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SILICON CHIPS

Silicon wafer chips are small thin discs made
from silicon. They contain the circuitry of many
electronic devices, including computers and
smartphones.

The design and analysis of electrical circuits
involve the use of formulas to calculate voltage,
current and resistance. Equations are used to
optimise circuit performance and to ensure that
the chips meet the required specifications.

Australian Curriculum




o Nelson

Nelson Maths 10 for the Australian Curriculum WA
1st Edition

Rachel Theunissen

Rashmi Bhagwati

Judy Binns

Gaspare Carrozza

ISBN 9780170465625

Publisher: Robert Yen

Project editor: Alan Stewart

Series cover design: Leigh Ashforth (Watershed Art & Design)
and Cengage Creative Studio

Cover image: iStock.com/kynny

Series text design: Leigh Ashforth (Watershed Art & Design)
Series designer: Danielle Maccarone

Permissions researcher: Catherine Kerstjens

Production controller: Karen Young

Proofreader: MPS Limited

Typesetter: KGL

Any URLs contained in this publication were checked for
currency during the production process. Note, however, that
the publisher cannot vouch for the ongoing currency of URLs.

ACARA Copyright Notice

All material identified by is material subject to copyright under the
Copyright Act 1968 (Cth) and is owned by the Australian Curriculum,
Assessment and Reporting Authority 2023,

For all Australian Curriculum material except elaborations: This is an extract
from the Australlan Curriculum.

Elaborations: This may be a medified extract from the Australian Curriculum
and may Include the work of other authors.

Disclaimer: ACARA neither endorses nor verifies the accuracy of the

Information provided and accepts no responsibility for incomplete or

inaccurate information. In particular, ACARA does not endorse or verify that:

* The content descriptions are solely for a particular year and subject;

« All the content descriptions for that year and subject have been used; and

* The author's material aligns with the Australian Curriculum content
descriptions for the relevant year and subject.

You can find the unaltered and most up to date version of this material at
http://www.australiancurriculum.edu.au. This material is reproduced with
the permission of ACARA.

© 2023 Cengage Learning Australia Pty Limited

Copyright Notice

This Work is copyright. No part of this Work may be reproduced, stored in a
retrieval system, or transmitted in any form or by any means without prior
written permission of the Publisher. Except as permitted under the
Copyright Act 1968, for example any fair dealing for the purposes of private
study, research, criticism or review, subject to certain limitations, These
limitations include: Restricting the copying to a maximum of one chapter or
10% of this book, whichever is greater; providing an appropriate notice and
warning with the copies of the Work disseminated; taking all reasonable steps
to limit access to these copies to people authorised to receive these copies;
ensuring you hold the appropriate Licences issued by the

Copyright Agency Limited (“CAL"), supply a remuneration notice to CAL and
pay any required fees. For details of CAL licences and remuneration notices
please contact CAL at Level 11, 66 Goulburn Street, Sydney NSW 2000,

Tel: (02) 9394 7600, Fax: (02) 9394 7601

Email: info@copyright.com.au

Website: www.copyright.com.au
For product information and technology assistance,
in Australia call 1300 790 853;

in New Zealand call 0800 449 725

For permission to use material from this text or product, please email
aust.permissions@cengage.com

ISBN 978 0 17 046562 5
Cengage Learning Australia
Level 5, 80 Dorcas Street
Southbank VIC 3006 Australia

For learning solutions, visit cengage.com.au

Printed in China by 1010 Printing International Limited.
12345672726252423




ACKNOWLEDGEMENT
OF COUNTRY

Nelson acknowledges
the Traditional Owners and
Custodians of the lands of
all First Nations peoples
of Australia. We pay our
respect to Elders past, present

and emerging.

We recognise the continuing
connection of First Nations
peoples to the land and waters,
and thank them for protecting
these land, waters and
ecosystems since
time immemorial.




Table of contents

Preface

About the authors
Curriculum grids

About this book
Mathematical verbs
Symbols and abbreviations

* = EXTENSION

GRAPHING LINES
SkillCheck

9A03 1.01 Length, midpoint and
gradient of an interval

Investigation: Parallel and
perpendicular lines

10A03  1.02 Parallel and
perpendicular lines

Technology: Parallel and
perpendicular lines

9A03 1.03 Graphing linear functions

Technology: Graphing
y=mx+c
9A03 1.04 The gradient-intercept
equationy =mx +c
Mental skills 1: Percentage
of a quantity
1.05 Extension: The general
equation ax + by + ¢ = 0*
9A03 1.06 Finding the equation
of aline
Investigation: Sausage sizzle

10A03  1.07 Equations of parallel
and perpendicular lines

Investigation: Regions on
the number plane

10A02,5 1.08 Graphing linear
inequalities

Power plus
Chapter 1 review

e SURFACE AREA
AND VOLUME

SkillCheck

9Mo04 2.01 Absolute error and
percentage error

10NO1,
10M04  2.02 Rounding error

Nelson Maths 10

viii

viii
xii

XVi

XVii

13

14

17
18

23

23

27

28

30
32

32

36

37
42
43

46

49

50

55

8M01

9MO01

9MO01

10M01

9Mo01,
10M01

8N0S5
10A04

10A04

10A04

2.03 Areas of composite

Practice set 1

shapes 61

2.04 Surface area of aprism 66

Investigation: A surface

area shortcut 70

2.05 Surface area of

a cylinder 71

2.06 Surface areas of

composite solids 74

Mental skills 2: Time

differences 79

2.07 Volumes of prisms

and cylinders 80

Technology: Biggest volume 86

Investigation: How many

pyramids are needed to fill

the prism? 87

Technology: Approximating

the volume of a pyramid 88

2.08 Extension: Volumes of

pyramids, cones and spheres* 89

Power plus 97

Chapter 2 review 98

INTEREST AND

DEPRECIATION 104

SkillCheck 106

3.01 Earning an income 107

Investigation: Workers'

entitlements 113

3.02 Income tax 113

Technology: Online income

tax calculators 117

3.03 Simple interest 117

3.04 Compound interest 121

Mental skills 3: Finding 15%,

219%,25% and 121% 124

2 2

3.05 The compound

interest formula 125

Technology: Comparing

simple interest with

compound interest 129

3.06 Depreciation 130

Power plus 134

Chapter 3 review 135

138

9780170465625



("]
-
<
w
=
<
o
(8]
W
o
w
-
]
g

ALGEBRA 142 10ST04, 5 5.14 Association and
Skillcheck 144 two-way tables 233
10801 4.01 The index laws 145 lvtes e iiton Bilimic e e
AGAR di g association? 236
10A01 d xpanding an
factorising expressions 149 e . e
Mental skills 4: Estimating Clfizfpiiar Sirzelizs 2
answers 1 EQUATIONS AND
10A01 4.03 Expanding binomial
Crodute 155 INEQUALITIES 242
Investigation: Factorising SkillCheck 244
quadratic expressions 158 10A01 6.01 Linear equations 245
10A01 4.04 Factorising quadratic Investigation: Make your
expressions x? + bx + ¢ 159 own equation 247
Power plus 161 10A01 6.02 Quadratic equations
Chapter 4 review 162 X*+bx+c=0 247
10A01 6.03 Equation problems 252
COMPARING DATA 164 Mental skills 6: Multiplying
10sT02  5.01 Quartiles and 10A01 6.04 Equations and formulas 255
interquartile range 168 6.05 Extension: Changing
10sT02  5.02 Boxplots 173 the subject of a formula* 258
Technology: Boxplots 178 10A02  6.06 Graphing inequalities
on a number line 259
10SsT02  5.03 Parallel boxplots 179 L »
. 10A02  6.07 Solving inequalities 261
10ST02  5.04 Cumulative frequency
and quartiles 183 Power plus 264
10sT02  5.05 Cumulative frequency Chapter 6 review 265
histograms and polygons 189 Practice set 2 267
5.06 Extension: Deciles e
and percentiles* 195 GRAPHING CURVES 272
5.07 Extension: Standard SkillCheck 275
deviation* 200 9A04,6 7.01 Graphing quadratic
5.08 Extension: Comparing functions y = ax®+ bx + ¢ 275
means and standard 10A04  7.02 Applying quadratic
deviations* 204 functions 282
10SsT02  5.09 Comparing data sets 208 9MO05 7.03 Direct proportion 286
Mental skills 5: Multiplying 7.04 Extension: Inverse
by 9,11,99 and 101 215 proportion* 290
10STO1  5.10 Statistics in the media 216 Investigation: Graphing y = 1; 295
Investigation: Australian K
Bureau of Statistics 219 Technology: Graphing y = Y 295
10STO1  5.11 Statistical investigations 220 7.05 Extension: Graphing
10ST03, 5 5.12 Scatterplots 223 k
hyperbolas y = =* 296
Technology: Scatterplot X
patterns 227 Mental skills 7: Multiplying
10ST03, 5 5.13 Line of best fit 227 decimals 300

Technology: Line of best fit 232

9780170465625 \



10A03, 4

10A03, 4
10A03, 4

10M02
10A02

10A05

10A03, 5

9SPO1
9M03
9M03

10M03

10M03

10M03

10mMO03

Nelson Maths 10

Investigation: Graphing y = 2~

Technology: Exponential
curves

7.06 Graphing exponential
functions y = a

7.07 Exponential equations

7.08 Exponential growth
and decay

7.09 Logarithmic scales
7.10 Solving equations
graphically

7.11 Graphing circles

X2+ yz =2

7.12 Identifying graphs
Technology: Identifying graphs
Power plus

Chapter 7 review

TRIGONOMETRY
SkillCheck
8.01 The trigonometric ratios

8.02 Finding an unknown side

8.03 Finding an unknown
angle

8.04 Angles of elevation
and depression

8.05 Bearings
Investigation: Compass walks

8.06 Problems involving
bearings

Mental skills 8: Divisibility
tests

8.07 Pythagoras’ theorem
and trigonometry in 3D

8.08 Extension: The sine rule*

8.09 Extension: The sine rule
for angles*

8.10 Extension: The cosine
rule*

8.11 Extension: The cosine
rule for angles*

8.12 Extension: The area of
a triangle*

8.13 Extension: Problems
involving the sine and
cosine rules*

Power plus
Chapter 8 review

301

302

302
305

308
311

318

320
322
326
326
327

330

333
334
337

342

346
350
355

356

359

360
366

369

&2

374

376

79

381
382

10SP02
10SP02

10SP02, 3

10SP0O2, 3
10SP02, 3

Practice set 3

10A02

10A02

10A02

10A02

9P02, 3
9P02
9P02
9P01, 3

NETWORKS 386
SkillCheck 388
9.01 Networks 389
9.02 Polyhedra 392
Investigation: Tracing over
a network 397
9.03 Traversable networks 398
Mental skills 9: The unitary
method with percentages 402
9.04 Spanning trees 403
9.05 Shortest path 409
Power plus 415
Chapter 9 review 416
419
SIMULTANEOUS
EQUATIONS 424
SkillCheck 426
Investigation: When 2 lines
meet 427
10.01 Solving simultaneous
equations graphically 428
Technology: Solving
simultaneous equations
graphically 430
10.02 The elimination
method 430
10.03 The substitution
method 433
Investigation: Elimination or
substitution method? 435
10.04 Problems involving
simultaneous equations 437
Mental skills 10: Simplifying
fractions and ratios 440
Power plus 442
Chapter 10 review 443
PROBABILITY 446
SkillCheck 449
11.01 Relative frequency 449
11.02 Venn diagrams 455
11.03 Two-way tables 460
11.04 Tree diagrams 464
Mental skills 11: Percentage
increase and decrease 468
Investigation: The birth
month paradox 469
9780170465625



9PO01, 3

10PO1

10P02

10P02

10SPO1

10SPO1

10SPO1

9780170465625

11.05 Selecting with and
without replacement

11.06 Conditional probability

Investigation: Dependent
or independent?

11.07 Dependent and
independent events

11.08 Probability simulations
Power plus
Chapter 11 review

CONGRUENT AND
SIMILAR FIGURES

SkillCheck

12.01 Congruent triangle
proofs

12.02 Tests for quadrilaterals
Investigation: Is a square
arhombus?

12.03 Proving properties of
triangles and quadrilaterals
Mental skills 12: Dividing a
quantity in a given ratio
Technology: Properties of
similar figures

470
475

479

480
484
486
487

492

495

496
500

505

506

509

510

9SP02
10MO05

10M05

10SPO1
10MO05

10MO05

12.04 Similar figures

12.05 Scale diagrams, maps
and plans

12.06 Finding unknown
sides in similar figures

12.07 Similar triangle proofs
12.08 Areas of similar figures

Investigation: Surface areas
and volumes of similar solids

12.09 Surface areas and
volumes of similar solids

Power plus
Chapter 12 review

Practice set 4

General practice

Answers

Glossary and index

511

516

520
523
529

531

532
534
535
539
545
551
617

vii

("]
-
<
w
=
<
o
(8]
W
o
w
-
]
g




viii

Preface

Nelson Maths 7-10 has been designed for the 2020s classroom, focusing on core skills with explicit
grading of exercise questions, ‘flipped classroom’ video tutorials, online interactivity, more
applications and problem-solving questions, and worked solutions to every question.

This new series is carefully mapped to the Australian Curriculum and built on solid pedagogical
foundations that integrate into every chapter practical classroom activities, engaging investigations,
problem solving, reasoning, communicating, reflecting, summarising, extension, revision, mental
calculation, technology, numeracy and literacy.

This book, Nelson Maths 10, has been designed for Year 10 students, with the addition of Year 9
revision and Year 10 extension.

There is also available Nelson Maths 10 Advanced that covers the Year 10 course at a faster pace,
with less revision and more content suitable for students who will be studying more advanced
mathematics in Years 11 and 12.

The Nelson MindTap online learning platform contains print and multimedia content: worksheets,
videos, quizzes, interactives, topic tests, worked solutions and much more. We have provided an
abundance of resources for teachers to plan and teach for a variety of pathways. Nelson Maths is
clear, concise, fresh and smart. We have designed this series to be user-friendly and uncomplicated
so that teachers and students everywhere can pick it up and use it straight away. So, let’s get started.

About the authors

Rashmi Bhagwati teaches at a high school in southeast Brisbane and has been a mathematics
educator for over 20 years. She has been involved in external exam marking and was a QCAA
Panellist for Mathematics A (senior General Mathematics). Rashmi wrote topic tests for the
Nelson Senior Maths Essential Mathematics series for Queensland and WA.

Rachel Theunissen is the Head of Mathematics at Lesmurdie Senior High School in Perth, where she
also leads the Literacy and Numeracy team. She is a Curriculum Support Teacher with the Department
of Education and a volunteer of MAWA and the Australian Mathematics Trust (AMT). Rachel has been
teaching for over 25 years and presents regularly at conferences on mathematics and problem solving.

Klaas Bootsma was the Head of Mathematics at Ambarvale High School in Sydney and has been a
mathematics author for over 25 years.

David Badger was principal of Toongabbie Christian School in Sydney and currently teaches at
Wollondilly Anglican College.

Sarah Hamper is the Head of Mathematics at Cheltenham Girls High School in Sydney. She has an
interest in gifted and talented students, technology and girls’ education.

Series editor Robert Yen taught at Hurlstone Agricultural High School in Sydney and works for
Cengage as a mathematics publisher.

Contributing authors

Kahlia Dreyer, Lachlan Grierson, Brook Johns, Teresa Grimm, Megan Boltze, Robert Yen
and Deborah Smith wrote many of the worksheets and topic tests.

Rashmi Bhagwati, Jade Lori, Deborah Da Cruz, Monique Ellement, John Drake,
Katie Jackson, Joanne Magner, Scott Smith and Robert Yen created the video tutorials.
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Curriculum grids

Australian Curriculum Q| e
Strand Nelson Maths 9 chapter Nelson Maths 10 chapter
NUMBER a Pythagoras’ theorem B Interest and depreciation

n Numeracy and calculation
Equations and inequalities
n Earning money
ALGEBRA n Algebra n Graphing lines
B Indices a Interest and depreciation
Equations and inequalities n Algebra
n Coordinate geometry and graphs n Equations and inequalities
Graphing curves
m Simultaneous equations
MEASUREMENT n Pythagoras’ theorem n Surface area and volume
a Numeracy and calculation n Trigonometry
n Trigonometry n Congruent and similar figures
B Indices
m Surface area and volume
m Congruent and similar figures
SPACE n Pythagoras’ theorem n Networks
n Trigonometry m Congruent and similar figures
n Geometry
m Congruent and similar figures
STATISTICS n Analysing data H Comparing data
PROBABILITY REA Probabilty BN robabity

9780170465625 ix



Year 10 content descriptions
Australian Curriculum descriptions (© ACARA 2022)

Australian
CURRICULUM

]

Content description

AC9M10NO1: recognise the effect of using approximations of real
numbers in repeated calculations and compare the results when using
exact representations

ALGEBRA (A)

AC9M10AO01: expand, factorise and simplify expressions and solve equations
algebraically, applying exponent laws involving products, quotients and powers
of variables, and the distributive property

AC9M10A02: solve linear inequalities and simultaneous linear equations
in 2 variables; interpret solutions graphically and communicate solutions in
terms of the situation

AC9M10A03: recognise the connection between algebraic and graphical
representations of exponential relations and solve related exponential
equations, using digital tools where appropriate

AC9M10A04: use mathematical modelling to solve applied problems
involving growth and decay, including financial contexts; formulate problems,
choosing to apply linear, quadratic or exponential models; interpret solutions
in terms of the situation; evaluate and modify models as necessary and report
assumptions, methods and findings

AC9M10AO05: experiment with functions and relations using digital tools,
making and testing conjectures and generalising emerging patterns

MEASUREMENT (M)

AC9M10MO1: solve problems involving the surface area and volume of
composite objects using appropriate units

AC9M10MO2: interpret and use logarithmic scales in applied contexts
involving small and large quantities and change

AC9M10MO03: solve practical problems applying Pythagoras’ theorem and
trigonometry of right-angled triangles, including problems involving direction
and angles of elevation and depression

AC9M10MO04: identify the impact of measurement errors on the accuracy of
results in practical contexts

AC9M10MO5: use mathematical modelling to solve practical problems
involving proportion and scaling of objects; formulate problems and interpret
solutions in terms of the situation; evaluate and modify models as necessary,
and report assumptions, methods and findings

Nelson Maths 10

Nelson Maths 10 chapter

Surface area and volume

Comparing data

Algebra

n Equations and inequalities

Graphing curves
Equations and inequalities
Simultaneous equations

Graphing curves

Graphing curves

Probability

Graphing curves

Probability

Surface area and volume

Graphing curves

Trigonometry

Surface area and volume

Congruent and similar figures

9780170465625



Content description

SPACE (SP)

AC9M10SPO1: apply deductive reasoning to proofs involving shapes in the
plane and use theorems to solve spatial problems

AC9M10SP02: interpret networks and network diagrams used to represent
relationships in practical situations and describe connectedness

AC9M10SP03: design, test and refine solutions to spatial problems
using algorithms and digital tools; communicate and justify solutions

STATISTICS (ST)

AC9M10STO1: analyse claims, inferences and conclusions of statistical
reports in the media, including ethical considerations and identification of
potential sources of bias

AC9M10ST02: compare data distributions for continuous numerical variables
using appropriate data displays including boxplots; discuss the shapes

of these distributions in terms of centre, spread, shape and outliers in the
context of the data

AC9M10STO03: construct scatterplots and comment on the association
between the 2 numerical variables in terms of strength, direction and linearity

AC9M10ST04: construct two-way tables and discuss possible relationship
between categorical variables

AC9M10STO5: plan and conduct statistical investigations of situations that
involve bivariate data; evaluate and report findings with consideration of
limitations of any inferences

PROBABILITY (P)

AC9M10PO1: use the language of “if .... then”, “given”, “of”, “knowing that”
to describe and interpret situations involving conditional probability

AC9M10P02: design and conduct repeated chance experiments and
simulations using digital tools to model conditional probability and
interpret results

9780170465625
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Congruent and similar figures

Networks

Congruent and similar figures

Comparing data

Comparing data

Comparing data

Comparing data

Comparing data

Probability

Probability
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Xii

About this book

Coverage of the Australian Curriculum

» Nelson Maths 10 covers the Australian Curriculum, as shown by the table of contents and

curriculum grid on the previous pages.

» This book contains Year 10 content. It also contains revision of some Year 9 content, and some

extension work marked in red and by *.

« Each chapter begins with a chapter outline that includes the curriculum proficiencies covered

in each section.

U = UNDERSTANDING

Understanding is ‘knowing and relating’ maths. It is
more than just learning facts. It's deep understanding,
seeing how mathematical content is interconnected,
knowing ‘why’ as well as ‘how".

PS = PROBLEM SOLVING

Problem solving is ‘modelling and investigating’

with maths. It involves interpreting a rich, elaborate
problem, selecting an appropriate strategy or model,
solving the problem, then evaluating, communicating
and justifying the solution.

F =FLUENCY

Fluency is ‘applying’ maths. It is being able to use
mathematics competently and effectively. When you
are fluent in a language, you have mastered it so that
you can improvise and confidently use the correct
word or phrase. Fluency in maths is choosing an
appropriate skill, method or formula to use at the right
place and time.

R = REASONING

Reasoning is ‘generalising and proving’ with maths,
using higher-order thinking to connect specific facts
to general principles, using algebra, logic, proof and
justification.

To these proficiencies, we have added C = COMMUNICATING

Communicating is ‘describing and explaining’ maths, representing mathematical theory and solutions in words,
algebraic symbols, special notations, diagrams, graphs and tables.

Understanding and Fluency can be found in every exercise and activity, whereas Problem

solving, Reasoning and Communicating are found in the Investigations, Technology, Mental

skills, Language of maths and Topic summary activities, and explicitly labelled in every

exercise (see below).

