P A S N A

ﬁ%ﬁ&%ﬁ
. ARJL J%

obook ®

OXFORD

MATHEMATICS

OXFORD

MA
TH

Si0

STAGE 5

SERIES CONSULTANT:
KAREN BELLAMY

ALEXANDER BLANKSBY
MORGAN LEVICK
DANIEL MANSFIELD
ELIZABETH BUSCH
JENNIFER NOLAN
MELANIE KOETSVELD
JOE MARSIGLIO

LYN ELMS

DINA ANTONIOU

NSW CURRICULUM







MATHEMATICS

OXFORD

b oAA A 810

STAGE 5

SERIES CONSULTANT:
KAREN BELLAMY

ALEXANDER BLANKSBY
MORGAN LEVICK
DANIEL MANSFIELD
ELIZABETH BUSCH
JENNIFER NOLAN
MELANIE KOETSVELD
JOE MARSIGLIO

LYN ELMS

DINA ANTONIOU

obook ® OXFORD NS W
CURRI CULUWM

UNIVERSITY PRESS




OXFORD

UNIVERSITY PRESS

Oxford University Press is a department of the University of Oxford.

It furthers the University's objective of excellence in research, scholarship
and education by publishing worldwide. Oxford is a registered trademark
of Oxford University Press in the UK and in certain other countries.

Published in Australia by
Oxford University Press
Level 8, 737 Bourke Street, Docklands, Victoria 3008, Australia.

© Karen Bellamy, Alexander Blanksby, Morgan Levick, Daniel Mansfield, Elizabeth Busch,
Jennifer Nolan, Melanie Koetsveld, Joe Marsiglio, Lyn EIms, Dina Antoniou
© Oxford University Press 2024

The moral rights of the authors have been asserted.
First published 2024

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, without the prior permission in writing of Oxford
University Press, or as expressly permitted by law, by licence, or under terms agreed with the

reprographics rights organisation. Enquiries concerning reproduction outside the scope of the
above should be sent to the Rights Department, Oxford University Press, at the address above.

You must not circulate this work in any other form and you must impose this same condition
on any acquirer.

ISBN 9780190342739

Reproduction and communication for educational purposes

The Australian Copyright Act 1968 (the Act) allows educational institutions that

are covered by remuneration arrangements with Copyright Agency to reproduce
and communicate certain material for educational purposes. For more information,
see copyright.com.au.

Edited by Karen Jayne
Typeset by Newgen KnowledgeWorks Pvt. Ltd., Chennai, India

Proofread by Carly Slater %
Indexed by Max McMaster MIX

Printed in Singapore by Markono Print Media Pte Ltd Paper | Supporting
FSC responsible forestry
Oxford University Press Australia & New Zealand is committed to sourcing paper responsibly. wisean  FSC® C009578

Disclaimer

Links to third party websites are provided by Oxford in good faith and for information only.

Oxford disclaims any responsibility for the materials contained in any third party website referenced
in this work.

Acknowledgement of Country

Oxford University Press acknowledges the Traditional Owners of the many lands on which

we create and share our learning resources. We acknowledge the Traditional Owners as the
original storytellers, teachers and students of this land we call Australia. We pay our respects
to Elders, past and present, for the ways in which they have enabled the teachings of their rich
cultures and knowledge systems to be shared for millennia.

Warning to First Nations Australians
Aboriginal and Torres Strait Islander peoples are advised that this publication may include
images or names of people now deceased.



Introducing Oxford Maths 7=T0 ... Vi

Chapter 1 Financial mathematics ..., 2
TA EQINING MONEY .o 4
TB SimOIE INTEIEST . 9
TC ComMPOUNd INTEIEST ... 17
G KO NT Lt 26
1D Compound inferest CAlCUITTIONS. ... 27
TE DEPraCiatiON . 34
CROPTEI TEVIEW ...t 40
Chapter 2 AIgEDIQ.......oouviiii e 44
2 INICES ittt 46
2B NEGQTIVE INGICES ... 50
P O3 | o ] o111 1Y/ 1 e PP OO U TPPPPPPPPRR 56
2D EXPDONAING 11ttt ittt e 61
B 2E AlGEITQIC fIACHONS ...ttt 66
G K IO NT Lttt e 72
P S e o3 1@ 11111 o T T OSSPSR PR 73
> 2G Factorising QUOAITTIC EXPIESSIONS ....vvuiiriiiieiieee ittt e e e e e e e e e e e e e e e e eaaaaans 80
A 2H Completing the SQUOIME .........viiiiiiiccee e 85
2| Factorising NoN-mMonic QUAAIOTIC EXPIESSIONS ... .vuviiiiiiiieiieees it 91
CROPTEI TEVIEW ...ttt 97
Chapter 3 ReAl NUMDETIS........cooo i e e 102
3A Rational and irratioNal NUMIDETS.......cooiiiiii 104
3B SIMPIIYING SUITS ...ttt 110
3C Multiplying and diVIAING SUIS ...oooiiiiiiiiiiiiic s 114
3D Adding and SUBTTACTING SUMTS.....ooiiiiiiiiii e 119
3E Rationalising the denOMINGITON..........ooiiiii e 124
5] CNECKIDOINT ... 129
3F FraOCHONAI INAICES ...t 130
3G LOGONTNIMIS . 135
SH LOGANTNM IOWS ... 140
31 LOQANTNMIC SCAIES ..o e 145
CROPTEI TEVIEW ...ttt 153
Chapter 4 EQUATIONS ......ooooiiiiiiii e 158
4A SOIVING INEAT EQUOTIONS. .....uii i 160
4B SoIVING INEAr INEQUONTIES ... ..iiiiiii e 167
4C SIimUltaNeous lINear @QUOTIONS. ... 176
> G KO NT Lttt 185
B 4D Solving QUAAIAHC EQUATIONS ........oviiiiiieic e 186
4E The quAdratic fOrMUIT ... 192
4F SOIVING CUDIC ©QUOTIONS ...ttt 198
CROPTEE TEVIEW ...ttt 204

OXFORD UNIVERSITY PRESS CONTENTS




Chapter 5 Linear and non-linear relationships...........ceccccciiinns 208

BA LiINEAr relatioNS IS v 210
5B Gradient, midpoint and distance between two points .............ccccn, 217
5C Graphing parabolas USiNg INTEICEPRTS. . ... 222
5D Graphing parabolas using TransforMAtioNS .........cooviiviiiiiii e 228
5E Cubic and other non-linear relafioNShipsS. ... 235
G KON L1ttt 241
BF GIraPNING CIMCIES ..o 242
5G Graphing exponential and logarithmic relationshios ..., 248
BH Graphing hypRerDOIOS ... 257
51 Direct and iNVErse VANGTION ... 263
BJ ROTES OFf CRONGE ... 270
COPTET TEVIEW . 278
Chapter 6 POIYNOMIAIS.........ccoiiiiiii e 284
6A FUNCTIONS ANA TEIATIONS ... aes 286
OB POIYNOMIGAIS ... 292
6C DividiNG POIYNOMIQIS .oiiiii e e e e e e e e e e eaes 298
6D Remainder and faCTOr TREOrEMS ... 302
G KON Lttt e 307
6E Solving POlYNOMIAT EQUOTIONS ....viiiiiii e 308
6F Sketching graphs of polynomials using infercepts ... 312
6G Sketching graphs of polynomials using fransformations............cocceeviinn, 320
CAPTEI FEVIEW .t 327
SEMESTEN T FEVIEW ..covviiiiiiiiiiii e e e e e e e e e e e e aaaaaaaaan 332
AMT eXPlOratioNS T.....iiiiiiiici e 338
ChApler 7 GEOMEIIY ....ue i e e e e e e 340
7A GEOMEIICAl PrOPEITIES ... vttt 342
7B Congruence and SIMIIATTY ... 349
7 C GEOMETTIC PrOOTS .o iii ittt e e e e e e e 358
o G CKIIOINT L 367
Bl 7D Circle geomEtTy: ANGIES ........c.cciiiiiiiiiieeeeeee e 368
7E Circle geomeEtry: CROIAS ... 374
7F Circle geometry: fangents AnNd SECANTS ........ooiiiiiiiiiiiii e 380
COPTEN TEVIEW ..t 388
Chapter 8 MeasUremMEeNT ..........ooo i 392
BA ATEO TEVIEW ... ittt et e e e et e e e e e e e ettt e e e e et 394
8B SUIMOCE QSO TEVIEW ..ot ii ittt ettt e e e e e e e eees 401
BC VOIUMIE TEVIEW ..ttt e e e e ettt e e e e e e e e aeaes 407
G KON L1t e 413

8D Surface area of Pyramids ANA CONES ... 415
8E Volume of pyramids AN CONES ......ccoiiiiiiiii 421
8F Surface area and volume Of SPhEres ... 426
COPTEI FEVIEW .t 433

OXFORD MATHS 10 NSW CURRICULUM OXFORD UNIVERSITY PRESS




NLS

AQV

AQV

Chapter 9 Pythagoras’ theorem and trigonometry

QA PythAgOras ThEOMEIM ... e
OB THQONOMIEITY i et
9C Applications Of THIGONOMETTY ...
9D Three-dimensioNal PrOBIEMS .....iiiiii e
9E The SINE ONA ArEA FUIES ...t
G CKIIOINT Lttt
OF TNE COSINE TUIE ...t
QG T UNIE CIICIE . s
OH EXOCT VAIUES ... e
Ol THQONOMETTIC GIOPNS ...t
9J Solving TrigoNoMEtTiC EQUOTIONS .....ooiiiiiii e
CROPTE TEVIEW ..t

Chapter TO NETWOIKS ........ciiiiiii i e e e e e e e e e

TOA INTrOdUCTION TO NETWOTKS ....vviiiiiicce e
TOB PlONGIE QIO ittt e e et e ettt et e e e e e e aeeees
TOC PlOTONIC SOITS 11ttt e et et e e e e e e e e aaaeees
G KO NT Lt e
10D Special types Of WAIKS ...
TOE Applications Of NETWOIKS ...
CROPTEI TEVIEW ...ttt

Chapter 11 Statistics and probability...........ccceiiiiiiiiiiiiii i,

11A Bivariate data and sCOtter PIOTS ...
TTB SAMPING METNOAS ..o e e
TTC ANQIYSING FEPOITS .ot e e e
T1D TheoretiCAl ProAIIITY.....oii e
G KO NT Lttt
T11E Experiments with and without replacement ...,
TTF TWO-WAY TOIES ... e e e
LR C Y T al g e TeTe (@] o1 TP PP SRR
TTH Conditional prolodbility ...
CROPTEI TEVIEW ...ttt

Y=Y ] (S A (=Y Yt
AMT eXPIOrOONS 2.... ..o
Y 127N\ B o] (o) (=T 3 T PPN

OXFORD UNIVERSITY PRESS




Books

Infroducing Oxford Maths 7-10

Learning intentions

¢ Signpost the foundational
skills being developed in
each section.

Inter-year links

e Provide easy access to
support and extension
material from each of the
7-10 Student Books as
students build knowledge
year on year.

Worked examples

e Outline a step-by-
step thought process
for solving essential
questions with direct

reference to the exercises.

Key features

—

each semester.

relationships

11D Theorefical probability

s mcmerns RN @z =

Enample 803 Cocuiering o vikers 0 o @

—_——

L it um——

Vi — OXFORD MATHS 10 NSW CURRICULUM

Oxford Maths 7-10 NSW Curriculum utilises an innovative suite of print and digital resources to guide
students on a focused mathematics journey. The series makes maths accessible to students with
differing levels of understanding, increasing engagement by giving learners the opportunity to
achieve success at their own skill level while also providing comprehensive syllabus coverage.

> Complete access to all digital resources available on Student obook pro.

> Australian Maths Trust (AMT) spreads offer unique questions designed to
challenge students and build engagement.

of Student > STEAM projects encourage inter-disciplinary thinking.
> Semester reviews provide an opportunity to revise key concepts from

> Anillustrated glossary of newly introduced mathematical terms.

Each chapter opens with:
¢ Prerequisite skills with

reference to an online
diagnostic pre-test and
interactive skillsheets.
Curriculum links to

all relevant content
descriptions in the

NSW Curriculum.
Materials used to complete
the exercises.

e Backed by the latest

pedagogical research to
promote engagement with
the material.

Filled with precise
diagrams that bring key
concepts to life, and aid
understanding.

Helpful hints

e Provide additional
strategies for tackling
problems.

¢ Highlight important
elements of the theory.

s \- Point out common
- hiassaammen - misconceptions.

OXFORD UNIVERSITY PRESS



Differentiated learning
pathways

Each exercise is
separated into three
pathways, tailoring for
students of all skill levels.
Each pathway can be
assigned based on results "
of the diagnostic pre-tests o
that are recommended

at the beginning of every

= gxercise 1B Smplo niems!

o Arieean

A

—————
chapter. ®
P
Problem solving and o s : 5
reasoning e » =
e Comprehensive exercises o e By b
bring together new ideas o -
and provide engaging e o
contexts from real-world , - . -
problems. @ -
g -': - — .
Challenge SN TS ; = s N
e Advanced exercises R e
L &) ™ -

designed to build

engagment and anticipate =Chapfter review @

future learning outcomes. (Fhof_-':l’ .s-u—-n:n::ry Mathametical Meracy review
Chapter summary T
e Condenses all the theory e [T
from each section into
one accessible revision
page. ey SR I S Mutipie cosce
i "
. ‘.‘
|
-0
i
Integrated STEAM 1 How can we &
projects G, use technology e -
e Take the hard work out g fofwuse
. improve the
of cross-curricular '_-)' lives of people
learning with engaging O inthe world's
STEAM projects. Two i mm?
fully integrated projects
are included at the end of z
each book in the series, [« g
and are scaffolded Ll
and mapped to the =
Science, Maths and HSIE &

curricula.
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Understanding and
fluency

e Basic exercises dedicated
to practising key concepts.

Checkpoint

e Asection in the middle of
each chapter dedicated
to summarising key skills
and encouraging memory
retention.

Reference to an online
checkpoint quiz to gauge
student progress.

Chapter review

¢ Additional practice
questions to further
consolidate understanding
at the end of each chapter.
Reference to an online
chapter review quiz to
track results.

Reference to Quizlet test to
revise new terminology.

Problem solving through
design thinking

" o Each STEAM project

investigates a real-world
problem that students are
encouraged to problem-
solve using design
thinking.

~ . Full digital support

e Each STEAM projectis
supported by a wealth
of digital resources,
including student booklets
(to scaffold students
through the design-
thinking process of each
project), videos to support
key concepts and skills,
and implementation and
assessment advice for
teachers.
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gbook@

Key features > Student obook pro is a completely digital product delivered via
of Student Oxford’s online learning platform, Oxford Digital.
gbook pro > |t offers a complete digital version of the Student Book with
interactive note-taking, highlighting and bookmarking functionality,
allowing students to revisit points of learning.
> A complete ePDF of the Student Book is also available for download
for offline use and read-aloud functionality.

g]:)(]okO #  Ouxford Maths 10 NSW Curriculum 34 Rational and irrational numbers
Integrated digital Oudord Maths 10 NSW Corricuum
resources
¢ Integrated hotspots
allow students to ¢ s 3A Rational and irrational Squorrocts
access diagnostics ¢ numbers i .y
tests, quizzes, _: e roim e U

interactive skill .

sheets, videos and 3 I Y T s
inter-year links simply
by clicking on the blue
digital resource boxes
throughout the pages
of the book.

Intfroducing Oxford Maths 7-10

Complete digital
version of the Student
Book
e The digital version
of the Student Book
is true to the print
version, making it
easy to navigate and
transition between
print and digital.

Toolbar features
¢ Notes can be added and saved to the text by simply
selecting and highlighting.

