested responses) to questions are provided as printable
documents in the teacher resources and, if enabled by the teacher, below the
ITB question workspaces.

o ‘Scorcher’ quizzes on terms and definitions let students test themselves.

Course Content X vk
| mms Dashboard

- " mam
O Lostseciion

= Interactive textbook

P Messages ¥ Welcome HS!
ol Reports

- Task manager

r_ Tests and Exams

© Last section viewed = Next chapter
(1 Offine textbook Chapter 1 Newton's lws of motion - Chinpiter 2 Force, snsrgy And mass

B Teacher onkmtatectiainsi ] [

PR Manage classes Change Text

2 Myclasses

F1 manage bookmarks

voe: Diagnostic ~ | | stamuscall ~ | | class:al ~
& s Testsand Brams ... | pe— | e

Go o all my tests and exams

++ Tasks Type: All v | = Classes Classes: School classes ~

homework week 10 % 2021 Science 12

Created on: 300372021 ¥ Class key budtd3s Students: 0
admin check
Class ke Deam341 Students: 0

Add to my classes

Add to my classes

Add to my classas
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Online Teaching Suite features (teacher resources)

The OTS provides Edjin’s learning management system, which allows teachers to set tasks, track progress

and scores, prepare reports on individuals and the class, and give students feedback. The assets include:

o Curriculum Grid and teaching programs

o Editable and printable Chapter tests with answers

« Checklists with linkage to the success criteria for the chapter question sets and tests

o A question bank and test generator, with answers

« DPractice exams and assessment tasks, with answers

o Editable versions of Worksheets in the Interactive Textbook, and answers to them

« Editable versions of the PowerPoint files in the Interactive Textbook

« Downloadable, editable and printable practicals

« Editable and printable chapter summaries (model answers for the chapter summary activity)

« Teacher notes on selected content with additional theory explanation and suggestions for further
activities and resources

 Curated links to internet resources such as videos and interactives.

o Practice SAC tasks

Exam generator

The Online Teaching Suite includes a comprehensive bank of exam-style and actual VCAA exam questions
to create custom trial exams to target topics that students are having difficulty with. Features include:

« Filtering by question-type, topic and degree of difficulty

o Answers provided to teachers

o VCAA marking scheme

o Multiple-choice questions that will be auto-marked if completed online

o Tests that can be downloaded and used in class or for revision.
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Overview: Aboriginal and Torres Strait Islander
knowledge, cultures and history

The VCE Physics Study Design includes aspects of Aboriginal and Torres Strait Islander knowledge, cultures
and history. This overview is a guide to coverage in this resource.

Aboriginal and Torres Strait Islander peoples’ world views are highly integrated: each aspect of culture,
history and society connects with all other aspects. Each community has their own personalised system of
thinking, doing and knowing based on sharing culture and adapting to the environment around them.

In order to gain an understanding of any system, Indigenous or not, time and effort is needed to appreciate
it. That time is limited in this course; and it is wrong to try and generalise the Indigenous culture of
Australia, or even of Victoria. Instead, the coverage in the resource should be taken as a collection of
examples, and students should read up on or engage with their local Indigenous community to understand
their cultural aspects.

This series includes examples of Aboriginal and Torres Strait Islander knowledge, cultures and history and
in the Unit 2 Options in the Interactive Textbook there is coverage of Option 2.15: How can physics explain
traditional artefacts, knowledge and techniques?

In addition, for students, the Interactive Textbook includes an introductory guide prepared by First Nations
consultants advising on approaches to studying Aboriginal and Torres Strait Islander knowledge, cultures
and history, with links to further reading.

For teachers, the teacher resources include a guide to approaches to teaching Aboriginal and Torres Strait
Islander knowledge, cultures and history in the VCE Physics course, with links to internet resources.

Guide to terms used in this resource

Language is very important in discussing Indigenous issues, especially given the past history of deliberately
offensive usage in Australia, where language was used to oppress and control.

Indigenous . Respectful usage requires a capital .
First Australians and First Peoples of any country

First Australians, First Nations or First Peoples  These terms have become more common in recent years, with
Indigenous people of Australia . . ) . .
Indigenous’ as the adjective.

Aboriginal . , One of the reasons that ‘First Nations’ and allied forms have become
an Aboriginal person is someone who is . . . . , .

of Aboriginal descent, identifies as being more common is that the term ‘Aboriginal’ was sometimes used
Aboriginal and is accepted as such by the disrespectfully, and still is in some circles.

Aboriginal community with which they
originally identified

Aboriginal and Torres Strait Islander peoples While this is still used in official circles and is in the name or title of
the Australian Indigenous population includes .. - .

Aboriginal People, Torres Strait Islander many organisations and documents, it is tending to be replaced by
People, and people who have both Aboriginal ‘First Australians’ and similar terms, especially in everyday use. This
and Torres Strait Islander heritage. The . L. . ). . .

term ‘Aboriginal and Torres Strait Islander’ is partly because the abbreviation ‘ATSI” is considered disrespectful

encompasses all three by Indigenous people, who regard it as lazy not to use a full title. The

abbreviation should not be used to refer to people.

Cambridge University Press & Assessment acknowledges the Australian Aboriginal and Torres Strait Islander
peoples of this nation. We acknowledge the traditional custodians of the lands on which our company is
located and where we conduct our business. We pay our respects to ancestors and Elders, past and present.
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David R Horton (creator), © AIATSIS, 1996. No reproduction without permission.