EXERCISE @ ANSWERS ON P. 551

Length, midpoint and gradient of an interval

D(2, 3)

9780170465625



At the beginning of each chapter

e

Graphing lines

A listing of Nelson MindTap chapter
resources.

SkillCheck reviews prerequisite
skills and knowledge for the
chapter.

A Chapter outline and a Wordbank
chapter glossary. (A full glossary

In each chapter

Important facts and
formulas are highlighted
in a shaded box.

Glossary terms are printed
in blue.

Graphing linear inequalities @

(1) Linear inequaities on the number plane

“The graphofy =
plane o 2 regl

vides the number

“The egion ‘o’ the ine s the graph of
> e
“The egion below the line s th graph of

s — cnaptrt

The exercise questions are colour-coded
for level of difficulty:

[ Foundation O Standard ' Complex

9780170465625

appears at the back of the book.)

Graded exercises are linked to
worked examples and include
multiple-choice questions,
exam-style problems and realistic
applications.

ExER:st wnose

Graphing linear inequalities ~~~~ uremac

inar negualit on a number plane.
x b y>7-x ¢ ysi-x
yaaxs2 o yr2x

rph each ineat nequality on  number plane.
v b g1 ¢ xs3

x2-4 o <2 e
a 15t A.B,CorD.
A 8 G ) > 6o
o
a >
> 2
oy
e ot contin the o 5,47 Slct . B, .
8 xs6 ¢ ys0 b yoxe1

[ T —————
SctAB.CorD

i i a number plane.
Ra ysxl2 b oxyxs e 4oy 4 yrres
e ysa4lz d @ay> e yse-x

Specific questions are also labelled
ps for Problem solving, R for Reasoning

and C for Communicating.
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TECHNOLOGY Q" DID YOU KNOW?
INVESTIGATION :Q:

Mental skills Technology includes Investigations explore Did you know?
reinforce mental spreadsheets, the curriculumin contains interesting
calculation strategies dynamic geometry more detail, through facts and
(‘calculator-free software and the group work, discovery applications of the
maths’). internet. and modelling mathematics learned
activities. in the chapter.

At the end of each chapter

Power plus is 0 Test yourself
an extension/ contains
challenge chapter revision
exercise. linked to

the relevant
exercise set.

Language of
maths has a
chapter word Practice sets
list and literacy o . review concepts
questions. after every

3 chapters.

Topic summary
has a mind map
activity with [ »
downloadable
solutions.

At the end of the book

Glossary and
index

General
practice
exercise

Glossary and index

Answers
(worked
solutions are
on the teacher
website).
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¢ Nelson MindTap

An online learning space that provides <

students with tailored learning experiences. "3

ABOUT THIS BOOK

e Access tools and content that make learning simpler yet smarter
to help you achieve maths mastery.

Video
e Includes an eText with integrated interactives and online assessment. Equation

. . . . . bl
e Margin links in the student book signpost multimedia student problems
resources found on MindTap.

For students: For teachers*:

e Watch video tutorials featuring expert e Tailor content to different learning
teacher advice to unpack new concepts needs - assign directly to the student,
and develop your understanding. or the whole class.

Revise using quizzes, worksheets and Monitor progress using assessment
skillsheets to practise your skills and tools like Gradebook and Reports.

build your confidence. Integrate content and assessment
Navigate your own path, accessing the directly within your school’s LMS for
content, analytics and support as you ease of access.

need it. Access topic tests, teaching plans and

Twig mini-documentaries showing the worked solutions to each exercise set.
background or context of mathematics. * Complimentary access to these resources is only

PhET interactives: maths simulations available to teachers who use this book as part
. . of a class set, book hire or booklist. Contact your

Cengage Education Consultant for information
about access and conditions.

Nelson Maths 7-10 series

nelson
maths.

nelson
maths.

nelson
maths

nelson §
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Mathematical verbs

A glossary of ‘doing words’ commonly found in mathematics problems

analyse: study in detail the parts of a situation.
bisect: cut in half.
calculate: see evaluate.

classify, identify: state the type, category or
feature of an item or situation.

comment: express an observation or opinion
about a result.

compare: show how 2 or more things are
similar or different.

complete: fill in detail to make a statement,
diagram or table correct or finished.

construct: draw an accurate diagram.

convert: change from one form to another, for
example, from a fraction to a decimal, or from
kilograms to grams.

decrease: make smaller.
describe: state the features of a situation.

estimate: make an educated guess for a
number, measurement or solution, to find
roughly or approximately.

evaluate, calculate: find the value of a
numerical expression; for example, 3 X 8% or
4x + 1 when x = 5.

expand: remove brackets in an algebraic
expression by multiplying; for example,
expanding 3(2y + 1) gives 6y + 3.
explain: describe why or how.

factorise: take out the highest common factor
(HCF) of an expression and insert brackets;
for example, factorising 5x — 20 gives 5(x - 4).
The opposite of expand.

give reasons: show the rules or thinking used
when solving a problem. See also justify.

graph: display on a number line, number plane
or statistical graph.

hence find/prove: find an answer or prove a
result using previous answers or information
supplied.

Nelson Maths 10

identify: see classify.
increase: make larger.
interpret: find meaning in an answer or result.

justify: give reasons or evidence to support your
argument or conclusion. See also give reasons.

measure: determine the size of something,
for example, use a ruler to determine the length
of a pen.

prove that: see show that.
recall: remember and state.

reduce (a fraction) to its lowest terms: see
simplify (a fraction).

round (a number): find the nearest
approximation of a number. For example,

4.3 rounded to the nearest whole number is 4,
$12.9598 rounded to the nearest cent is $12.96,
0.166 66 rounded to 3 decimal places is 0.167.

show that, prove that: (in questions where the
answer is given) use calculation, procedure or
reasoning to prove that an answer or result is true.

show working: show the steps you used to find
the answer.

simplify: give a result in its most basic, shortest,
neatest form; for example, simplifying a ratio or
algebraic expression.

simplify (a fraction): reduce the numerator
and denominator of a fraction by dividing by
their highest common factor (HCF); for example,
16 simplified is 4

20 5

simplify (a ratio or rate): reduce the terms
or units of a ratio or rate by dividing by their
highest common factor (HCF); for example,
10 : 4 simplified is 5 : 2.

sketch: draw a rough diagram that shows
the general shape or idea (less accurate than
construct).

solve: find the value(s) of an unknown variable
in an equation or inequality.

9780170465625



state: see write.

substitute: replace a variable by a number and

evaluate; replace part of an expression with an

equivalent expression.

verify: check that a solution or result is correct,
usually by substituting back into the equation or
referring back to the problem.

write correct to: see round (a number).

write, state: give an answer, formula or result
without showing any working or explanation.
(This usually means that the answer can be
found mentally, or in one step.)
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Symbols and abbreviations

b))

I+::CIVI/\V/\R

|
w

s

0.i52

o
42°17'54"
ZA
AABC

I

1

x2

x3

9780170465625

is equal to

is not equal to

is approximately equal to

is less than

is greater than

is less than or equal to

is greater than or equal to
parentheses, round brackets
(square) brackets

braces

plus or minus

negative 3

pi=3.14159 ...

the recurring decimal 0.152152...
degree

42 degrees, 17 minutes, 54 seconds
angle 4

triangle ABC

is parallel to

is perpendicular to

is congruent (identical) to

is similar to

therefore

X squared, X X X

X cubed, x X x X x

e
%/_
P(E)
P(E)
P(BIA)
LHS
RHS

square root, radical sign

cube root

the probability of event E

the probability of event ‘not E’
the probability of B given A
left-hand side

right-hand side

percentage

per annum (per year)

sine ratio

cosine ratio

tangent ratio

the mean (average)

the standard deviation

the sum of

first quartile or lower quartile
median (second quartile)
third quartile or upper quartile
interquartile range

alpha

theta

phi

gradient
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Graphing lines

Straight lines are an important part of our natural and built environments. We play sport
on courts with parallel and perpendicular lines, and skyscrapers would not stand without
straight lines. Consider tree trunks, lightning strikes, flight paths, bridges and roller
coasters. Straight lines can also be used to model different types of data and predict
future outcomes.

Chapter outline Proficiencies

1.01 Length, midpoint and gradient of an interval PS 'R
1.02 Parallel and perpendicular lines

1.03 Graphing linear functions

stock.adobe.com/LeArchitecto

1.04 The gradient-intercept equationy =mx +c¢

1.05 Extension: The general equation ax + by + ¢ = 0*

1.06 Finding the equation of a line

1.07 Equations of parallel and perpendicular lines

1.08 Graphing linear inequalities Y PS
* EXTENSION U = Understanding R = Reasoning

F = Fluency C = Communicating
2 Wordbank

PS = Problem solving
gradient The steepness of a line or interval, measured by the

rise .‘O
fraction —. '|~
run

gradient-intercept form Any linear function expressed as
y =mx + ¢, where m is the gradient and c is the y-intercept. Wordbank 1

inequality A mathematical statement that 2 quantities are

Quiz

not equal, involving algebraic expressions and an inequality
sign (>, 2, < or <).
linear function A function whose graph is a straight line.

midpoint The point in the middle of an interval or halfway between 2 given points.
parallel lines Lines that point in the same direction and have the same gradient.

perpendicular lines Lines that cross at right angles (90°) and have gradients
whose product is —1.

x-intercept The x value at which a graph cuts the x-axis.
y-intercept The y value at which a graph cuts the y-axis.

Chapter 1 | Graphing lines




In this
chapter
you will:

A N N Y U NN

<

Videos (15):

1.01 The gradient of a line * Coordinate
geometry ¢ Distance, midpoint and
gradient formulas

Gradients of perpendicular lines
Graphing linear equations ¢ Testing if
a point lies on a line * Horizontal and
vertical lines

Gradient and y-intercept of a line

» The gradient-intercept formula

» Graphing y= mx + ¢

1.05
1.06

1.07

The general equation ax + by + ¢ = 0
Finding the equation of a line

Equations of parallel lines
» Equations of perpendicular lines

1.08 Graphing linear inequalities

PhET interactives (4):

1.03 Graphing lines * Function builder:
Basics ¢ Function builder

1.04 Graphing slope-intercept
Quizzes (5):

e Wordbank 1

e SkillCheck 1

o Mental skills 1
[ )
[ )

Language of maths 1
Test yourself 1

Skillsheets (2):

SkillCheck Pythagoras’ theorem
1.03 Graphing linear equations

Worksheets (13):

1.01 Gradient, midpoint, distance * Intervals

match-up « Gradient between 2 points

~¢Nelson MindTap

A page of lines * A page of number
planes * Graphing linear equations
* Straight-line equations

Parallel and perpendicular lines
Finding the equation of a line

* A page of lines

Writing equations of lines

A page of lines and regions

1.05
1.06

1.07
1.08
Mind map: Graphing lines

Puzzles (9):

1.01 Finding coordinates for given

segment lengths
Gradients of parallel and
perpendicular lines

Equation of a line * Equations in
gradient form

1.02

1.04

1.05
1.06
1.07

Linear equations code puzzle
Straight-line equations

Linear equations match-up
» Equations of parallel lines

Language of maths Graphing lines
crossword
Technology (1):

1.01 Midpoint and distance between

2 points
Spreadsheets (2):

1.01 Midpoint and distance between

2 points
1.04 Drawing straight lines: y= mx + ¢

To access resources above, visit

cengage.com.au/nelsonmindtap

find the distance between 2 points on a number plane

find the midpoint and gradient of an interval on a number plane

find the properties of the gradients of parallel and perpendicular lines

graph a linear function on a number plane
test whether a point lies on a line

use the gradient—intercept equation of a straight liney =mx + ¢

(EXTENSION) use the general form of a linear equation ax + by + ¢ = 0 and convert between

gradient—intercept form and general form
find the equation of a line from its graph

find the equation of a line that is parallel or perpendicular to a given line

graph a linear inequality as a region on a number plane

Nelson Maths 10
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SkillCheck

ANSWERS ON P. 551

For this number plane, find: YA
a the midpoint of interval BC 8]
b the midpoint of interval HE r 6
c thelength of interval GC I o] A
d the length of interval GH B
e thelengths of AC and BC, 24 ¢+

correct to one decimal place B G C _
f  the type of triangle AABC is 8 6 4 2 0 2 4 6 8%
g the gradient of GE ‘5 -2
h the gradient of EH -

H_Ip
I

For each linear function, copy and complete the table of values and graph the equation.

a y=x-3 b y=3x+2

a YA b YA ¢ YA

_

(=]
=
¥

9780170465625
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Length, midpoint and gradient of

an interval

Video
The gradient
of a line

Worksheets
Gradient,
midpoint,
distance

Intervals
match-up

Gradient
between
2 points

Technology
Midpoint
and distance
between
2 points

Spreadsheet
Midpoint
and distance
between
2 points

The length of an interval AB (or the distance between YA

A and B) can be calculated using Pythagoras’ theorem if A

we know the coordinates of A and B.

The midpoint of an interval AB is the point in the middle

of AB or halfway between A and B.

/

M

e Itsx-coordinate is the average of the x-coordinates The midpoint M B
of A and B. » of interval AB _
e Itsy-coordinate is the average of the y-coordinates 0 *
of A and B. v

The gradient of an interval measures its steepness. It is given by the formula:

vertical rise _ rise

horizontal run  run

sloping upwards
(positive gradient)

horizontal run

1 vertical

rise

sloping
downwards

‘nega.tive’ X (negative
vertical gradient)
rise !

—-————p
horizontal run

e A line sloping upwards has a positive rise and a positive gradient.

e A line sloping downwards has a negative rise and a negative gradient.

e The run is always positive.

Example 1

For the interval joining each pair of points given, find:

i the length of the interval, correct to one decimal place

ii the midpoint of the interval
iii the gradient of the interval.
a A(,3)andB(4,9)

Nelson Maths 10

b P(-5,8)and Q(3, 6)
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SOLUTION

a i Draw aright-angled triangle
on a number plane, with AB
as the hypotenuse.

height=9-3=6
base=4-1=3

AB*= 6"+ 3
=45
AB=+/45
= 6.7082...
~ 6.7 units

ii  For A(1, 3) and B(4, 9), the
average of the x-coordinates

istd =21
2 2
The average of the y-coordinates

is—=6.
.. the midpoint of AB is (2%, 6].

iii  The rise is 6 units.

The run is 3 units.

9780170465625

10 1234 5 6%
Y

difference between y-coordinates
difference between x-coordinates

by Pythagoras’ theorem

From the diagram above, a midpoint at(Zl.G)
looks reasonable. 2

The gradient is positive, the line is
sloping upwards.

Chapter 1 | Graphing lines




Draw a right-angled triangle on
a number plane with PQ as the
hypotenuse.

The height of the triangle is
2 units.

The base of the triangle is
8 units.

PQ*=27+8
=68

PQ =168

= 8.2462...

~ 8.2 units
For P(-5, 8) and Q(3, 6), the
average of the x-coordinates

. =5+3
s =-1.
2

The average of the y-coordinates
is 8;—6 =7.
.". the midpoint of PQ is (-1, 7).
The rise is -2 units.
The run is 8 units.

= rise

m=—
run

=t

The gradient is negative, the line
slopes downward.

Nelson Maths 10

P 7
H\i
21 R
*n_______é__é,___.X,Q
el
4_
3_
2._
1_

by Pythagoras’ theorem

From the diagram above, a midpoint
at (=1, 7) looks reasonable.

line slopes downwards

_';_
w
<Y
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The distance, midpoint and gradient formulas

The methods for finding the length, midpoint and
gradient of an interval can each be summarised by
a formula.

The distance formula is used to calculate the
distance (d) between 2 points P(x,, y,) and Q(x,, y,);

Y

Iz

Q(xz’ Yy 2)

2=y

T(xzs yl)

that is, the length of the interval PQ.
By Pythagoras’ theorem:

& =0-x)+0-p)
nd=\0n-x) +(y, -9

The midpoint formula gives the coordinates of
the point M, the midpoint of the interval joining

P(x,, y,) and Q(x,, y,):

M(x,y)E(

xl+xl 4"']+y2
5 * iy

(e y1)

i

M(x, y)

X

(2, ¥2)

We've used ‘= (‘is identical to’) rather
than ‘=" because we are referring to
the point (x, y), not a number.

93 |

The gradient formula gives the gradient of the interval or line joining P(x,, y;) and Q(x,, y,).

Vertical rise = difference in y-coordinates =y, - y,
Horizontal run = difference in x-coordinates = x, — x,

Gradient, m = difference in y =

Yo =N

difference in x

Example 2

X=X,

For the interval joining P(-5, 8) and Q(3, 6) from Example 1b, use a formula to find:

a the length of the interval, correct to one decimal place
b the midpoint of the interval
c the gradient of the interval.

SOLUTION

For P(-5, 8) and Q(3,6): x,=-5,y,=8,x,=3,),=6.

(x5 Y1) (X, ¥2)

a dz\/(xg_x])z'*'(yz_yl)2
={J(3=(=5))* +(6-8)°
=68

=8.2462...
= 8.2 units

9780170465625

apply the distance formula
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b M(x,y)= (u u) apply the midpoint formula

2 2
_(-5+3 8+6
=( 2 T)
=(-1,7)

_ difference in y

" difference in x
= Ya=N
SR
6-8

apply the gradient formula

Example 3

a Plot the points A(0, 6), B(5, 6), C(5, 2) and D(-4, 2) on a number plane and join them to
make the quadrilateral ABCD.

b What type of quadrilateral is ABCD?

¢ Find the exact length of AD.

Hence find the perimeter of ABCD, correct to 2 decimal places.

SOLUTION

a YA join the points in the
correct order

| i
.
LIn_
| ]
IN
(I»_
[I\)_
| |
=
1
=)
-
-
w
1
W
o
<
oo
=Y

19 ]
Y

b Since AB || CD, the quadrilateral is a trapezium.

AD?* = 4% + 42
=32
AD = /32 units in exact surd form

d By counting grid squares, AB=5, BC =4, CD = 9.
Perimeter of ABCD =5 + 4 + 9 + /32
= 23.656...
~ 23.66 units

10 Nelson Maths 10 9780170465625



EXERCISE @ ANSWERS ON P. 551

Length, midpoint and gradient of an interval

Questions 1, 2 and 3 refer to this diagram of interval CD.

U F PS RIC

n Calculate the gradient of each line.
a

B For the interval joining each pair of points given, find:

ii the midpoint of the interval

iii the gradient of the interval.
a A(5,3)and B(7, 2) b J(-1,0) and K(8, 6)
d R(-3,-6)and S(4,-9)

e A(-7,2)and B(-5, -8)

VA D(2, 3)
3_.
|
|
2.- L]
|
|
|
1 |
|
C(_3’ 0) 1
~ T T T + e
B3 2 Q4 O 1 2 3 X
-1
Y
n What is the length of interval CD? Select A, B, C or D.
A 2 units B 5.8 units C 3.2 units D 8 units
n What is the midpoint of CD? Select A, B, C or D.
A (-1,3) B (-5,3) C (-0.5,1.5) D (-2.5,1.5)
n What is the gradient of CD? Select A, B, C or D.
A 2 B _° c 3 p ?
5 5 3 3

i the length of the interval, correct to one decimal place

c
f

M(0, -3) and N(-5, 2)
U3, -2) and V(7, 2)

9780170465625
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EXAMPLE

12

>

n Calculate, in exact (surd) form, the distance between each pair of points.
a (-8,-1)and (0,4) b (12,-6)and (-1,-1) ¢ (7,-2)and (-2,-3)

o Find the gradient of the lines labelled k and I.

YA
6—/

|
(o)}
|
N
|
)
[N}
_h_
0\—-
.|
) |

' l
n Which expression gives the y-coordinate of the midpoint of the interval joining points
(3, 8) and (-1, 5)? Select A, B, C or D.
8+5 8-5

=1-+5 B 5% c B3 D 5-8

2 2 2

A

o The vertices of triangle ABC are A(-1, -1), B(1, 3) and C(3, 1).
ps @ Draw AABC on a number plane.

R b Find the exact length of each side of the triangle.

€ ¢ Are any sides of the triangle equal in length?
d What type of triangle is ABC?
e

Find the perimeter of AABC, correct to one decimal place.

@ The vertices of quadrilateral KLMP are K(1, 6), L(7, 2), M(3, -4) and P(-3, 0).
ps a Draw the quadrilateral on a number plane.
R b What type of quadrilateral is KLMP?
€ ¢ Find the gradients of sides KL and PM.
d Find the gradients of sides KP and LM.
e

What do you notice about the gradients of the opposite sides of this quadrilateral?
What does that mean about those sides?

Find the exact length of each side of KLMP.

--

Find the perimeter of KLMP, correct to one decimal place.
h  Find the area of KLMP.

O Foundation O Standard O Complex
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m The diagram shows a right-angled triangle YA
p With vertices A(-2, -1), B(-2, 3) and >
o C4,3). B o c
a Copy the diagram and find the ;_ /
coordinates of P and Q, the midpoints 1
of BA and BC respectively. Mark P and Q - -
on your diagram. 543 —_110_ 12345%
. A
b Calculate, correct to one decimal place, N
the lengths of PQ and AC. What do you —3
notice about your answers? —4
¢ Find the gradients of PQ and AC. What do —5'"

you notice about your answers?

INVESTIGATION @I l

Parallel and perpendicular lines

1 These 3 lines are parallel. Calculate the Y
o3 linesarerp B
gradient of:
a AB A~
b PQ

<Y

c ZV

2 What can you conclude about the gradients of parallel lines?

3 This diagram shows 2 pairs of gAY
perpendicular lines. AB L CD and 3
PQ L ST. Calculate the gradient of: 6 Q
a AB b CD 44 p
D
c PQ d ST 2

4 Isthere a relationship between:
a the gradients of ABand CD? b the gradients of PQ and ST?

5 Calculate the product of:
a the gradients of ABand CD b the gradients of PQ and ST

6  What can you conclude about the gradients of perpendicular lines?

O Foundation O Standard | Complex
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Parallel and perpendicular lines

iVl () Parallel and perpendicular lines
in

Parallel lines have the same gradient.

y
Puzzle
Gradients of  If 2 lines with gradients m, and m, are parallel,
parallel and
perpﬁndicular then m, =m,. gradient =m
ines \ \

0 T~ X

gradient = m,

Perpendicular lines have gradients with a product YA gradient = m,
of -1.