Desmos integration
e Our partership with Desmos allows students to access
a suite of calculator tools as they read through the text,

° Bookm;rks can be saved t(_) any page. _ providing convenient graphical support as well as the
e Australian Concise Oxford Dictionary can provide opportunity to investigate plane geometry and Cartesian
immediate definitions to any word within the text. coordinates.

> Integrated Australian Concise Oxford Dictionary look-up feature

> Targeted instructional videos for every worked example question Benefits for

students

> Groundwork resources to support assumed knowledge
> Interactive assessments to consolidate understanding

> Auto-marked practice exam question sets
> Integrated Quizlet sets, including real-time online quizzes with live leaderboards
> Access to online assessment results to track progress.

viii — OXFORD MATHS 10 NSW CURRICULUM OXFORD UNIVERSITY PRESS
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HOME RESOURCES

Reports

FILTER BY

CLASS, GROUPS & STUDENTS

Class A
Groups
Al Students

INTERYEAR LINK REPORT

Additional resources

Oxford Maths 10

oxforddigital .
(_)book@

> Teacher obook pro is a completely digital product delivered via
Oxford’s online learning platform, Oxford Digital.

> Each chapter and topic of the Student Book is accompanied
by full teaching support, including assessment reporting, worked
solutions, chapter tests, detailed teacher notes and lesson plans.

> Teachers can use their Teacher obook pro to share notes and easily
assign resources or assessments to students, including due dates
and email notifications.

REPORTS HOTIFICATIONS
(.

Learning pathway reports
e Teachers are provided
with clear and tangible
evidence of student
learning progress through
innovative reports.

to access whale class Disgnostic Skills Report.

CH1 - Financial mathematics ~

Chapter 1 - Financial mathematics

Student Skill 1 Skill 2 Skill3 Skill 4
e Assessment reports
Aljce Apple e s . ey b=l | direct[y show how
Bernard Banana F— _students are p_erformmg
in each online interactive
Chris Cherry st (I sat: [ 5% B aSSeSSment, pro\/iding
Daisy Durian o N o S ¢ a instant feedback for
) ) teachers about areas of
Evan Elderberry s I s I 7 [ ] .
understanding.
Fiona Fig — ]

e Curriculum reports
summarise student
performance against
specific curriculum content
descriptors and curriculum
codes.

e Skill reports indicate the
students’ understanding
of a specific skill in
mathematics.

e Each chapter of the Student Book is
accompanied by additional interactive

> Diagnostic pre-tests and chapter tests that track students’ progress against
Study Design key knowledge, providing detailed learning pathway reports that
differentiate each student’s ability in each skill

> Assign reading and assessments to students either individually, or in groups -
administration is taken care of!

skillsheets, worksheets, investigations and
topic quizzes to help students progress.

Benefits for

teachers

> Ability to set-up classes, monitor student progress and graph results

> Worked solutions for every Student Book question

> Detailed teacher notes, teaching programs and lesson plans.

OXFORD UNIVERSITY PRESS
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Index

1A Earning money

1B Simple interest

1C Compound interest

1D Compound interest calculations
1E Depreciation

Prerequisite skills

@ Diagnostic pre-test
Take the diagnostic pre-test to assess your knowledge of the

prerequisite skills listed below.

@ Interactive skillsheets
After completing the diagnostic pre-test, brush up on your

knowledge of the prerequisite skills by using the interactive
skillsheets.

TS

S

I
N
-‘ ]
.t
JEN

v Fractions, decimals and percentages
v Percentages
v’ Multiplying and dividing decimals

Curriculum links

e Solves financial problems involving simple
interest, earning money and spending money
(MA5-FIN-C-01)

- Solve problems involving earning money
- Solve problems involving simple interest

e Solves financial problems involving compound
interest and depreciation (MA5-FIN-C-02)

- Solve problems involving compound interest
and depreciation

© NESA

Materials

v/ Calculator




1A Earning money

Learning intentions @
By the end of this topic you will be able to ...

Inter-year links
Year 8 3C Mark-ups and discounts

v’ calculate earnings for different periods of time Year 9 1A Wages and salaries
v/ calculate an individual's taxable income
v/ calculate an individual's net income.

WOgeS Ond Salones e Key content video

e Income is money received in exchange for work or investment.

e A wage is a fixed rate of income for a period of time, for example $30/hour.

e DPenalty rates are higher rates of pay given for working overtime, on weekends or on public holidays.
— Time-and-a-half means 1.5 x standard wage.
— Double time means 2 x standard wage.

e Leave loading is an extra payment on top of annual leave pay. Leave loading is usually calculated at
17.5% of normal pay for the period of annual leave.

e A salary is a fixed income paid on a regular basis.
— When calculating weekly or fortnightly salaries, assume there are 52 weeks and 26 fortnights

in a year.

e A bonus can be paid as an incentive or to reward good performance. Bonuses are typically given as a

percentage of an employee’s salary.

Commissions, piece work and royalties

e DPiece work is income which is paid for each item (or groups of items) produced or action performed.
e A commission is a proportion of the value of an employee’s sales that is paid to them.
e A royalty is a payment made to a person or company for the use of their assets.

Income tax and the Medicare levy

e Tax deductions are expenses that can be subtracted

o ] ) ; Taxable income Tax on this income
from an individual’s total income to determine their -

. 0-$18200 Nil
taxable income.
— 'Tax deductions include work-related expenses, $18201-$45000 ;?chggs for each $1 over

gifts and donations, the cost of managing tax
$45001-$120000 $5092 plus 32.5 cents for

each $1 over $45000
$120001-$180000 | $29467 plus 37 cents for
each $1 over $120000
$180001 and over $51667 plus 45 cents for
each $1 over $180000

affairs, and self-education expenses.
e Income tax is tax which is paid on an individual’s

taxable income.

e The table on the right details the income tax rates for
the 2023-2024 financial year:
e 'The Medicare levy is a 2% tax on taxable income.

— Some individuals are exempt from paying the Medicare levy.
e An individual’s net income can be calculated by subtracting their income tax and Medicare levy from
their taxable income.

net income = taxable income — income tax — Medicare levy

4 — OXFORD MATHS 10 NSW CURRICULUM OXFORD UNIVERSITY PRESS



Example 1A.1 Calculating earnings for different time intervals

Ryu is paid a standard rate of $34.40 per hour. Each week he works 26 hours on weekdays and 8 hours on

weekends (for which he is paid time-and-a-half).

a Calculate Ryu’s weekly earnings.

b Calculate Ryu’s yearly earnings.

¢ Calculate Ryu’s monthly earnings, giving your answer to the nearest cent.

b

C

Example 1A.2 Calculating taxable income

1 Multiply the standard pay rate by the penalty
rate (1.5) to determine the weekend rate.

2 Calculate the weekday earnings by multiplying
the standard rate by the hours worked.

3 Calculate the weekend earnings by multiplying
the weekend rate by the hours worked.

4 Add the weekday earnings to the weekend
earnings to get the weekly earnings.

Multiply the weekly earnings by 52 to calculate

the yearly earnings.

1 Divide the yearly earnings by 12 to calculate
the monthly earnings.

2 Round the answer to the nearest cent.

a weekend rate = $34.40 x 1.5
=$51.60
weekday earnings = $34.40 x 26
= $894.40
weekend earnings = $51.60 x 8
=$412.80
weekly earnings = $894.40 + $412.80
=$1307.20
yearly earnings = $1307.20 x 52
=$67974.40
¢ monthly earnings = $67974.40 + 12
= $5644.533...
~ $5644.53

In the last financial year, Kaitlyn earned a salary of $8600 per month with a 3% bonus. Kaitlyn also earned
$2351 in interest on her investments. Her tax deductions for the year were $720 of work-related expenses,
$550 in donations to charity and $1500 for self-education expenses. Calculate Kaitlyn’s taxable income.

Calculate the annual salary by multiplying the
monthly salary by 12.

Calculate the bonus figure by multiplying the
annual salary by 3%.

Calculate the total income by adding the
salary, bonus and interest together.

Calculate the total deductions by adding the
work-related expenses, charity donations and
self-education expenses together.

Subtract the tax deductions from the total
income to determine the taxable income.

OXFORD UNIVERSITY PRESS

annual salary = $8600 x 12
=$103200
bonus = $103200 x 3%
=$103200 x 0.03
= $3096
total income = $103 200 + $3096 + $2351
=$108647
total deductions = $720 + $550 + $1500
=$2770

taxable income = $108647 — $2770
=$105877

CHAPTER 1 FINANCIAL MATHEMATICS — 5



Example 1A.3 Calculating net income

In the 2023-2024 financial year, Khan earned $62 900 and had tax deductions of $1050.
a What is Khan’s taxable income?

b How much income tax must Khan pay?

¢ How much does Khan have to pay for the Medicare levy?

d What is Khan’s net income?

a Subtract the tax deductions from the total a taxable income = $62900 — $1050
income to determine the taxable income. =$61850
b 1 Identify the row in the tax table into which b $61850 — $45000 = $16850
the taxable income falls. income tax = $5092 + $16850 x 0.325
2 To calculate ‘$5092 plus 32.5 cents for =$5092 + $5476.25
each $1 over $45000’, start by calculating =$10568.25

the income over $45000. Then, multiply
this figure by 0.325. Finally, add the result

to $5092.
¢ Multiply the taxable income by 2% to ¢ Medicare levy = $61850 x 2%
determine the Medicare levy. =$61850 x 0.02
=$1237
d Subtract the income tax and the Medicare levy d netincome = $61850 — $10568.25 — $1237
from the taxable income to determine the net =$50044.75
income.

v/ Monthly income should be calculated by dividing the annual income by 12. Do not multiply the weekly
income by 4 to calculate the monthly income.

LA Exercise 1A Earning money

/\ 1-6.8.9(a-c).10.12,15,16 |:| 2-5,7,8,9(d-f), 10,13,15,17,19 Q 4,7.9(d-f), 10,11,14-20

1 For each of the following standard rates of pay, calculate the:

i double time rate of pay
ii time-and-a-half rate of pay.

a $38 b $29 c $31.60 d $19.80

L e $42.10 f $36.30 g $25.50 h $28.90

6 — OXFORD MATHS 10 NSW CURRICULUM OXFORD UNIVERSITY PRESS



1A1 2 Svetlana is paid a standard rate of $27.70 per hour. Each week she works 30 hours on weekdays and 6 hours
on weekends (for which she is paid time-and-a-half).

a Calculate Svetlana’s weekly earnings.
b Calculate Svetlana’s yearly earnings.
¢ Calculate Svetlana’s monthly earnings.
3 Convert each of the following wages into an annual salary.
a $1145 per week b $1702 per week c $1999 per fortnight
d $3174 per fortnight e $5464 per month f $8212 per month
4 a Jireceives an annual salary of $90896. What is his weekly wage?
b Min receives an annual salary of $57 590. What is her fortnightly wage?
¢ Bai receives an annual salary of $125064. What is her monthly wage?
5 Calculate the total monthly income for the following workers who earn a base salary plus a commission.

a Shane receives a base salary of $800/month plus a 2.5% commission on sales. In June, he sells $106 000
worth of product.

b Mila receives a base salary of $450/month plus a 1.5% commission on sales. In August, she sells $620 000
in property.

¢ Ki-woo receives a base salary of $1100/month plus a 5% commission on sales. In December, she sells
$73 400 of product.

6 Calculate the income for the following piece work
tasks.

a Cleaning 32 cars at a rate of $11.20 per car
b Editing 45 pages of manuscript at a rate of
$13.50/page
¢ Woriting subtitles for a 28-minute video at a rate
of $8.90/minute
7 Drew takes 4 weeks of annual leave, for which he

receives additional leave loading of 17.5%. If Drew
works 34 hours per week and receives a wage of

$37.75/hour, how much income does he receive for
his 4 weeks of annual leave?
1A2 8 In the last financial year, Sara earned a salary of $2250 per fortnight with a 5% bonus. Sara also earned $1122
in interest on her investments. Her tax deductions for the year were $250 of work-related expenses, $330 in
donations to charity and $100 for an accountant to manage her tax affairs. Calculate Sara’s taxable income.
9 Use the 20232024 tax table to calculate the annual income tax payable, to the nearest dollar, on the following

salaries.
a $72200 per year b $49950 per year ¢ $6880 per month
d $4764 per month e $1332 per week f $3110 per week

1A3 10 In the 20232024 financial year, Jude earned $85 335 and had tax deductions of $1429.
a What is Jude’s taxable income?
b How much income tax, to the nearest dollar, must Jude pay?
¢ How much, to the nearest dollar, does Jude have to pay for the Medicare levy?

d What is Jude’s net income?

11 In the 2023-2024 financial year, Kannika earned $98 920 and had tax deductions of $775. What is Kannika’s
net income if she is not exempt from paying the Medicare levy? Give your answer correct to the nearest dollar.
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12 Rose earned a salary of $5380 per month. Her sister
stated that this meant her weekly salary was $1345, as
5380 = 4 = 1385. Is her sister correct? If not, what is
Rose’s weekly salary correct to the nearest dollar?

13 In each case, which salary earns more on an annual basis?
Show workings to justify your answers.

a $77230/year vs $6635/month
b $103448/year vs $3995/fortnight

¢ $6540/month vs $1645/week
14 Panya receives a monthly wage of $4849.

What is Panya’s weekly wage?

b Panya receives a leave loading of 17.5% for her four weeks of annual leave each year. What is Panya’s total
annual income from her job? Give your answer correct to the nearest dollar.

¢ Last year Panya had an additional income of $7500, as well as tax deductions of $2400. What was Panya’s
net income for the year if she also has to pay the Medicare levy?

15 Kaia earned an income of $3248.64 for 3 weeks of annual leave, which included an additional leave loading
payment of 17.5% of her wage for this period. If she works 36 hours per week, what is her wage per hour?

16 Gem works as a real-estate agent. She receives a base salary of $500 per month plus a 1.8% commission on
sales up to $300 000. If her sales exceed $300 000, she receives an additional 2.5% commission on sales above
this amount.

If Gem earns $9000 in a month, what were her sales for the month?
17 Tyreek receives a base salary of $1800 plus a 5.2% commission, while Tyla receives a base salary of $1200 plus

a 6% commission.

a If they both make $42 000 worth of sales in a month, who earns more money?
b If they both make $54 000 worth of sales in a month, who earns more money?

¢ At what values of sales will Tyreek and Tyla earn the same amount?

18 In September Fredrick earned $5702 from his job. He received a base salary of $2150 and made $48 000
worth of sales, for which he earned a commission. What % commission does Fredrick receive on his sales?

19 Elise earns $1792 each week, of which $435 is withheld for PAYG income tax. Elise receives an additional
17.5% leave loading for her 4 weeks of annual leave. In the past financial year Elise earned $430 in interest on
her savings and had $780 of expenses, which were tax deductible.

Calculate the amount of income tax that was withheld using the PAYG method.
b Calculate the amount of income tax, to the nearest dollar, that Elise is due to pay for the financial year.

c State whether Elise receives a tax refund or has to pay more tax, and by how much. Give your answer to the
nearest dollar.
20 For his new role as a salesperson, Bo is given a choice of three different options for his salary.
*  Option 1: Base salary of $2000/month plus a 4.5% commission on all sales
e Option 2: Base salary of $1600/month plus a 5% commission on all sales
e Option 3: 6.5% commission on sales up to $50 000, plus a 6% commission on sales thereafter

Identify the level of monthly sales for which each option will be the most profitable.

Check your Student obook pro for these digital resources and more:

@iz Interactive skillsheet Interactive skillsheet @eh) Interactive skillsheet g% Topic quiz
+ )
{ { Wages and salaries Commission, piece work { Y Income tax 1A

and royalties
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1B Simple interest

Learning intentions @ Inter-year links

By the end of this topic you will be able to ... Year 7 6H Solving equations using inverse operations
v calculate simple interest Year 8 6B Solving linear equations

v calculate the principal, interest rate or number of Year 9 1E Simple interest

time periods of a simple interest investment or loan.