This map attempts to represent the language, social or nation groups of Indigenous Australia. It shows only the general locations
larger groupings of people which may include clans, dialects or individual languages in a group. It used published resources from |
eighteenth century — 1994 and is not intended to be exact, nor the boundaries fixed. It is not suitable for native title or other la
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This map attempts to represent the language, social or nation groups of Aboriginal Australia. It
shows only the general locations of larger groupings of people which may include clans, dialects or
individual languages in a group. It used published resources from the eighteenth century — 1994
and is not intended to be exact, nor the boundaries fixed. It is not suitable for native title or other
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AIATSIS Map of Indigenous Australia, showing the general locations of larger language, social or
nation groups. To zoom in on detail especially in Victoria, access the map in the Interactive Textbook.
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Concept maps for Units 3&4

This spread displays the concept maps for Chapters 1-9. Access the digital versions in the I'TB and click on
hyperlinks to explore the interconnections of the topics.
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Concept map Concept map

Concept map
Work done

First: an object i

2 Work and energy

28 Mamentum and impuise

Chapter 4 Electric and Chapter 5 Generating
magnetic fields electricity

Concept map
Concept map

nd models of elec

A Elctrc elds and forces

*

EARS

48 Magnetic fields and forces

AC votage is produced in
alterators using sip rings

Magretism using a fild model, aplications
of field concepts and effects of fields

G & _i_
ISBN 978-1-009-25901-9 Eddy de Jong et al © Cambridge University Press & Assessment 2023

Photocopying is restricted under law and this material must not be transferred to another party.



Chapter 6 Transformers and Chapter 7 Light: Wave-like or
transmission of electricity particle-like?

Sinusoidal AC voltage and current is produced by rotation of a loop in a magnetic field Concept map

Compare calculated values for peak, peak-to-peak.
and rms AC voltage and current to DC

6A Peak and rms values of sinusoidal AC voltages

'g magnetic flux, inducing an EMF

l Transformers transfer electrical power to a separate
ci

7B Particle-like properties of light
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interlinked with all concept miaps fo the course.

Chapter 8 Light and matter Chapter 9 Einstein’s special
theory of relativity

Concept map Concept map

Electron diffraction patterns are evidence for the wave-like nature of matter

8A Mattr as particles or waves.

Quantised states of atoms
evidenced by the formation
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absorpt

8B Similarties between light and matter
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NEWTON'S LAWS OF
MOTION
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Introduction

First published in 1687, Newton’s laws of motion were a revolution in science. Before Newton’s
laws, people thought that a different set of principles applied here on Earth to those on the stars
and planets. Newton’s laws unified these ideas, stating that the set of principles that predict the
motion of an apple dropping on Earth is the same as those that predict the motion of the stars
and planets.

Although Newton’s laws are limited when it comes to relativistic effects, they are still widely used
today by engineers and scientists and they continue to be used to plan the trajectories of most
artificial satellites and space probes. Newton’s laws were used to plan the flight path of Apollo 11
that successfully landed humans on the Moon in 1969.

This chapter describes and applies Newton’s laws to a number of different everyday situations.
It then goes on to explore circular motion and projectile motion.
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Curriculum
Area of Study 1 Outcome 1

How do physicists explain motion in two dimensions?

Study Design

Newton’s laws of motion

e |nvestigate and apply
theoretically and
practically Newton's
three laws of motion in
situations where two or
more coplanar forces
act along a straight line
and in two dimensions

e |nvestigate and analyse
theoretically and
practically the uniform
circular motion of an
object moving in a

horizontal plane:
2

F =%, including:

» a vehicle moving
around a circular
road

» a vehicle moving
around a banked
track

» an object on the end
of a string

e |nvestigate and apply
theoretically Newton’s
second law to circular
motion in a vertical
plane (forces at the
highest and lowest
positions only)

o
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Learning intentions — at the end of this chapter | will be able to:

1A
1A.1
1A.2

1A.3

1B
1B.1

1B.2

1B.3

1B.4

1B.5

1B.6

1B.7

1B.8

Newton’s laws

Apply Newton'’s first law to draw free-body diagrams and
determine if a net force is acting on a body

Apply Newton’s second law, using the formula f_, = ma
to calculate the acceleration of a system or to calculate the
force on different parts of the system

Apply Newton’s third law to identify action—reaction

force pairs using the convention ‘force on A by B’

or FonAbyB = _FoanyA

Circular motion

Understand that when in uniform circular motion, the
centripetal force and acceleration is directed to the centre
of the circle and that the velocity is tangential to the

centripetal force
2 2

Apply the formula F; = MY and a= yr— to solve
r

questions relating to a vehicle moving around a flat

circular section of a road and an object on the end of a

string that is being swung in a horizontal circle

Draw a free-body diagram of all of the forces acting on a

vehicle moving around a banked track and indicate the

direction of the net force (centripetal force)

Be able to explain that the horizontal component of the

normal force provides the centripetal force for a vehicle

moving around a frictionless banked track

Apply the formula F,, = mgtan 6 to solve questions

relating to circular motion on a smooth, banked track

or road

Be able to draw free-body diagrams of objects moving

in vertical circular motion and be able to identify the

centripetal force

Be able to write equations that relate the normal/tension

force and the gravity force to the centripetal force and

apply these equations to solve problems of vertical

circular motion

Solve quantitative and qualitative problems relating to

vertical circular motion, including using the formulas
21r 1

—=——andNr=—
=TT f
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Study Design

e |nvestigate and analyse
theoretically and
practically the motion of
projectiles near Earth’s
surface, including a
qualitative description
of the effects of air
resistance

Learning intentions — at the end of this chapter | will be able to:

1C
1C.1

1C.2

Projectile motion
Describe the flight path of a projectile within Earth’s
gravitational field and describe the effect that air
resistance will have on the projectile

Solve projectile motion questions by considering the
vertical and horizontal components of the projectile’s
velocity and using the equations of straight-line motion
under constant acceleration using the formulas:
v=u+ at

v2=u?+ 2as

1

5=l(u+v)t=ut+lat2 =vt—=at®
2 2 2

VCE Physics Study Design extracts © VCAA; reproduced by permission.