If 2 lines with gradients m, and m, are \

perpendicular, then

1 - -
m Xm,=-lorm,=—-— 0 Lo
Py gradient = my
Note that m, is the negative reciprocal of m,. /
\

State whether each pair of gradients represent parallel lines, perpendicular lines or neither.

1 2 3 5
a m1=5,m2=2 b m1=0.4,m2=§ c m1=1§,m2=—§
SOLUTION
a m, # m,so the lines are not parallel. b m,= % =04
m,xmz=%x2 m, =m,
=il .". the lines are parallel.
#-1

so the lines are not perpendicular.

.. the lines are neither parallel nor perpendicular.

ml=1§=
5

w | o

8 5
mxm=2x(-3)
5 8
=1

.. the lines are perpendicular.

14 Nelson Maths 10 9780170465625
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Example 5 ne @

Find the gradient of a line that is perpendicular to a line with gradient:

Video
3 Gradients of
a 2 b -3 c - d -0.6 perpendicular
4 lines
SOLUTION
a m=2 b m=-3
m,= L for perpendicular lines m, = =L
ml ml
-1 -1
= 5 The negative reciprocal of m;. = 3
==l il
2 3
The gradient is —%. The gradient is %
c m=> d m=-06=->
4 5
=1 =1 5
m,=— n‘[,J =
Tom, = §) 3
—i S
( 3 J The gradient is >.
4 3
Al
3

The gradient is —%.

‘ Example 6 '

A line passes through the points A(-2, 5) and B(4, 1). What is the gradient of a line:
a parallel to AB? b  perpendicular to AB?

SOLUTION

Find the gradient of AB by calculating the rise
and run.

Sometimes drawing a diagram helps you to understand
the problem.

rise=1-5=-4 difference between y-coordinates
run=4-(-2)=6 difference between x-coordinates
gradient AB=—* = -2 el

) run

9780170465625 Chapter 1 | Graphing lines 15



EXAMPLE

EXAMPLE

16

a Any line parallel to AB will have the same gradient as AB.
. 2
Lm=-==
3
b The gradient of a line perpendicular to AB will be given by:

=]

m=——=

_3J

EXERCISE @ ANSWERS ON P. 552

W

Parallel and perpendicular lines U F

n State whether each pair of gradients represent parallel lines, perpendicular lines

or neither.
1 1 1
a m=-,m,=4 b m=3m=— c m=05m=-
4 3 2
2 T 3 1 6
d m =2 my = e m1=6,m2=03 f ml—l—,mz——;
E Find the gradient of a line that is parallel to a line with gradient:
a 4 b -2 c ! d -02

3

o Find the gradient of a line that is perpendicular to a line with gradient:

a 1 b -6 c -15 dg

What is the gradient of a line that is perpendicular to a line with a gradient of 0.8?
Select A, B, C or D.
A 02 B -0.2 C 1.25 D -1.25

What is the gradient of a line that is parallel to a line that goes through P(0, 3) and
Q(5,-2)? Select A, B, C or D.

A1 B -1 c 1 DL

O Foundation O Standard ) Complex
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G What is the gradient of a line YA
perpendicular to the line shown? 5
Select A, B, C or D. 4
A 2 B -5 i

3 2
c 2 p !
5 5

e Calculate the gradient 7
of each line shown and
test whether:
Q(-3, 6)
a AB| CD
b PQLCD. A(0, 4)
P(-7,3)
B B(3,0) _
) TN N
Y

e A line passes through the points R(-5, 2) and S(1, 4). What is the gradient of a line:
a parallel to RS? b perpendicular to RS?

TECHNOLOGY !
Parallel and perpendicular lines 4

Use dynamic geometry software to find out if sets of linear functions represent parallel or
perpendicular lines.

1 Parallel lines

Graph the following lines and use the Slope/Gradient function to find their gradients
and check whether they are parallel using m, = m,.

a 5x—3y=03ndy=% b x+y+4=0andx+y-6=0

¢ x-2y=0andy=0.5x d y=5x-9and5x-y-1=0

O Foundation O Standard O Complex
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Video
Graphing
linear
equations

Interactives
Graphing
lines

Function
builder:
Basics

Function
builder

Skillsheet
Graphing
linear
equations

Worksheets
A page of
lines

A page of
number
planes

Graphing

linear
equations

18

2 Perpendicular lines

Graph the following lines and use the Slope/Gradient function to find their gradients
and check whether they are perpendicular using m, X m, = -1.

a y=0.6x+2andy=-§-x b x-4+1=0andy=-4x-3
c 3x—2y=0andy=—2?x d y=2x+4andx-2y-1=0

Graphing linear functions

A relationship between 2 variables, x and y, whose graph is a straight line is called a linear
relationship. The expression of that relationship as an algebraic formula, such asy = 3x + 2,
is called a linear function or linear equation.

" Example 7L

Graph y = 3x + 2 on a number plane and find its x- and y-intercepts.

SOLUTION
Complete a table of values. Choose x values Y y=3x+2
close to 0 for easy calculation and graphing. 6
1 0 1 B
X 4
y -1 2 5 o
Graph (-1, -1), (0, 2) and (1, 5) on a number . 2
ph ( ) ( . ) ) (L. 5) . x-intercept ™ y-intercept
plane. Rule a straight line through the points, 3

place arrows at each end, and label the line -~ —TTT
with its equation. » @B P2 1 23 4 5

<Y

The x-intercept is the x value where the
line cuts the x-axis and can be found by
substituting y = 0 into the equation

y=3x+2:
0=3x+2
3x=-2
%= —% which agrees with what is shown on the graph

The x-intercept is —%.

The y-intercept is the y value where the line cuts the y-axis and can be found by looking at
the graph, or looking at the constant term in the equation y = 3x + 2, or substituting x = 0
into the equation y = 3x + 2 (which has already been done for the table of values).

The y-intercept is 2.

Nelson Maths 10 9780170465625



In the above example, every point on the line follows the linear function y = 3x + 2.
For example, (-1, 1), (0, 2) and (1, 5) lie on the line and follow the rule y = 3x + 2.

There are an infinite number of points that follow the rule. Arrows on both ends of the line
indicate that it has infinite length.

() Testing if a point lies on a line

A point lies on a line if its (x, y) coordinates satisfy the equation of the line.

Example 8

Test whether each point lies on the line x - 2y = 5.

a (17,6) b (8-4)

SOLUTION

«  Separate the equation into its left-hand side (LHS) and right-hand side (RHS)
«  Substitute the coordinates of the point into both sides

« If LHS = RHS, the point satisfies the equation and so lies on the line

« If LHS # RHS, the point does not lie on the line.

a Substitutex=17,y=6intox -2y = 5. b Substitute x=8,y = -4 intox -2y = 5.

LHS =x-2y LHS=x-2y
=17-2X6 =8-2x(-4)
=5 =16
RHS =5 RHS =5
LHS = RHS, so (17, 6) lies on the line. LHS # RHS, so (8, -4) does not lie on
the line.

() Horizontal and vertical lines

The equation of a horizontal line is of the
form y = c (where c is a constant number).

The equation of a vertical line is of the form
X = ¢ (where c is a constant number).

YA YA A

o |

0 i 0 c

\ \ A

Note: The x-axis has equation y = 0. Note: The y-axis has equation x = 0.

9780170465625 Chapter 1 | Graphing lines
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Example 9

For the graph shown, find the equation of: Y
a the vertical line

b the horizontal line

0 x
. HA6,-3) _
\j
\/
SOLUTION
a The vertical line has YA A
an x-intercept of 6 and 4
passes though A(6, -3), B
so its equation is x = 6. Passes
b  The horizontal line has 2 througl:n x=6
a y-intercept of -3 and 14 on x-axis
passes though A(6, -3), -~ — —
so its equation is y = -3. -3 -2 —11 1 2 3 4 5 6 7%
2]
B 2 A(6, -3)
Passes /_4'_ -
throughy =-3 v v

on y-axis
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Example 10

Find the equation of the line that is:
a parallel to the x-axis and passes through the point (1, -6)
b always 3 units to the left of the y-axis.

SOLUTION
a The equation of the line is y = -6. b The equation of the line is x = -3.
YA x=-3
14 / YA
3_
~=i T T =
-3 -2 -1 1 2 3% 2
14
2]
T 1 %
=9 R I I
-4
2]
_5_
—3]
~ & >y =6 \ y
1,-6
| a-e
-8
—9
-10-4
\/
EXERCISE @ ANSWERS ON P. 552
Graphing linear functions U(FI(RI(C
n Graph each linear function on a number plane, and find: E"“;"LE
i itsx-intercept i its y-intercept.
a y=3x-1 b y=2x+5 c y=-x+4
d y=-2x-2 e y=4x f y=§+3
n Test whether the point (3, -1) lies on each line. "“g”“
a y=2x-5 b x-y=4 c y+2x=5
d y=x-4 e x+y=5 f 3x+y+8=0
n Which point lies on the line y = 6x - 5? Select A, B, C or D.
A (-1,11) B (3,-13) C (-2,-17) D (-5,25)

>

O Foundation O Standard | Complex
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EXAMPLE

EXAMPLE

10

22

>

R a
Cb

o Q = 0o a O

A (-1,5)

A y=38

n Find the equation of each line shown.

¥ Ay

oV

A

-6 -5

| el
4 -3 -2 -

-2 —

2
J

=Y

—4
G

—6
Y

Y

H Graph each set of lines on a number plane.

a x=2%,y=—3,y=1

O Find the equation of the line that is:

vertical with an x-intercept of 4

3 units above the x-axis

1 unit to the left of the y-axis
drawn through the points (-1, 6) and (2, 6)
drawn through the points (-1, 8) and (-1, 2).

B (-2,7)

B x=8

o a What is another name for the line y = 0?

c b Whatis another name for the line x = 0?

b x=6,y=—2,x=—%

horizontal and passes through the y-axis at 2

parallel to the y-axis and passes through the point (-1, 4)
parallel to the x-axis and passes through the point (0, -2)

Which point lies on the line 4x + y = 1? Select A, B, C or D.

C (69

C y=-2

-1 |

o (-3
2

n Which line is horizontal and passes through the point (8, -2)? Select A, B, C or D.

D x=-2

O Foundation O Standard O Complex
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TECHNOLOGY

Graphingy =mx +c

1 Use dynamic geometry software to graph the 4 linesy =3x+ 2,y =5x+ 2,y =-2x+ 2
and y = -0.1x + 2. Make each line a different colour.

2 Find the gradient (slope) and y-intercept of each line and record your results in a table
like this.

3 What do you notice about your results?

4 Repeat the steps above for each set of equations.

a y=-4x y=-4x+1 y=-4x-10
b y=2x+3 y=-7x+3 y=02x+3
c y=-x-1 y=-x+2 y=-x-4

5 For each set of lines drawn in step 4, complete a table as shown in step 2.

6 What do you notice about each set of lines? Identify any key features of each set
of graphs.

The gradient—intercept equationy =mx + ¢

() The gradient-intercept form of a linear equation

The equation of a straight line is y = mx + ¢, where m is the gradient and c is
the y-intercept.

For this reason, y = mx + c is also called the gradient-intercept form of a
linear equation.

9780170465625 Chapter 1 | Graphing lines
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" Example 11

Find the gradient and y-intercept of the line with equation:
Interactive
Graphing

Tt A y=-4x+9 b y=10-6x c y—2tt d 3x+2y-6=0
intercept 2
SOLUTION
Puzzles
Eduation a y=-4x+9isintheformy=mx+c.
Equations .. gradient m = -4 and y-intercept ¢ = 9.
in gradient
form b y=10- 6xcan be rewritten as y = -6x + 10.
Spreadsheet .. gradient m = -6 and y-intercept ¢ = 10.
Drawing S y.
straight c y= 2etd can be rewritten as y = gt 5i‘+ 2.
lines: 2 2 2 D)
y=mx+c

.. gradient m = g and y-intercept ¢ = 2.

d 3x+2y-6=0can be rearranged in the form y = mx + c.

Make y the subject of the equation: ‘solve’ the equation for y.

3x+2y-6=0
3x+2y-6-3x=0-3x
2y-6=-3x
2y-64+6=-3x+6
2y=-3x+6
2y _-3x+6
2 2
y:%+3

.. gradient m = —g and y-intercept ¢ = 3.

Example 12
Write the equation of a line with a gradient of -4 and a y-intercept of -6.
SOLUTION

m=-4,c=-6

.. the equation of the line isy = -4x - 6.
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Example 13 e @

Graph each linear function by finding the gradient and y-intercept first. vid

Graphi
a y=-2x+5 b y=%x—2 y=ra:7x:gc
SOLUTION
a y=-2x+ 5hasagradientof -2and a
y-intercept of 5.

«  Plot the y-intercept 5 on the y-axis.
+ Make a gradient of -2 = _Tz by moving

across 1 unit (run) and down 2 units
(‘negative’ rise) and marking the point
at (1, 3).

« Rule aline through this point and
the y-intercept.

Don't forget to label the line
with its equation y = -2x + 5’

b y= %x—z has a gradient of % and a y-intercept

of -2.
« Plot the y-intercept -2 on the y-axis.

« Make a gradient of % by moving across

4 units (run) and up 3 units (rise) and
marking the point at (4, 1).

« Rule aline through this point and
the y-intercept.

Example 14

Test whether each line is parallel to y = -2x + 3.

a y=2x+3 b y=-2x+1 c y=-2x d y=5x+3
SOLUTION

Parallel lines have the same gradient. The line y = -2x + 3 has the gradient m = -2.
a y=2x+ 3 has a different gradient, 2, so it is not parallel toy = -2x + 3.
b y=-2x+ 1has the same gradient, -2, so it is parallel to y = -2x + 3.
¢ y=-2xhas the same gradient, -2, so it is parallel toy = -2x + 3.
d y=5x+ 3 hasadifferent gradient, 5, so it is not parallel to y = -2x + 3.
.. thelinesb y = -2x + 1 and ¢ y = -2x are parallel to y = -2x + 3.
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EXAMPLE

1

EXAMPLE

12

EXAMPLE

13

26

EXERCISE @ ANSWERS ON P. 552

n Find the gradient and y-intercept of each line.

a y=3x-2 b y=-2x+7 c
e y:%x+6 f y=x d
i g=2X i y=20x-3) k

3
B Find the equation of a line with:

a agradient of 2 and a y-intercept of 1 b

¢ agradient of -7 and a y-interceptof 5 d

e m=-2,c=-3 f

a y=2x+1 b y=3x-2 c

d y=-2x+3 e y:—% f

R

H Match each equation to its graph below.
R a y=4dx+1 b y=-4x+1 c

A y B

b—
=Y

-_—
=Y

The gradient—intercept equationy = mx + ¢ U F R

e Graph each linear function by finding the gradient and y-intercept first.

n Write the equation of a line with a gradient of 2 that passes through the origin.

y=x+4 d y=9-x

X 2x+18
—5—1] h y= 5
11-3x=y | 2".2_7=y

a gradient of % and a y-intercept of 2

a gradient of —% and a y-intercept of 3

m=-3,c=

0o | =

y=2x d y=§—1

D=2 h _3x-20
y=— I
5

y=-4x-1 d y=4x-1
\{\y
= | -

Y

A

=Y

O Foundation O Standard O Complex
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e For each given line, select the lines that are parallel. There may be more than i;‘;'z%‘
p One answer. -
a y=x+6
A y=6x B y=6-x C y=x+1 D y=2x
b y=3x+10
A y=10x+3 B y=3x-1 C y=1-3x D y=4+3x
c y=§+5
A y=2x-1 B y=xT+6 C y= —é D y=x+2
d y=6
A y=2x+6 B y=6x C y=-1 D y=10
e y=4x
A y=4x-2 B y=4x+3 C y=4 D y=1-4x
f x=10
A y=10 B y=10x C x=2 D x=-6
o For each set of linear functions, find a pair of equations whose graphs are parallel lines.
R a y=4x+3 y=x+2 y=4x-6 y=2x
b y=5x+1 3x-y+7=0 y=3x-2 y=-5x+2
Maths without calculators :“:
L e

Learn these commonly-used percentages and their fraction equivalents.

|

Percentage 50% ‘ 25% ‘ 12.5% | 75% ’ 20% 10% 3315% 66%%
Fraction L L L ) s oL i) 2
2 4 8 4 5 10 3 3

Now we will use them to find a percentage of a quantity.

1 Study each example.

a 20%><25=§x25 b 50%><120=%><120 c 12.5%><32=%><32
d 75%x56=%x60 e 33%%x27=§x27 f 66§%x60=§x60
=[l><60]><3 => =(1x60)><2
4 3
=15x3 =20x2

[ Foundation Q Standard ) Complex
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2 Now simplify each expression.
a 25%x44 b 33%% X 120 c  20% X 35 d 66%% x 36
e 10% x 230 f 12%% X 48 g 50% X 86 h  20% x 400
i 75%x24 j 33%% X 45 k 25%x 160 I 10% x 650
m 12.5% X 88 n 66—:25-% x 21 0o 20% X 60 P 75%x 180

Extension: The general equation

ax+by+c=0

EXTENSION A linear equation written in gradient-intercept form, such asy = —i—x + 2, can also be

ey written in general form (3x + 4y - 8 = 0). Note that, for the general form, all the terms on the
'|.' left-hand side of the equation are written with no fractions, and only 0 is on the right-hand side.

Sometimes the general form is neater and more convenient.

Video
The general
equation
ax+ by +
c=0

(i) The general form of a linear equation

The general form of a linear equation is written as ax + by + ¢ = 0, where a, b and c are

worksheet  integers and a is positive.
Parallel and
perpendicular

" -

Puzzle

Linear Write each linear equation in general form.
equations 3 3
codepuzzle g y— x4 2 b y=—§x+2 c y=2x—g
SOLUTION
a y=6x+2
0=6x-y+2 subtracting y from both sides
6x-y+2=0 swapping sides so that 0 appears on the RHS
b y= 2542
3
3y = 3(—§x+2) multiplying both sides by 3 to remove the fraction
3y=-2x+6
2x+3y=6 adding 2x to both sides
2x+3y-6=0 subtracting 6 from both sides
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3 EXTENSION
Cc y= 2x - g

S5y = 5(2x—§) multiplying both sides by 5

5y =10x-3

0=10x-5y-3 subtracting 5y from both sides

10x-5y-3=0 swapping sides so that 0 appears on the RHS
Example 16

Find the gradient and y-intercept of the line whose equation is 5x + 2y - 10 = 0.

SOLUTION

Rewrite 5x + 2y - 10 in the form y = mx + c.
Make y the subject, solve for y.
5x+2y-10=0

2y-10=-5x subtracting 5x from both sides
2y=-5x+10 adding 10 to both sides
y= %‘2 dividing both sides by 2
2

Aim to have y on its own on the
LHS of the equation.

.. gradient, m = —% and y-intercept, ¢ = 5.

EXERCISE @ ANSWERS ON P. 553

The general equation ax+ by +c =0 U FIRIC
o Write each linear equation in general form. F"ffg’“
R a y=x+2 b y=3x-1 c y=8+5x
cd x+2=3 e x-2y=6 f y=8x+2
g y+3=6x h 2y=x-6 i y=§x+2
e Find the gradient and y-intercept of the line with equation: E";’g’“
R a 2x+y=6 b 8x-2y=10 cC 3x-2y+4=0
cd y+2x-1=0 e 2x+y+5=0 f 4x+3y-12=0

>

O Foundation QO Standard | Complex
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e Find the gradient, m, and the y-intercept, c, of the line with equation x -3y + 5=0.
Select A, B, C or D.
5 5

A m=-1,c=5 B m=1,c=— C m=1,c=-5 D m=l,c=——
3 3 3 3

EXTENSION

o Which statement is FALSE about the line whose equation is 3x + y - 6 = 0?
R Select A, B, C or D.

c A [Its gradient is -3. B Itsy-intercept is -6.
C [Itsx-intercept is 2. D Itis parallel to the line y = -3x.

Finding the equation of a line

)

% R
Find the equation of each line.
Video
Finding th
elqnual‘:ion oef a Y b y“
aline 4+ \
34 2
Worksheets
Finding the 2+
equa[c.ion of 1-
a line 0 2 x
A page of e
fines 1) 2 3 4% Y
Puzzle —2
Straight-line -3
equations
/u
SOLUTION
a Select 2 points on the line to find the gradient, Vi
say (0, -3) and (2, 1). 4+
3 3 "
. rise 4
radient: m=—=—=2 from the graph
& run 2 I 2

y-intercept: ¢ = -3

.. the equation of the lineisy =2x-3. y=mx+c

_3 - -
L flmun =2
Y

We can check that this equation is correct for any point on the line, say (3, 3).
Whenx=3,y=2x3-3=3.

[ Foundation QO Standard O Complex
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b Find the gradient of the line passing through (0, 2)
and (2, 0).

©

gradient: m= . _72 =-1 from the graph
run
y-intercept: ¢ =2

.. the equation of the lineisy=-x+2. y=mx+c

EXERCISE @ ANSWERS ON P. 553

Finding the equation of a line u)(FIR)C

c Find the equation of each line. EXAWPLE

17
R Y4
C
6

e Find the equation of each line.

R a YA b
(o]

(4,4) =

o\
=Y

\h

©
A
|
—
<
|
w
=Y
=
n
P
& <
- >

A

.