CO'CU'OTing Simple in'l'ereS'I' e Key content video

e Interest is a sum of money added to an initial amount that was either borrowed or invested.
— If the initial sum of money was borrowed then it is a loan and the borrower is charged interest.
The borrower must repay the interest as well as the initial amount borrowed.
— If the initial money was invested then it is an investment and the investor is paid the interest.

e Simple interest can be calculated using the formula:

I =Prn

interest // \\

principal interest number of
rate time periods

— [ = interest, the amount a borrower is charged by a lender, or the amount that an investor is paid for
their investment

— P = principal, the initial amount of money borrowed or invested

— r = interest rate, the amount of interest due per time period, expressed as a proportion of the
principal

— n = number of time periods since the principal was borrowed or invested

— The length of the time period for the interest rate (r) and the number of time periods () must be
the same.

Solving for other quantities using the simple
inferest formula

e The simple interest formula can also be used to find any one of the values (principal, interest rate or
number of time periods) when the other three quantities are known.

I=Prn Solve for principal
I=Prn Solve for interest rate
I=Prn Solve for number of time periods

e To find B r or n, if the other three values are known, use inverse operations to solve the equation by
dividing both sides of the formula by the two known quantities on the right-hand side.
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— For example, if the simple interest was $300, the interest rate was 5% (0.05) and the number of time
periods was 5, the principal could be calculated as follows:

I=Prn
300 =P x0.05x%x5
300 =P x0.25
300 _
0.25 -
1200 = P

Example 1B.1 Calculafing simple interest
For a loan of $18 000, borrowed at an interest rate of 6.8% p.a. for 21 months, calculate:
a the amount of simple interest charged
b the total amount repaid at the end of the loan
¢ the amount of each repayment if equal repayments are made monthly.
a 1 Identify the known values. Write the a P=$18000
interest rate as a decimal and the number r=6.8%
of time periods in years (as the interest rate = 0.068
is per annum). # = 21 months
_21
=15 vears
= 1.75 years
2 Substitute the values for the pronumerals I=Prn
into the formula and calculate 1. =$18000 x 0.068 x 1.75
=$2142
b The total repaid at the end of the loan is the b Total amount repaid = $18000 + $2142
interest added to the principal. =$20142
¢ The amount of each repayment is found by ¢ Number of instalments = 21
dividing the total amount to be paid by the Amount of each repayment = $2 3142
number of instalments.
~ $959.14
Example 1B.2 Solving for other quantities in the simple

interest formula

Use the simple interest formula, I = Prn, to help you find each unknown value below.
a [=9%800,P =9%4000,r=1%p.a,n="

b I1=%3279.60,P="7?,r=4.5% p.a., n = 4 years

c [=3%20150, P =9%$124000,r="?,n = 15 months
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a 1 Identify the known values. Write the
interest rate as a decimal.

2 Substitute the known values into the
formula and simplify.

3 Use inverse operations to solve the
equation for 7.

4 Write the answer.

b 1 Identify the known values. Write the
interest rate as a decimal and the
number of time periods in years (as
the interest rate is per annum).

2 Substitute the known values into the
formula and simplify.

3 Use inverse operations to solve the
equation for P.

4 Worite the answer in dollars.

c¢ 1 Identify the known values. Write the
number of time periods in years.

2 Substitute the values in the formula
and simplify.

3 Use inverse operations to solve the
equation for 7.

4 Write the answer as a percentage
per annum.

a I=3$800
P =$4000
r=1%
=0.01
1= Prn
$800 = $4000 x 0.01 x n
=%$40 x n
$800 _ $40 x n
$40 $40
n=20

The number of time periods is 20.

b 1 =1%$3279.60

r=4.5%
=0.045
n = 4 years
I=Prn
$3279.60 = P x 0.045 x 4
=P x0.18
$3279.60 _ Px0.18
0.18 0.18
P=18220
The principal is $18220.
c I=%20150
P =$124000
n = 15 months
:%years
= 1.25 years
1= Prn
$20150 = $124000 x r x 1.25
=$155000 x r

$20150 _ $155000 x r
$155000 ~  $155000

r=0.13
The interest rate is 13% p.a.

v/ Instead of substituting known values into the formula and using inverse operations to find the unknown
value, try rearranging the simple interest formula to create a new formula with the unknown value on

the left-hand side, and the known values on the right-hand side. This is called changing the subject of

the formula. If you do this, you will be able to substitute the known values into your new formula and

calculate the unknown value immediately!
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3 Exercise 1B Simple interest
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A 1-7,8(a-d), 10,11,13,16,17 |:| 3-7,8(e-h),9.12,14,17,18 Q 3,4,8(e-h),12,15,17-20

1 Convert each of these times to years. Hint: 1 year = 12 months = 52 weeks = 365 days.

a 24 months b 48 months c 27 months d 45 months
e 7 months f 52 weeks g 65 weeks h 4 weeks
i 312 weeks j 78 weeks k 730 days 1 73 days
2 Calculate the simple interest in each of these cases.
a P=3$%5000,r= 6% p.a.,n =4 years b P =8$850,r=12% p.a., n = 2 years
c P=3%$125000, r = 8.4% p.a., n = 3 years d P=3%64000,r=3.6% p.a.,n=>5 years
e P=3%9550,r=10% p.a., n = 2.5 years f P=822000,r=12.5% p.a., n = 3 years

181 3 For each loan below, calculate the:

i amount of simple interest charged

ii total amount repaid at the end of the loan

iii amount of each repayment if equal repayments are made monthly.
$8000 borrowed at an interest rate of 4% p.a. over 2 years

$15000 borrowed at an interest rate of 10% p.a. over 4 years

$1250 borrowed at an interest rate of 5.4% p.a. over 3 years

$14 000 borrowed at an interest rate of 8.2% p.a. over 30 months
$25000 borrowed at an interest rate of 6.8% p.a. over 18 months

- 0 a6 oW

$6550 borrowed at an interest rate of 4.5% p.a. over 104 weeks
4 For each investment below, calculate the:

i amount of simple interest earned

ii value of the investment at the end of the term.

$12000 invested at an interest rate of 3% p.a. for 3 years

$66 000 invested at an interest rate of 5% p.a. for 2 years
$125000 invested at an interest rate of 6% p.a. for 2.5 years
$5500 invested at an interest rate of 4.2% p.a. for 12 months

- -

$8250 invested at an interest rate of 8.5% p.a. for 15 months
f $4580 invested at an interest rate of 3.6% p.a. for 36 months
5 Find the value of n to determine the number of time periods required for each of these investments.

a How long will it take an investment of $10 000 with a simple interest rate of 3.5% p.a. to earn $1400°?
b How long does $1600 invested at an interest rate of 8% p.a. take to earn $320 in simple interest?
¢ How long will it take an investment of $8500 with a simple interest rate of 5.6% p.a. to earn $1428?

6 Find the value of P to determine the principal in each of these situations.

a How much needs to be invested for 4 years at an interest rate of 7% p.a. to earn $4200 in simple interest?

b How much was borrowed at an interest rate of 8.8% p.a. over 2.5 years if it cost the borrower $1430 in
simple interest?

¢ How much was borrowed at an interest rate of 4.75% p.a. over 3 years if it cost the borrower $2850 in
simple interest?
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7 Find the value of r to determine the interest rate in each of these situations.

What annual interest rate is applied to a loan of $8000 if the total simple interest charged over 2 years is $704?

What annual interest rate is applied to a loan of $16 000 if the total simple interest charged over 4.5 years

is $7560°?

What monthly interest rate is applied to a $25000 investment if the total simple interest earned over

30 months is $3000?

1B2 8 Find each unknown value below. Give your answers to parts d and h as interest rates per annum.

a
(&

€

g

I="7,P=%$8000,r=3%p.a.,n =9 years
I=%4680,P =7?,r=6.5% p.a., n = 4 years
I1=7?,P=%12000, r=7.2% p.a., n = 3 years
1=9%4320,P =?,r=4.8% p.a., n = 4.5 years

b 7=3%1000, P =$5000,r=5%p.a.,n="

d 1=3$8064, P=$64000,r="?,n= 18 months
f [=9%$3864,P=2%$9200,r=8.4%p.a,n=">

h I=%$675P=3%$22500,r="?,n= 15 months

9 If the P values in question 8 represent amounts borrowed, what is the total amount to be repaid in
each case?

10 For the smart television shown, an electronics store offers a
purchase plan in which simple interest is charged at 12.75% p.a.

for 20 months.

a

b

What is the total amount of interest charged for the term of

the purchase plan?

What is the total cost of the television if the purchase is

made with this plan?

If the total amount to be repaid is divided into equal
monthly instalments for the term of the plan, how much is

each repayment?

The store offers another option for customers who pay cash.
This option involves a discount of 2.5% off the advertised

price. What is the price for cash customers?

Calculate the difference in the price of the

same television purchased using each of the two options.

11 The following graph details the value of a simple interest investment.

(- -

2500
I~
z ,,,,
= BEEa
5 /
g 2000
S
=
G
(=]
5 1500
S
0 1 2 3
Years

What is the value of the principal?
What is the value of the investment after 4 years?

What is the annual interest rate of the investment?

What would be the value of the investment if it remained in the account for 7 years?

After how many months will the investment be worth $22507?
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12 For each of the following graphs, which detail a simple interest investment:
i determine the annual interest rate

ii determine what the value of an investment which stays in the account for 5 years would be.

a b
7500 5500
2
-

P a
@ [}
g 7000 § 5250
& 6500 2 5000
s G|
b >
c
3 T

6000 0

1 2 3
% Years
0 1 2 3
Years
c d

600 350
- -
§ 550 § 300
[ [
s s
% 500 5 250
o o

A
—A

0 1 2 3 4 0 1 2 3
Years Years
13 A bank offers an interest rate of 1.4% p.a. on its

everyday accounts, with interest calculated on Date Transaction Amount | Balance
the daily balances. Consider the account balances 01/05 | Opening balance $985.90
shown on the right. 09/05 | Withdrawal at ATM | $60.00 $925.90
a The account balances following three of the 11/05 | Deposit (Pay) $875.55 | $1801.45

transactions are not shown. State the missing 20/05 | EFTPOS Purchase | $185.95

account balances. 22/05 | Gym membership $69.50
b The opening balance of $985.90 applies for the 25/05 | Deposit (Pay) $875.55

first eight days of the month before each new 31/05 | Interest for May

balance applies on the date the transaction is
made and until the next transaction. How many
days does each balance on this account apply for?

¢ For each new balance on the account, calculate the simple interest based on the number of days for which
each balance applies. Remember that 8 days is equivalent to % years.
d Add all the amounts from part ¢ to calculate the total interest for the month.

What is the account balance at the end of May, if the total interest is added to the account at the end of the
last day of the month?
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14 A bank is offering the following interest rates to attract investment in term deposits. Interest is calculated at the

end of the investment term.

Bank interest rates per annum for different investment amounts and terms

Terms Amounts invested
$5000 to <$10000 | $10000 to <$20000 | $20000 to <$75000 | $75000 to <$250000
1 to <2 months 2.5% 2.5% 2.5% 2.5%
2 to <6 months 6.25% 6.25% 6.25% 6.25%
6 to <8 months 3.25% 3.25% 3.25% 3.25%
8 to <12 months 5.35% 5.35% 5.35% 5.35%
12 to <24 months 5.4% 5.4% 5.4% 5.4%
a Answer these questions using the information in the table.

i  What is the minimum amount that can be invested in a term deposit?

ii Do the interest rates change as the amount invested increases?

iii The bank appears to have a special rate for one period of time. What investment term receives this rate?
What interest rate will be offered for a 12-month investment of $45000?

Calculate the amount of simple interest earned on $45 000 invested for 12 months.

Compare your answer to part ¢ with the option of investing the same amount for three 4-month terms.
(Assume that the interest rate will stay the same for the second and third term.)

Reconsider the option of investing $45 000 for three 4-month terms, as calculated in part d. This time,
at the end of the each term, the interest earned is added to the investment amount and the interest for
the second term is calculated using that new total. How does the amount of interest for the second
term change?

15 Some savings accounts offered by banks include bonus interest rates if certain conditions are met. These bonus

rates are seen as a reward to encourage people to save and earn more interest.

Consider Saul’s account balance for November,

shown on the right. His account offers interest at Date Transaction Amount | Balance
1.2% p.a. (calculated daily and added into the 01/11 | Opening balance $8400.90
account at the end of the month), plus a bonus 15/11 | Deposit — Pay $655.80
4.55% p.a. (calculated daily, without considering the 19/11 | Deposit — at branch | $240.00
1.2% interest, and only added once at the end of the 29/11 | Deposit — Pay $655.80
month) if no withdrawals are made in the month and

30/11 | Interest

the balance increases by at least $250 each month.

a
b

Will this month’s account receive the bonus interest rate? Provide a reason to support your answer.

Calculate the total interest earned for the month. Hint: First determine the account balances following
each transaction.

State the final account balance for the month.

On the final day of the month, Saul made an EFTPOS purchase at a clothing store for $100 and the
transaction did not appear on his statement. How would the balances and the interest calculations have
differed if the withdrawal had appeared on the statement?

16 A term deposit advertised on radio offers a fixed interest rate of 6.8% p.a. for 3 months.

a
b

C

What do you think the expression ‘fixed interest rate’ means for the 3 months?
How much interest is earned on an investment of $12 000 in this term deposit?
What amount of money must be invested to earn $500 in interest?

At the end of the term, the rate of interest decreases to a new fixed interest amount of 6.15% p.a. for
100 days. What amount of money must be invested to earn the same amount of interest as would be earned
in part b?
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17 Jacqui is saving money to purchase a racing bike like
the one shown on the right. She has saved $1980 and hopes to
invest it to earn the remaining amount from interest on that
investment. The best simple interest rate she can find is 7.2% p.a.
a For how long must Jacqui invest the money in order to earn
the extra amount she needs? Give your answer in years,
correct to one decimal place.

$2350 o |

b Jacqui wants to investigate ways to earn the money quicker with a shorter investment term. What interest rate

does she need if she wishes to have the money in 18 months, correct to one decimal place?

¢ What will the interest rate need to be if Jacqui wishes to have the money in 8 months, correct to the nearest

per cent?

d Consider the rates you calculated for parts b and ¢. What problems do you think Jacqui may find in trying

to achieve the return she wants on her investment?

18 The statement shown on the right is for a credit card. ot
) ) - Date Description Amount
Interest on purchases made with this card is charged ;
. 05/09 | Clothing store purchase $120.00
from the day of purchase. To avoid extra charges, the total o )
amount spent plus interest must be paid each month. 09/09 | BPAY to Electricity provider | $356.00
a Determine the amounts owing throughout the month 12/09 ABC Bookstore $39.90
and the total number of days that interest is charged 19/09 | Ticketmaster $185.00
on those amounts. Remember that interest is charged 25/09 | Party hire $150.00
from the day of purchase. 30/09 | Petrol $65.85
b How much needs to be paid at the end of the month to Interest charge for the month |~ $3.94
avoid any extra charges? of September

¢ What is the annual interest rate (% p.a.) that is charged on this credit card account? Hint: Use the total

interest shown and remember that 4 days is equivalent to %

years.

19 For each short-term investment below, calculate the total amount of interest earned if interest is calculated:

i at maturity

ii monthly, with interest added to the investment at the end of each month.

a $10000 invested at 3.6% p.a. for 2 months
b $15000 invested at 8.4% p.a. for 3 months
c $35000 invested at 12.75% p.a. for 4 months
d $8400 invested at 21.5% p.a. for 3 months

20 Reconsider the amount of interest earned from each investment in question 19 when the monthly interest
amounts are added to the investment (part ii). If, instead, the interest is calculated at maturity, what interest
rate would have to be applied to the principal to earn that same amount of interest over the term of the

investment? Give your answers correct to two decimal places.