Glossary

Banked track
Centripetal acceleration
Centripetal force
Free-body diagram

Free fall

Inertia

Net force

Normal force

Projectile

System

Uniform circular motion
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Concept map

First: an object in a state of rest or
travelling at a constant velocity
will remain in its state of motion
unless acted upon by an
unbalanced force

N

Newton’s laws of motion

Second: the acceleration
experienced by a body is directly
proportional to the net force on the
body and inversely proportional to
the mass of the body

Third: every action force
has an equal and
opposite reaction force

4

Thrust
force

e

1A Newton’s laws

Lift Thrust force

Net force

force
Frictional
force

Force due to
gravity

Force due to
gravity

Force on the person
due to the rope

o

Force on the rope |
due to the person

Lift
force

Frictional force

If a constant force acting on a
body is always perpendicular to
the velocity, the body will
undergo uniform circular motion

1B Circular motion

Velocity .-~

» Centripetal acceleration
and centripetal force
------------- > e

If the only force acting on a
projectile is gravity, it will
undergo projectile motion

1C Projectile motion

, B
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See the Interactive Textbook for an interactive version of this concept map
interlinked with all concept maps for the course.
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° CHAPTER 1 NEWTON’S LAWS OF MOTION

~ Newton’s laws

£

Study Design: Glossary:
e |nvestigate and apply theoretically Free-body diagram
and practically Newton’s three laws Free fall
of motion in situations where two Inertia
or more coplanar forces act along a Net force
straight line and in two dimensions Normal force
System

e ENGAGE

Maglev trains

Forces can broadly be classified as either contact or non-contact. When the north poles
of two magnets are aligned, a pushing force will occur even though the two magnets are
not in contact. The non-contact force of magnets is utilised in the design of the fastest
trains in the world, magnetic levitation (maglev) trains. A series of superconducting
magnetics and an electromagnetic drive system allows maglev trains to float above the
track. Maglev trains are able to achieve speeds of more than 400 kmh! and are quieter
and less subject to vibration than normal locomotives.

Figure 1A-1 Shanghai’s maglev train departures for Pudong airport. This train transports
passengers from Pudong International Airport to Shanghai’s downtown area, a distance of about
50 km in just over 10 minutes.

A maglev train, like the one between Pudong International Airport and Shanghai in
China, could transport passengers from Melbourne to Sydney in two hours. Currently,
this is a ten-hour car trip and a one-hour aircraft flight.
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1A NEWTON’S LAWS 0

EXPLAIN

Newton’s first law

Newton’s first law states that an object in a state of rest or travelling at a constant velocity
will remain in its state of motion unless acted upon by an unbalanced force.

Newton’s first law is sometimes referred to as the law of inertia. For example, if a car is at
rest on the ground, the normal force provided by the ground pushing up on the car balances
the force due to gravity on the car. Since the forces on the stationary car are balanced, it
remains at rest. If a car is moving on a straight road at a constant velocity, then the forces
on the car will also be balanced. The force of air resistance and rolling resistance is balanced
by the driving force provided by the road on the car.

A Normal
force

A Normal
force

Stationary Moving at

~ constant velocity
Air
resistance

Driving
7 force

Force due to
gravity

Force due to
gravity
Y

Figure 1A-2 The sum of the forces on a stationary car and a car moving at a constant velocity will be
equal to zero. Note that the force due to gravity and the normal force are not action-reaction pairs.

It is counter-intuitive to our daily experience that an object will continue at a constant
velocity as long as the sum of the forces acting on the object is zero. This is because, in our
experience, objects will come to rest due to friction, as the force of friction causes a non-
zero net force on objects, which directly opposes their state of motion.

Newton’s second law
Newton'’s second law states that the acceleration experienced by a body is directly

proportional to the net force on the body and inversely proportional to the mass of
the body.

This law is often expressed in terms of the following formula.

Formula 1A-1Newton’s second law

F

net

m

a=

Where:
F_..= Net force acting on the body (N)
m = Mass of the body (kg)
a= Acceleration of the body (ms~2)
This is often rearranged to:

Fnetz ma

ISBN 978-1-009-25901-9 Eddy de Jong et al
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Inertia

a body'’s ability
to resist a
change in its
state of motion.
Inertia is
dependent only
upon the mass
of the body.

Normal force
the force that a
surface applies
to a body in
contact with

it. The force is
always applied
perpendicular
to the surface
and prevents
the body falling
through the
surface.

Net force

the vector sum
of all of the
forces acting on
a body. The net
force may also
be referred to as
the unbalanced
force or the
resultant force.
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° CHAPTER 1 NEWTON’S LAWS OF MOTION

Free-body
diagram

a diagram

that shows

the relative
magnitude and
direction of all
of the forces
acting on a body

ISBN 978-1-009-25901-9 Eddy de Jong et al © Cambridge University Press & Assessment 2023

When determining the net force on a body, it is often helpful to draw a free-body diagram,
as shown in Figure 1A-2 on the previous page and in the left-hand diagram of Worked
example 1A—1. The individual force vectors can be added to find the net force vector.