/
\
3 0
\6
| o

0 x
=

>
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—10 — -3

INVESTIGATION (-I |

Sausage sizzle

A local football club is organising a sausage sizzle on Saturday to raise money to buy new
equipment. It costs $50 to hire a gas bottle to run the barbecue and each sausage in bread
costs $1 to make. They hope to sell 100 sausages in bread.

1 Copy and complete this table to show the cost of making sausages in bread. Include the

cost of hiring the gas bottle.

No. of sausages 0 10 20 30 40 50 60 70 80 90 100
in bread (x)

Cost (Sy) 50 60

2 Find the linear equation (formula) for y that represents the cost of making x sausages
in bread.

3 Use an appropriate scale to construct a graph that shows the cost of making from x =0
to 100 sausages in bread. Label your axes and give your graph an appropriate title.

How much will it cost to make 35 sausages in bread?

4
5 How many sausages in bread can be made for $132?

6 How much would it cost to make 120 sausages in bread?
7

a If the club sold all 100 sausages in bread for $5 each, how much money would
they take?

b How much profit would the club make?

Equations of parallel and perpendicular

lines

:“: () Gradients of parallel and perpendicular lines

If 2 lines with gradients m, and m, are parallel, then m, = m,.

Worksheet

© . . . . 1
Wwriting If 2 lines with gradients m, and m, are perpendicular, then m, X m, =-1orm, =——
equations
of lines

O Foundation O Standard O Complex
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Example 18

Find the equation of the line parallel to y = 8 — 3x that passes through the point (-1, 6).

SOLUTION

Fory = 8 - 3x (or y = -3x + 8), the gradient is m = -3.
A line parallel to y = 8 — 3x, will also have m = -3.
The equation of this line is y = mx + ¢ = -3x + ¢, where c is a constant.

To find the value of ¢, substitute the point (-1, 6) into the equation:

y=-3x+¢c

6=-3x(-1)+c x=-1,y=6
6=3+c

c=3

.. the equation is y = -3x + 3.

Example 19

Find the equation of the line perpendicular to 3x — 4y + 6 = 0 that passes through the
point (5, 4).

SOLUTION

To find the gradient of 3x - 4y + 6 = 0, first convert it to the form y = mx + c:
3x-4+6=0

3x+6=4y
4y=3x+6
_3x+6
Y=
y:%x+§ y=mx+c
. 3
.. gradient = ~
gradien 5

)

the negative reciprocal of %

.. the equation of this lineisy = —~43;Y ha

9780170465625
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EXAMPLE

18

EXAMPLE

19

34

To find the value of c, substitute the point (5, 4) into the equation.

4=(—5)x5+c

=—"+c¢

32 —4x+32

.. the equation isy = —4%+T ory=
Converting to general form:
3y =-4x+ 32

4x+3y-32=0

EXERCISE @ ANSWERS ON P. 553

x=5y=4

C b y=3xand has an x-intercept of -2

- 0o Q O

R a y= % and has a y-intercept of -2
c
y = -5x and has an x-intercept of 1

y =XT_6 and passes through (1, -6)

=~ o

Equations of parallel and perpendicular lines

0 Find the equation of the line that is parallel to:
R @ Yy =2x+9and hasay-intercept of 4

y=5- ’% and passes through (-1, 6)
2x -y = 6 and passes through (5, -2)
y = -5x - 8 and passes through the midpoint of (3, -10) and (-5, -6)
2y = x - 3 and passes through (6, -7)

e Find the equation of a line that is perpendicular to:
b
¢ y=3x-1and passes through the x-axis at 4
d

X +y -6 =0 and passes through (-4, 2)
3x -y -9 =0 and passes through (-10, -7)

O Foundation QO Standard ) Complex
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e a Find the gradient of interval ST in YA T (2,6)
the diagram. ..
b  Find the midpoint of ST. \\\
¢ The dotted line is perpendicular to ST \/“ ¢

and passes through its midpoint. What is
its gradient?

d Find the equation of the dotted line, in the S(-2,-2) <
formy =mx+c. Y

A
/|
’
/'/
<Y

o a Find the equation of line h in the diagram.

r b Find the gradient of line j (which is
perpendicular to line h).

¢ Find the equation of line j.

<Y

6 a  Find the equation of line k. . y
w
r b Find the coordinates of point A. E
C ¢ Find the gradient of line w. - ~
X
d Find the equation of line w.
4
e Find the coordinates of point B. He==%
DID YOU KNOW? L]
NV
Constants z,C;b\:

Expressions like ‘k is a constant’ are often used in mathematics, but constants are also used
in areas such as physics, chemistry, biology and astronomy. A constant may be:

e anumerical part of an algebraic expression. For example, in the expression 3x* + 5,
the 3 and 5 are constants and 5 is usually called the constant term.

e aquantity that has a fixed value for an expression or calculation. For example, in the
equation of a line, ax + by + ¢ = 0, the a, b and c are constants (while x and y are variables).

e anumber or quantity that does not change in any circumstances. Examples are ¢
(the speed of light) in the formula E = mc? and 7.

Other constants that do not change include Faraday’s constant, Planck’s constant,
Boltzmann’s constant, Avogadro’s number, 1 astronomical unit, and the gravitational constant.

1 Find the symbol and value of each of the constants listed above.

2 Explain the meaning of the word ‘constants’ in this saying:
‘There are only 2 constants in life—death and taxes’.

O Foundation O Standard | Complex
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INVESTIGATION

Regions on the number plane

This is the graph of y = 3x + 2 from Example 7
on page 18.

We know that every point on the line, such as
(-1,-1), (0, 2) and (1, 5), satisfies the equation
y=3x+2.

It then follows that any point not on the line
does not satisfy the equation y = 3x + 2.

So for any point not on the line, it either
satisfies the inequality y > 3x + 2

ory<3x+2.
For example, (5, 1) does not lie on the line.

Substitute x =5,y =1intoy = 3x + 2.

LHS =y
=1
RHS=3X5+2
=17

LHS < RHS, so (5, 1) satisfies the inequality y < 3x + 2.
T Copy this table.

Point y>3x+2 y<3x+2
G v
®3,3)

(-4.2)

(-2,-6)

0.-3)

2-2

that are not on the line.

in words?

vy y=3x+2
6_
S_
4_
:I T T T T I:
-5 -4 -3 -2 - 2 3 4 5%

2 Test each point in the table for y = 3x + 2 and tick whether it satisfies the inequality
y>3x+ 2o0ry < 3x+ 2. The last 4 rows have been left blank for you to choose points

3 Do you notice a pattern between the points that satisfy y > 3x + 2? Can you describe it

Nelson Maths 10
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Graphing linear inequalities

y =3x+ 2is alinear equation and its graph on the number plane is a line.

«l
P4
y>3x+ 2 (ory < 3x+ 2)is alinear inequality and its graph on the number plane is a region. L
Any line drawn on a number plane divides the plane into 2 regions or ‘half-planes’. Video
Graphing
linear
@ Linear inequalities on the number plane inequalities
The graph of y = mx + ¢ divides the number M Mf;:;:?:
plane into 2 regions. o 4 lines and
* II regions
The region ‘above’ the line is the graph of @a/
y>mx+ec. //,/ y<mx+c

The region ‘below’ the line is the graph of
y<mx+ec.

Graph the linear inequality y > 2x — 1 on a number plane.

SOLUTION
First sketch y = 2x - 1 as a dashed (broken) line, Yhy=2x-1
because it is not part of the region of the inequality.
Then test a point that is not on the line, an ‘easy’ test point l,'l
point such as (0, 0). (0, 0) £
y=2x-1 - \8 v -
LHS =0 !
RHS =2x0-1
=-1 ,'I
[ |
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LHS > RHS, so (0, 0) lies in the region or half-plane YA
where y > 2x - 1, so shade and label that region. 4
y>2x-1 ,
Note that the shaded region is - L ~
‘above’ the liney = 2x — 1. o[, 1 X
-17
’
’
4
[ |
Example 21
Graph each linear inequality on a number plane.
a 3x+y<-2 b x<2 c y>3
a The inequality 3x + y < -2 involves ‘<) Y
‘less than or equal to’, so the line xX+y=-2 6
3x +y = -2 will be included with
the region.
First sketch 3x + y = -2 as a solid line,
not dashed.
Rewriting in the form y = mx + c. -
y=-3x-2 234 56%
Then test a point that is not on the line,
such as (-3, 0).
3x+y=-2 YA
LHS = 3 x (=3) + 0 67
5
=-9 4
RHS = -2 3
LHS < RHS, so (-3, 0) lies in the 2
region or half-plane where 3x + y < -2, (=3,0) 14
so shade and label that region. T T T
2 4 5 6%

38 Nelson Maths 10

9780170465625



b First sketch x = 2 as a dashed vertical Y
line, as it is not included in the
region x < 2. x

Il
S}

A - - - —]-------»

To graph x < 2, we want the half of YA
the plane where the points have

x-coordinates that are less than 2.
x<2

This would be the region on the
left side of the line. =0

For example, for (0, 0), 0 < 2.

c First, sketch y = -3 as a solid YA
horizontal line, as it is included in
the region y > -3.

=)
A

To graph y > -3, we want the half YA
of the plane where the points have -
y-coordinates that are greater than -3.

This would be the region above the line.

For example, for (0, 0), 0 > -3. - -

(=}
=Y

1 Graph the linear equation on the number plane first. If the inequality involves > or <,
then graph a dashed line.

2 Test a point on one side of the line.

If it satisfies the linear inequality, then shade the region or half-plane that contains that
point. If it doesn’t, then shade the other region or half-plane.

4 Label the region with the linear inequality.
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EXAMPLE

EXAMPLE

21

40

EXERCISE @ ANSWERS ON P. 554

Graphing linear inequalities

n Graph each linear inequality on a number plane.

R a y>2x b y>7-x c y<1l-x
cCd y>4x+2 e y>2-x f y<3x-4
H Graph each linear inequality on a number plane.

R a y>2 b y<i1 c x<3
cd x>-4 e y<-2 f x<2

B Which point lies in the region represented by the inequality y > 4 - x? Select A, B, C or D.
A (-1,-1) B (51) C (0,0 D (4,0)

n Which point does not lie in the region represented by the inequality 2y - x > 6?
Select A, B, C or D.

Cec¢

2y < -4x+12

d 6x+3y>12

e -2y<6-x

A (4,0 B (-6,0) C (0,4 D (-2,8)
B Which region contains the point (-6, -2)? Select A, B, C or D.

A x<-8 B y<-3 C y+2<-2x D y<x
n Which region does not contain the point (5, 4)? Select A, B, C or D.

A x+y<10 B x<6 C y>0 D y>x-1
Which inequality is represented by the region shown? VA

Select A, B, C or D. ‘\\

2X+y<2 2

B 2x+y>2 3

C 2x+y<2 - of g x

D 2x+y>2 I A}
e Graph each linear inequality on a number plane.

R a y>x-12 b x-y>-5 cC 4-y>x d y>2x-5

f —24x-8y>-48

O Foundation O Standard O Complex
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a Find the linear inequality represented by each region shown.

R a y“ b y‘
c 10 T 10 /
5 : 5 //
-t / - -t ‘/ -
15 =10 =5 O T s bkt “15--10- =/ 0 5 1o 15*
5 // 5
“-10 Vi 10
| \
@ Y d 7\
10 10
19U “ 19U
5 L
e O s s X 15 -10 -5 O 5 10 15%
5 545
10 104 -
\ \
= YA f Yl
10 10
\\; g
I~ :I
Y P
215 -10 -5 0 \5\ 10 15% 15 10 5 9 5 10 15%
5 =5
™N J
10 N Z10
\ \

@ The local soccer club is having a fete to raise funds for upgrades to their fields. They
will get to keep the money from the sale of entry tickets. The upgrade will cost the club
$6000. The club will sell adult tickets for $30 each and children’s tickets for $15 each.

PS

R
c a Letxbe the number of adult tickets sold and y be the number of children’s

tickets sold. The club needs to raise at least $6000. Write an inequality to represent
this situation.

b  Simplify the inequality.
¢ Graph the inequality on a number plane and determine 5 combinations of ticket
sales that will generate the $6000 required for the upgrade.

m A scooter hire business has weekly expenses of $1600. They hire out electric scooters for
$25 a day, or regular scooters for $10 a day. Use an inequality to suggest combinations
for the number of regular and electric scooters the business must hire out every week in
order to make a profit.

PS
R

O Foundation O Standard | Complex
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POWER PLUS aNswers oN p. 556 I

+
1  Aline is drawn through the points A(0, -2) and B(3, 0). The x-coordinate of a point C l
on ABis 9. Find:

a the gradient of AB b the equation of AB ¢ the y-coordinate of C.
2 The point (-1, 6) lies on the line kx + 3y - 13 = 0, where k is a constant number. Find k.
3 Z(-1, 3) is the midpoint of the interval joining A(-4, 7) and B. Find the coordinates of B.

4 The circle has XY as a diameter and centre Z. What are the coordinates of X?

YA

Y(l, 1)
= 0 ;
\\%(4! _1)

\

5 Show that the points (4, 2), (10, -4) and (1, 5) are collinear.
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(1) CHAPTER REVIEW :
—
>
w
) <
-
Language of maths "< P
w
axes distance exact answer general form -
Quiz &
gradient gradient—intercept form horizontal interval Language of =
. . . . . . maths 1 (8]
length linear equation linear function inequality
midpoint parallel perpendicular reciprocal G'::;ﬁﬁg
rise run surd vertical ones
X-axis x-intercept y-axis y-intercept
1 What is the difference between the y-axis and the y-intercept?
2 When finding the length of an interval on a number plane, what is meant by an
exact answer?
3 What measurement is the fraction given by the vertical rise of a line divided by the
horizontal run?
What is the everyday meaning of the word intercept? Look it up in a dictionary.
5 What is the property of the gradients of perpendicular lines?
6 What are the 4 inequality symbols and what is the meaning of each one?
. «l A
Topic summary e
+ How can you find the gradient of a line? Worksheet
« Whatisy = mx + c? oo
0
« How can you test whether a pair of lines are parallel? e
«  What parts of this topic did you find difficult?
Print (or copy) and complete this mind map of the topic, adding detail to its branches and using
pictures, symbols and colour where needed. Ask your teacher to check your work.
Length, midpoint parallel and
and gradient of . "
" perpendicular lines
an interval
Graphing linear Graphing linear
inequalities \ / functions
GRAPHING LINES
Equations of / \ The gradient-intercept
parallel and equation
perpendicular lines y=mx+tc
Finding the
equation of a line
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~t
A A (1) TEST YOURSELF scuersonr s
yo?f:;e:lﬂ n An interval is formed by joining the points K(5, 6) and L(-7, 2).

a Find, correct to one decimal place, the length of interval KL.

b  Find the midpoint of KL.

¢ Find the gradient of KL.

eThe vertices of a quadrilateral HJIKL are H(-8, -5), J(-1, -2), K(2, 5) and L(-5, 2).

a Find the exact length of the sides of the quadrilateral.
b  Find the gradient of each side of HJIKL.

¢ Find the exact length of the diagonals HK and JL.

d What type of quadrilateral is HIKL?

eA line passes through the points V(8, -1) and W(10, —-2). What is the gradient of a line:
a parallel to VIW? b  perpendicular to VW?

n Graph the linear function y = -5x - 1 on a number plane.

E Which point lies on the line of 3x + y = 2? Select A, B, C or D.

w
-
w
0
-4
=]
o
>
-
("]
w
-
-
14
w
-
o
q
I
(%]

A (1,0 B (2,4) C (-1,5) D (-1,-5)
n What is the equation of the line through (-2, 3) and parallel to the x-axis? Select A, B, C or D.
A x=-2 B x=3 C y=-2 D y=3

Write the gradient, m, and y-intercept, c, for each linear function.

a y=2-10 b y=4x+3 c y=4_83x
n Match each equation to its graph below.
a y=2x-3 b y=-2x-3 c y=-2x+3 d y=2x+3

B YA

l: N

O Foundation O Standard O Complex
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o Convert each equation to the form y = mx + c, then state the gradient, m, and the
y-intercept, c of its graph.

a x-y+2=0 b 2x-8+8=0 cC 3x+y-9=0

EXTENSION

@ Convert each equation to general form ax + by + ¢ = 0.

a y=3x+5 b y=2?x-—10 c x=3y+6

m Find the equation of each line and show that they are perpendicular.

Y
10

w
-
w
0
[+ 4
=]
o
>
-
("]
w
[
-
[+ 4
w
-
o
g
I
(8]

@ Find the equation of a line that is:
a parallel toy = 3x + 1 and passes through the x-axis at 2

b perpendiculartoy = g and passes through the origin.

@ Graph each linear inequality on a number plane.
a y>2x-8 b -2y>6x+14

O Foundation O Standard O Complex
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Surface area and volume

Some theme parks have wave pools, large swimming pools that simulate the movement of
the water at a beach. A large volume of water is quickly released into one end of the pool,
which produces a large wave that moves from one end of the pool to the other. The excess
water from each wave recycles back to produce more waves.

stock.adobe.com/Toyakisfoto.photos

Chapter outline Proficiencies

2.01 Absolute error and percentage error
2.02 Rounding error

2.03 Areas of composite shapes

2.04 Surface area of a prism

2.05 Surface area of a cylinder

2.06 Surface areas of composite solids

2.07 Volumes of prisms and cylinders

DDV VD BV DO®W DV DD D

2.08 Volumes of pyramids, cones and spheres* U PS

* EXTENSION U = Understanding R = Reasoning

F = Fluency C = Communicating
Wordbank

PS = Problem solving
absolute error The difference between the actual value and the P
measured value of a quantity. @ .0

e ) ) | |
capacity The amount of fluid (liquid or gas) in a container.
composite shape A shape made up of 2 or more basic shapes. Quiz

cross-section A ‘slice’ of a solid, taken across the solid rather Wordbank 2
than along it.

curved surface area The area of the curved surface of a solid
such as a cylinder or sphere. For example, the curved surface
of a cylinder is a rectangle when flattened.

cylinder A can-shaped solid with identical cross-sections that are circles.

rounding error The difference between a calculated answer and an exact answer
due to rounding in measurement or calculation.

surface area The total area of all faces of a solid shape.
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In this
chapter
you will:

48

A N N VN U N

Videos (8):

2.04 Surface area of a prism « Surface

area of prisms
2.05 Surface area of a cylinder

2.07 Volumes of prisms and cylinders

e Capacity of a cylinder

2.08 Volume of a pyramid * Surface area

and volume of a cone ¢+ Volume of a
sphere

Twig videos (6):
2.01 Decimal places: Photo finish
2.06 The power of the Sun

2.07 Bees and their hives * The incredible

strength of ants * The Menger sponge
2.08 The Pacific Flyer
Quizzes (5):
e Wordbank 2
e SkillCheck 2
e Mental skills 2

e Language of maths 2
e Test yourself 2

Skillsheets (2):
SkillCheck Solid shapes * What is volume?

~¢Nelson MindTap

Worksheets (13):
2.01
2.03 A page of circular shapes

Accuracy in measurement

2.04 Surface area  Nets of solids
2.06 A page of prisms and cylinders

2.07 A page of prisms and cylinders
» Back-to-front problems * Volumes
of solids * Volume and capacity
* Biggest volume

2.08 Volume and capacity * Back-to-front
problems (Advanced)

Mind map: Surface area and volume
Puzzles (4):

2.03 Area

2.05 Surface area

2.07 Formula matching game

Language of maths Surface area and
volume crossword

Technology (2):

2.07 Measuring pyramids * Approximating
the volume of a cone

Presentation (1):

2.07 Volumes of shapes

To access resources above, visit

cengage.com.au/nelsonmindtap

calculate the absolute error and percentage error of a measurement

investigate rounding errors and their effect on the result of measurement calculations

calculate the areas of triangles, quadrilaterals, circles, sectors and composite shapes

calculate the surface areas of rectangular and triangular prisms

calculate the surface areas of right prisms and cylinders

calculate the volumes and capacities of right prisms and cylinders

calculate the surface areas and volumes of composite solids

(EXTENSION) calculate the volumes and capacities of pyramids, cones and spheres

Nelson Maths 10
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SkillCheck (L
ANSWERS ON P. 556
Quiz
SkillCheck 2

1 Calculate the area of each shape. All measurements are in centimetres.

a 18 c
1 |11
u 4
d T f
8.5! 15.5
1
I_I
12.8
g i
29 20.5
14.6
48

19.2

2 Use Pythagoras’ theorem to find, correct to one decimal place, the value of each variable.

a b 20 cm c

ycm k cm

25cm 42 cm

34 cm

14 cm

3 For each circle, find correct to one decimal place:

i itscircumference ii itsarea.

22 cm

>
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< 4 Calculate the volume of each solid. All measurements are in metres.

a b c
Skillsheets
Solid

shapes

What is
volume? 1 ,

A

12 1 14 -7

] 16 10

Absolute error and percentage error

In Year 9, we learned that all measurements

3
e N

e are approximations and none are ever exact Eraser
because of two reasons:

Viqeolh 1 takine th ; |||||||||||||

[;T:é?:l uman error in taking the measuremen cm 1 2 3 4 5 6

Photo finish 2 the limitations of the measuring instrument.

Any measuring instrument has limits of
accuracy due to its level of precision.
. , Eraser
‘Accuracy’ means how close a measured

value is to the true value, while ‘precision’
means how fine the scale is on the measuring
instrument.

LI LI LLLRY LU LLLLY LLLLY LLLLY LLLLY LU L L L LU L
cm 1 2 3 4 5 6 l]

For example, we might measure this eraser to be 5.5 cm long, because the scale on the ruler
measures to the nearest 0.5 cm.

If we used a ruler with a more precise scale, such as 0.1 cm markings, then we may find the
length to be 5.4 cm.