Check your Student obook pro for these digital resources and more:

5 Interactive skillsheet

Calculating simple
interest

Interactive skillsheet

@ Calculating the principal
by simple interest
formula

3 Interactive skillsheet
Calculating simple

interest rate

Interactive skillsheet

@ Calculating the number
of time periods for an
investment
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1C Compound interest

Learning intentions @

Inter-year links

By the end of this topic you will be able to ... Year 7 AE Subsiiiutien
v understand how compound interest works Year 8 5B Sulbstituiion
v’ use the compound interest formula to calculate the future value Year 9 1E Simple interest

v calculate the interest rate for a time period as well as the
number of time periods.

Compound interest

e Key content video
o With simple interest the total value of an investment or loan increases by the
same amount of interest each time period. Consider the diagram below to see how an amount of money

increases over 3 years as a result of simple interest.

n=3
py emrlt |, >l
+ Pr=
r} oeet]| oo} [
Pr=

=P(1 + 37)
=1

n=
Py

n=20
T + Pr= T T T
P| principal P | principal P | principal P | principal
| | ) | | '

e Compound interest is generated when simple interest is added to the present value (P17) at regular
intervals, so that the amount of money used for calculating the interest continues to increase over time.

e The future value (F17) of an investment or loan is the final total after a given number of compounding
periods have elapsed: FIV = PV + 1

e A time period (n) is the regular interval of time at which interest is calculated and added to the present
value. Consider the diagram below to see how the compounded value increases over 3 years with a time

period of 1 year.

n=3
A
PV.r interest 3
n=2
A =FV
-1 PV r| linterest 2 PV,r | linterest 2
"= +PVr=
+PVyr= PV, '
T cent T“’I”}'”: T ent |PV T ent T .
py7| Present [, py7| presen 2 py| presen py | Presen
value ! value l value value
| | ! ! ! !

e When the interest rates are the same, an amount of money
that is subjected to compound interest increases faster than
the same amount of money subjected to simple interest. As
time passes, the difference between the amount generated
by compound interest and that generated by simple
interest increases.

compound interest

Money

simple interest

>

present value

Time
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Compound interest formula

e The future value of a compound interest investment or loan can be calculated using the formula:

/FV =fPV(1 } r)”\

future present interest rate number of
value value per time period time periods

— FV = the future value of the investment or loan (the total amount after » time periods)

— PV’ = the present value of the investment or loan

— R = the interest rate per time period, written as a decimal

— n = the number of time periods.

e You can divide the interest rate per annum by the number of time periods in a year to get the interest
rate per time period.

e The index in the compound interest formula indicates that it is a repeated multiplication of (1 + 7).

e Compound interest is the difference between the future value and the present value (that is, the
difference between the final amount and the initial amount): I = FIV— PV
For example, if interest of 6% p.a. is compounded every 2 months on an investment of $500 that lasts
for half a year, then the value of r and # are:

r = interest rate per annum X o egiehion] = time. of inve§tment
1 year time period
— 6% x -2 months _ half a year
12 months 2 months
= 6% x % _ 6 months
2 months
=1%
=1
=0.01
The future value will be: and the amount of compound interest will be:
FIV'=$500 x (1 + 0.01)3 I=FV-PV
=$500 x 1.013 =$515.15-%500
= $500 x 1.030301 =$15.15
~$515.15

Example 1C.1 Understanding compound interest

An amount of $20000 is invested at 4% p.a. with interest calculated at the end of each year and added to
the present value. Use the simple interest formula to calculate the following amounts:

a the future value after 1 year b the future value after 2 years

¢ the compound interest earned after 3 years.

a 1 Identify the known values for use in the simple a PV, =$20000
interest formula. r=4%
=0.04
n=1
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2 Calculate the simple interest and add that amount
to the present value to find the future value of the
investment after 1 year.

b 1 Use the present value after 1 year as the new
principal for use in the simple interest formula.
2 Calculate the interest again and add the future value
after 1 year to find the future value after 2 years.

¢ 1 Use the future value after 2 years as the new
principal for use in the simple interest formula.
2 Calculate the interest again and add this to the
future value after two years to find the future value
after 3 years.

3 Subtract the present value from the future value
after 3 years to find the amount of compound
interest earned after 3 years.

I =PV rn
=$20000 x 0.04 x 1
= $800
FV) = $20000 + $800
= $20800
PV, =$20800
L =PV,rn
=$20800 x 0.04 x 1
=$832
FV, s = $20800 + $832
=$21632
PV, =$21632
L =PV rn
=$21632x0.04 x 1
= $865.28
FV, ... =$21632 + $865.28
. =$22497.28
I=FV. PV

3 years -

=$22497.28 - $20000
= $2497.28

Example 1C.2 Using the compound interest formula

For an amount of $14 000 invested at a compound interest rate of 3.5% p.a. for 5 years with interest

compounded annually, calculate:
a the value of the investment at the end of the 5 years

b the total amount of compound interest earned.

a 1 Identify the variables for the compound interest
formula. Convert r to a decimal.

2 Substitute the known values into the formula and
calculate the result. Give your answer to the nearest
cent by rounding the answer to two decimal places.

b The amount of compound interest earned is the
difference between the future value and the
present value.

OXFORD UNIVERSITY PRESS

a Pl=3%$14000

r=3.5%
=0.035
n=>5

FV=PV( + )"
=$14000 x (1 + 0.035)3
=$14000 x 1.035°
~$16627.61

b I=FV-PV

=$16627.61 - $14000
=$2627.61
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Example 1C.3 Calculafing »and =

For an amount of $11 000 invested at 6.9% p.a. for 8 years, with interest compounded every 4 months:

a write the given interest rate per annum in a form that matches the time period

b state the values for r and #» that are to be used in the compound interest formula.

Identify the interest rate per annum and the time period. a interest rate per annum = 6.9%
time period = 4 months

To find the interest rate per time period, 7, express r= %;trhs X 6.9%
the time period as a fraction of a year by writing
the time period as the numerator and 1 year as the
denominator. Then multiply this fraction by the
interest rate per annum.
Simplify the fraction by converting 1 year to the = % X 6.9%
appropriate unit of time. Then evaluate to find the 1
interest rate per time period. =3 6.9%

=2.3%
Convert the interest rate per time period to a decimal b r=2.3%
value. =0.023
Divide the time of the investment by the time period = _8 years

4 months

to find the number of time periods. 8 x 12 months

=" 4months

_ 9%

4
=24

¢’ You can also calculate # using the unitary method. To do this, you need to figure out how many time
periods occur in 1 year and then multiply that number by the number of years of the investment or loan.
For instance, in Example 1C.3 the number of time periods in a year is 3,s0: 7 =3 x 8 = 24

I3 Exercise 1C Compound interest

1,4,5(b,d),6,7,10,11, 14,15,

19,21 Q 4,8,9,11,12,17,18,20-22

A 1-4,5(a,c,e),6,7,10,11,13,16

1 For each investment below, state the:

i length of each time period ii number of time periods.

$5000 is invested at 4.5% p.a. for 2 years with interest compounded annually.

$8500 is invested at 5% p.a. for 4 years with interest compounded every 6 months.

a
b $12000 is invested at 9% p.a. for 3 years with interest compounded annually.
c
d

$25000 is invested at 8.4% p.a. for 2 years with interest compounded every month.
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2 Calculate the missing values in the table below for a compound interest investment of $100 at 10% p.a over the
course of 6 years, with interest compounded annually.

Investment of $100 at 10% p.a.
Years | Simple Future value for Compound interest Future value for
interest simple interest compound interest
$10 $110 $10 $110
2 $10 $120 I=%110 x 10% FIV'=$110 + $11

=$11 =$121

a 3 I=%121 x 10% FIV=9$121 + $12.10
=$12.10 =$133.10

b 4 $13.31

c 5

d 6

1ca 3 For each of the following investments, where interest is calculated at the end of each year and added to the
present value, use the simple interest formula to calculate the following amounts:
i the future value after 1 year ii the future value after 2 years

iii the compound interest earned after 3 years.

a $40000 is invested at 5% p.a. b $6000 is invested at 2% p.a.
c $1000 is invested at 4% p.a. d $20000 is invested at 3.5% p.a.
e $6500 is invested at 7% p.a. f $15800 is invested at 2.4% p.a.

4 Mac is investigating ways to earn more interest on an investment. His bank offers him an interest rate of
5.2% p.a. with interest compounded annually. Mac has $8500 to invest for 3 years.
a From the given information:
i how long is each time period ii how many time periods will there be in Mac’s investment?
b How much interest will Mac earn in the first year?

¢ Add the interest for the first year that you calculated in part b to the present value. This will be the new
amount you will use for the principal for the second year.

d How much interest will Mac earn in the second year?

e Add the interest from part d to the future value calculated
in part c. This will be the new amount for the principal
for the third (final) year.

f How much interest will Mac earn in the final year of
his investment?

g What will be the final value of Mac’s investment?

h Compare the result you found in part g with the future
value that would be obtained after 3 years of earning
simple interest on a $8500 investment at a rate of 5.2% p.a.

5 For each of the investments shown in the table below, calculate the amount of interest earned if interest is
compounded annually using the same method as outlined in question 4, parts a-g.

Principal | Interest rate (p.a.) Term
a $8400 12% 3 years
b $12000 5.4% 4 years
c $25000 3.75% 3 years
d $4590 9.5% 4 years
e $150000 6.25% 2 years
f $35500 15.8% 5 years
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6 Use the compound interest formula to find the value of F17in each of these situations.
a FIV=?,PIV=%10000,r=0.05p.a., n = 4 years

FV =7, PV =%$5000,r=0.06 p.a., n = 3 years

FV=7?,PV=%600,r=0.08 p.a., n = 4 years

FV =72, PV =%44000,r = 0.038 p.a., n = 5 years

FV="2?, PVV=$100000, » = 0.015 per quarter, n = 8 quarters

FIV'=7?, PIV=%$19500, r = 0.0025 per month, #» = 10 months

1c.2 7 For each investment below, calculate:

<

oo Q6

i the value of the investment at the end of the given period

ii the total amount of compound interest earned.

$7500 is invested at 5% p.a. for 3 years, with interest compounded annually
$9000 is invested at 4.5% p.a. for 3 years, with interest compounded annually
$22500 is invested at 6.8% p.a. for 5 years, with interest compounded annually

a6 o .

$40000 invested at 7.3% p.a. for 4 years, with interest compounded annually
8 For each investment listed in the table below, use the compound interest formula to calculate the final value of
the investment if interest is compounded annually.

Principal | Interest rate (p.a.) Term
a $3200 6.4% 4 years
b $4590 9.8% 5 years
c $16000 2.85% 2 years
d $25900 10.5% 3 years
e | $100000 4.99% 5 years
f | $255000 12.15% 6 years

9 Calculate the total amount of interest earned by each investment listed in the table in question 8.
1c.3 10 For each investment below:
i write the given interest rate so that it matches the time period
ii state the values for r and # that are to be used in the compound interest formula.
a $15000 is invested at 4.8% p.a. for 3 years with interest compounded quarterly.
Hint: ‘Quarterly’ means every quarter of a year, or every three months.
b $22000 is invested at 5.9% p.a. for 4 years with interest compounded every 6 months.
c $3500 is invested at 8.4% p.a. for 2 years with interest compounded monthly.
d $14500 is invested at 9.6% p.a. for 5 years with interest compounded monthly.
11 Use the compound interest formula to determine the value of I/ for each set of information provided in the
table below.

Present value Interest rate (p.a.) Term Time period
a $4 800 8.15% 3 years annually
b $9500 8.8% 4 years every 6 months
c $18000 4.84% 5 years quarterly
d $35000 16.8% 4 years monthly
e $50000 6.95% 3 years every 6 months
f $150000 8.16% 1 year quarterly
g $500000 4.98% 2 years every 4 months
h $750000 10.26% 3 years every 2 months
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12 The compound interest formula can be found by continuously increasing an amount of money by a
percentage of the current amount, rather than by a percentage of the initial amount. In this question you will
derive the compound interest formula by generalising from an example.

Consider the following table, which shows information about a $10 000 investment that receives 5% p.a.
interest compounded annually.

Years since Calculation Calculation Value of
investment | using previous using initial investment ($)
year’s value investment value

0 10000
1 10000 x (1.05) | 10000 x (1.05) 10500
2 10500 x (1.05) | 10000 x (1.05)? 11025
3 11025 x (1.05) | 10000 x (1.05)3 11576.25
4 11576.25 x (1.05) | 10000 x (1.05)* 12155.06

a Explain why multiplying a value by 1.05 increases that value by 5%.

b The table shows the value of the investment for the first four years. Write an expression for the value of the
investment after » years.

¢ Write an expression for the value after n years if the interest rate is » (as a decimal), rather than 5%.

d Write an expression for the value of the investment after z years if the interest rate is 7 (as a decimal), rather
than 5%, and the present value is PV, rather than $10 000.

13 Maria and her family have begun long-term planning for an overseas holiday. They have invested their savings
of $16 000 for 3 years in a bank account, which offers them 5.75% p.a. interest compounded annually.
a How many time periods will there be in the family’s investment?

b What is the length of each time period?
¢ Identify the values for PV, » and .
d

Use the compound interest formula to calculate the future value of the investment after the 3-year
investment period.

[¢]

How much interest will the family have earned on this investment?

f Maria estimates that she will need $20 000 to fund the entire overseas holiday. If she invests the money in
the same account for a fourth year, will she achieve this goal?

14 Carolyn borrows $45000 to set up a
photography studio for her

daughter. The loan is for 4 years

with interest charged at 8.95% p.a.

compounding annually. The terms of the

loan require Carolyn to repay the total
amount at the end of the 4-year term.

a Use the compound interest formula to
calculate the total amount that Carolyn
must repay at the end of the 4-year
term.

b How much of the amount in part a
represents the interest charged?
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15 While investigating different investment options offered by his bank, Bailey decided he wanted to explore the

following two options:

e Option 1: Interest rate of 5.35% p.a. with interest paid at maturity (at the end of the investment)
¢ Option 2: Interest rate of 4.95% p.a. with interest compounded annually

He has $9000 to invest and, initially, he plans to invest the money for 3 years.

a
b

C

16 Sheetal has saved $8400 and is exploring the benefits of
investing with an online bank. She finds that the bank will
pay 8.6% p.a. interest on amounts invested for at least 36
months, with interest compounded quarterly.

She decides to invest her $8400 for 5 years.

a
b

(S

For each option, what would be the value of Bailey’s investment at the end of the 3-year term?
Which option should Bailey take for his 3-year investment? Provide a reason for your answer.

How do the answers to parts a and b change if Bailey invests the money for 5 years?

Worite the annual interest rate as a rate per quarter.

Use your answer from part a to state the value of » in
the compound interest formula.

How many time periods, 7, will there be in Sheetal’s

investment?

Use the compound interest formula to determine the
future value of the investment.

What is the total amount of interest Sheetal can expect to earn on her investment?

17 An investment of $10000 is made for 4 years with a bank that offers an annual interest rate of 8.4%. Answer
the following questions to explore how the length of the time periods affects the future value of the investment.

a

b

Calculate the future value of the investment if the interest is calculated at the end of the term; that is, at
maturity.

Calculate the future value of the investment if the interest is compounded:

i every 6 months ii quarterly

iii every 2 months iv monthly.

Use your results from part b to briefly explain what happens to the future value of an investment as the
number of time periods increases. Will this always be the case?

18 Through a store purchase plan, Troy is informed that interest is calculated as compound interest based on the

amount borrowed. In this situation, would Troy be better off with a plan involving a higher frequency of time

periods or fewer time periods?