Worked example 1A-1 Calculating net force

Calculate the acceleration of a 66 000 kg aircraft travelling in a level horizontal flight that
has a forward thrust of 350 kN and a backward frictional force of 300 kN.

A
Lift Thrust force

=
force -
Thrust JFrictionaI Net force
force

f
-—= I Lift
i 8 Force due to force
gravity
Force due to Y _ -
gravity Frictional force

Solution

The free-body diagram on the left and the vector diagram on the right show that the net
force on the aircraft will be 50.0 kN forwards. The acceleration can then be determined:

_&_somo3

=0.756 m s forwards

m 66000

Note that as the aircraft is travelling in a level horizontal flight, the gravitational force
down and the lift force up are balanced.

Worked example 1A-2 Calculating net force with a force at an angle

A 3 kg block is being pulled by a force of 30 N by a rope that makes an angle of 27° to the
horizontal. A 20 N friction force acts. A diagram of this situation is shown below.

20 N
<« 3kg

a What is the magnitude of the net horizontal force on the block?
b What is the magnitude of the horizontal acceleration of the block?

Solution

a The net horizontal force will be the sum of all of the horizontal forces on the block:
30 cos 27° - 20=6.73 N

b F 6.73

a=-—2t="""—224ms>
m
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1A NEWTON’S LAWS °

It is important to remember that when two or more bodies are moving with the same
acceleration, the force on each of the bodies will not be the same unless the masses are the
same. For example, if a 1 kg, 2 kg and 3 kg ball are all dropped from the same height, they
will all accelerate towards the surface of Earth at the same rate: 9.8 ms~2 (if air resistance
is ignored). However, to have the same acceleration, the forces on the balls must all

be different.

cf & &

Fon 1 kg ball = mg = (1)(9.8)
=98N Fon 2 kg ball = Mg = (2)(9.8)

=19.6 N Fon 3 kg ball = Mg = (3)(9.8)
=294 N

Figure 1A-3 At the surface of Earth, dropped balls all accelerate downwards at 9.8 m s2, The
gravitational force that the balls experience depends on their mass.

Another fundamental idea is that the only way to cause a body to accelerate is by
applying a net force on the body. The body will then accelerate in the same direction as
the direction of the net force. This means that the direction of the acceleration and the
velocity might be different.

For example, if a car is approaching a red light and the car brakes, the car’s velocity will be
forwards but the acceleration, and therefore the net force on the car, will be backwards.
Similarly, if you throw a ball vertically upwards, as soon as the ball leaves your hand, the
ball will be accelerating down, as the only force acting on the projectile is the force due to
gravity (if air resistance is ignored). The ball may be moving up, but its upwards velocity
is constantly decreasing until the projectile is momentarily stationary at the maximum
height, after which point the ball’s velocity will be downwards and increasing in the same
direction as the acceleration.

Inclined planes

When on a slope, a stationary object will have three forces acting on it: the force due to
gravity, which acts vertically down, the normal force, N, which acts perpendicular to the
surface and the friction force, F, which acts parallel to the slope as shown in Figure 1A—4
on the next page. The magnitude of the normal force (Formula 1A-2) and the gravitational
force down the slope (Formula 1A—-3) can be calculated as follows.

Formula 1A-2 Normal force of an object on an inclined plane

N=mgcos 0
Where:
N = Normal force on the object by the surface (N)
m = Mass of the object (kg)
g = Gravitational field strength close to the surface of Earth, 9.8 Nkg!
0 = Angle of the slope (°)
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@ CHAPTER 1 NEWTON’S LAWS OF MOTION

Formula 1A-3 Gravitational force down the slope

F,, =mgsinf
Where:
m = Mass of the object (kg)
g = Gravitational field strength close to the surface of Earth, 9.8 Nkg™!
F,. = Gravitational force component down the slope (N)
0 = Angle of the slope (°)

N = mgcos 0

..mgsin 0
A

Force due
mg cos 0 to gravity

’

’

y

¥
“ﬁj Figure 1A-4 The forces acting on an object that is stationary
on an inclined plane

If the friction force is less than the gravitational force parallel to the slope, then the object
will accelerate down the slope. On a frictionless surface, the acceleration down the slope is
given by Formula 1A—4.

Formula 1A—4 Acceleration on a frictionless slope

a=gsin 6

Where:
a = Gravitational acceleration down the slope (ms~2)
g = Gravitational field strength close to the surface of Earth, 9.8 Nkg™! (or ms=2)
0 = Angle of the slope (°)

ISBN 978-1-009-25901-9 Eddy de Jong et al © Cambridge University Press & Assessment 2023
Photocopying is restricted under law and this material must not be transferred to another party.



1A NEWTON’'S LAWS °

Worked example 1A-3 Inclined planes G

A 15 kg box slides down a slope inclined at 34°. The acceleration of the box is measured
to be 0.397 ms=2.

34°

a Calculate the magnitude of the normal force acting on the box.

b Calculate the gravitational force of the box parallel to the slope.

¢ Assuming that the slope provides a constant frictional force that opposes the box’s
motion, calculate the magnitude of the constant frictional force acting on the box.

Solution

a N=mgcos 0= (15)(9.8)(cos 34) = 122 N
b F, =mgsin 6=(15)(9.8)(sin 34) =822 N
¢ F, =ma=(15)(0.397)=5.955 N

Frition = Fyo — Foot =822 - 5.955=76.2 N
Newton’s third law

Newton’s third law states that every action force has an equal and opposite reaction force.

When considering the action and reaction force pairs, it is important to remember that
these two forces will always act on different bodies. For example, in Figure 1A-5 below, the
fighter jet pushes out extremely hot gas from the exhausts, which is considered the action
force. The reaction force is the hot gas pushing on the jet accelerating forwards.