If we used an instrument such as a micrometer that measured to the nearest 0.01 cm, we may
find that the length is 5.41 cm.

Notice that we can always find a more accurate measurement using a more precise measuring
instrument. So, all measurements are approximations.

Absolute error is the difference between a measured value (or approximate value) and the
actual value (or exact value), expressed as a positive value.
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(@ Absolute error

Absolute error = measured value - actual value (if measured value > actual value)

Absolute error = actual value — measured value (if measured value < actual value)

An absolute error of 1 metre may not be much when measuring the length of a bridge, but

it is huge when measuring the length of a bathroom. To understand how big the errors are
when something is measured and be able to compare errors in measurement, we can calculate
relative error and percentage error.

Relative error is the absolute error as a fraction of the actual value.

Percentage error is the absolute error as a percentage of the actual value, or the relative error
expressed as a percentage.

() Relative error and percentage error

absolute error absolute error
e percentage error = ——— — — X 100%
actual value

relative error =
actual value

The smaller the relative or percentage error, the more accurate the measurement, the closer it is
to the actual value.

Example 1

Find the absolute error and relative error (correct to 3 decimal places) for each
measurement.

a Actual value = 413, measured value = 394

Actual mass = 68.9 g
SOLUTION

a The measured value (394) is lower than the actual value (413).
absolute error = 413 - 394
=19
absolute error
actual value

_1

413
= 0.046 00...

~ 0.046

relative error =

9780170465625 Chapter 2 | Surface area and volume
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(4
LV

Worksheet
Accuracy in
measurement

52

b The measured mass from the scale is 70 g.
It is larger than the actual mass (68.9 g).
absolute error =70 g - 68.9 g

=11lg

. absolute error
relative error = ——M—
actual value

1.1

68.9

596...
6

0.01
0.01

22

Example 2

Mohammad estimates the length of an essay to be 1270 words. If there are exactly
1405 words in the essay, calculate the percentage error of his estimation, correct to
two decimal places.

SOLUTION

measured value = 1270 words, actual value = 1405 words
absolute error = 1405 - 1270
=135 words

absolute error
percentage error = ———— X 100%
actual value

=135 ~100%
1405

=9.608 54 ..%
~ 9.61%

Absolute error of a measuring instrument

If the actual measurement value is not known, then we can examine the precision of the
measuring instrument.

For example, this ruler is marked in centimetres, so any length measured with it can only be
given to the nearest centimetre.

%cm 10 11 12 13 14 é

Any measurement in the shaded region should be recorded as 12 cm. The measured length
is 12 cm, but the actual length is 12 + 0.5 cm, meaning ‘12 centimetres, give or take
0.5 centimetres’ or ‘11.5 to 12.5 cm’.

The limits of accuracy of this measurement are 11.5 to 12.5 cm.

The absolute error of this ruler is 0.5 cm.
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(D Absolute error of measuring instruments

The absolute error of a measuring instrument is 0.5 of the unit shown on the instrument’s scale.

Example 3

Find the absolute error for each measuring scale.

a b o
80 90
kg
—>

SOLUTION

a The size of one unit on the scaleis1kg. b The size of one unit on the scale is 5 mL.

The absolute error is 0.5 X 1 kg = 0.5 kg. The absolute error is 0.5 X 5 mL = 2.5 mL.

EXERCISE @ ANSWERS ON P. 556

Absolute error and percentage error R)(C

n Calculate the absolute error for each pair of values. E"“,'l‘"’LE
a actual value = 210 cm, measured value = 215 cm
b actual value = 2.72 kg, measured value = 2.68 kg
¢ actual value = 362 mL, measured value = 370 mL
d

actual value = 150 minutes, measured value = 155 minutes

E Write the measured value on each scale shown.

a b [[E=——————
i |012345678910
cm

>
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EXAMPLE

EXAMPLE

54

>

B Use your measured values from question 2 and the actual values listed below to calculate
the absolute error and relative error (correct to 3 decimal places) for each measurement.

a 987 mL b 92cm
¢ 1.07kg d 357°

0 By comparing the relative error answers in question 3, determine which measurement was:

a the most accurate b the least accurate.

e A soccer club estimates there to be approximately 2500 members of their club. If the
actual number of members is 2473, calculate the percentage error of this estimation.

Kavya estimates that there are 70 lollypops in a giant bag. If the actual number of
lollypops is 77, calculate the percentage error of Kavya’s estimation.

a The actual weight of a bag of pasta is 0.6 kg. Lachlan measures the weight of the
p Dasta to be 0.62 kg, whereas Aaria measures the weight to be 588 g. Calculate the
< Dbercentage error of each measurement, correct to 2 decimal places, to determine whose
measurement is more accurate.

e At an auction, Kartik valued the price of a painting to be $18 000 and Nandini valued the
g Drice to be $25 000. The painting sold for $22 180. Calculate the percentage error of each
c valuation, correct to 2 decimal places, to determine whose valuation was more accurate.

n For each measuring instrument, state:

R i the size of one unit on the scale ii the absolute error.
C a b

12000 g

— 1500 g

1000 g

_—
— 500 g

-_Og

O Foundation O Standard O Complex
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m What is the absolute error for this measuring cylinder? 300 mL
Select A, B, C or D. §
A 0.5mL i\ZOO -l
B 10mL =
C 20mL z\ 100 mL
D 5mL §
@

@ Measuring with a ruler, Gemma correctly gives a measurement
p as26.5t027.5cm.

c a Whatis the size of a unit on the ruler?
b What is the absolute error of this measurement?

¢ Using a ruler marked in millimetres, Emily gives the same measurement as 26.8 cm.
What is the absolute error of this measurement?

d What are the limits of accuracy between which this measurement must lie?

@ If the actual value of a measurement is not known, we can calculate the percentage
error as a percentage of the measured value:

absolute error
percentage error = ——— X 100%
measured value

The weight of a box of chocolates is 800 g, correct to the nearest 20 g. Calculate the
percentage error for a box of chocolates.

The height of a building is approximately 20 m, correct to the nearest 0.3 m.
Calculate the percentage error for this height.

@ An expert is hired to estimate the price of an antique necklace. If the absolute error in
p the expert’s estimate is $2750 and the percentage error in the estimate is 12.97%, can the
¢ actual value of the painting be greater than $20 0007 Explain your answer.

@ Beth measures the weight of 2000 pencils to be 16 kg. The percentage error of this
measurement is 8.75%. If the actual weight of one pencil is x g, find the possible range of
x and determine if it is possible for one of the pencils in this batch to weigh 6.5 g.

Rounding error

Another type of error can occur when performing calculations with measurements, where the
measured value or partial answer is rounded too early or severely, resulting in a final answer
that is inaccurate (not close to the exact answer). This is called rounding error.

Consider the number 6.863 791 654 835 62 ...

O Foundation QO Standard O Complex
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The table below shows this number rounded and truncated to the nearest whole number, to one

decimal place, to 2 decimal places and to 6 decimal places. Truncate means to ‘cut off’ the
number at the decimal place regardless of the next digit (or ‘rounding down’).

6.863 791 654 835 62...
to nearest whole number
to one decimal place

to 2 decimal places

to 6 decimal places

Rounded Truncated
7 6

6.9 6.8

6.86 6.86
6.863 792 6.863 791

Rounding values can lead to errors in solutions. If approximate values are used in further
calculations, the error becomes more significant.

Example 4

A rectangle has length 8.25 cm and width 6.09 cm.

a
b

Calculate its perimeter and area.

Truncate the rectangle’s length and width to one decimal place, then calculate its
perimeter and area with these values, then find correct to one decimal place the
percentage error of the calculated perimeter and area.

Round the rectangle’s length and width to the nearest whole number, then calculate
its perimeter and area with these values, then find correct to one decimal place the
percentage error of the perimeter and area.

perimeter = 2 X 8.25 + 2 X 6.09
= 28.68 cm
length = 8.2 cm, width = 6.0 cm
perimeter =2 X 8.2 + 2 X 6.0
=284 cm
absolute error = 28.68 — 28.4 = 0.28

0.28
percentage error = —— X 100%
28.68

=0.9762... %
~ 1.0%
length = 8 cm, width = 6 cm
perimeter =2X 8 4+2X6
=28 cm
absolute error = 28.68 — 28 = 0.68

068 < 100%
28.68

= 2.3709... %
~ 2.4%

percentage error =

56 Nelson Maths 10

area = 8.25 X 6.09
= 50.2425 cm?

area = 8.2 X 6.0
=49.2 cm?

absolute error = 50.2425 — 49.2 = 1.0425

percentage error = 10425_ X 100%
50.2425
= 2.0749... %
~ 2.1%

area=8 X6
=48 cm?*
absolute error = 50.2425 - 48 = 2.2425
2.2425

percentage error = - X 100%
50.2425
=4.4633... %
~ 4.5%

9780170465625



e Notice that the percentage error is higher for area than perimeter: this is because when
calculating perimeter, we are adding the errors in the measurements but when calculating
area, we are multiplying the errors

e Notice also that the percentage error is higher the more we round or truncate the
measurements. When calculating, it is always best to use exact or the most accurate values to
minimise the rounding error

Example 5

Kane earns $22.46 per hour working at a supermarket. This week, he worked for 44 hours.
a Calculate his weekly pay.

b Round his hourly wage to the nearest 10 cents, then find, correct to one decimal place,
the percentage error of his weekly pay using this value.

¢ Round his hourly wage to the nearest dollar, then find, correct to one decimal place,
the percentage error of his weekly pay using this value.

SOLUTION

a weekly pay = 44 x $22.46

= $988.24
b rounded wage = $22.50 percentage error = 911;;;7(2)4 X 100%
weekly pay = 44 x $22.50 — 0.1780... %
= 3990 ~ 0.2%
absolute error = $990 — $988.24 = $1.76
¢ rounded wage = $22 percentage error = ;?:; X 100%
weekly pay = 44 X $22 — 2.0480... %
=$968 ~ 2.0%

absolute error = $988.24 — $968 = $20.24

The more you round, the more rounding error in your final answer.

Example 6

The radius of a circle is given as 15 cm, correct to the nearest cm.
a Calculate the area of the circle, correct to 4 decimal places.
b  Write the limits of accuracy of the radius.

c Hence, calculate, correct to 4 decimal places, the minimum possible area of the circle,
and its percentage error, correct to one decimal place.

d Hence, calculate, correct to 4 decimal places, the maximum possible area of the circle,
and its percentage error, correct to one decimal place.
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SOLUTION

area = 1t X 15%
= 706.858 347...
~ 706.8583 cm?

limits of accuracy = 14.5 to 15.5 cm

minimum possible area = 7 X 14.52

= 660.519 8554...

~ 660.5199 cm?
absolute error = 706.8583 — 660.5199

= 46.3384

d maximum possible area = 7 X 15.5

= 754.767 635...
= 754.7676 cm?
absolute error = 754.7676 — 706.8583

=47.9093

EXERCISE @ ANSWERS ON P. 557

46.3384
706.8583

= 6.5555... %
X 6.6%

X 100%

percentage error =

47.0903
706.8583

=6.7777... %
~ 6.8%

percentage error = X 100%

Rounding error

BB Truncate 7.456 923 5643... to:
a the nearest whole number

¢ 2 decimal places

E Truncate 175.956 987 258... to:
a the nearest whole number

¢ 2 decimal places

Bl Round 7.456 923 5643... to:
a the nearest whole number

¢ 2 decimal places

n A square has length 10.37 metres.

a Calculate its perimeter and area.

one decimal place

4 decimal places

one decimal place

5 decimal places

one decimal place

4 decimal places

b  Truncate the square’s length to one decimal place and use this value to calculate its
perimeter and area, then find, correct to one decimal place, the percentage error of
the calculated perimeter and area.

¢ Round the square’s length to the nearest whole number and use this value to

calculate its perimeter and area, then find, correct to one decimal place, the
percentage error of the perimeter and area.
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e A right-angled triangle has a base length 7.59 cm and perpendicular height 13.21 cm.

a Calculate its area.
b Calculate the length of its hypotenuse, correct to 4 decimal places.

¢ Round the triangle’s base and height to one decimal place and use these values
to calculate its area and hypotenuse, then find, correct to one decimal place, the
percentage error of the calculated area and hypotenuse.

d Truncate the triangle’s base and height to the nearest whole number and use these
values to calculate its area and hypotenuse, then find, correct to one decimal place,
the percentage error of the calculated area and hypotenuse.

n A circle has radius 382 mm.

a Calculate its circumference correct to 4 decimal places.

b Usen =3.14 to calculate its circumference, correct to 4 decimal places, then find,
correct to one decimal place, the percentage error of the calculated circumference.

¢ Round the circle’s radius to the nearest 10 and use this value to calculate its
circumference, correct to 4 decimal places, then find, correct to one decimal place,
the percentage error of the calculated circumference.

EXAMPLE

Rakhi earns an annual salary of $104 258. Based on an average year having 365.25 days,
there are approximately 52.18 weeks in a year.

a Calculate to the nearest cent her weekly pay by dividing her salary by 52.18.

b Calculate to the nearest cent Rakhi’s weekly pay by dividing her salary by 52.2,
then find, correct to one decimal place, the percentage error from using this value.

¢ Calculate to the nearest cent Rakhi’s weekly pay by dividing her salary by 52,
then find, correct to one decimal place, the percentage error from using this value.

e Sam invested $20 488 into a bank account earning simple interest at 3.71% p.a. for
5 years.

a Calculate the total interest earned.

b Round his investment to the nearest $100, then find, correct to one decimal place,
the percentage error of his total interest using this value.

¢ Round the interest rate to 2 decimal places, then find, correct to one decimal place,
the percentage error of his total interest using this value.

e Write the limits of accuracy of each measurement. O

a 12 cm to the nearest cm b 360 mL to the nearest mL
¢ 8kg to the nearest kg d 750 mm to the nearest mm
e 6L tothenearestL f 1250 g to the nearest g

g 73 m to the nearest m h  5KL to the nearest kL.

87 km to the nearest km

60 mg to the nearest g

—
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R a
cb

C

R @
b
c

a
b

a
b
c

@ A square has length 12 cm, measured correct to the nearest centimetre.

m A circle has radius 3 m, measured correct to the nearest metre.

@ A rectangular prism has length 12 cm, width 5 cm and height 2 cm, all measured
correct to the nearest centimetre. What is the maximum possible percentage error when
calculating the volume of this prism?

@ The radius of a cylinder is 3 m and its height is 2 m, measured to the nearest metre.

@ A right-angled triangle has a base of length 70 mm and a perpendicular height of 80 mm,
measured to the nearest 10 mm.

Calculate the area of the square.
Write the limits of accuracy of the square’s length.

Hence, calculate the minimum possible area of the circle, and its percentage error,
correct to 2 decimal places.

Hence, calculate the maximum possible area of the circle, and its percentage error,
correct to 2 decimal places.

Calculate the circumference of the circle, correct to 4 decimal places.
Write the limits of accuracy of the radius.

Hence calculate, correct to 4 decimal places, the minimum possible circumference
of the circle, and its percentage error correct to 2 decimal places.

Hence calculate, correct to 4 decimal places, the maximum possible circumference
of the circle, and its percentage error, correct to 2 decimal places.

Calculate its volume, correct to 4 decimal places.

Use 7 = 3.14 to calculate its volume correct to 4 decimal places, then find, correct to
one decimal place, the percentage error of the calculated circumference.

Calculate the minimum possible volume of the cylinder, and its percentage error,
correct to 2 decimal places.

Calculate the maximum possible volume of the cylinder, and its percentage error,
correct to 2 decimal places.

Calculate the length of its hypotenuse, correct to 4 decimal places.
Write the limits of accuracy of the triangle’s base length and height.

Hence, calculate, correct to 4 decimal places, the minimum possible length of its
hypotenuse, and the percentage error correct to one decimal place.

Calculate the area of this triangle.

Calculate, correct to 4 decimal places, the maximum possible area of the triangle,
and the percentage error correct to one decimal place.

>
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@ A rectangular swimming pool has side lengths of 4 m and 11 m, correct to the nearest
metre. A fence needs to be placed 1 m out from the edge of the pool enclosing the entire
pool. If the fencing costs $123.50/m to install, calculate the maximum and minimum

possible cost of fencing the pool.

@ The exact formula to convert a temperature measured in degrees Fahrenheit (F) to

degrees Celsius (C) is C =@. An approximate formula that can be used as a

‘rule-of-thumb’ is C = %(F —30). Hayley is baking a cake for her mum’s birthday at a

temperature of 356°F.

a Use the exact formula to convert 356°F to Celsius.

b Use the approximate formula to convert 356°F to Celsius.

c Calculate, correct to one decimal place, the percentage error when using the

approximate formula.

Areas of composite shapes

Find the area of each composite shape, correct to one decimal place where appropriate.
; c
1
1
|
il

22 m
l+—30 m—|

a 50 mm b

7m

wwI 07

|_|
17 mm

SOLUTION

a area=50x20- % X 17 x 14 area of rectangle — area of triangle

= 881 mm?
b  The shape is made up of a rectangle and a quadrant.
radius of quadrant = 7 m
length of rectangle = 22 - 7
=15m
area of shape = area of rectangle + quadrant

=Hx7+%xnxn

= 143.4845...
~ 143.5 m?
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¢ This ring shape is an annulus, its area is enclosed by 2 circles with the same centre.
radius of large circle = % X 30 m
=15m
radius of small circle = % X 12 m

=6m
area of annulus = 7w X 15% - 7t X 62 large circle — small circle
= 593.7610...
=593.8 m?

Example 8

Calculate, correct to 2 decimal places, the area of each sector.

a 26m b
A sector is a fraction of a
115° circle ‘cut’ along 2 radii, like
a pizza slice.
SOLUTION
a area= b X T X 2.6% % X area of circle
360 360
= 8.55385... . ; .
There are 360° in a circle, but a sector is
~ 8.55 m? a fraction of a circle.
b sector angle = 360° - 115°
= 245°

245
area of sector = — X w X 9°
360

=173.18029...
~173.18 m?

(@ Area of a sector

0 o
Area of a sector = — X r* N
360

62 Nelson Maths 10 9780170465625



EXERCISE @ ANSWERS ON P. 557 @

Area of composite shapes U)(F PSR
a Find the area of each composite shape. EXAMPLE
PS a 35m b
R
13 m
2 15cm
24 m
5cm
c d
B IIZ cm
19 cm
15cm
e f
15cm
34 em 46 cm
15cm
19 cm
g 46 m h
40 m
il 24 cm
____________ [
24 cm
i J
Am. 15 cm
8.2 cm 14 cm i'
20 cm
'5,m

O Foundation O Standard | Complex
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29 m

42 m

i

PS in metres.

R a

28

k

e Calculate, correct to one decimal place, the area of each shape. All measurements are

10

SIS
SIS

16

B Find, correct to one decimal place, the area of each sector.

a b c
21m
80° 6m

16
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o A bike tyre has a diameter of 715 mm.

a How far will the bike travel in one revolution of the tyre? Give your answer in
metres, correct to 2 decimal places.

b How many revolutions of the tyre are required to travel a distance of 5 km?

e Calculate the area of the shaded region.
Select the correct answer A, B, C or D.

A  362.7 cm? B 452.4 cm?
C 188.5cm? D 263.9cm?

R

e A rectangular metal plate with
dimensions 2.5 m X 2.2 m has 9 circular
holes of diameter 46 cm drilled in it.

a Find the total area of the holes that
have been drilled. Give your answer
in m?, correct to 2 decimal places.

b What percentage of the metal plate remains?

e A rectangular courtyard 15 m long and 8 m wide is to
ps De covered with square pavers of side length 400 mm,
costing $79.29/m?

400 mm

R 400 mm

a What is the area of one paver, in m??
b How many pavers will be required to pave the courtyard?

c Calculate the cost of paving the courtyard.

0 A circular sports ground of diameter 140 m has a rectangular soccer pitch measuring
110 m by 70 m inside it. The area outside the soccer pitch is to be painted in the team
colour of red.

a Calculate the area that is to be painted red, correct to the nearest m?.

b  If the cost of paint is $29.50 per 50 m? calculate the cost of painting this area.

9 The diagram shows the floor plan of a house on a block
ps Of land.

r a Calculate the area of the block.
b Calculate the area taken up by the house. 23m

¢ What percentage of the area of the block is taken up
by the house? [

d The area not covered by the house and is to be
turfed. Find the cost of turfing the yard at a cost 18 m
of $11.75 per m2.

O Foundation QO Standard [O Complex
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Surface area of a prism

A cross-section of a solid is a ‘slice’ of the solid cut across it,
parallel to its end faces, rather than along it. A prism has

the same (uniform) cross-section along its length, and each cross section —

cross-section is a polygon (with straight sides).

The trapezoidal prism shown here has cross-sections that PalaiaaiN
are trapeziums. j/' \\r
right prism

The surface area of a solid is the total area of all the faces of the solid. To calculate the
surface area of a solid, find the area of each face and add the areas together.

It is often useful to draw the net of a solid when finding its surface area. A net may be used to
form an open solid or a closed solid. A sealed cardboard box is an example of a closed solid.

A cardboard box with the lid removed is an example of an open solid. For the surface area of
an open solid, we only count the external surfaces, not the internal ones (so that we don’t count
each surface twice).

Find the surface area of each prism.

a b
<

3m
7 50 “ 15 cm
open rectangular prism 12 cm N
8cm
closed triangular prism
SOLUTION
a This open prism has 5 faces (see net diagram). 7
surface area = 2 ends + 2 sides + base side 3
=2X0BX6)+2XxBXx7)+(6X7) [Tt~ ~—~--—-—--- |
|
=120 m’ . :
end | base ,end |6
|
! I
side

Nelson Maths 10 9780170465625



b  This closed prism has 5 faces: 2 identical
triangles (front and back) and 3 different

rectangles. " '
Using Pythagoras’ theorem to find m,
the hypotenuse of the triangle: | : 12
m* =8>+ 15 H—= =
=289
m =289
=17

surface area = 2 triangles + 3 rectangles

=2><(; ><8><15)+(17x12)+(8x12)+(15><12)

= 600 cm?
Example 10
Calculate the surface area of this trapezoidal 7 cm
prism.
SOLUTION

This trapezoidal prism has 6 faces:

2 identical trapeziums (front and back) and
4 different rectangles.