19 Erica knows she can earn 6.8% p.a. from her bank for her investments. She plans to invest some money for

2 years with interest compounded quarterly.

a

For Erica’s investment, state:

i the number of time periods, n

ii the value for r to be used in the compound interest formula.

At the end of her 2-year investment term, Erica hopes her investment will have grown to $6500. Which
variable of the compound interest formula does this $6500 represent?

Substitute all the known values into the compound interest formula and solve the equation for the unknown
variable.

To the nearest dollar, how much should Erica invest at the start of her investment if she is aiming to have an
amount of $6500 after 2 years?
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20 Consider the following graph, which shows the value of Raj’s investment in a high interest savings account.
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a How much money did Raj invest?

b If interest is compounded annually, what is the interest rate per annum for the savings account?
¢ Find the coordinates of the two points on the graph that are not already labelled.

d What will be the balance in Raj’s account 8 years after investment?

21 Thao is investigating different options to invest $50 000, which he inherited from his aunt. He decides to pick
one of the following three options.
*  Option 1:a 6.9% p.a. simple interest account
*  Option 2: a 6.4% p.a. compound interest account, with interest compounding monthly
e Option 3: a 6.3% p.a. compound interest account, with interest compounding daily
a How much money will be in the account for each option at the end of 1 year? Give your answers correct to
the nearest dollar where necessary.

b How much money will be in the account for each option at the end of 2 years? Give your answers correct
to the nearest dollar where necessary.

¢ How much money will be in the account for each option at the end of 3 years? Give your answers correct
to the nearest dollar where necessary.

d Which option would you advise Thao to invest the money into?

22 a Calculate the simplest interest rate, correct to two decimal places, that is equivalent to a compound interest

rate of 5.9% p.a. if the interest is compounded:
i quarterly ii weekly iii daily.

b Use a ‘guess, check and improve method’ to determine the compound interest rate, correct to two decimal
places, that is equivalent to a simple interest rate of 6.2% p.a. if the interest is compounded:

i quarterly ii monthly iii daily.

Check your Student obook pro for these digital resources and more: @

La Interactive skillsheet Topic quiz
Calculating compound 1C

interest
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Checkpoint quiz
% @ Check';our !
knowledge of the first
part of this chapter.
A 1 Kishais paid a standard rate of $34.50 per hour. Each week she works 25 hours on
weekdays and 12 hours on weekends (for which she is paid time-and-a-half).
a Calculate Kisha’s weekly earnings. b Calculate Kisha’s yearly earnings.
¢ Calculate Kisha’s monthly earnings.
N 2 Calculate the total monthly earnings for the following workers who earn a base salary plus a commission.
a Damo receives a base salary of $2000/month plus a 4.5% commission on sales. In June he sells $52 000
worth of product.

b Olivia receives a base salary of $1350/month plus a 2.2% commission on sales. In February she sells
$92 000 worth of product.

3 Use the 2023-2024 tax table to calculate the annual

. Taxable income Tax on this income
1ncom.e tax pa}.fable, to the nearest dollar, on the 0-$18200 Nil
following salaries.

$18201-$45000 19 cents for each $1 over
a $45400 per year b $71330 per year $18200

c $11024 per month d $2905 per week
N 4 In the 2023-2024 financial year, Leo earned $59202 and
had tax deductions of $819.

$45001-$120000 $5092 plus 32.5 cents for
each $1 over $45000

$120001-$180000 | $29467 plus 37 cents for

a Whatis Leo’s taxable income? each $1 over $120000
& [y el e S s Lan pes $180001 and over $51667 plus 45 cents for
¢ How much is Leo’s Medicare levy? cach $1 over $180000

d What is Leo’s net income?
I3 5 Calculate the simple interest in each case.
a P =9%$5000,r=4% p.a.,n =3 years b P=%12000,7r=2.5% p.a., n = 7 years
¢ P=%$8500,r=3.8%p.a., n =5 years
I 6 For each investment below, calculate:
i the amount of interest earned ii the value of the investment at the end of the term.
a $5000 is invested at a simple interest rate of 4% p.a. for 3 years
b $12000 is invested at a simple interest rate of 3.5% p.a. for 2 years
¢ $132800 is invested at a simple interest rate of 2.75% p.a. for 8 years
7 William takes out a loan of $4500 at a simple interest rate of 5% p.a. He plans to pay the loan back over 4 years.
a Find the total amount of simple interest changed over 4 years.
b Calculate the total amount of money William will have to repay.
¢ IfWilliam pays back an equal amount each month for the four years, how much will he pay per month?
3 8 Calculate the future value of each investment, to the nearest dollar, with interest compounded annually.
a PIV=9%$11000,r=0.08 p.a., n = 3 years b PIV'=$%$1700,r = 0.034 p.a., n = 7 years
¢ PV =9%5200,7r=0.057 p.a., n = 4 years
9 Tor each investment below, state the:
i length of each time period ii number of time periods.
a $3600 is invested at 7.5% p.a. for 2 years with interest compounded each month.
b $12000 is invested at 9.2% p.a. for 3 years with interest compounded each quarter.
B 10 Calculate the future value of each of the investments in question 10 correct to the nearest dollar.
B 11 Elle borrows $26 000 to purchase a new car. The loan is for 5 years with interest charged at 8.45% p.a.
compounding daily. The term of the loan requires Elle to repay the total amount at the end of the 5-year term.
a What is the total amount that Elle must repay at the end of the 5-year loan?
b How much interest is charged on the loan?
Give your answers correct to the nearest dollar.
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1D Compound interest
calculations

Learning intentions
Inter-year links
By the end of this topic you will be able to ... @ Year 7 6H Solving equations using
v use the compound interest formula to calculate the - inverse operations
present value Year 8 6B Solving linear equations
v use the compound interest formula to calculate the Year 9 1F Simple interest calculations

interest rate.

Using the compound inferest formula © rercomentiiaes
to find ofther unknown quantifies

e As well as calculating the compounded value of a loan or investment, the compound interest formula
can also be used to find the present value or the interest rate, provided the other values are known.

FV =PVl + n"
FV =PV + )"

Calculating the present value using the
compound interest formula

e o find PV using FIV= PV(1 + r)", use inverse operations to solve the equation by dividing both sides of
the formula by the value of (1 + r)".
For example, if an 8% p.a. investment is compounded annually and grows to the value of $2459 after
3 years, the present value can be calculated as follows:
$2459 = PI’(1 + 0.08)°
$2459 = P1’(1.08)3
$2459 = PV x 1.259712

$2459
1250712 -V
PV~ $1952.03

Calculating the interest rate using the compound
interest formula

e To find rusing FIV = PV (1 + r)", we can also use inverse operations.
1 Divide both sides of the equation by the value of PV.
2 Find V of both sides of the equation.
3 Subtract 1 from both sides of the equation.

e o find the annual interest rate, multiply 7 by the number of compounding periods in a year.
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For example, if an investment of $500 is compounded every 6 months and grows to have a value of
$653.48 after 2 years, then the annual interest rate, correct to one decimal place, can be calculated using

the following method.
_ 2 years
~ 6 months

_24 months
6 months

=4
FV=PV(1 + n"
$653.48 = $500 x (1 + r)*

$653.48
$500

1.30696 = (1 + )*
V130696 =1 + r
1.06921631 =1 +r
r=0.06921631

=1+t

r=6.9% (every 6 months)

compounding periods in a year = 2

interest rate = 2 X 6.9% p.a.
= 13.8% p.a.

Example 1D.1 Calculating the present value for compound inferest

How much must be invested at an interest rate of 8.4% p.a. for the future value to be $9000 after 2 years

with interest compounded quarterly?

1 Identify the known values for use in the
compound interest formula.

2 Substitute the values into the formula and
simplify where possible.

3 Solve for PV by dividing both sides of the
equation by (1 + )"
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FV = $9000
7281%

= 2.1% per quarter

=0.021
2 years
n=
one-quarter of 1 year

_ 24 months
3 months

=8
$9000 = PI(1 + 0.021)®
$9000 = PV x 1.021%

$9000 _ PV x 1.0215
1.021° 1.021%

PV'~$7621.43
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Example 1D.2 Calculafing the interest rate for compound inferest

For an investment of $6000 that increases in value to $6900 after 5 months, with interest compounded monthly:

a find the value of r as a decimal, correct to four decimal places
b state the annual interest rate, correct to one decimal place.

a 1 Identify the known values for the compound a FJ7= $6900

interest formula. PV =$6000
"= 5 months
1 month
=5
2 Substitute the values into the formula. FV =PV +n"
$6900 = $6000 x (1 + )3
3 Solve for r by first dividing both sides of the $6900 _ $6OOQ x (A +1)°
$6000 $6000

equation by PV.Then, swap both sides of

the equation. A +n> =115
4 Find V of both sides of the equation. Round YA +1°5=V1.15
to four decimal places. 14+7=1.028346 ...
5 Subtract 1 from both sides to find r correct r=0.0283 (to four decimal places)
to four decimal places.
b 1 Find the number of compounding periods time periods per year = 1 year
per year. 1 month
=12
2 Multiply r by this number. interest rate = 0.0283 x 12
=0.3396
3 Convert to a percentage correct to one ~ 34.0% p.a. (to one decimal place)

decimal place.

e

\

v In most instances you will need to use a calculator to find square roots, cube roots and roots of a higher
order. However, sometimes you can use the index laws and your knowledge of square roots to simplify
roots yourself.

For example, V16 = V42
_ 14 22x2
=2

v/ Remember to avoid rounding errors when calculating interest rates. Only round your calculations to the
appropriate number of decimal places at the very last step.

For example, in Example 1D.2 if we rounded r to two decimal places at the end of part a, we would get
r = 0.03 instead of 0.0283.
The answer to part b would then be different from 34.0%: annual interest rate = 12 X 7

=0.36

=36.0%

)
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I3 Exercise 1D Compound interest calculations
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/\ 1-6.8(a.c,d),9-11 |:| 2,3,5,6,8(b. e.f),10,12-14 Q 2,6,8(b.e.f),10,12,13,15-17

101 1 Find the present value (1) for each of these investments.

a

b

d

How much must be invested at an interest rate of 10.5% p.a. for the value to increase to $30000 over
4 years with interest compounded annually?

How much must be invested at an interest rate of 5.4% p.a. for the value to increase to $10000 over 3 years
with interest compounded every 6 months?

How much must be invested at an interest rate of 6.4% p.a. for the value to increase to $5500 over 5 years
with interest compounded quarterly?

How much must be invested at an interest rate of 7.2% p.a. for the value to increase to $8000 over 2 years
with interest compounded every month?

2 Use the compound interest formula to determine the value of PV to the nearest dollar, for each set of

2 5

investment information provided in the table below.

a6 oo

(¢

Future value Interest rate Term Time period
(p-a.)
$5200 6.75% 3 years annually
$10000 4.2% 6 years monthly
$22000 12.5% 4 years every 6 months
$16650 15.5% 3 years quarterly
$225000 9.95% 4% years every 6 months

How much is the total interest earned by each investment in question 2?

Consider an investment of $12 000 that increased in value to $15000 over a 3-year period, with interest
compounded annually.

a

b

d

From this information, which variable from the compound interest

formula don’t you know the value of? % =(1+7)?3
Substitute the known values into the compound interest formula 1.25=(1 +7r)3
and show that it simplifies to % =(1+7)3. , (I+n= 3125

3 —
Copy and complete the calculation shown on the right to solve the VA +n° = 3\/7

. . . . -

equation for r by performing inverse operations to both sides of Lr=~v___
the equation. Note: the inverse operation to cubing a number is lL+r=
finding the cube root of a number. r=0.077217...

The value for rin part ¢ is the rate per compounding period expressed as a decimal. Write this as an annual
interest rate, correct to one decimal place.

For each investment below:

i find the value of r as a decimal, correct to four decimal places

ii state the annual interest rate, correct to one decimal place.

After 1 year an investment of $1000 increased in value to $1170, with interest compounded every 6 months.
After 2 years an investment of $2500 increased in value to $2800, with interest compounded annually.
After 6 months an investment of $3750 increased in value to $4050, with interest compounded quarterly.
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6 For each investment below:
i find the value of r as a decimal, correct to four decimal places
ii state the annual interest rate, correct to one decimal place.
a After 3 years an investment of $1600 increased in value to $2180, with interest compounded annually.

b After 2 years an investment of $7500 increased in value to $8200, with interest compounded every
6 months.

¢ After 18 months an investment of $10000 increased in value to $11 000, with interest compounded every
6 months.

7 Jade’s parents invested $5500 for her in a savings account, where it increased in value to $8000 in 4 years, with
interest compounding annually.

a Worite the values for FI/, PV and n.
b Use the compound interest formula to find the value of . Give your answer correct to three decimal places.

¢ What annual interest rate, correct to one decimal place, was applied to Jade’s savings account?

8 Use the compound interest formula with the

. S i ) Present Future | Term | Time period
information in the table on the right to determine

the following f h fi 1 value value
( e f;) owing for each set of investment values a $1000 $1500 | 3 years annually
a—f):
. . b $8000 $12000 | 4 years annually
i the value for r (to three decimal places)
. . . c $16000 $19000 | 2 years | every 6 months
ii the annual interest rate (to one decimal
place) d $3500 $4000 |1 year quarterly
9 Riley aims to have $15000 by the time he turns © $12000 $16500 | 3 years | every 6 months
f $25000 $29500 | 2 years quarterly

18 so that he can buy a car. He opens a bank

savings account that pays interest at a rate of 7.2%

p.a. compounded monthly. Riley plans to keep the money invested

under these terms for 3 years, but he needs to know how much he

should invest to be sure he has $15000 at the end of those 3 years.

a How many time periods, 7, will there be in Riley’s 3-year
investment?

b What is the interest rate, R, per time period?

From the given information, which variable in the compound
interest formula don’t you know the value of?

d Use the compound interest formula to calculate the amount of
money Riley must invest for it to increase to $15000 over the
3-year term of the investment.
10 An investment of $25000 increased in value to just over $30 000 over a period of time in a savings account that
earns 5.0% p.a. with interest compounded annually.
a From the given information, which variable in the compound interest formula don’t you know the value of?
b Substitute the known values into the compound interest formula and show that it simplifies to 1.2 = (1.05)".
¢ One strategy for solving the equation for # is the ‘guess and refine’ method. Substitute different values for

n into the equation and evaluate the right-hand side until the value on that side is slightly greater than the
value on the left-hand side. That value for n represents the solution to the equation.

Value for n | Left-hand side Right-hand side Comment
1 1.2 1.05'=1.05 Value on the right-hand side is too small.
2 1.2 1.052=1.1025
3 1.2 1.05% =
4 1.2 1.054 =

d 'The value for n obtained in part ¢ is the number of time periods for the investment. Briefly explain how
this relates to this investment.

OXFORD UNIVERSITY PRESS CHAPTER 1 FINANCIAL MATHEMATICS — 31

ADN3INTd ANV ONIANVLISIIANN |

ONINOSV3Id ANV ©NIAT1OS NIT90dd | |




a
b
c
d

ONINOSVIY ANV ©NIATOS NIT190dd |

- e a6 o

11 Yousef watched his savings grow from $850 to just over $1100 in a savings account that earned 4.2% p.a. with
interest compounded annually.

Use the given information to determine the values for FI/, P and r.
Substitute the given values into the compound interest formula and simplify.
Use the ‘guess and refine’ method from question 10 to solve the equation for 7.

How many compounding periods did it take for Yousef’s savings to grow from $850 to just over $1100?

12 For each set of investment information (a—f) given in the table below, state the number of compounding
periods, 7, needed for the initial principal to exceed the given future value.