Figure 1A-5 The jets of a fighter jet push out extremely hot gas; the gas pushes back on the fighter
jet and accelerates it forwards.
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e CHAPTER 1 NEWTON’S LAWS OF MOTION

Free fall

when an object
is falling down
and only the
force of gravity
acts on the
object

-

Eorce on the road by tyre

Force on the tyre by road

Figure 1A-6 Newton’s third law in action for a mountain bike

Check-in questions — Set 1

1 A ten-pin bowling ball is sliding to the right at a constant velocity. On the diagram, label
all of the forces acting on the ball. Assume there is no friction acting on the ball.

v
PR

2 A 3600 kg speedboat is propelled by a thrust force of 10800 N. The water and air
provide a combined resistance of 3500 N. Calculate the acceleration of the speedboat.

3 Ifanaircraft is flying horizontally through the sky and the action force on the aircraft is
the force due to gravity, then what is the reaction force?

Normal force
Imagine that you are
free-falling close to
Earth’s surface. When
you free fall, the force of
gravity acts to accelerate
you to the ground. The
action force is the force
due to gravity on you
and the reaction force

is an equal and opposite
force pulling Earth up
towards you.

Now, imagine that
instead of falling you are
standing on a tightrope.
When standing on the
tightrope you no longer
accelerate towards the

ISBN 978-1-009-25901-9
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Force due to gravity

Gravitational attraction
acting on Earth towards you

Figure 1A-7 Earth acts to pull you, in free fall, towards it. The
reaction force will be you pulling Earth up towards you. This is an
example of Newton’s third law.
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1A NEWTON’'S LAWS e

surface of Earth. You remain stationary because the forces on you are balanced. You apply

a force onto the tightrope and the tightrope applies a normal force on you. This reaction
force is referred to as the normal force and is often expressed as N or F. This means that
there are two force pairs in this situation. The action force of the force due to gravity on you
is paired with the reaction force of the force on Earth acting towards you; the action force
that you apply on the tightrope is balanced by the reaction force of the tightrope applying a
force on you.

Force on the person
i due to gravity

3
Force on Earth
due to gravity

Force on the person
due to the rope

Force on the rope
due to the person

Figure 1A-8 As a person stands on the rope, the force on the person due to the gravitational attraction
towards Earth is balanced with the force on Earth due to the gravitational attraction towards the
person. The bottom diagram shows that as the person applies a force on the rope, the rope will apply a
force on the person. The force on the person due to the rope is called the normal force.

Note that the force due to gravity and the two reaction forces are not an action—reaction
pair, even though they are equal in magnitude and opposite in direction, as they act on the
same body.
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CHAPTER 1 NEWTON’S LAWS OF MOTION

Vertical motion

As discussed on pages 12 and 13, your normal force is a result of how hard you are pushing
on the ground. Your normal force is not a fixed value and can vary. Take the situation of
being in a lift, when stationary or moving at a constant velocity your normal force is equal
in magnitude to the force on you due to gravity. But if the lift accelerates up, you will feel
heavier, as you have a greater normal force. If the lift accelerates down, you will feel lighter,
as your normal force will decrease. If the cable of the lifts breaks, you will have no normal
force at all, for a short time.

Normal
force

A

Normal Force due
force to gravity

Y
A

Net force

Force due
to gravity

=3 Figure 1A-9 The two forces acting on a person in a lift that is accelerating up.

G] As the lift accelerates up, the passenger of the lift will push down harder on the
ground, the ground will then push harder back up, increasing the normal force.
This increased normal force provides the net force necessary for the passenger to
accelerate with the lift.

The normal force can be calculated using the following formula.

Formula 1A-5 Normal force acting vertically

N= m(avertical + g)

Where:
N = Normal force of the object by the surface of the lift (N)
m = Mass of the object (kg)
A o 1ica = Acceleration in the vertical direction (m s72)
g = Strength of the gravitational field, 9.8 Nkg! (or ms~2) on the surface
of Earth
ISBN 978-1-009-25901-9 Eddy de Jong et al © Cambridge University Press & Assessment 2023
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1A NEWTON’S LAWS @
Worked example 1A-4 Normal force

A 72 kg person stands on a set of scales that measure the force they apply to the floor
inside a lift. What is the force that the scales read when the lift is:

a atrest

b moving at a constant velocity of 0.50 ms~! down

¢ moving with an upward acceleration of 0.15 ms—2

d moving with a downward acceleration of 0.30 ms~2?
Solution
a N=mla,,;..+8=(72)(0+9.8)=706 N
b N=m(a,,.,+8 =(72)0+98)=706 N
¢ N=mla,, .+ =(72)(0.15+9.8) =716 N
d N=m(a,,,..,+8 =(72)(-0.3 +9.8) =684 N
Applying Newton’s laws WORKSHEET 1A-1

Newton’s laws can be applied to solve a variety of problems. L8 NEWTON'S LS

Worked example 1A-5 Applying Newton’s laws to a block system

A 150 N force is used to push two blocks, A and B, on a frictionless surface. Block A has
a mass of 5 kg and block B has a mass of 2 kg; when they are pushed both blocks move
as one.

150 N A=5kg
B=2kg

Frictionless surface

a Calculate the acceleration of the two blocks.
b What is the force on block B by block A?
¢ What is the force on block A by block B?

Solution
a As the two blocks move as one, you need to add the masses together.