Area of each trapezium = % X (7+28) % 8

=140 cm?

surface area = (2 X 140) + (20 X 7) + (20 x 10)
+ (20 X 28) + (20 X 17)

= 1520 cm?

20 cm
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EXERCISE @ ANSWERS ON P. 557

Surface area of a prism

n Identify the prism that each net represents, then calculate the surface area of the prism.

All lengths are in metres.

R
c a : b
+ 12 581 +
T -+ Ll 4 Ll
} + - 4.2 + =
c 3 d [ ]
H 6.5
L el R W L4
9 3
t 1 H—H+ 2.2
E Find the surface area of each prism.
a b 2 cm c
3m 41 mm ‘ 40 mm
7m
12m k
15cm 20 i B
18 mm
7 cm
d e f
ﬁ 10 m
— 10 m
8 m 24 mm
A 2>m
7 20 mm q
7 mm

n Calculate the surface area of this triangular prism.

Select A, B, C or D.
A 12375cm? B 11250cm?
C 10125cm? D 12431.25cm?

102.5 cm

45 cm

o
2

22.5cm
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o This classroom is being renovated. Find:

ps a the area of the floor to be carpeted and — :
- 1
the total cost, at $55 per square metre. 1 -1 Q
I = > >
b the ceiling and wall area to be painted, 3m|y-" -~ -
| | i

if the room contains 4 windows, -~ 8m
each 2.5 m by 1.5 m, and a doorway 10 m
2 m by 0.8 m.
e Calculate the surface area of each prism. 9‘;’6’“
a 10 cm b 13 mm c

7 5%
15cm A 10 mm
24 mm
d L e x e
T 12 cm |
I
10 cm '
L 18 cm 12 cm 50 mm
=== 5cm
9 cm
9cm
8 cm
e Calculate the surface area of the trapezoidal prism. 17 cm
Select A, B, C or D.
A 10584 cm? B 2643 cm?
C 2082.75cm? D 8964 cm?

e The wooden toy box is in the shape of a
trapezoidal prism.

a Calculate how much timber is required to
make the toy box, correct to the nearest cm?

b If the price of the timber is $25 per m?,
what is the cost of making the box?

O Foundation QO Standard O Complex
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A surface area shortcut

a

This prism has 8 faces: 2 ‘L-shaped’ ends and 6 rectangles. Instead of calculating the
areas of the 6 rectangles separately, we can combine them into one long rectangle,
as shaded in the net above. The length of the rectangle is the same as the perimeter

15
£ x
Y
30 12
s 24
35
Find x and y.
b

15 30

1 Consider this L-shaped prism and its net. We will find its surface area.

12

24

12

30 y

15

of the L-shape. What is the length of this long rectangle?

What is the area of this long rectangle?

Copy and complete:

Length of shaded rectangle = p

Find the surface area of the prism by copying and completing the following:

Surface area = 2 ‘L-shaped’ ends + shaded rectangle
2% (15% 30 4+ 20 X 12) +

18

6
10

20

14

10

SA =2A+ Ph

where P = perimeter of the end face.

12

15

17

of the L-shape.

2 From question 1, it can be seen that the surface area of any prism with end faces of area A and

perpendicular height (distance between end faces) h can be calculated using the formula:

Use this method to calculate the surface area of each prism. All measurements are
in centimetres.

24

70 Nelson Maths 10

9780170465625



Surface area of a cylinder

A closed cylinder has 3 faces made up of 2 circles ',
(the circular ends) and a rectangle (the curved r i
surface). The length of the rectangle is the

. . . . Vid
circumference of the circular end, while the width Surface aren
of the rectangle is the height of the cylinder. of a cylinder

) . <—— circumference

surface area of a cylinder = area of 2 circles =2

height, h Puzzle

+ area of rectangle Surface area

SA=2X7r*+2nrxh
=27nr’ + 2nrh

() Surface area of a closed cylinder

:Er
SA = 2nr? + 21trh r
where r = radius of circular base
h = perpendicular height h

The area of the 2 circular ends = 27tr? and the area of the curved surface = 2nrh.

Find, correct to the nearest mm?, the surface area of this cylinder. 15 mm
@ 40 mm

SOLUTION
surface area = area of 2 ends + area of the curved surface r=15h =40
=2mr? 4+ 2nrh
=2XTm X154+ 2 X7 X 15x%x40
= 5183.627...
~ 5184 mm?
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Example 12

Find, correct to one decimal place, the surface area of:
a acylindrical tube, open at both ends, with radius 3 cm and height 55 cm

b an open half-cylinder with radius 0.65 m and length 2.4 m.

SOLUTION
m
S g = 7
[ [ <—— circumference ———
55cm — 55cm
\ ‘ curved surface

o %

surface area = curved surface

=2nrh r=3and h =55
=2XTX3X55

=1036.725...

~ 1036.7 cm?

b end
curved
surface 2.4m
end
0.65 m
surface area = 2 semicircle ends + % X curved surface
=2><(;xnx0‘65")+%><(2><7t><0.65><2.4)
= 6.2282...
~ 6.2 m?
Nelson Maths 10 9780170465625



EXERCISE @ ANSWERS ON P. 557

Surface area of a cylinder U)(F PSR

n Calculate, correct to one decimal place, the surface area of a cylinder with:
a radius 1.4 m, height 2.2 m b diameter 45 cm, height 65 cm
¢ diameter 9 cm, height 24 cm d radius 1.3 m, height 3.8 m

H Find, correct to the nearest whole number, the curved surface area of a cylinder with:

a radius 1.5 m, height 3.75m b diameter 27 cm, height 41 cm

B A container of potato chips is a cylinder with diameter 7 cm and height 23.2 cm.
Calculate its surface area, correct to one decimal place.

o Find the surface area of a cylinder, open at one end with diameter 12 mm and length 15 cm.
Select the closest answer A, B, C or D.

A 678.6 cm? B 1017 cm? C 6107.3 mm? D 5768.0 mm?

R

e Calculate, correct to the nearest whole number, the surface area of each solid.

R a closed cylinder b closed cylinder ¢ cylinder with one open end
7.2m 25 cm
f—
15/cm
151 m
45 cm
d half cylinder with open top e cylinder open both ends

2.4m ' 36 cm
o, g

f  closed half cylinder g half cylinder with open top, one end open

2.8 m

2.2m

>

O Foundation O Standard | Complex

9780170465625 Chapter 2 | Surface area and volume

EXAMPLE

1"

EXAMPLE

12

73



Video
The power
of the Sun

Worksheet
A page of
prisms and
cylinders

74

>

h closed cylinder i half cylinder, open both ends
19 cm
E——
2
.
1.7m

O The inside of the swimming pool, including the floor, is to be repainted. Find:

PS

R 4.1 m T
14m

| 4.8 m |

a the area to be repainted, correct to one decimal place

b the number of whole litres of paint needed if coverage is 9 m? per litre.

e The diagram shows a tent to be made in

»s the shape of half a cylinder. Find:

r a thearea of the floor of the tent.
b the surface area of the tent, excluding —
the floor. qu —————6.5m

¢ the total cost of materials for the tent
if the material for the flooring costs
$18.50 per m? and the canvas for the tent costs $21.75 per m*

Surface areas of composite solids

When calculating surface areas of composite solids, remember not to include the areas common
to both solids.

Find, correct to one decimal place, the surface area of each solid. All measurements are
in centimetres.

a b c
m 12 AL
10 25
20 - 36
16 40

O Foundation O Standard O Complex
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SOLUTION

a This prism has 8 faces: 2 identical L-shapes 16-10=6
(front and back) and 6 different rectangles.
area of L-shape = 16 X 20 — 10 X 12 [T 12
=200 cm? 10
29 20-12=38
1 15
16

surface area = front and back L-faces + 1st top + 1st right + 2nd top + 2nd right
+ bottom + left

= (2% 200) + (6 X 15) + (12X 15) + (10 X 15) + (8 X 15) + (16 X 15) + (20 X 15)
= 1480 cm?

Note that the 6 rectangles can also be thought of as one long rectangle of width 15 cm.
length of long rectangle = perimeter of L-shape
=6+12+10+8+16 + 20
=72
surface area = (2 x 200) + (72 X 15)
= 1480 cm?

b The solid is made up of a half-cylinder
(3 faces) and a rectangular prism (5 faces).

25
u
56
40
surface area of half-cylinder
= 2 semi-circular ends + curved surface area radius of a semi-circle = ; X 56
=2x%xnx282+%x2xnx28x40 =28

= 5981.5924... cm?

Do not round this partial answer as the final
answer will be inaccurate (rounding error).
surface area of rectangular prism = front and back faces + 2 side faces + bottom face
= (2 X 40 X 25) + (2 X 56 X 25) + (40 X 56)
= 7040 cm?
total surface area = 5981.5924... + 7040

=13021.5924...
~ 13 021.6 cm?
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¢ The hollow cylinder is made up of 2 annulus
(ring) faces, an outside curved surface area @
and an inside curved surface area.

36
surface area of annulus faces = 2 X (7 X 20? - 7w X 15?) 2 X area between 2 circles
= 1099.5574... cm?
outside curved surface area = 2 X 7t X 20 X 36
= 4523.8934... cm?
inside curved surface area =2 X 7 X 15 X 36
= 3392.9200... cm?
total surface area = 1099.5574... + 4523.8934... + 3392.9200...
=9016.3709...
=9016.4 cm?
EXERCISE @ ANSWERS ON P. 558
Surface areas of composite solids U)(F)Ps (R

E";’g’“ c Find the surface area of each prism. All measurements are in centimetres.

P9 a 3.3 b 50 ¢ 12
R N 9.4
T
E 53 12
o2 ‘
2.7 :
N 96 123 12
[1 T
8.5
RN o
\ 70 65 26
I ] 30
i
60 75
40 4 100

O Foundation O Standard O Complex
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e Three cubes of length 2 cm, 4 cm and 8 cm are glued on top of

ps each other. Calculate the surface area of the new solid. 2cm
R

4 cm

8 cm

Circular cracker biscuits of diameter 4 cm are packed in a
cardboard box of length 20 cm. 4em

a Calculate the surface area of the box.

b How much cardboard would be saved if the biscuits were
packed into a cylindrical box?

NV

o Find, correct to one decimal place, the surface area of each solid. All measurements are

in centimetres.

PS
R a b c 25, 17
Q 15 ( :’
30
48
14 k‘ 65
38 40 Q
20

>
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R

R

R

PS

e Calculate the surface area of the

solid, correct to one decimal place.
All measurements are in centimetres.

Select the correct answer A, B, C or D.
A 86.0m? B 103.2m?
C 108.3m? D 113.4m?

G A cylindrical loaf of bread that is 30 cm long with a diameter of 8 cm is cut into slices

15 mm thick.

26
|

-

15 mm

7

30 cm

8 cm!
2

Alamy Stock Photo/Clynt Garnham Food & Drink

30 cm

a Calculate the surface area of the loaf of bread before it is sliced, correct to 2 decimal

places.

b Find the number of slices in a loaf.

¢ Calculate the surface area of each slice, correct to the nearest cm?.

e A wedding cake with 3 tiers rests on

a table. Each tier is 6 cm high.
The layers have radii of 20 cm, 15 cm and
10 cm respectively.

Find the total visible surface area, correct
to the nearest cm?.
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e a Find, correct to 2 decimal places, the S S
. N ‘Y 3m
ps total external area of the wall of this \ VN
R above-ground swimming pool. I
1.5m

b Calculate the area of the water surface,
correct to the nearest m?.

4m

o A wedge of cheese is cut from a cylindrical

s block of height 10 cm and diameter 40 cm.

r Find the total surface area of the wedge,
correct to 2 decimal places.

10 cm

@ The curved roof of a greenhouse is to be covered in shade cloth.
ps a Calculate, correct to one decimal place, the area of shade E
R cloth needed if there are no overlaps. 3m
b Shade cloth is sold in 1.5 m wide rolls. How many linear

metres of shade cloth are needed to cover the curved roof?
Answer to the nearest 0.1 m.

. )
NIRRT CYPYEWEISNERE \aths without calculators K

Time differences Quiz

........................................................................................................................................................... skills 2

1 Study each example.
a What is the time difference between 11:40 am and 6:15 pm?
From 11:40 am to 5:40 pm = 6 hours
Count: ‘11:40, 12:40, 1:40, 2:40, 3:40, 4:40, 5:40°
From 5:40 am to 6:00 pm = 20 min
From 6:00 pm to 6:15 pm = 15 min

5 hours + 20 min + 15 min = 6 hours 35 min

OR:
20 minutes 6 hours 15 minutes = 6 hours 35 minutes
- I/’\I/—F\I/’—\I .
11:40 am 12:00 noon 12:00 noon 6:00 pm  6:15 pm
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>

b In 24-hour time, what is the time difference between 2030 and 0120?
From 2030 to 0030 = 4 hours (24 - 20 = 4)
From 0030 to 0100 = 30 min
From 0100 to 0120 = 20 min

4 hours + 30 minutes + 20 minutes = 4 hours 50 minutes

OR:

30 minutes 4 hours 20 minutes = 4 hours 50 minutes
- T T T T >

2030 2100 0100 0120

2 Now find the time difference between:
a 11:10 am and 7:40 pm

6:20 pm and 12:00 midnight

4:45 pm and 8:10 pm

2:35 am and 10:50 am

1:05 pm and 12:30 am

9:35am and 11:15 am

0425 and 0935

1440 and 2025

7:55 am and 3:50 pm

j  2:40 pm and 10:20 pm

T Q@ = 0 o O T

Volumes of prisms and cylinders

The volume of a solid is the amount of space it takes up. Volume is measured in cubic units,
for example, cubic metres (m?) or cubic centimetres (cm?).

As a prism is made up of identical cross-sections, its volume can be calculated by multiplying
the area of its base by its perpendicular height (the length or depth of the prism).

(@ Volume of a prism

v=ah T

where A = area of base /
h = perpendicular height

Nelson Maths 10 9780170465625



A cylinder is like a ‘circular prism’ because its cross-sections are identical circles. Because of s,
this, we can also use V = Ah to find the volume of a cylinder. But for a circle, A = nr?, so: T @
o ksh
(@ Volume of a cylinder jgvipey
prisms and
V=nrth cylinders
Back-to-
where r = radius of circular base front
i i problems
h = perpendicular height i Volumes of
solids
Volume and
capacity
Puzzle
Formula
matching
A Y game
Example 14 |
Presentation
Find the volume of each prism. Volumes of
shapes
a c
3m b 34 cm
g g
@) (8]
52m ] =
7.8 m
18 cm
7 cm 12 cm
SOLUTION
a V=78x52x3 For a rectangular prism,
=121.68 m? volume = length X width X height
= lwh
b A= % X7x11 area of a triangle
= 38.5 cm?
V=38.5%x18 V = Ah, where height h = 18
=693 cm’®
c A= % X (12 + 34) x 18 area of a trapezium
=414 cm?
V=414 X 26 V = Ah, where height h = 26
=10 764 cm?

The capacity of a container is the amount of fluid (liquid or gas) it holds, measured in
millilitres (mL), litres (L), kilolitres (kL) and megalitres (ML).
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() Volume and capacity

1 cm? contains 1 mL

1 m3 contains 1000 L or 1 kL ‘ b

X1 000 000 =

v (Bansis
o

For this cylinder, calculate:
Video

Capalgitg ofa @ itsvolume, correct to the nearest cm?
cylinder

b its capacity in kL, correct to one decimal place.

SOLUTION

a radius = % X 184

=92cm
V=mx 922X 235
= 6248 753.452...
~ 6 248 753 cm?
b  capacity = 6 248 753 mL
= 6248 753 + 1000 + 1000 KL
= 6.248 753 kL
~ 6.2 kL

e e

235cm

% of diameter

V =nr’h

1cm?=1mL

@ + 1000 + 1000

Find, correct to the nearest whole number, the volume of each solid.

a 40 cm b
12 cm
15cm
20 cm
12 cm
82 Nelson Maths 10
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SOLUTION

a A=40X%x12+4+20x12 area of T cross-section
=720 cm?
V=Ah
=720x%x15
=10 800 cm?

b Cross-section is the triangle minus the circle. :

26

Use Pythagoras’ theorem to find y.

|—— < ———

26% =y + 10
¥ =262 - 102 @]
=576 10 10
y=+/576
=24 cm
radius of circle = % X9=45
A= % X 20 X 24 -t X 4.5 area of triangle — area of circle
= 176.3827... cm? Do not round this partial answer.
V=Ah
=176.3827... X 60
=10 582.9649...
~ 10 583 cm?
c A=2xnx2% area of sector
360
= 654.498... mm? Do not round this partial answer.
V=Ah
= 654.498... X 40
=26179.938...
~ 26 180 mm?
EXERCISE @ ANSWERS ON P. 558
Volumes of prisms and cylinders U FIR
n Find the volume of each solid, given the shaded area and height. (&qﬁ
14
a b A=475cm?> C o=

28 cm

>

[ Foundation Q Standard O Complex
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>

E Calculate, correct to one decimal place, the volume of each solid.

[
X 7m
[]
3.8m

52 cm

d 18 cm e f

T\ O

38 cm F
L] 28 cm 45 cm

35cm

g9 h 37cm i
1.4m
l 5.3m
42 cm
2.1m L (] ]
0.85m 12 m Im

H For each cylinder with the given measurements, calculate:
i its volume, correct to the nearest whole number
i its capacity
a radius 7 m, height 10 m b diameter 35 cm, height 15 cm

¢ diameter 6.2 m, height 7.5 m d radius 0.8 cm, height 2.35 cm

Rice crackers of diameter 4 cm are packed in a
cardboard box of height 20 cm. Calculate, correct to
one decimal place: 4cm

a the volume of the crackers in the box

20 cm

b the volume of the box

¢ the percentage of the box that is empty space.

e Calculate, correct to one decimal place,

R the volume of the shed.

'325m 3m 3.25m

O Foundation O Standard O Complex
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G This swimming pool is 12 m long and 6 m wide. The depth of the pool ranges from 1.2 m
to 2.1 m.

12 m

a Calculate the capacity of this pool in litres.

b If the pool is filled so that the water is 8 cm from the top of the pool, calculate the
amount of water in the pool (to the nearest litre).

e An Olympic sized swimming pool is 50 m long, 25 m wide and 2 m deep. What is the
capacity of an Olympic pool in litres?

e a Find, correct to 2 decimal places, the volume of
this greenhouse.

b If this greenhouse costs 0.5¢ per m?* per hour to .
heat, how much is this per day (correct to the m g s
nearest cent)? 4m 10 m

o A child’s toy involves placing 5 coloured
cylinders on a wooden stick (diameter 1 cm)
on a base (diameter 18 cm). The cylinders
are of varying diameters, each with a height
of 2 cm. Find the volume of the toy,
including the base and peg, correct to

one decimal place.

R

' 18 cm

@ Find, correct to 2 decimal places where appropriate, the volume of each solid.
All lengths shown are in centimetres.

L g

R

le——20 —>1

radius of circle = 4 cm

O Foundation O Standard | Complex
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Worksheet
Biggest
volume

86

d 50 e f
15
H H—"5
45 cm
35
e
5 10 5
15
g . h 14— i
X .
! 7.2 T
19.6| 1
. - 25
1
)]
1/ 3.2
12.7
J 15 & 3 | 100°
8 6
25
3 i 14

TECHNOLOGY

Biggest volume

A rectangular sheet of metal measures 20 cm X 14 cm. Square corners are to be cut from it
so that the remaining piece can be folded and welded to form an open tray.

20 cm

What size must the cut-out squares be for the tray to have the largest possible volume?
We will use a spreadsheet to solve this problem.

14 cm

O Foundation O Standard O Complex
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1 Create this spreadsheet.

A B C D E
Side of square | Length Width Height | Volume
0 =20-2*A2 | =14-2*A2 | =A2 =B2*C2*D2

1
2
3
4
5

2 Incell A3, enter the formula =A2+1. Use Fill Down to copy corresponding formulas
into cells A4 to A9.

3 Enter appropriate formulas for cells B3, C3, D3 and E3. Hint: Look at the formulas
in row 2.

4 Use Fill Down to copy corresponding formulas into rows 4 to 9.
5 The length of the cut-out square cannot be more than 7 cm. Explain why this is so.

6 The spreadsheet suggests that a cut-out square length of 3 cm will give the biggest
volume. Test values above and below 3 cm (correct to one decimal place) to see whether
you can find a bigger volume.

7 What changes would we need to make to the spreadsheet if the starting dimensions
were different?

INVESTIGATION @I l

How many pyramids are needed to fill the prism?

You will need:

¢ aset of transparent geometric solids that can be opened and filled. Find the prism and
pyramid pairs in the set which have the same size base: a cube/square pyramid pair,
a triangular prism/tetrahedron pair, and cylinder/cone pair.

*  Some packing material that flows (can be sand, rice grains, lentils or water)
Instructions

1 Find the cube and square pyramid pair.

2 Fill the square pyramid with sand and transfer the contents into the corresponding cube.
3 How much of the cube has been filled?
4

How many times would you need to transfer the contents of a filled square pyramid into
the cube in order to fill it?

a

Repeat steps 1 to 4 above using the triangular prism and tetrahedron pair.
Repeat steps 1 to 4 above using the cylinder and cone pair.