Present Future Interest rate (p.a.) Time period
value value
$900 $1200 5.0% annually
$12000 $14000 3.5% annually
$15000 $18500 4.8% every 6 months
$650 $900 10.5% quarterly
$35000 $42000 6.8% every 6 months
$50000 $55590 7.2% quarterly

13 For each investment in question 12 (a—f), write the term of the investment in years.

14 Shannon is saving money to buy a car. She wants to have $10000 in 4 years.

a

b

a

If her savings account pays 4% p.a. compounded yearly, how much does she need to have in her account
now in order to have $10 000 in four years?

If her savings account pays 4% p.a. compounded monthly, how much does she need to have in her account
now in order to have $10000 in four years?

If she only has $8000 in her account, what annual rate of interest does Shannon need, as a percentage
rounded to two decimal places, to have $10000 in 4 years if interest is compounded:

i yearly
ii quarterly
iii monthly
iv daily?
15 Con.sider the table o'n the right, which shows the balance of an account Time period | Amount (5)
earning compound interest. 0 5000
If the time periods are quarters, and interest is compounded quarterly, 1 5045
find the interest rate per annum. Give your answer as a percentage,
. 2 5090.41
correct to one decimal place.
. . . . 3 5136.22
If the time periods are months, and interest is compounded monthly, find 4 5182.44
the interest rate per annum. Give your answer as a percentage, correct to .
one decimal place. 5 5229.09
. . . . 6 5276.15
If the time periods are weeks, and interest is compounded weekly, find the

interest rate per annum. Give your answer as a percentage, correct to one
decimal place.

If the table represents the value in a regular savings account, do you think the time periods are quarters,
months or weeks? Explain your reasoning.

If the table represents a credit card debt, do you the think the time periods are quarters, months or weeks?
Explain your reasoning.
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16 a

If an investment has a present value of PJJan interest rate of R% p.a., a compounding period of C years,
and an investment term of 7 years, write the compound interest formula in terms of PI{ R, C and 7.
Hint: Determine equations for » and 7 first.

Compare your formula to FIV'= PV (1 + r)".

b
c
d

Explain what happens to the value of r as C decreases.
Explain what happens to the value of 7 as C decreases.

Use your calculator to investigate what happens to (1 + 7)" as the compounding period decreases for a fixed
investment term, 7, and a fixed annual interest rate, R. Use your observations to determine what happens to
FV in your formula as C decreases. Explain your answer.

What happens when the compounding period is equal to the investment term? What kind of interest does
your formula now represent? Explain your answer.

17 Samantha deposits $30 000 in a bank account that receives 4.8% p.a. compounded quarterly.

a

Use the ‘guess, check and improve’ method to find the number of compounding periods required for
Samantha’s account to grow to at least:
i $32000
ii $40000.
It is possible to solve for 7 in the compound interest formula, but this requires a special kind of function
called a logarithm. In algebra, a logarithm is written as log , where a is a number referred to as the ‘base’ of
the logarithm.
Scientific calculators usually only include logarithms with bases that are either 10 or Euler’s number
(e = 2.72), so the following calculation uses a base 10 logarithm to determine a formula for 7.

FUV=PV({1 + 1"

FV _ "
it 1+

log, (L7 = log,[(1 + 1]
logw(g—};) = nlog,,(1 +7)
o l°g10<1};_[/
loglo(l +7)

Use a scientific calculator and the formula provided to solve the questions in part a. Give your answers to
two decimal places.
Explain why your answers for b must be rounded up to the nearest whole number, rather than rounded
down.
Use the formula provided to find the number of compounding periods required for Samantha’s account
balance to grow to at least:
i $35000
ii $45000
iii $50000.

Check your Student obook pro for these digital resources and more: @

Interactive
skillsheet
Calculating
compound
interest rate
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1E Depreciation

Learning intentions @

Inter-year links

By the end of this topic you will be able to ... Year 7 41 Percentage increases and
v create depreciation tables decreases
v solve problems involving straight-line depreciation Year 9 1F Simple interest calculations

v solve problems involving diminishing-value
depreciation.

DepreCiOTion e Key content video

e A depreciating asset is an asset with a limited life expectancy. Depreciating assets are expected to
decline in value over the time they are used.
— Examples of depreciating assets include machinery, motor vehicles, furniture and computers.

e Depreciation is the decline in the value of a depreciating asset over time. The salvage value of an
asset is the value of an asset after it has been depreciated.
— Businesses can claim tax deductions for depreciating assets.
— The decline in value of a depreciating asset is based on its effective life. After the effective life is over,

no more tax deductions can be claimed.

Straight-line depreciation

e Straight-line depreciation reduces the value of a depreciating asset uniformly over its effective life.
— Straight-line depreciation is also known as prime cost depreciation.
e The salvage value of an asset using straight-line depreciation can be calculated using the formula:
S=V,-Dn
where S = salvage value, I/, = initial value of the asset, D = depreciation per time period and
n = number of time periods.
— The straight-line depreciation formula can be rearranged to find the values of V,, D or # if you are
given the other values.

Diminishing-value depreciation

e Diminishing-value depreciation reduces the value of a depreciating asset by a constant percentage
each time period (usually per year).
— Diminishing-value depreciation is also known as declining-balance depreciation.
e The salvage value of an asset using diminishing-value depreciation can be calculated using the formula:
S=V,ad-n"
where § = salvage value, I/ = initial value of the asset, » = depreciation rate per time period and
n = number of time periods.
— The diminishing-value depreciation formula can be rearranged to find the values of I, r or 7 if you
are given the other values.
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Example 1E.1 Creatfing a depreciation schedule (straight-line

depreciation)

Construct a depreciation schedule to show the value of a piece of machinery at the end of the first three
years of the machine’s life if it cost $22 000 and it depreciates in value by $2200 each year.

1 Create a table with the headings ‘Year’, ‘“Value
at start of year’, ‘Depreciation amount’ and
“Value at end of year’.

2 Enter the value at the start of the first year
and the depreciation amount each year into
the table.

3 Calculate the value at the end of each year by
subtracting the depreciation amount from the
value at the start of each year.

4 'The value at the end of a year can be copied
across to the value at the start of the next year.

Example 1E.2 Creating a depreciation schedule (diminishing-value

depreciation)

Year Value at Depreciation Value at
start of amount end of
year year
1 $22000 $2200 $19800
2 $19800 $2200 $17600
3 $17600 $2200 $15400

Value at end of year 1:
$22000 — $2200 = $19800
Value at end of year 2:
$19800 — $2200 = $17600
Value at end of year 3:
$17600 — $2200 = $15400

Construct a depreciation schedule to show the value of a piece of furniture at the end of the first three years
of the machine’s life if it cost $6000 and it depreciates in value by 10% each year.

1 Create a table with the headings ‘Year’, “Value
at start of year’, ‘Depreciation amount’ and
‘Value at end of year’.

2 Calculate the depreciation amount for each
year by multiplying the value at the start of the
year by the depreciation percentage.

3 Calculate the value at the end of each year by
subtracting the depreciation amount from the
value at the start of each year.

4 The value at the end of a year can be copied
across to the value at the start of the next year.

OXFORD UNIVERSITY PRESS

Year Value at Depreciation Value at
start of amount end of

year year

1 $6000 $600 $5400

2 $5400 $540 $4860

3 $4860 $486 $4374

Depreciation amount for year 1:
$6000 x 10% = $6000 x 0.1
= $600
Value at end of year 1: $6000 — $600 = $540
Depreciation amount for year 2:
$5400 x 10% = $5400 x 0.1
= $540
Value at end of year 2: $5400 — $540 = $4860
Depreciation amount for year 3:
$4860 x 10% = $4860 x 0.1
= $486
Value at end of year 3: $4860 — $486 = $4374
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Example 1E.3 Using the straight-line depreciation formula

A car purchased for $25000 is depreciated by $3125 per year.
a What is the salvage value of the car after 3 years?
b After how many years is the salvage value of the car $9375?

a 1 State the known values in the formula for a I, =25000,D=3125,n=3

straight-line depreciation. S=V,-Dn
2 Substitute the values into the formula and =25000-3125x%x3
solve for S. = 25000 — 9375
=$15625
b 1 State the known values in the formula for b §=9375V,=25000,D = 3125
straight-line depreciation. S=V,-Dn
2 Substitute the values into the formula and 9375 =25000 — 3125n
solve for 7. 31257 = 25000 — 9375
3125n= 15625
_ 15625
3125
n = 5 years
Example 1E.4 Using the diminishing-value depreciation formula

A computer purchased for $2800 is depreciated by 25% per year. Use the diminishing-value formula to
calculate the salvage value after 4 years correct to the nearest dollar.

1 State the known values in the formula for V,=25000,7r=0.25n=4
diminishing-value depreciation, converting the S = Vv, -nr
depreciation rate to a decimal. = 25000 x (1 — 0.25)*

2 Substitute the values into the formula and = 25000 x 0.75*
solve for S. =7910.15...

=$7910

3 Round the answer to the nearest dollar.

v/ For diminishing-value depreciation, the amount of depreciation in any given year will always be less than
in all previous years.

v/ When compared to straight-line depreciation, diminishing-value depreciation will decrease the value by
more in the early years and by less in later years.
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I3 Exercise 1E Depreciation

1E.2

A\ 1-6,891214

|:| 1,3,5,7,8,10,13-16

Q 5,7-11,13,16-18

1 Construct a depreciation schedule to show the value of a piece of machinery at the end of the first three years

of the machine’s life if it cost $36 000 and it depreciates in value by $3600 each year.

2 Given the following depreciation schedule, what will be the salvage value of this asset at the end of the fifth year?

Year | Value at start of year | Depreciation amount | Value at end of year
1 $30000 $2400 $27600
2 $27600 $2400 $25200
3 $25200 $2400 $22800

3 Construct a depreciation schedule to show the value of a piece of furniture at the end of the first three years of

the furniture’s life if it cost $8000 and it depreciates in value by 10% each year.

4 Given the following depreciation schedule, what will be the salvage value of this asset at the end of the fourth year?

Year | Value at start of year | Depreciation amount | Value at end of year
1 $20000 $4000 $16000
2 $16000 $3200 $12800
3 $12800 $2560 $10240

5 A truck purchased for $72 000 is depreciated by $4800 per year.
a What is the salvage value of the truck after 3 years?
b After how many years is the salvage value of the truck $38400?
6 A motorbike purchased for $18 200 has an effective life of 7 years.
If the salvage value of the bike at the end of its effective life is $0,
by how much was it depreciated each year?
7 An EFTPOS machine purchased for $1800 is depreciated by
$300 each year.
a What is the value of the machine after 2 years?
b What is the effective life of the machine?
Hint: When will the salvage value be $0?

8 An oven purchased for $2200 is depreciated by 10% per year. Use
the diminishing-value formula to calculate the salvage value after
4 years correct to the nearest dollar.

9 A dishwasher purchased for $850 is depreciated by 12.5% per year. Use the diminishing-value formula to
calculate the salvage value after 3 years correct to the nearest dollar.

10 Carpet covering a small room was depreciated in value from $4000 to $2560 in two years using diminishing-
value depreciation. What was the annual rate of depreciation? Hint: Calculate the value of (1 — r)? and take the
square root of both sides of the equation.

11 Window blinds for an office were purchased for $8000. After 3 years the salvage value of the blinds, using
diminishing-value depreciation, was $6859. What was the rate of depreciation?

12 Explain why diminishing the value of an asset by 25% for two years does not result in the same salvage value as
diminishing the value of an asset by 50%.

13 Explain the relationship between the two different methods of depreciation and simple and compound interest.
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14 The graph on the right shows the salvage value of an asset
using straight-line depreciation. 14 000
a What was the purchase price of the asset? 12 000
b What is the amount of depreciation each year? z
¢ What is the salvage value of the asset after 4 years? 3 10000+
d What is the effective life of the asset? E 8000+
15 The following graph shows the salvage value of an asset g’ 6000-
using diminishing-value depreciation. s
2 4000
20000+ 2000+
@ \\ \
s 16000 R e
= " 0 1 2 3 4 5 6 7
: 12000+ \\ Years
& N
E 8000+ <
2 4000

Years
a What was the purchase price of the asset?
b What is the salvage value of the asset after 1 year?
¢ What is the rate of depreciation?

16 Kumar is depreciating machinery for his business, which
cost $40000. Using the straight-line method of depreciation,
he can depreciate the machinery by 6% of the initial cost per
year. Using the diminishing-value method of depreciation, he
can depreciate the machine by 12% each year.

a By how much will the machinery be depreciated in the
first year using each form of depreciation?

b Create a depreciation schedule for the first three years
of the machine’s life for both methods of depreciation.
Round your answers to the nearest dollar where

necessary.
¢ In what year will the depreciation amount be greater using the straight-line method of depreciation than the
diminishing-value method of depreciation for the first time?
d Considering that depreciation can be used as a tax deduction, give a reason why Kumar might choose the
diminishing-value method of depreciation.
17 In general, the diminishing-value method of depreciation produces twice the amount of depreciation as the
straight-line method of depreciation in the first year.
How does the percentage of diminishing-value depreciation relate to the amount of time it takes for the
diminishing-value method of depreciation to result in a lower amount of depreciation than the straight-line
method of depreciation? Use an example to support your answer.
18 What rate of diminishing-value depreciation is required to make the salvage value half of the initial value in:

a 2 years b 3 years c 4 years d 5 years?

Give your answers correct to two decimal places.

Check your Student obook pro for these digital resources and more: @
B Interactive skillsheet @ Topic quiz
Depreciation 1E
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Chapter summary

Earning money

* Income: money received in exchange for work or investment

* Wage: a fixed rate of income for working a given period

» Salary: fixed income paid on a regular basis

» Commission: being paid a proportion of sales

* Royalties: payments made for the use of assets

* Piece work: income paid for each item produced or action performed.
* Time-and-a-half: 1.5 X standard wage

*  Double time: 2 X standard wage

* Leave loading: 17.5% additional pay for annual leave

Income tax

Taxable income Tax on this income

0-$18 200 Nil

$18 201-$45 000 19 cents for each $1 over $18 200

$45 001-$120 000 $5092 plus 32.5 cents for each $1 over $45 000

$120001-$180 000 $29 467 plus 37 cents for each $1 over $120 000

$180001 and over $51 667 plus 45 cents for each $1 over $180 000

» Taxable income = total income — tax deductions
* Medicare levy: 2% tax on taxable income
* Net income = taxable income — income tax — Medicare levy

Simple interest

I= Pm\
Interest 1/ ) \ number of future
principa 1n‘ierest time periods value
rate

Straight-line depreciation

Hourly wage = $28

Time-and-a-half = $28 x 1.5
= $42

Double time = $28 x 2
= $56

Interest

* Interest is a sum of money added
to a principal amount that was
either invested or borrowed.

compound interest

Money

simple interest

>

present value

Time

Compound interest

/YFV 7PV(1 }r)"\

present interest rate of number of
value  time period time periods

S=V —Dn Year | Value at start of year | Depreciation amount | Value at end of year
0

S = salvage value 1 $22 000 $2200 $19 800

V, = initial value of the asset

D = depreciation per time period 2 $19 800 $2200 $17 600

n = number of time periods 3 $17 600 $2200 $15 400

Diminishing-value depreciation

S=r,aq-n" Year | Value at start of year | Depreciation amount | Value at end of year
S = salvage value
V, = initial value of the asset $6000 $600 $5400
r = depreciation rate per 2 $5400 $540 $4860
time period
n = number of time periods 3 $4860 $486 $4374
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u
m Chapter review @, oo
po47 Assess your knowledge Test your knowledge of this

of this chapter. topic by working individually
orin teams.
Mathematical literacy review
The following key terms are used in this chapter:
e bonus e income e Medicare levy e simple interest
° commission * income tax e penalty rates e straight-line
e compound interest e interest » piece work depreciation
» depreciating asset  interest rate « present value  tax deduction
* depreciation * investment * principal * taxable income
e diminishing-value * leave loading e royalty * time period
depreciation + loan * salary © wage

B W N =

e future value

Explain when the interest rate in the compound interest formula will be expressed per annum.
Explain how an individual’s net income is calculated.