E 150

net _

m 5+2

a= =214 ms™>

b As B is accelerating at 21.4 ms~2, you need to find the force that will accelerate it at
this rate:

Epoya=ma=2x214=428 Nto the right

c Asevery action has an equal and opposite reaction, the action force is the force
that block A applies on block B. So, the reaction force will be the force that block B
applied to block A. Therefore, the force is 42.8 N to the left.
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Worked example 1A-6 Applying Newton’s laws to a pulley system

A 10 kg mass, initially at rest, lies on a frictionless table. It is attached to a 4.5 kg mass

System that hangs freely off the table, via a cable and frictionless pulley system.
a collection of

objects that
interact with
each other 10 kg ™\
and are being <
studied

4.5 kg

a What is the acceleration of the system?
b Calculate the tension in the string.

Solution
a The first step is to determine the net force acting on the system. As the 4.5 kg mass
is hanging freely, it will provide a net force that pulls the whole system. As the 4.5 kg
mass falls, the pulley system will transfer the force to the 10 kg block, causing it to
slide to the right.
Therefore:
F  =mg=45x98=441N

Newton’s second law can now be applied to calculate the acceleration of the system
(note that as the whole system is being accelerated, the two masses are added):

d:h: 44.1 =3.04 ms™>
m 10+4.5

b The tension in the string is a result of the string pulling on the 10 kg mass and
accelerating it at 3.04 ms~2 Therefore, the tension can be found by applying
Newton’s second law:

F,,=ma=10x3.04=30.4N

Worked example 1A-7 Applying Newton’s laws to a carriage system

An engine with a mass of 19000 kg is towing two carriages, each with a mass of
15000 kg. The engine is connected to both of the carriages by coupling A and the two
carriages are connected by coupling B. As the engine leaves the station, it produces

a driving force of 48 kN. Assume there is no rolling or air friction in this system.

A diagram of this situation is shown below.

19000 kg

15000 kg

15000 kg

-
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1A NEWTON’S LAWS a

a Calculate the acceleration of the engine and carriage system.
b Calculate the tension in coupling A.
¢ Calculate the tension in coupling B.

Solution
a First, convert the units to SI units: 48 x 103N
As the engine is towing both of the carriages, they are all part of the same system and
will all accelerate at the same rate. This means that the masses can be added together
to find the magnitude of the acceleration:
5 48x10°

a=net =0.980 m s>
m 15000 + 15000 + 19000

b Coupling A is towing two carriages. This means it is subject to the tension required
to accelerate both carriages at 0.980 ms™
F=ma= (15000 + 15000) x 0.980 =2.94 x 10* N
¢ Coupling B is towing one carriage. This means it is subject to the tension required to
accelerate one carriage at 0.980 ms2

F=ma=15000 x 0.980 =1.47 x 10* N

VIDEO 1A-2

SKILLS:
1A SKILLS DIRECTION OF

AVECTOR
Determining the direction of a vector
In any question that involves a vector quantity, the direction of the vector must be
considered and incorporated into any equation that you use. Direction can be incorporated
into an equation with a positive and negative sign representing different directions. This
means that whenever you encounter a problem involving vectors, one of the first things you
must do is determine which direction will be positive and which direction will be negative.
It does not matter which direction you make negative or positive; for example down can be
negative and up can be positive or down can be positive and up can be negative. However,
once you have decided which direction represents positive and negative, you must remain
consistent throughout the question. When you have made this decision, write it down on
the page as this will allow you to keep track of the meaning of a positive or negative answer.

Question
A model rocket launches up in the air and experiences a thrust force of 650 N and a
constant drag force of 225 N. Calculate the net force acting on the rocket.
Solution
Determine which direction is positive:
positive direction = up
Add the vectors:
F .. =650 + (-225) =425 N up
Note that the positive answer gave the direction: up.
You could also let up be negative and the solution would still be the same:
F .. =(-650) +225=-425N

The negative indicates the direction: up.
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Section 1A questions

Multiple-choice questions

1 A tennis ball is travelling through the air in a direction up and to the right, close to the
surface of Earth. Assuming that air resistance is negligible, which of the diagrams below
represents all of the forces acting on the ball?

A 4_@ | @—* | ? | é
2 A truck has four times the mass of a car, both vehicles are moving at 10 ms~! to the
right. Both see a red traffic light ahead and use the 50 m ahead to brake. Both the car and

the truck have a constant deceleration and both come to a stop after 2 seconds. Which
of the following statements about the acceleration of the truck and the car is correct?

A The truck’s deceleration is four times greater than the car’s.
B The car’s deceleration is four times greater than the truck’s.
C The truck’s deceleration is two times greater than the car’s.

D The truck and the car have equal deceleration.

3 An ultralight aeroplane of mass 500 kg flies in a horizontal straight line at a constant
speed of 100 m s~1.
The horizontal resistance force acting on the aeroplane is 1500 N.

Which one of the following best describes the magnitude of the forward horizontal
thrust on the aeroplane?

A 1500 N

B slightly less than 1500 N
C slightly more than 1500 N
D 5000 N

VCAA 2019
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1A NEWTON’S LAWS @

A truck has a 0.25 kg ball attached to a string of negligible mass, the string is fixed to the
roof of a truck and free to swing. When the truck is at rest, the string is vertical. When
the truck accelerates uniformly, a passenger on board the truck sees the string make a
24° angle with the vertical, as shown in in the diagram below.

Use the following information to answer Questions 4 and 5.

4 Which of the diagrams best represents all of the forces acting on the ball when the truck
is accelerating?

A B A Cc z D T_,
5 What is the acceleration of the truck?