7 What do you notice about your answers to the question in step 4 for all 3 prism/pyramid
pairs?

8  Write a general rule that can be used to find the volume of any pyramid by relating it to a
prism that has the same base.

9780170465625 Chapter 2 | Surface area and volume
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Approximating

the volume
of a cone

88

Approximating the volume of a pyramid

We can approximate the volume of a pyramid by dividing it into of layers of prisms as

shown below.
10
8/
LY |

We will create a spreadsheet that approximates the volume of a rectangular pyramid with a
base of length 8 units and width 6 units, and a perpendicular height of 10 units.

The volume of each layer can be easily calculated using V = lwh. Finding the sum of the
layers will then give an approximation of the volume of the pyramid.

Let n be the number of layers. Then the height of each layer is =
n

The length and width of each layer decreases from 8 units and 6 units by a constant amount

of ¥ and ® respectively from layer to layer.
n n

1 Create this spreadsheet for calculating the volume if each layer and the sum of
the volumes.

A B Cc D E B
1 ' Number of
layers
3  Height Length Width Thickness of = Volume of Sum of
layer layer volumes
10 8 6 =8A84/8DS2  =B4*C4*D4 | =E4
=B4-$B4/SD$S2 | =C4-$C$4/$DS2 ‘ =E5+F4
13
2 a Todivide the volume of the pyramid into 10 layers, enter 10 in cell D2.
b  Copy each formula down to row 13.
¢ Explain the results in cells E13 and F13.

d How accurate was your result in F13? Explain.
e Print out your spreadsheet.

3 a Todivide the pyramid into 40 layers to calculate a better approximation, enter 40
in cell D2 and copy each formula down to row 43.

b  In 1-2 sentences, compare your volume approximation in F43 with the previous

approximation in F13.

Nelson Maths 10 9780170465625
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4 a Enter each of these values in cell D2, copy the formulas down to the appropriate EXTENSION
row and write down the approximation for the volume of the pyramid.
i 100 (copy down to row 104)
ii 200 (copy down to row 204)

iii 400 (copy down to row 404)

b  Use the formula V = % Abh to calculate the exact volume of the pyramid.

¢ Write a brief report about your results in parts a and b.

Extension: Volumes of pyramids, cones

and spheres

A pyramid is a solid shape with a polygon for its base and triangular faces that meet at a point
or vertex called its apex. Like a prism, a pyramid is named by the shape of its base.

«l
\ K4
iw
Worksheets
Volume and
capacity
Back-to-front

Square pyramid Triangular pyramid Rectangular pyramid problems
(Advanced)

EXTENSION

A cone is a solid shape with a circular base and a curved surface that also has an apex. However, vid
ideo
a cone is not a pyramid because its base is not a polygon (a circle does not have straight sides).  The Pacific

Flyer
5 apex
/A slant height
perpendicular .
height
Q

The slant height of a pyramid or cone is the height from the apex to the base, along a side face.
It is different from the perpendicular height of a pyramid or cone, which is the perpendicular
distance from the apex to the base.

() Volume of a pyramid

where A = area of base

h = perpendicular height
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The volume of a pyramid is L of the volume of a prism with
the same base and height.

This fact is difficult to prove mathematically, but here’s a
diagram that might help. This is a square pyramid with

d

(©)

imensions s, s and ;, with an identical pyramid balancing

n top of it upside-down. s

Now look at the big cube that surrounds these 2 square pyramids.

Can you see how many such pyramids fit into this big cube exactly?
What is the volume of the big cube?

So, what is the volume of one pyramid?

Is this the same as V = % Ah?

Example 17

Find the volume of each pyramid.

a \ b
30 mm
20 mm
25 mm
SOLUTION
a A=25x%20 area of rectangular base
= 500 mm’ V= %Ah, where height i = 30
V=1 X500 30
= 5000 mm?
b A= % X 10X 7 area of triangular base
= 35 mm? V= %Ah, where height h = 8
V=1x35x8
=93l m?
3
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“Example 18 s (oo

Find the capacity (to the nearest mL) of a square pyramid with base edge 64 mm and slant
height 40 mm.

SOLUTION

First find h, the perpendicular height of the pyramid.

h* = 40%-32% using Pythagoras’ theorem

=576
h =+/576

= 24 mm

A =64% area of square base
= 4096 mm?*

V= % x 4096 X 24 Vi %Ah, where height h = 24
= 32768 mm?
=32.768 cm® 1 cm?® = 1000 mm?

capacity = 32.768 mL lcm®=1mL

~ 33 mL

A cone is like a ‘circular pyramid’ so:

Volume = %Ah

= X Tr: X h
3
=Larn
3
(® Volume of a cone ol
iw
— 1 2
V= E mr*h Video
Surface area
where r = radius of circular base and volume
of a cone

h = perpendicular height
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\ Example 19

Calculate the volume of the cone, correct to the nearest cm?. T

30 cm

L

[=—21 cm—»|
SOLUTION

V=§><7|:><10.52><30 V=§7rr2h,wherer=%x21=10.5

= 3463.6059...
~ 3464 cm?

'Example 20

A cone has a slant edge of 61 mm and a base radius of 11 mm. &l TErT
Find its volume, correct to one decimal place. 11

SOLUTION

First, find the height, h.
2=612-11° using Pythagoras’ theorem
= 3600

h = /3600
=60

V=§><7r><112><60 v=2mrm

= 7602.6542...
~ 7602.7 mm?

() Volume of a sphere

V=—-nr?

where r = radius of the sphere

Nelson Maths 10 9780170465625



“ Example 21 EXTENSION

Find, correct to one decimal place, the volume of each solid. &5

&
a b “e
Video
Volume of a
sphere
SOLUTION
a v=2gp b v=lxinp=2pp
3 2 3 3
=dxnx9 r=ix18= =Zxnx13
3 2 3
= 3053.6280... =4.6013...
~ 3053.6 cm?® ~ 4.6 m*
EXERCISE @ ANSWERS ON P. 558
Volumes of pyramids, cones and spheres U/ FIPSIRIC
n Calculate the volume of each pyramid (correct to one decimal place where necessary). (EXAetE

LT

a b c
7 cm
% i 10 cm
8 cm
10 cm
8 cm
e / f
15 cm 8m
12 cm 8 m
20 cm
5m

o A grain hopper is in the shape of a square pyramid. 45m 4.5m

18 m

ps @ Find the volume of grain it holds when full.

R b If there are 750 kg of wheat per m?, find the mass of
c grain in the hopper when it is filled to three-quarters of 5m
its capacity. Give your answer correct to the nearest tonne.

O Foundation O Standard | Complex
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e For each pyramid, find correct to 2 decimal places:

EXTENSION

o R i its perpendicular height, h i itsvolume iii its capacity.
18
a b
30 m
I
20 cm 96 m
20 cm
c d
32mm 32 mm

e f 160 cm

0 The Great Pyramid of Khufu (or Cheops) in Egypt was built on a square base with side

ps lengths approximately 230 m.

r a Find the volume in cubic metres if the original height of the pyramid was 147 m.

C b There are an estimated 2.3 million stone blocks in the pyramid. Calculate the
average volume of each block.

O Foundation O Standard O Complex
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e The area of the base of a pyramid is 40 m?. If its volume is 360 m?, calculate its EXTENSION @
p DPerpendicular height.
G The volume of a square pyramid toy is 1620 mm?®. If the length of its base is 8 mm,
p calculate, correct to the nearest millimetre, the height of the pyramid.
a A square pyramid has a volume of 80 cm® and a height of 10 cm. Calculate, correct to
p one decimal place, the length of the base of the pyramid.
n Calculate the volume of each cone, correct to one decimal place. 9‘2’“9"“
a T b c
8m
fe—17 cm —
f=—18 mm-—
e For each cone, find correct to 2 decimal places: E";’“o'“
R i its perpendicular height, h i its volume iii its capacity.
a b 44 m c
1\ —44 m—»f T o SQ_/
e ‘\ 10.8 cm
\ 35m l
- \y
4 cm
d 0.8 m e ¥ f
68 m 83 cm
~
247 Hl\\\‘1
3.6 m
<83 cm-»
Chapter 2 | Surface area and volume 95
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m Find the volume of each sphere or hemisphere, correct to one decimal place.

a
d |«—24m —»

EXTENSION

EXAMPLE b Ny c T
\ 10.8 cm
11m l
e
cm

21

(

f !

16 mm

m The Earth has a radius of approximately 6378 km. Calculate its volume in scientific

¢ hotation, correct to the nearest cubic kilometre.

@ A cone has a volume of 1468 cm? and a base radius of 12 cm. Find its height, correct to

 one decimal place.

@ A cone has a volume of 820 m? and a perpendicular height of 10 m. Find its radius,

p correct to one decimal place.

@ A cone has a volume of 150 m®. If the height and radius of the cone are equal in length,
p Ccalculate the radius of the cone. Give your answer to 2 decimal places.

@ The volume of a spherical light is 2664 cm®. What is its diameter, correct to one decimal
R place? Select A, B, C or D.
A 172cm B 86cm C 170cm D 8.5cm

@ A cone has a base radius of 20 cm and a perpendicular height of 48 cm.
r a Find the volume of the cone.

b The top of the cone is removed at half its height. What percentage
of the cone remains?

O Foundation O Standard O Complex
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POWER PLUS answers oN p. 558 I

1 The total surface area of a cube is 864 cm?. Find its volume.

2 Acylinder has a volume of 3619.11 cm’. Its height is 18 cm. Calculate, to the nearest
centimetre, the radius of its base.

3 Find a formula for the surface area, SA, of:

a this open square prism of base length, p,
and height, r !

b this cylinder of diameter and height, x.

4 The surface area of the curved surface of a can is 27 143.4 mm?. If its height is 120 mm,
find the radius of the can.

5 Water flows from the top tank to the bottom

5m
tank at a constant rate. The level of water in the 5 @
m
top tank falls at a rate of 15 cm/h. At what rate /,

is the level of water rising in the bottom tank? 8m .‘5‘,
b
i
iy
|:|l|Il
it
e 6 m
4m
3m
6 A flat square roof with side lengths of 10 m drains into 10 m
a cylindrical rainwater tank with a diameter of 4 m.
If 5 mm of rain falls on the roof, by how much (to the 10 m
nearest millimetre) does the level of the water in the
tank rise? %
o
—— 2 m
=
4m
9780170465625
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: (2 CHAPTER REVIEW
>
w
= -l
]
42 Language of maths
w
E absolute error annulus base capacity
Quiz
§ Language of  circumference cross-section cubic curved surface
maths 2
. cylinder diameter kilolitre net
Puzzle . . .
Surfaca e OPEN percentage error perpendicular height prism
and voume  quadrant radius rounding error sector
solid surface area truncate volume
1 Which word means a ‘slice’ of a prism or cylinder?
2 What is the formula for the curved surface area of a cylinder?
3 What is the formula V = nr?h used for?
4 What causes rounding error?
5 What is an annulus?
6 What type of measurement has units of cubic metres?

», Topic summary

(14
Print (or copy) and complete this mind map of the topic, adding detail to its branches and using
worksheet  pictures, symbols and colour where needed. Ask your teacher to check your work.
Mind map:
Surface area
and volume
Errorin Areas of composite Surface area
measurement shapes of a prism
SURFACE AREA
AND VOLUME
Volumes of prisms Surface areas of Surface area
and cylinders composite solids of a cylinder
98 Nelson Maths 10 9780170465625
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n Liam estimates there to be approximately 1800 students at his school. If the actual
number of students is 1693, calculate correct to 2 decimal places the percentage error of
Liam’s estimation.

QThe radius of a circle is measured as 20 cm.

w
-
w
("]
[+ 4
=]
o
>
-
(7]
w
-
N
[+ 4
(]
-
o
g
I
(8]

a Calculate its area correct to 4 decimal places.

b Usem = 3.14 to calculate its area, then find, correct to one decimal place, the percentage
error of the calculated area.

e Find the area of each shape. Give your answers correct to one decimal place where
necessary.

a 13 cm b

7
om 75 mm

13cm 34 mm

T +18 mm

80 mm

25 cm

(2]

[=1
Loooopoooo
D

38 cm

125°

O Foundation Q Standard O Complex
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w
m a
s b
- 4
=] 0.5m
o
> B
"; 0.4 m 15 mm
w
45 mm
o 0.8 m R
0.3m
.3
e
. N ¢ d
g
I
(8}
[ ] 50 cm
48 cm 12m
e f
T
1 4 mm
5mm —*—
t 24 mm
25cm

2.4 m

e Calculate, correct to the nearest square centimetre, the surface area of each solid.
All lengths shown are in centimetres.

a b 20
12 4
! 18
45 et
16 L /12
7

O Foundation Q Standard O Complex
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fe—— 50—

—0

30

30
30

18 34

e Calculate, correct to the nearest cubic metre, the volume of each solid. All lengths shown

are in metres.

a b
15
45
c 15 25 d
1
1
1
1
A 5.4
/, \\
7 N
e f
42 18
73—
24 —ja"
9780170465625
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QA rectangular fish tank measures 75 cm long by 55 cm wide by 35 cm deep. Find the
capacity of the tank in litres if it is filled to 4 cm from the top.

°A cylindrical rainwater tank has a radius of 2.8 m and a height of 2.4 m.

a Calculate, correct to 2 decimal places, the capacity of the tank in kilolitres.

b If the tank is 60% full, what is the height of the water in the tank? Answer correct to
2 decimal places.

EXTENSION @ Find, correct to 2 decimal places (where necessary), the volume of each solid.

a b c
12 cm 4‘
8m ‘
11 m 15cm
o 18 cm
11m

d e T f
L (>

{ j«—50 mm —»

w
-
w
0
o
=]
o
>
-
("]
w
-
~N
[+ 4
w
-
o
<
I
(%]
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Proficiencies
3.01 Earning an income
3.02 Income tax
3.03 Simple interest
3.04 Compound interest
3.05 The compound interest formula
3.06 Depreciation
U = Understanding R = Reasoning
F = Fluency C = Communicating
PS = Problem solving

Note: 3.01, 3.02, 3.06 are not strictly part of the Australian Curriculum but can be taught
within Financial Mathematics as an application of number. Compound interest and
depreciation are applications of exponential growth and decay.

allowable deduction A part of a person’s yearly income that is not

taxed, such as work-related expenses and donations to charities. : ‘:
compound interest Interest calculated on the principal invested .

as well as on any accumulated interest. ;
depreciation The decrease in the value of items over time Wor‘f,z':nk 3

due to ageing.

net pay Pay received after deductions from gross pay;
‘take-home’ pay.

per annum (p.a.) Per year.

principal The original amount of money invested or borrowed, for the purpose of
calculating interest.

simple interest Interest calculated on the original principal invested only.

Chapter 3 | Interest and depreciation 105



‘ In this Y
-~ chapter
you will:
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Quiz
SkillCheck 3

Skillsheets
Mental
percentages

Percentage
calculations

Worksheet
Percentage
shortcuts

106

Videos (10):
3.01 Annual salaries « Overtime
» Commission * Annual leave loading
3.02 Income tax
3.03 Simple interest » Simple interest rate

3.05 The compound interest formula
» Compound interest

3.06 Depreciation
Twig video (1):
3.05 Could you owe more than America?
Quizzes (5):
Wordbank 3
SkillCheck 3
Mental skills 3

Language of maths 3
Test yourself 3

Skillsheets (3):

SkillCheck Mental percentages
 Percentage calculations

3.05 Spreadsheets

¥ Nelson MindTap

solve problems involving simple interest

AN N N U N NN

solve problems involving depreciation

Worksheets (9):

SkillCheck Percentage shortcuts
3.01 Earning money

3.02 Income tax tables ¢ Income tax and
Medicare levy

3.03 Simple interest * Simple interest table
3.05 Compound interest

3.06 Depreciation

Mind map: Interest and depreciation

Puzzles (4):

3.03 Simple interest

3.05 Compound interest with annual
rests « Compound interest with
non-annual rests

Language of maths Interest and depreciation
crossword

Technology (2):

3.05 Comparing interest rates ¢ Simple and
compound interest calculator

Spreadsheets (2):

3.04 Simple and compound
interest ° Interesting facts

To access resources above, visit
cengage.com.au/nelsonmindtap

calculate weekly, fortnightly, monthly and yearly incomes
calculate wages, salaries, overtime, commission, piecework and annual leave loading
use tables to calculate income tax and PAYG tax

solve problems involving compound interest by repeated percentage increase
solve problems involving the compound interest formula A = P(1 +r)"

SkillCheck
ANSWERS ON P. 558
1 Convert each percentage to a decimal.
a 4% b 22% c 18.3% d 4.7%
e 9;% f 6.75% g 15 i/ h 20%
2 Find:
a 6% of $1200 b 2.5% of $4650 c 12% of $37 450

Nelson Maths 10
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3 Increase:
a  $7000 by 5% b  $3955by 2% c  $8600 by 1.6%

4 How many months are there in:

a 3years? b 2years? c 5years?

5 Copy and complete:

a oneyear = weeks

b oneyear= fortnights

C oneyear = days

d 48 months = years

e 84days= weeks

f 100 months = years months

6 If P = mut, find:
a Pwhenm=1600,v=0.072,t=10
b mwhenP=120,v=0.3,t=8
¢ vwhenP=18, m=60,t=5

7 Evaluate, correct to the nearest cent:
a $5000 x (1.045)*
b $28000 x (1.03)°
¢ $15300 x (1.065)
d  $32400 x (1.072)"

Earning an income

Wages, salaries and overtime s,
| £ 4
A wage is calculated from the number of hours worked and is usually paid weekly. Wage
earners can make more income by working extra hours (overtime). Xideosl
nnual
A salary is a fixed annual amount, paid weekly, fortnightly or monthly. Salary earners do not salaries
earn overtime pay but can receive benefits such as a computer, company car, expense account or ~ Overtime
shares in the company. Commission
() Units of time for wages and salaries orksheet
money

1 year = 12 months
1 fortnight = 2 weeks
1 year = 52 weeks for wage earners

1 year = 52.18 weeks for salary earners
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The 2 most common rates of overtime pay are:
e time-and-a-half: 1.5 X normal hourly rate

e double time: 2 X normal hourly rate

Example 1

’I‘yrone earns a Salary of $70 400 p-a. p.a. = per annum = per year

How much does he earn:

a each week? b each fortnight? ¢ each month?
SOLUTION

a Weekly income = $70 400 + 52.18

= $1349.1759...
~ $1349.18 rounded to the nearest cent
b Fortnightly income = 2 x $1349.18 1 fortnight = 2 weeks
= $2698.36
¢ Monthly income = $70 400 + 12 1 year = 12 months
= $5866.6666...
~ $5866.67 rounded to the nearest cent

Example 2

Noor earns $22.65 per hour at normal rates. Last week, she worked 38 hours at normal rates,
6 hours at time-and-a-half and 3 hours at double time. Calculate Noor’s total earnings for
the week.

SOLUTION

normal pay = $22.65 X 38
= $860.70
time-and-a-half pay = 6 X $22.65 X 1.5 6 hours
= $203.85

double time pay = 3 X $22.65 X 2 3 hours

= $135.90
total earnings = $860.70 + $203.85 + $135.90

= $1200.45

Commission, piecework and annual leave loading

Commission is earned by salespeople and agents, and is a percentage of the value of items sold
or income made.

Piecework is earned according to the number of items made or tasks completed.

Annual leave loading or holiday loading is extra pay given during annual leave (holidays) and
is 17.5% of 4 weeks’ normal pay.
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Example 3 @

Sarah is a real estate agent and is paid a commission of 2.5% on the value of apartments she
sells. She also receives a weekly retainer of $750. How much will Sarah earn if she sells an

0
apartment for $590 000? A retainer is a fixed amount paid

regardless of how many items are sold.

SOLUTION
commission = 2.5% of $590 000
= $14 750
total earnings = commission + retainer
= $14 750 + $750
= $15 500

.. Sarah earns $15 500.

Example 4

Emad is a jewellery designer. He makes handmade jewellery and is paid at the
following rates:

«  $278 per necklace
«  $72 per pair of earrings
«  $105 per bracelet

This month, Emad made 23 necklaces, 7 pairs of earrings and 19 bracelets. How much did
he earn?

SOLUTION

monthly earnings = 23 X $278 4+ 7 X $72 + 19 X $105
= $8893

Shutterstock.com/Anirut Thailand
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Example 5

Kham’s annual salary is $70 590. For his Christmas holidays, he received 4 weeks’ normal
pay plus 17.5% annual leave loading for the 4 weeks. Calculate Kham’s:

a normal weekly pay

b annual leave loading

c total pay for the Christmas holiday.
SOLUTION

a weekly pay = $70 590 + 52.18
= $1352.8171...
~ $1352.82
b annual leave loading = 17.5% X $1352.82 x4  17.5% of 4 weeks’ pay
= $946.974
~ $946.97
c total holiday pay = (4 X $1352.82) + $946.97 4 weeks’ pay + leave loading
= $6358.25

EXERCISE @ ANSWERS ON P. 559

Earning an income U (F) PSR

Express all answers correct to the nearest cent where necessary.

n Find the weekly wage for each person.
a Evaearns $21.85 per hour and works for 40 hours.
b  Robert works 8 hours a day, Monday to Friday, and is paid $23.47 per hour.

¢ Jasmine works on Monday and Tuesday from 8:30 am until 4:00 pm and Thursday
from midday until 9:00 pm, and earns $30.60 per hour.

E Juanita earns $19.56 an hour and works for 31 hours each week. Vivek earns $21.44 per
hour for his 27 hours of work. Who earns more per week and by how much?

B Mike earns a salary of $180 640 p.a. How much does he earn:

a each week? b each fortnight? ¢ each month?

0 Rakitu considers 2 jobs, one locally with an annual salary of $57 640 p.a. and the other
p one in the city with a fortnightly pay of $2320. Calculate the weekly income for each job,
determine which one pays more per week, and by how much.

e Anan works 38 hours at normal rates, 7 hours at time-and-a-half and 4 hours at double
time. Calculate Anan’s total earnings if he earns $19.60 per hour at normal rates.