Explain the difference between straight-line depreciation and diminishing-value depreciation.
Identify the key terms being referenced in each of these definitions.

a an extra payment on top of annual leave pay that is usually calculated as 17.5% of normal pay for this period
b an asset with a limited life expectancy which declines in value over its effective life

Using an example, provide a definition in your own words for the following key terms.

a principal

b salvage value

Complete the following sentences using words from the key term list.

a _______ are higher rates of pay given for working overtime, on weekends or on public holidays.

b A___ istheregular interval of time at which ______is calculated and added to the present value.

Multiple choice

14 B

In the last financial year, Pete earned a salary of $1735 per week with a 4% bonus. Pete also earned $725 in
interest on his investments. His tax deductions for the year were $420 in donations to charity and $120 for an
accountant to manage his tax affairs. What is Pete’s taxable income correct to the nearest dollar?

A $86796 B $90405 C $92564 D $94014 E $95094

B 2 Trina receives a base salary of $3200/month plus a 6% commission on sales. In January she sells $35000 worth

3

4

of product. What is her monthly income?
A $1908 B $2100 C $2292 D $3410 E $5300

An amount of $1500 is borrowed at 6.75% p.a. simple interest for 24 months. Which set of values should be
substituted into the simple interest formula for this loan?

A P=1500,r=6.75,n=24 B P=1500,r=6.75,n=2 C P=1500,r=0.0675,n=2
D P=1500,r=0.0675,n=24 E P=1500,r=0.675,n=24

What is the annual interest rate applied to a loan of $20 000 if the amount of simple interest charged on the
loan over 3 years is $2550?

A 0.0425% B 0.354% C 4.25% D 14.875% E 3.54%
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3 5 An amount of $10000 invested for 4 years earns interest at 8.4% p.a. compounded annually. What is the value
of the investment after 2 years?
A $11750.56 B $11680 C $12737.61 D $13807.57 E $11822.44

3 6 If an amount of $4800 is invested for 3 years at 3.6% p.a. with interest compounded monthly, what is the
number of time periods?
A3 B 6 C 12 D 36 E 152

B 7 Over a 4-year period, the value of an investment grew from $18500 to $27 000 with interest compounded
quarterly. Given this information, which variable in the compound interest formula don’t you know the value of?
A FV B PV Cr D n E None of them

KB 8 The annual interest rate on an investment compounded quarterly is 8.25% p.a. What is the interest rate per
time period?

A 8.25% B 2.0625% C 0.0825% D 0.020625% E 4.125%

EJ 9 A car purchased for $35000 is depreciated by $4375 per year. What is the salvage value of the car after
4 years?
A $13125 B $17500 C $21875 D $30625 E $52500

3 10 A piece of machinery purchased for $13 500 is depreciated by 7.5% per year using diminishing-value
depreciation. Which of the following best represents the salvage value after 4 years?

A $12488 B $10649 C $9883 D $9142 E $1013

Short answer

¥ 1 Lioyd takes 3 weeks of annual leave, for which he receives additional leave loading of 17.5%. If Lloyd works
32 hours per week and receives a wage of $41.20/hour, how much income does he receive for his 3 weeks of
annual leave? Give your answer correct to the nearest dollar.

M 2 a Poppy receives an annual salary of $85592. What is her weekly wage?
b Hui receives an annual salary of $107 042. What is her fortnightly wage?
¢ Hiram receives an annual salary of $58 620. What is his monthly wage?

¥ 3 Use the 2023-2024 tax table to calculate the income tax payable, to the nearest dollar, on the following taxable

incomes.
Taxable income Tax on this income
0-$18200 Nil
$18201-$45000 19 cents for each $1 over $18 200

$45001-$120000 $5092 plus 32.5 cents for each $1 over $45000
$120001-$180000 | $29467 plus 37 cents for each $1 over $120000
$180001 and over $51 667 plus 45 cents for each $1 over $180000
a $57724 b $90130 c $36892 d $103359
¥ 4 Lucy receives a monthly wage of $7345.
a What is Lucy’s weekly wage?

b Lucy receives a leave loading of 17.5% for her four weeks of annual leave each year. What is Lucy’s total
annual income from her job? Give your answer correct to the nearest dollar.
¢ Last year Lucy had an additional income of $3550, as well as tax deductions of $1100. What was Lucy’s net
income for the year?
Il 5 Calculate the simple interest if:
a P=3$2500,r= 6% p.a.and n = 3 years b P =$28000,r=4.25% p.a. and n = 5 years
Il 6 For each investment below, calculate:
i the amount of simple interest earned
ii the value of the investment at the end.
a $150000 invested at an interest rate of 4.8% p.a. for 3% years.
b $9450 invested at an interest rate of 2.95% p.a. for 5 months.
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Y 7 Find the unknown value in each simple interest situation below. Write the value for r as a percentage and the
value for 7 in years.
a [=2$308,P=9%$3850,r=64%p.a,n="
b I=%765,P=7?r=4.25%p.a.,,n =12 months
c I=9%9843.75, P =9%35000,r=7?,n= 2.5 years

I3 8 For each investment below, interest is calculated at the end of each year and added to the present value.
Calculate the total amount of interest compounded each year during the term of the investment, as well as the
value of the investment at the end of each year.
a $15000 is invested at 4.5% p.a. for 3 years. b $6850 is invested at 6.4% p.a. for 4 years.

I 9 Given the information provided in the table below, use the compound interest formula to determine the future
value (F1”) for each investment.

Present value | Interest rate (p.a.) Term | Time period
a $2250 7.5% 2 years annually
$18750 9.2% 4 years quarterly

c $150000 6.24% 4 years | every 6 months

) 10 With reference to the compound interest formula, find each unknown value, correct to two decimal places.
a FIV'=7?,PlV=3$5650,r=0.058,n=13
b FI’'=$20000,PV=2,r=0.08,n=4
c FI’=$%10000, PV =$8000,r=?,n=6

EEJ 11 Tahlia deposited $6000 in a compound interest savings account and the amount in the account grew to
$6054.16 after three compounding time periods.

a Find the value of r (as a decimal), rounded to three decimal places.

b Find the interest rate per year (as a percentage to one decimal place) if interest is compounded:
i yearly ii quarterly iii monthly iv weekly.

¢ Which of the interest rates per year from part b do you think are realistic for a regular savings account
at a bank?

3 12 Construct a depreciation schedule to show the value of a commercial refrigerator at the end of the first three
years of the refrigerator’s life if it cost $4450 and it depreciates in value by $371 each year.

I3 13 Construct a depreciation schedule to show the value of a dry ice machine at the end of the first three years of
the machine’s life if it cost $12 000 and it depreciates in value by 10% each year using the diminishing-value
method of depreciation.

3 14 A car used for a ride-sharing service was depreciated in value from $32 000 to $24 500 in two years using
diminishing-value depreciation. What was the annual rate of depreciation?

Analysis

1 Susan invested $12 000 with her bank for 4 years with interest compounded quarterly throughout the term of
the investment. The interest rate earned on the investment varied at different stages.

In the first year, the interest rate was 5%% p.a.; for the next 2 years the interest rate remained fixed at 5.7% p.a.;

and the rate increased to 6.2% p.a. for the entire final year.

a How many compounding time periods were there for the term of the investment?

b Consider the annual interest rates stated above. What value for » would be used in the compound interest
formula in the:
i first year ii middle two years iii final year?

¢ Determine the value of the investment at the end of the first year.

d State the values for PV, r and n you would use to calculate the growth in the investment from the start of
the second year to the end of the third year.

e What was the value of the investment at the end of the third year?
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What was the value of the investment at the end of the whole 4-year term?

What was the total amount of interest Susan earned on her investment?

Write the interest from part g as a percentage of the original amount invested, correct to two decimal
places.

Susan had hoped that her investment would grow to $15 500 by the end of the 4-year term. Keeping the
compounding time periods the same, what constant annual interest rate would Susan need to have received
to achieve her desired final value? Give your answer correct to two decimal places.

If the interest was compounded monthly, how does the answer to part i change?

2 Dani is preparing her tax return for the 2023-2024 financial year.

a
b

(1]

Dani earns a weekly salary of $1780 from her job. What is her annual salary?

Dani also receives a 6% royalty from a book she co-authored. The book sales were $32 500 for the year.
How much income did Dani receive from the royalty?

Dani purchased a set of books for work purposes for which she can depreciate as a tax deduction. The
books cost $1200 and can be depreciated using straight-line depreciation by 10% of the initial cost each
year. What tax deduction can Dani claim from the depreciation of the books?

Dani is also claiming a tax deduction for the depreciation of a desk she purchased for working from home
the previous year. The desk cost $800 and is depreciated by 10% each year. What tax deduction can Dani
claim from the depreciation of the desk?

For the year, Dani earns $2535 in interest on her investments and has $858 in additional tax deductions.
What is Dani’s taxable income for the year?

How much income tax, to the nearest dollar, does Dani pay for the year?

Calculate the Medicare levy payable on Dani’s taxable income, correct to the nearest dollar.

Calculate Dani’s net income, to the nearest dollar, for the year.

Chapter checklist

Now that you have completed this chapter, reflect on your ability to do the following.

I can do this I need to review this

I A I A

Calculate earnings for different periods of time [ ] Go back to Topic 1A
Calculate an individual’s taxable income Earning money

Calculate an individual’s net income

Calculate simple interest D Go back to Topic 1B
Calculate the principal, interest rate or number of time periods of Simple interest

a simple interest investment or loan

Understand how compound interest works D Go back to Topic 1C
Use the compound interest formula to calculate the future value Compound interest

Calculate the interest rate for a time period as well as the number
of time periods

Use the compound interest formula to calculate the present value D Go back to Topic 1D

Use the compound interest formula to calculate the interest rate Compound interest
calculations

Create depreciation tables D Go back to Topic 1E

Solve problems involving straight-line depreciation Depreciation

Solve problems involving diminishing-value depreciation
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Index

2A Indices
2B Negative indices
2C Simplifying
2D Expanding
2E Algebraic fractions
2F Factorising
2G Factorising quadratic expressions
2H Completing the square
2l Factorising non-monic quadratic expressions

Prerequisite skills

@ Diagnostic pre-test
Take the diagnostic pre-test to assess your knowledge of the

prerequisite skills listed below.

@ Interactive skillsheets
After completing the diagnostic pre-test, brush up on your

knowledge of the prerequisite skills by using the interactive
skillsheets.

v Indices

v Roots

v Highest common factor
v Like terms

v Equivalent fractions

Curriculum links

e Simplifies algebraic fractions with numerical
denominators and expands algebraic
expressions (MA5-ALG-C-01)

e Simplifies algebraic expressions involving
positive-integer and zero indices, and
establishes the meaning of negative indices for
numerical bases (MA5-IND-C-01)

EEMe Simplifies algebraic fractions involving
indices, and expands and factorises algebraic
expressions (MA5-ALG-P-01)

e Selects and applies appropriate algebraic
techniques to operate with algebraic fractions,
and expands, factorises and simplifies algebraic
expressions (MA5-ALG-P-02)

Eee Applies the index laws to operate with algebraic

expressions involving negative-integer indices
(MA5-IND-P-01)

© NESA




2A Indices

Learning intentions .
. . . Inter-year links
By the end of this topic you will be able to ... Year 7 16 Indices and square roots
v use the index laws to simplify algebraic expressions. Year 8 4A Indices
Year 9 2A Indices

Index nO-I-O.I.Ion index/ ch()ncnt e Key content video

Y

o Ind.ex ‘not.atlon, or index fot.'m, is used base —»31 =3 x 3 X 3 x 3 = 81
for indicating the number of times a base number Sl Ty expanded brefie sumaEl
is multiplied by itself repeatedly. The number form

of repeated multiplications corresponds to the

. index/exponent
index (also called the exponent). :

Index laws . l < axa

index form expanded

e The index laws are used for simplifying expressions that :
orm

include terms written in index form.

e The index laws for multiplying or dividing terms in index form only apply when both terms have the
same base.

e Any non-zero base raised to the power of zero is equal to one.

}. Index law Algebraic form \ Example

' Product of powers law A" X g =a"t" - 2% % 25 = 23+5 = 8
Quotient of powers law ' -a=a 25 =i =053 =
Power of a power law (@) = a"*" (29)5 = 235 = 215

' The zero index ad =1 20 =1

e We can remove indices outside brackets using the associative property of multiplication and use a
combination of index laws to simplify complex expressions.

(axb)"=axbx..xaxb=a"xb" (2x3)=2"x%x3°
Q' _a. _a_a Zi.
(b] e T (3] =3
R U

/1 times

Example 2A.1 Using the index laws

Use an appropriate index law to simplify each of these expressions.

3
a (g b (2) ¢ 3 x 6k d 84"+ 164"
a Apply the power of a power law to expand the brackets a (g@)y=g
by multiplying the indices. = g?
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b 1 Expand the brackets by applying the index to the b (%) = %
numerator and the denominator.

3

2 Simplify. —w
pliry. 57
¢ 1 Multiply 3 and 6. c 3RX6R =18 x k> x R
2 Since the indices have the same base, apply the product =18 x k23
of powers law by adding the indices.
3  Simplify. = 18k’
12
d 1 Write the expression as a fraction. d 8a'+ 164’ = ?gcﬂ
2 Divide 8 and 16 by their highest common factor (HCF), - 8'19127
which is 8. 16%
3 Since the indices have the same base, apply the quotient = ;‘_127
of powers law by subtracting the indices. a?z .
=45—
4 Simplify. - %5

Example 2A.2 Combining index laws fo simplify algebraic expressions

Use the appropriate index laws to simplify these expressions.

. x° X 6x°
a 3a*x 10a + 6a? b (227)3 (Y W
4
a 1 Write the expression as a fraction. a 3a*x 10a = 6a*> = W
2 Simplify the numerator by multiplying 3 and 10 and = 360“25
using the product of powers law to add the indices. 30a\ S
3 Divide 30 and 6 by their HCE which is 6. = 61 aaz
_s5a
==3
— 5-2
4 Apply the quotient of powers law to subtract the indices. =3a
=54

b 1 Expand the brackets by applying the index to the numeral b (227)% = 23 x (27)3
and the variable.