A 9.48 ms2

B 4.36 ms™2

C 245 ms™2
D 0.045 ms2

6 A heavy ball is hanging from the ceiling by a string that has negligible mass. If the action
force is the force due to gravity of the ball, what is the reaction force?

Action force: force

due to gravity
A the tension force provided by the string
B the ball pulling Earth up
C the normal force on the ball
D a compression force within the ball
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Short-answer questions

7 A 200 kg object has a 50 N net force being applied to it. What is the magnitude of the
acceleration of the object?

8 A 650 kg object is accelerating to the right at 28 cms™2. What is the magnitude of the
net force acting on it (in N)?

9 A car is moving at a constant velocity, when suddenly the driver sees some debris on
the road and brakes hard. The driver observes that a tennis ball in the passenger seat
moves forwards until it hits the front end of the passenger compartment. Use your
knowledge of Newton’s laws of motion to explain this observation.

10 A student conducted an experiment in which two heavy objects were dropped from the
first story of a building. Assume air resistance is negligible. One of these objects has a
mass that is five times greater than the other. The student states that the gravitational
force on each object must be the same as both objects hit the ground at the same time.
Is this explanation correct? Justify your answer.

11 A piston pushes three blocks, A, B and C, to the right. On the diagram below, draw all
of the forces acting on B. Make sure that they are all clearly labelled.

12 A locomotive that has a mass of 35000 kg can produce a driving force of 2.50 x 10* N.
It is pulling a train consisting of three empty carriages, each with a mass of 1500 kg,
towards a mine. The train is connected to the carriages by a coupling, X. Couplings Y
and Z hold the carriages together. A diagram of this situation is shown below (friction
forces are considered to be negligible).

Calculate the acceleration of the locomotive.

Calculate the tension in coupling X during acceleration.

When the train reaches the coal mine, the three carriages are filled with equal
masses of rock. The train then accelerates from rest at 0.540 ms~2.

o o

Calculate the mass of rock added to each carriage, given that the driving force of the
train remains unchanged.

d Calculate the tension in coupling Y during acceleration when the carriages are filled
with rock.
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1A NEWTON’'S LAWS 6
13 Students set up an experiment as shown in the diagram below.
M., of mass 4.0 kg, is connected by a light string (assume it has no mass) to a hanging
mass, M,, of 1.0 kg.

The system is initially at rest. Ignore mass of string and friction.

4.0 kg
My

1.0kg| My

The masses are released from rest.

a Calculate the acceleration of M.
b Calculate the magnitude of the tension in the string as the masses accelerate.

VCAA 2015

14 Two blocks, A and B, are being pushed with a force of 56 N to the right. Block A has
a mass of 3 kg and the two blocks move to the right with an acceleration of 4 ms=2

Assume the surface is frictionless.

56 N

a Calculate the mass of block B.
b What is the force that block A exerts on block B?
¢ What is the force that block B exerts on block A?

15 A mother is having difficulty moving her pram on the soft sand of a beach. Considering
the components of the forces involved, is it easier to push or pull the pram? Explain
your answer.

> 4
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% Circular motion
Study Design: Glossary:
e |nvestigate and analyse theoretically and Banked track
practically the uniform circular motion of an , Centripetal acceleration
object moving in a horizontal plane: F. Wiy Centripetal force

including: e Uniform circular motion
» a vehicle moving around a circular road

» a vehicle moving around a banked track

» an object on the end of a string

e |nvestigate and apply theoretically Newton’s
second law to circular motion in a vertical plane
(forces at the highest and lowest positions only)

ﬁ ENGAGE

You couldn’t live without a centrifuge

All centrifuges work on the same basic principle; as they spin, the denser matter is
forced away from the axis of spin and the less dense matter is displaced closer to the
axis of spin. This means that centrifuges are very effective at separating matter that has
varying densities.

Currently, there is a range of different centrifuges. Centrifuges are used in medicine

for blood and urine to detect pathologies such as anaemia, bone marrow failure and
leukaemia. Centrifuges are also used to purify chemicals; for example, gas centrifuges
are used for enriching uranium by separating uranium-235 from uranium-238. Ultra-
high-speed centrifuges rotate at 150000 revolutions per minute (RPM) and are used
extensively in biochemistry and molecular chemistry as they have the ability to separate
proteins, ribosomes and viruses.

Figure 1B-1 The centrifuge above is being used to analyse blood tests. The specimen
tubes are placed in holders that position the tubes at an angle to the axis of spin, or
even at 90° to it, with the top closer to the axis and the bottom further away. During
centrifugation, the denser red blood cells settle at the bottom of the tube, while the less
dense plasma rises to the top.
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Large centrifuges are used to train pilots and astronauts by simulating the high
accelerations they encounter when in flight. In the future, large centrifuges may be used
on donut-shaped spacecrafts that spin to produce an artificial gravity.

Figure 1B-2 In the future, spacecraft might use a spinning donut shape to produce

artificial gravity.

EXPLAIN
Horizontal circular motion

Uniform circular motion is the movement of an object in a circular path at constant

Uniform circular

speed. While in circular motion, the magnitude of an object’s velocity (its speed) is motion
. . . S . . the movement
not changing but the direction of the velocity is constantly changing. A change in the of an object in a

velocity vector means that there must be an acceleration and therefore a net force acting circular path at
on the object. This acceleration and net force are called the centripetal acceleration

and centripetal force respectively; they are always perpendicular to the velocity vector

and always directed towards the centre
of the circular path. The direction of the
velocity will always be tangential to the
circular path.