>

O Foundation O Standard O Complex
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G Rhianna works 8.5 hours per day from Tuesday to Friday. She is paid $21.78 per hour.
She also works on Saturday for 4.5 hours at a special rate of $24.59 per hour. How much
did Rhianna earn for the week?

e Idra works the following hours in a week at the clothing chain Shop til U Drop.

PS

5 Day Hours worked
Monday 9am - 5pm
Tuesday 9am -4 pm
Thursday 10 am - 7:30 pm
Friday 10am - 5pm
Saturday 10:30 am - 5 pm

She is paid at the following rates.

Day Rate of pay
Monday to Friday $19.62 per hour
Saturday $23.15 per hour

Thursday after 4:00 pm
What is Idra’s total income for the week?

Fatimah is paid a commission of 2.5% on the value of goods she sells. She also receives a EXANPLE
weekly retainer of $875. How much will Fatimah earn if she sells goods to the value of
$41 600 in one week? Select the correct answer A, B, C or D.

A $1915.00 B $1061.88 C $2187.50 D $1018.13

Nathan is a real estate agent whose commission is calculated on the value of the
properties he sells:

* 3% paid on first $300 000
«  1.5% paid on next $250 000

« 0.75% paid on any value thereafter
How much commission did Nathan earn for selling a house for $625 000?

m Briana designed an app, KeyFinder, that sells for $2.49. If she makes 70% profit on
the sale price of each app sold, how much would she make from selling 800 units of
this app?

O Foundation O Standard | Complex
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A m Matt charges $60 for each lawn he mows and $45 for trimming hedges in each yard. In a
week, he mows 24 lawns and trims 15 hedges. How much does he earn for the week?

Shutterstock.com/welcomia

m Clean2Swim charges $86 to clean backyard pools. If this business earned $4644 in the
first week of summer, how many pools were cleaned?

m Jade makes homemade eco-friendly soaps, shampoos and cleaning products. A customer
purchases 3 homemade soaps, 2 bottles of shampoo and 3 of the cleaning sprays. How
much does Jade receive for these purchases?

!
‘J -

Homemade soaps $5.60 Eco-friendly shampoo $12.70 Natural cleaning spray $7.25

Left to right: Shutterstock.com/Volosina, Shutterstock

com/AlenKadr, Shutterstock.com/Lotus_studio

m Calculate the annual leave loading for each person if it is 17.5% of 4 weeks’ pay.

a Peter earns $1220 per week b Jamilla earns $2000 per fortnight
Cc Samir earns $5944 per month d Ellie earns $46 630 p.a.
"“g’“ @ For his annual holidays, Jake received 4 weeks’ normal pay plus 17.5% annual leave

loading for the 4 weeks. If Jake’s annual salary is $50 725, find his:
a normal weekly pay b annual leave loading

c total pay for the 4-week holiday.

[ Foundation O Standard ) Complex
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INVESTIGATION (f 7

Workers' entitlements
The Australian Government sets the minimum standards for pay and conditions for all
Australian workers. Different industries can have different needs from employees in terms of:
. normal and overtime hours worked; breaks allowed
« allowances
« dress codes, such as uniforms
- working conditions

1  Visit the Fair Work Ombudsman website www.fairwork.gov.au and select Awards
and agreements.

2 Select 2 industries and identify any similarities and differences in the requirements of
those industries.

3 Write a summary of your findings.

4 Give areport in class.

Income tax

Not all of a person’s income is taxed. If we use some of our income for work-related expenses or -~
P4

to donate money to charities, these amounts are called allowable deductions (or tax deductions) >
and are not taxed. Examples of allowable deductions are tools of trade, uniforms, car/travel

expenses, subscriptions to professional organisations and journals. Video

Income tax

(@ Income tax Worksheets

Income tax
Income tax is calculated on a person’s taxable income, which is the gross income (total tables
earnings) less all allowable deductions, rounded down to the nearest dollar. 't’;i"af;‘j
Medicare

taxable income = gross income - allowable deductions levy

The more a person earns, the higher the rate of tax to be paid.
0-$18 200 Nil
$18 201 - $45 000 19c¢ for each $1 over $18 200
$45001 - $120000 | $5092 plus 32.5¢ for each $1 over $45 000

$120 001 — $180 000 | $29 467 plus 37c for each $1 over $120 000
$180 001 and over $51 667 plus 45c for each $1 over $180 000

Source: © Australian Taxation Office for the Commonwealth of Australia
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Example 6

Sophia earned $62 348 last financial year and collected bank interest of $440.81. She had
allowable deductions of $427.52 in work expenses and $110 in donations to charities.

a Calculate her taxable income.

b  Use the tax table to calculate the income tax that Sophie must pay.

SOLUTION

a Taxable income = $62 348 + $440.81 - $427.52 — $110
= $62251.29
~ $62 251 rounded down to the nearest dollar

b According to the table, a taxable income of $62 251 is

in the $45 001 — $120 000 tax bracket. ‘32.5¢ for each $1’ means 32.5%
Income tax = $5092 + 0.325 X ($62 251 - $45 000) or 0.325.
= $10 698.575

~ $10 698.58

PAYG tax and net pay

Income tax deducted from your pay by your employer every payday is called PAYG (Pay As You
Go) tax. The total amount of PAYG tax paid over the year is usually more than the actual income
tax payable, so at the end of the financial year you will receive the difference as a tax refund.

Gross pay is the total amount a person earns or receives, but most workers have a variety of deductions
taken from their pay before they receive it, including PAYG tax, superannuation contributions, union
fees and health fund payments. The amount of income left after the deductions is called net pay.

net pay = gross pay — tax — other deductions

Example 7

Jayden earns a gross pay of $2290.33 per fortnight. His deductions are for PAYG tax, $44.10
for private health insurance and $55.82 for superannuation.

Fortnightly earnings ($) PAYG tax withheld ($)
2270-2275 460
2276-2281 462
2282-2287 464
2288-2293 466
2294-2299 468
2300-2305 470

a Use the PAYG tax table to find Jayden’s PAYG tax per fortnight.
b Calculate Jayden’s net pay.

¢ Calculate Jayden’s total deductions as a percentage of his gross income (correct to one
decimal place).
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SOLUTION

a In the table, $2290.33 falls in the $2288 — $2293
range.

fortnightly PAYG tax = $466
b net pay = $2290.33 - ($466 + $44.10 + $55.82) net pay = gross pay - total deductions
= $2290.33 - $565.92

= $1724.41
¢ total deductions = $565.92
deductions percentage = :;26;6?323 % 100% % X 100%
= 24.7091...%
~ 24.7%

EXERCISE @ ANSWERS ON P. 559

Income tax U (F)Ps(c

Express all answers correct to the nearest cent where necessary.

a Shilpa earns $47 628 in a year and has allowable deductions of $1930.46. "“‘g‘“
a Calculate her taxable income, rounded down to the nearest dollar.

b  Use the tax table on page 113 to calculate the income tax that Shilpa must pay.

e Aiden is an environmental engineer who had a gross income of $148 742 this year and
work-related expenses totalling $4022.80, which are tax-deductible. Calculate Aiden’s:

a taxable income, rounded down to the nearest dollar

b income tax.

e Ellie is a graphic designer who earns an annual salary of $90 541 and has collected
ps $1029.45 in bank interest. She has allowable deductions of $379 for tools related to her
work and $287 in donations to charity. Calculate:

a Ellie’s taxable income b the amount of tax payable.

o Riley the builder had a gross income of $56 922 this year. He is entitled to these tax
deductions: tools $1538, training courses $445 and outdoor protective clothing $506.
How much should Riley pay in tax? Select the correct answer A, B, C or D.

A $13046.65 B $10855.58 C $8157.73 D $6884.27

PS

e Nicola is a nurse earning $87 996 per year. Her allowable deductions are the cost of
non-slip footwear $225, the cost of laundering uniforms $1046, and union fees $297.60.
How much should Nicola pay in tax?

PS

O Foundation O Standard | Complex
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e Will owns a photography business and earned $216 000 last year. His allowable
deductions were Internet costs for his website $968, photographic equipment $23 672,
and travel to photo shoots $15 930. Calculate the amount that Will should pay in tax.

PS

Jackson earns a gross weekly income of $1075.26. His weekly deductions are $309.11
PAYG tax, $44.55 for private health insurance and $25.18 for superannuation. Calculate
Jackson’s net weekly pay.

C

Isha earns a gross income of $788.20 per week. Her deductions are $132.44 tax and

¢ $32.24 for private health insurance. Calculate Isha’s net income.

Use the PAYG table from Example 7 on page 114 to answer questions 9 to 12.

Eaas 9 Every fortnight, Mr Bhagwati earns $2278 and pays $22.80 in union fees and $94.10
in superannuation.

a Find how much PAYG tax he pays per fortnight.

b Calculate Mr Bhagwati’s fortnightly net pay.

¢ What percentage (correct to one decimal place) of his gross pay do the deductions
make up?

@ Holly earns a gross pay of $2295 per fortnight. Her deductions are PAYG tax, $64.35 for

superannuation and $30 for life insurance. Find Holly’s:

a PAYG tax

b net pay

¢ total deductions as a percentage of her gross income (correct to one decimal place).

m Stefan earns $1148 per week.
a If he is paid fortnightly, what is his fortnightly gross pay?
b  Find the PAYG tax that is taken out of his gross pay.
¢ Stefan’s deductions are $141.94 for his health fund and $51.33 for superannuation.
Calculate Stefan’s net fortnightly pay.
@ Agata earns a salary of $60 135 p.a. Each fortnight she has deductions of $256.20 for
family health insurance and $35 for superannuation taken from her gross income.
a Calculate Agata’s fortnightly gross income.
b How much PAYG tax does she pay per fortnight?

¢ Calculate Agata’s fortnightly net income.

@ Copy and complete this pay slip.

& Employee: Ziad Chaker Hourly pay rate: $19.65

¢ Hours worked Deductions
Normal 39 | Tax:$205.72 Other: $168.38
Time-and-a-half 2 Gross weekly income
Double time 0  Total deductions

Net weekly income

O Foundation O Standard O Complex
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Online income tax calculators

The Australian Taxation Office (ATO) website www.ato.gov.au has online calculators for
income tax and PAYG tax. Visit the website and search Simple Tax Calculator to find the
income tax calculator for individuals.

1 Enter the taxable income $63 000 as 63000 (no spaces).
Select the current financial year.

Select Resident for full year and click Next.

The estimated tax payable will be shown on a new screen.

Repeat for at least 2 more taxable incomes.

A a A~ WN

Find the PAYG tax calculator and use it to find the PAYG tax payable and net pay for a
gross pay of:

a  $1408 weekly
b $2870 fortnightly
¢ $5610 monthly

Simple interest

e When you invest money, you receive interest from your investment.
e When you borrow money, you pay interest on your loan.
e The original amount of money invested or borrowed is called the principal.

e This interest rate is a percentage of the principal, usually written as a rate per annum
(‘per year’), abbreviated ‘p.a.’

e Simple interest (or flat rate interest) is interest calculated simply on the original principal.

() The simple interest formula

where I is the simple interest

I=Prn
P is the principal

r is the interest rate per time period, expressed as a decimal

n is the number of time periods

This formula can also be written as I = Pin (where i is the interest rate) or I = Prt (where t is the
number of time periods).

9780170465625 Chapter 3 | Interest and depreciation
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Example 8

Find the simple interest on:

a $4000 at 3.5% p.a. for 6 years

b $13 500 at 5.5% p.a. for 7 months

Cc $75640 at 0.42% per month for 2 years.

SOLUTION

a P =$4000, r = 3.5% = 0.035, n = 6 years

I=Prn r = 0.035 per year, n = 6 years, so the time
= $4000 X 0.035 X 6 period is years.
= $840

b P=$13500,r=5.5%=0.055, n =% years r = 0.055 per year, n = 7 months, so we
= Prn must change 7 months to years so that

the time period is years.
=$13 500 X 0.055 X % p y

= $433.125
~ $433.13 rounded to the nearest cent
¢ P=9%75640,r=0.42% = 0.0042, r = 0.0042 per month, n = 2 years, so we
n =2 X 12 = 24 months must change 2 years to months so that
I=Prn the time period is months.

= $75 640 X 0.0042 x 24
= $7624.512
~ $7624.51 rounded to the nearest cent

Example 9

Petra invests $17 400 for 2 years at 3.75% p.a. flat rate interest. To what final value will her
investment grow?

SOLUTION

P =$17400, r = 3.75% = 0.0375, n = 2 years n and r are in years.

I=Prn
= $17 400 X 0.0375 X 2
= $1305
Value of investment = $17 400 + $1305 principal + interest

= $18 705
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After 4 years, an investment of $13 000 has earned $1092 in simple interest.

Video
What is the annual interest rate? ~ simple
interest rate
SOLUTION
I=$1092, P = $13 000, n = 4 years p= 31092
$52000
I'=Prn =0.021
$1092 = $13 000 X r X 4 =2.1%
$1092 = $52 0007 . annual interest rate is 2.1%.
1
Example 11 e
For how many months will $10 000 need to be invested to earn $250 in simple interest at -
ideo
3.25% pa” Simple
interest rate
SOLUTION
I=$250, P = $10 000, r = 3.25% = 0.0325
I=Prn
$250 = $10 000 X 0.0325 X n
$250 = $325n
_ $250
$325
= 0.7692... years n is in years, so convert to months
=0.7692... X 12 months
= 9.230... months
~ 10 months rounded up to the nearest month
EXERCISE @ ANSWERS ON P. 559
Simple interest U FPs R
In this exercise, round all money answers to the nearest cent.
n Calculate the simple interest earned on each investment. "“‘g”“

a $35000 for 4 years at 3.6% p.a.

$26 850 at 1.95% p.a. for 2 years

$8200 invested for 5 months at 3% p.a.

$6590 invested for 16 months at 0.25% per month
$5250 invested for 250 days at 3.04% p.a.

$18 400 invested for 3 years at 0.18% per month

- 0o O O T
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E Calculate the flat rate interest charged on each loan.
a $1250 for 2 years at 3.5% p.a.

b  $18900 for S% years at 5.7% p.a.

¢ $1.15 million at 4.5% p.a. for 48 months

d $12 000 for 10 months at 0.575% per month
e $9750 for 2.5 years at 0.48% per month

f  $24 720 for 136 days at 7.85% p.a.

B Harry owed $783.26 on his credit card. The credit card company charged him one
month’s simple interest at 21% p.a. How much interest was he charged? Select the
correct answer A, B, C or D.

A $13.71 B $16.45 C $25.38 D $37.30

i 0 Find the final value of each investment using simple interest.
a $10 000 invested for 3 years at 4% p.a.

b $1500 invested for 18 months at 0.19% per month

¢ $8500 invested for 3.5 years at 0.25% per month

d $9250 invested for 50 months at 3.75% p.a.

e Liong borrowed $6000 to go on an overseas holiday, at 12% p.a. flat rate interest for
2 years. Calculate:

a the total interest

b the total amount Liong must repay.

0" G The interest on a loan of $2500 over 4 years is $450. Calculate the flat rate of interest p.a.

R
e Katy took out a loan for $22 000 over 5 years. If her total loan repayments amounted to
ps $28 400, calculate:
r a theinterest charged
b the flat rate of interest p.a., correct to 2 decimal places.

G After 5 years, the interest on a loan of $8000 amounts to $2340. Calculate the annual
simple interest rate.

E"‘}"f"’“ e For how many years will $4200 need to be invested to earn $200 interest, if the interest

p rateis2.5%p.a.?

@ How many weeks will it take for $50 000 to earn $750 in interest if the rate is 2.6% p.a.?
R

m How many days will it take for $20 000 to earn $300 in interest if the rate is 4% p.a.?

R

>
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@ An online bank offered the following investment to its customers.
ps e Arate of 2.35% p.a. simple interest for the first 4 months only

R« Then the principal and interest reinvested at 0.45% p.a. simple interest

What will Shweta’s investment of $3480 be worth after 7 months? Select A, B, C or D.
A $31.21 B $374.10 C $3511.21 D $3854.10

@ For how many months will $20 000 need to be invested to amount to $22 000, if interest
ps is paid at the rate of 0.33% per month?

R

What is the flat rate of interest (as a percentage p.a., correct to one decimal place) when
r $1650 earns $85 in interest over 2 years?

Toula used a credit card to buy a netbook computer for $799 and some extra accessories for
ps $246. She pays off this debt in 30 days. The credit card charges 22% p.a. simple interest.

r a Calculate the simple interest charged.

b How much will Toula pay after 30 days?

@ Bhashine earned $185 interest each year for 4 years on an investment account. At the
ps end of the 4 years, she closed her account and withdrew $6000 in total. What was the
R annual flat rate of interest paid into Bhashine’s account? Select A, B, C or D.

A 31% B 3.5% C 12.3% D 14.1%

Compound interest

Most investments earn compound interest rather than simple interest. With compound
interest, the interest earned is added to the principal so that next time, the interest is calculated
on a larger principal. This means that more interest is earned, because we are also earning
interest on the interest we have already earned. The word compound means ‘combined’.

A principal of $23 000 is invested at 4% p.a. interest, compounded yearly for 2 years.
a What is the total value of the investment after 2 years?

b What is the amount of compound interest earned?

SOLUTION

a The interest for each year is calculated
separately.
After the first year:
I=$23000 x 0.04
= $920

O Foundation QO Standard O Complex
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investment = $23 000 + $920 principal + interest
= $23 920
After the second year:
I=1%$23920x0.04
= $956.80
investment = $23 920 + $956.80 new principal + interest
= $24 876.80

b compound interest earned = final
investment - principal

= $24 876.80 — $23 000
= $1876.80

Notice that compound interest involves repeated percentage increase. In the above example, to
calculate compound interest on a principal of $23 000 over 2 years at 4% p.a., we are actually
increasing $23 000 by 4% twice. Adding 4% to the principal is the same as increasing the
principal by 4%, which is the same as multiplying the principal by 104% or 3.04.

Investment after 1st year = $23 000 X 3.04 = $23 920

Investment after 2nd year = $23 920 X 3.04 = $24 876.80

We can even combine these 2 steps into one step by repeated percentage increases:
Investment after 2nd year = $23 000 X 3.04 X 3.04 = $24 876.80

Using repeated percentage increases can simplify our compound interest calculations.

Example 13

A principal of $9000 is invested at 3.7% p.a. compounded yearly over 3 years. What is:
a the value of the investment after 3 years?

b the compound interest earned?

a Adding 3.7% interest to the principal is the same as
multiplying the principal by 3.037.
-.investment after 3 years = $9000 X 3.037 X 3.037 x 3.037
= $9000 X (3.037)
= $10 036.4138...
~ $10 036.42 rounded to the nearest cent
b  compound interest earned = final investment - original principal
= $10 036.42 — $9000
= $1036.42
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EXERCISE @ ANSWERS ON P. 559

Compound interest UF

In this exercise, round all money answers to the nearest cent.

c A principal of $23 000 is invested at 5% p.a. interest, compounded yearly over 2 years. 5‘7‘2"“

a Copy and complete the following working to calculate the value of the investment
after 2 years.

After the first year: Investment = $23 000 + $
I'=$23000 x 0.05 =$

=$
After the second year: Investment=$__ +_
I=% X 0.05 =$

=$___

b Copy and complete the following working to calculate the amount of compound
interest earned.

Compound interest earned = final investment — principal
=$__ -$23000
=%
6 Finn invests $15 000 at 2.5% p.a. compounded yearly over 3 years. Show all working
(as in question 1) to find:
a the value of the investment after 3 years

b the total amount of compound interest earned.

e Selina invests $34 100 at 6.2% p.a. interest compounded yearly over 2 years. Calculate:

a the final value of the investment b the compound interest earned.

0 Use repeated percentage increases to calculate the final value of each investment E"?;“;‘
compounded annually, then calculate the compound interest earned.

a  $5000 for 2 years at 4% p.a.

b  $27 800 for 3 years at 2.85% p.a.
¢ $9600 for 3 years at 5% p.a.

d $39 500 for 2 years at 3% p.a.

e $18400 for 4 years at 1.25% p.a.

e For each investment, calculate the compound interest earned.
a $30400 at 5% p.a. interest for 3 years.
b $19150 at 4.2% p.a. interest for 2 years.
c $8750 at 1.75% p.a. interest for 2 years.
d $36 000 at 3.5% p.a. interest for 3 years.
e $18960 at 6.35% p.a. interest for 5 years.
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ae EXEUETIOPNSESSNEERY \Maths without calculators

venst | Finding 15%, 2%, 25% and 12%%

o To find 10% or % of a number, divide by 10.
o To find 5% of a number, find 10% first, then halve it (since 5% is half of 10%).

«  So, to find 15% of a number, find 10% and 5% of the number separately, then add the
answers together.

1 Study each example.
a  15%x 80 =(10% % 80) + (5% X 80) =8 + 4 = 12
b 15% x $170 = (10% x $170) + (5% % $170) = $17 + $8.50 = $25.50
¢ 15% X% 3600 = (10% X 3600) + (5% %X 3600) = 360 + 180 = 540
d  15% x $28 = (10% X $28) + (5% X $28) = $2.80 + $1.40 = $4.20

2 Now find 15% of each amount.

a 120 b $840 c 260 d $202
e $50 f 72 g $180 h 400
i $1600 i o$22 k 6000 I $350

To find 2%% of a number, first find 5%, then halve it.

3 Study each example.

a 2%%x600 b 2%%x$820
10% % 600 = 60 10% % $820 = $82
5%><600=§x60=30 5%x$82()=%x82=$41
2%%x600=%x30=15 2%%x$820=%x$41=$20.50

4 Now find 