The centripetal force is only present if there
is an unbalanced force on the object that is
directed towards the centre of the object’s
circular path. This unbalanced force can be
provided by a single force, such as when a
satellite orbits Earth. In this case, the force
due to gravity of the satellite acts to provide
the centripetal force. The unbalanced force
can also be the vector sum of other forces,
such as when a car on a roller-coaster goes
through a loop. In this case, the centripetal
force is provided by the sum of the normal
force and the force due to gravity.

ISBN 978-1-009-25901-9

constant speed

Centripetal
acceleration
S X acceleration

directed to the
centre of the
circular path of
an object

Velocity -~

Centripetal force

! . . ) a net force
; Centripetal acceleration dlitaciael o e
and centripetal force . centre of the
> @ H circular path of
' an object
Figure 1B-3 Centripetal acceleration and force
directed towards the centre of the object’s
circular path. The velocity vector is always
perpendicular to the centripetal force.
Eddy de Jong et al © Cambridge University Press & Assessment 2023

Photocopying is restricted under law and this material must not be transferred to another party.



@ CHAPTER 1 NEWTON’S LAWS OF MOTION

In all cases, the centripetal acceleration required to maintain circular motion can be
calculated by Formula 1B-1.

Formula 1B-1 Centripetal acceleration

Where:
a_= Acceleration of the object in circular motion (m s72)
v = Velocity of the object in circular motion (ms™1)
r = Radius of the circle (m)

Using Newton’s second law, F = ma, it follows that:

Formula 1B-2 Net force on an object in circular motion

Where:
F_=Net force on the object in circular motion (N)
m = Mass of the object in circular motion (kg)
v = Velocity of the object in circular motion (ms™!)
r = Radius of the circle (m)

Horizontal circular motion of car turning a corner

A car turns a corner because the wheels that steer it turn in the direction of the curve. This
means that a component of the friction force between the tyres and the road acts towards
the centre of the circular path that the car is taking. So, this component of friction is
providing the centripetal force.

Figure 1B-4 When cars turn around a corner that is on level ground, a component
of the friction between the tyres and the road provides the centripetal force.
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Horizontal circ1211ar motion problems are the most basic circular motion problems and the

formulas a, = Y and F = ™V should be used.

r r
Worked example 1B-1 Horizontal circular motion

A 1000 kg car is travelling at a speed of 32.4 kmh~! when it goes around a roundabout
that has a radius of 3.56 m. Calculate the centripetal force required to keep the car in
circular motion.

Solution

The first step is to convert the speed from kmh! to ms~1.

L2 9.00 ms™!

3.6
Then use the centripetal force formula to solve the problem.
E= mv*
r
1000 x 9°
3.56

Check-in questions — Set 1

1 When an object is in uniform circular motion, what is the direction of the net force?

2 When an object is in uniform circular motion, what is the direction of the velocity?

3 A 1300 kg car moves in a horizontal circle that has a radius of 30 m. If the centripetal
force is 9.75 x 103N, calculate the velocity of the car.

=228 x10* N

VIDEO 1B-1

Vertical circular motion VERTICAL
When an object is moving in a vertical circle, it will &gﬁgh}\ :
always have at least two forces acting on it. These two |
forces are the force due to gravity and either a normal
force or a tension force, if the object is attached
to a string. Remember that the centripetal force is
provided by the sum of all of the forces acting on the
object in circular motion.
Vertical circular motion: an object on the end
of a string
Imagine you tie a ball to a string and swing it in a
vertical circle. Where along the circular path do you  Figure 1B-5 A fire dancer traces out
think the string will most likely break? What will vertical circles with two poi. Poi consist

) ) of two weighted objects that are swung
happen if you swing the ball too slowly? When you in circular patterns. Poi originated from
swing the ball, there are two main points of interest, the indigenous Maori people of New
the top and the bottom of the circle. At the bottom of ~Z€aland.
the circle, the tension acts towards the centre of the circle but gravity acts in the opposite
direction to the centre of the circle. At the top of the circle, both the tension of the string
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and gravity act in the same Bottom of the circle Top of the circle
direction; towards the centre of U ) 0.
the circle. ’ ’ . .

/" Force Tension™
In both of these situations, a N/ dueto l l
formula for the centripetal force gravity ¥ | ,

can be derived by adding the two : .
forces acting on the ball. Note that P

[ A [

it is helpful to denote any force r AR
Tension

that acts towards the centre of
the circle as positive and any force

- ~

Force

pomt.mg away fror.n the centre of due to -
the circle as negative. Therefore, gravity L;j
the formulas in Formula 1B—4 can

be derived Figure 1B-6 A free-body diagram showing the forces acting

on a mass that is attached to a string when it is at the
bottom and top of a vertical circle

Formula 1B-3 Centripetal force on an object on the end of a string

At the bottom of the circle:

F=T-mg
2
ﬂ=T—mg
r
At the top of the circle:
F,=T+mg
2
ﬂ=T+mg
r

Where:
F_ = Centripetal force on the object on the end of a string (N)
T = Tension in the string (N)
g =Strength of the gravitational field, 9.8 Nkg™! on the surface of Earth
m = Mass of the object on the end of a string (kg)
v = Velocity of the object on the end of a string (ms™)
r = Radius of the circle (m)

Worked example 1B-2 Vertical circular motion

A 1.27 kg ball is attached to a 0.511 m string and swung in a vertical circle.

a If the ball is swung at a constant speed of 4 ms™!, calculate the tension in the string
at the bottom of the circle.

b Calculate the speed that the ball would need to be swung so that at the top of the
circle there is no tension in the string.

Solution b T =0, therefore:
a F,.=T-mg F.=0+m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>