2 Apply the power of a power law to multiply the indices =8 x g7x3
and simplify. — 821
L . x° X 6x2 _ 6x8
¢ 1 Simplify the numerator by applying the product of c W =3
powers law. Simplify the denominator by applying the B
power of a power law. = 8 o
2 Divide 6 and 8 by their HCE, which is 2. _ 3x8
T4yt
3 Divide the numerator and denominator by the common = 2—§z
factor 8. 3
1
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v Remember, the product and quotient of powers laws only apply if the expressions have the same base.
v/ Expanding brackets raised to an index only works if the brackets contain division and multiplication.
You cannot apply the same method to expand brackets containing addition and subtraction!
(@a+b)"+a™+b" and (a—b)"=a"—b"

In order to expand these expressions, you will need to use the distributive law covered in section 2D.

v/ Avoid errors in your working out by applying the index laws one at a time.

o

I Exercise 2A Indices

/\ 17.8(a.0). 10(a-e). 11 7.8(b. d), 9-10(a-e), 12,17

- = - nd 3rd
1(e-h), 3(d, g-i). 4-6(2"¢, 3" columns), Q 6-7(i-i), 8,9-10(f-i), 13-17

1 Use an appropriate index law to simplify these expressions.

b b m

" (2) b (4)

(2n?)? x 5n’ 322 8v*
107° h =%
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m m
5 Use the property (g) =92 to write each of these expressions without brackets.

e

% a dad-=+a b (b%° c IOx d &+ d°
% e yxy f (m’)? g n®=n h 7 x Kt
g i xx—l; i (09)° kK 2 1 @xaxd
% 2 a Whatis the value of a non-zero term expressed in index form raised to the power of zero?
% b Write the value of each of the following.
sl i 3° ii 100° iii m° iv 52+ 5°
E 3 Use the property a° = 1 to simplify each of these expressions.
Q a 3a b (3a)° c Smd d (8m)°

e (-5x)° f a+ g °-K° h p°+ p°

i 280+ 4g° i’ +x0 =1 k (m+n)° 1 x°

4 Use the property (a x b)™ = a™ x b™ to write each of these expressions without brackets.

a (axb)y3 b (kxp)° c (4xc)?

d (7xy* e (! £ (cd)

g Gw)’ h (69)° i (@2p)?°

5

c
5 ° a . m 5
d <x ) ¢ <bc) f <3n>
2A1 6 Use the appropriate index laws to simplify these expressions.
a S5x?xx’° b 2a’x3a° c (3x)?
4a° 12x8
2 4\ 3 _— f
d (2x9 a’ 6x3
4 h 3x°x 2x2 x 5x* i (6a%)”
2x3 12a°
2A.2 7 Use the appropriate index laws to simplify these expressions.
2 5
a % b 3(2x%)3 ¢ (3k)?x (2k)?
d (36°)2%x 5b? e 3a®x (2a%?x 5a° f 15¢*x 663+ (3¢)?

(5345>2 x 4m?
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8 Use the index laws to simplify each expression. Write your answers in index form.
Pt x (p°)° 2(1)° x 3r)°
a ——— ) 2]

P b 3l11
(5m11n10)8 X (Smné)Z d (8]51))0 X (I‘Op4)3
(5m®n")s x (5m*n3)3 Up*°

9 Use the index laws to decide whether each of these statements is true or false. Explain your reasoning.
For each false statement, change the right-hand side to make the statement true.

a x' xxxx =x" b (Gay¥’)=5x%xa c -R'=-1
_ e X/ m\S _ m’
d &b x a*b* = a'?b*? (S x7y4 - y6 == f (W) =
w® X wb _ (6 x &> _ . a%h’ o ath? _
g w2 0 h ®)7 b 1 P SR a’
10 Find the value of x that makes the statement true.
a a*xa =a? b »r=1 c &= =¢
X 7 x 4
d (@) =d" e (7) =" f O =t
; (nS)x X 714 . a3b6 a7(b2)3
g (2a%)° =32a" h O n’ o S T
. 85 x24. . . .
11 Write o n simplest index form with a base of 2.
. 3% x Q2 . .
12 Write R simplest index form with a base of 3.
3x x
13 Use the appropriate index laws to simplify %
1252 x 33
14 Find the value of x and y to make each of these statements true.
a a'bx (b = 0¥ b L, a0

a’b®  a’b’
15 A square number is a number that can be written in the form 72, where 7 is a whole number.

13 11 9
a Show that % is a square number.

b Find the possible values of a if ="

¢ Describe the prime factorisation of a square number.
6> x 57
24 >< 155. . .. .
17 Many students mistakenly believe for non-zero numbers a and b and positive integer » that (x + y)" = x" + y".
This false equation is sometimes called the ‘Freshman’s dream’.

is a square number.

16 Evaluate without a calculator.

a Expand the expression (x + y)? to show the above equation is false for n = 2.
b Substitute the following values into both sides of the equation above to show the equation is false. You may
need to use a calculator.
i x=2,y=3,n=3 ii x=4,y=5,n=4 iii x=1,y=5n=5
It is true, however, for a prime number p and non-zero numbers x and y that (x + v)? = x? + y* + mp, where m
is an integer.

¢ For the sets of values in part b where 7 is prime, check that this equation holds and identify the
corresponding values of .

d Prove this equation in the case p = 2.
e The following identity holds for all values of x and y.
(x+y3=x+3x%y+ 3xy? +»°
Use this identity to prove the equation holds in the case p = 3.

f Find a set of values x, v, n, where 7 is composite, such that (x + y)" = x" + y" + mn for all integers .

Check your Student obook pro for these digital resources and more: @

{‘"‘f} Interactive skillsheet @ Topic quiz
Y Index laws 2A
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2B Negative indices

Inter-year links

Learning intentions
By the end of this topic you will be able to ... @

Year 8 4D Combining the index laws
v write algebraic terms with only positive indices Year 9 2D Negative indices
v use the index laws to simplify expressions with negative indices.
g - 9 Key content video
Negative indices ©
e The reciprocal of a number or a term can be expressed
using an index of —1. The algebraic properties on the Algebraic property Example
right apply for all non-zero values a and b. al = 1 21 = 1
e A base with a negative index is the reciprocal of the base ¢ 2
with a positive index. It indicates the number of times that the % —a % =3
base is divided repeatedly. This can be shown by extending the a — 1
. . T, a\  _b 2\ ' _3
sgme Pattern that is applied to positive indices in the reverse ( b> =3 (3 ) =3
direction.
, 1 1
multiply by the base a’= pr 37 = 3
oozt 3e= L ga=d 30my 3123 30209, 302027, | L _ . 1oy,
27 9 3 p= =
divide by the base (ﬂ) "o (ﬁ)'” (%) o (i)4
e The index laws apply to negative indices in the same way b a 3 2
they do for positive indices.
° .Th.ese properties allow for. expressions. ?onFa@mg negative Algebraic form Example
indices to be expres;;d using only positive indices. For example, el PO
3hr‘2:7 =a" =52
e They can also be used to write fractions in index form. a"at=gm-Cn |53 52=53-(2
For example, =a"'" =5"
Zb3 _ ~ (af,‘/z)f/z — a"fm\ x (—=n) (573)—3 - 5«—%, x (=2)
a — 24 1b3 = q" — 56

Example 2B.1 Determining the reciprocal of a term

Determine the reciprocal of each of the following.
2m
b <

a 2x =

-1
1 Write the base with a negative index as a a (2x)'= (%)
fraction if it is not already. 1
1_ 2x
. . . 2m\ _ n
2 Find the reciprocal of the fraction. Swap the b (7) S

numerator and denominator.

3 Simplify the result.

50 — OXFORD MATHS 10 NSW CURRICULUM

OXFORD UNIVERSITY PRESS



ADVANCED

Example 2B.2 Using the index laws with negative indices
Use the appropriate index laws to simplify each of these expressions.
a (@) b 362x0b3 c 9¢3 =3¢
a Apply the power of a power law, multiply the a (@)?2=a*?
index of a by the index outside the brackets. = g0
b Apply the product of powers law, add the b 362xb3=3xb2+
index of b and multiple the result by the =3 xp2-3
coefficient 3. —3xbS
=3b3
c¢ 1 Write the expression as a fraction. c 9c3?=+35= %L;
2 Simplify the fraction by dividing both the =3 x 35
numerator and denominator by the highest
common factor 3. Apply the quotient of the
powers law to subtract the index of c.
3 Simplify. =3¢
Example 2B.3 Writing ferms with positive indices O
Write an equivalent term with only positive indices forﬁeach of the following.
£ —54,3 2
a x b xy c ( 3)
a Applya™ = ﬁ to write the expression with a a x3= %

positive index.

b 1 Write the term as a product of two factors. b x7%y’ = x7° x »?

2 Applya™= i to write x> with a positive -1 4
index. x>
. Vv
3 Simplify. ==
X
—-m m -2 2
c 1 Apply (%) = (g) to write the expression ¢ (%) = (%)
with a positive index. )
2 Expand the brackets by applying the index = %
to the numerator and the denominator.
3 Simplify. = %
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Example 2B.4 Combining index laws to simplify negative indices
Use the appropriate index laws to simplify these expressions. Write your answers using only positive indices.
2
x2\7 4 = 3472 3 2y-2 N (X
a (x“) b 6g* x2g~=3g c m_4x(m) d (x) X =
. xz -3
a 1 Apply the quotient of powers law to a <F) = (x> D)3
simplify the fraction inside the bracket. = (x2*1)3
2 Apply the power of a power law to remove = (33
the brackets. — 3X(D)
3 Applya™ = ﬁ to write the expression with =x9
a positive index. _1
x9
,4 2
b 1 Write the expression as a fraction. b 6g*x2¢g+3g72= %
g
D44 +1
2 Simplify the numerator by multiplying the = 12%
coefficients, 6 and 2, in the numerator and 3¢
applying the product of powers law to add
the indices.
-3
3 Divide 12 and 3 by their HCF of 3. =2
o
4 Apply the quotient of powers law to = 4g73-2
subtract the indices. = 4g-3+2
5 Applya'= % to write the number as a =4g!
fraction with a positive index. =4 x é
_4
8
¢ 1 Separate the denominator from the c % x (m?)2 =3 x # x (m?)?
numerator and write each factor with a 1
_ 4
positive index by applying: =3 xm'x (m?)?
%m =a" and a”"= Lm
a a
2 Apply the power of a power law to remove =3 x m* x %
the brackets, then the quotient of powers — 3% et "
law to subtract the indices. — 30

3 Simplify. Remember that any non-zero _
base raised to a zero index is equal to one.

a\™ _ ()" 1 _ w . AN X \2_ [/x\2
d 1 Apply (5) = (5) andﬁ = a” to write d (y) X (P) = (§> x (xy?)?
the expression using positive indices.

2 Apply the associative property of - M
multiplication and the power of a power v?
law to remove the brackets and write the _ X2y
expression as one fraction. Vv

3 Simplify the expression using the product =xiyto?
and quotient of powers laws. =x%y?
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Example 2B.5 Writing fractions in index form
Write the following fractions in index form.
Sy~ 1 3x\~’
x77 b 2x)~2 ¢ <7>
1 — am 3 3 5y74 — —4 7
a 1 Apply a™ to write the denominator of a =5yt xx

a " x_7
the fraction with a positive index.

2 Simplify by removing the multiplication = S5x7y™*
sign between variables and arrange
variables in alphabetical order if not

already.
b 1 Apply —=; = @ to write the denominator of b % = (2x)?
a . o (2x)~?
the fraction with a positive index.
2 Simplify by applying the index to both the = 4x?
coefficient and the variable.
. 3x\ 7 _ Bx)~?
¢ 1 Appy the index to both the numerator and c (7> =
the denominator of the fraction. Y
-2 -2

2 Remove the brackets in the numerator by = 3 : x
applying the negative index to both the Y
coefficient 3 and the variable x.

3 Rewrite the fraction as the product of =372 xx?x L_z
the numerator and the reciprocal of the Y
denominator.

4 Use al’” = a” to write 3% in index form. =32xx?xy

5 Calculate the coefficient of the term 372 = 31—2 X x72 X y?

6 Simplify by removing the multiplication = % x"2y2

signs between variables and arrange
variables in alphabetical order if not
already.

v/ When converting the denominator of a fraction into index form, use brackets to make sure the index is
applied to both the coefficient and all variables in the denominator.

For example,
_1
2xy* 2

1
2xy* 2

= (2xy*2)71, #2xy? 2L
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LA Exercise 2B Negative indices
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21 1

282 2

2B3 5§

284 7

2B5 9
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1-9(1¢, 2" columns), 10(a-c), 1-4(3 column), 5-9(3", 4" columns), 5-9(4™ column), 10(d. g. h).
11(a. b) 10(c, e, ), 11, 14(a), 18 11-17
Determine the reciprocal of each of the following.
a 1 b -2 c 3l d -5d
1 2 b
Simplify each of these expressions.
a x> Xx? b a’?xa? c n’x n? d yoxy
e at+a”’ f wm*=m>3 g n=n? h »n'=n?
i (K97 i d)? k 1P x y™*xy? 1 n7xn3xn'?
Find the reciprocal of each of your answers in 2.
Simplify each of these expressions.
a a'bxab? b mn x nn? c a3b?xath? d —x3y?2xy3x?
e a'bcx cab™ f cab?xalbcxcab™? g —xlyxxy? h xlyz x xz7?
Write each of these terms using only positive indices.
a x> b ood* c PR3 d x1y®
e 2a°h* f 3p*¢> g wxdy’ h k3wn®
4
i 6d%f i 11a3b5¢® Kk % 1 %
4m’ a?t 8x~? c\d®
p7 n ﬁ o nys p =
Write each of these expressions without brackets and using only positive indices.
a (xxy™ b 4 xa)* c (9xn)! d (5p)3
-3 -1
-2 -5 X 7
o £ o . () " ()
Use the appropriate index laws to simplify each of these expressions. Write your answers using only positive
indices.
2x4\?
a () b 2y’ ¢ @) a (%)
a\ 2 _4y -3
(%) £ Qm)2x 2m)? g (%) h 3¢ x 5¢% x 23
2\ -3 1\ 2
i (2d)2 x84 i 6272070k GxD)ix QxS s k) 1 (%) x <2§ )
Simplify each of these expressions. Write your answers using only positive indices.
a x>xx> b 2x*xx! c 7x73 X 3x° x 2x72 d 4x8x5x3x x
e xM=x f 6x*+ (3x™) g 3x7 = (12x?) h 9x° + (15x'9)
i ()2 xx™ i (% x 10x'® kK 3xOx (x)x () 1 (x2)7x x5 x (x3)*
Write the following fractions in index form.
a L b L c 9 d
xZ y—Z b—Z m—ZnZ
1 1 123 t
S S £ 1 h —L
¢ @vF Pq) B o @)
-10 3 2\ -1 3 -2 -3
s . (3¢ <_y> (2_141)
i (1o) ) (p) k& 135,
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10 Use the index laws to help you write all fractions in index form.

a (ab)* x a’b’ b (4p)® x (6p) c (29 d 3(mn)°
e Lx(d) () g (;3) h (47)
() x () 0 () <Gk L

11 Use the index laws to decide whether each of the following statements is true or false. Explain your reasoning.

For each false statement, change the right-hand side to make the statement true.
3

a’ _ x3_ 1 »_1
(,Z (l4 b E = X2 (Y F F
a 6 —4p3
ay2 o _n° g 2a°0° _ 100
< ) b2 6 e (Sm*n7)” 25m8 57lab? @&
3 -2,,1)3 3
367D’ _3y h (6abo) % x (3a7'b)% = (4a'c?) ' = 1
wy2lz xSz
12 Find the value of x that will make each of these statements true.
a_1 3 _2.4 <2a*2b)x_ﬁ
a i b ax—?aa c = =1
(@b)* _ a a’b* _ 1 VXY
d a2b4 - b € a3xb2 - b f ny _y
13 Simplify each of these expressions.
a  a2abt3 x xSy-2 b m3** A2
y y mxnx—S
14 Simplify each of these expressions.
2a+1 a-5 b my 2 m+s a3 d b b3 b+t
a x X X (yM?2xy c T X0 X
15 Use index laws to simplify each of the following expressions. Write your answers with positive indices only.
q 3a’blc 4a’b 10ac®  3a'bc c 4(xy7'2)° | 2x522
8a’h®  b3c? 5a°b°c® " (2bc3)? 10x*y?  ~ Sx3ytz!
273\ 73
16 a Express (336417 ) in expanded form, using positive indices only, by:
i raising each numeral and pronumeral to the power of —3 and then simplifying
ii flipping the fraction and then raising each numeral and pronumeral to the power of +3.
b Which method did you prefer and why?
743\~ 27,-4
17 Determine which of the following expressions is not equivalent to ( 42362_6) X (23552 )
40’ \* . ( b4c5d2>3 cids | (4a’b )’ 4ab9?  d
A (bs 7d3} X \ 242 B (Zazb‘4)3 X 5 gs C (Zazb‘4)3cl4dx 15
(4a’b° cd° (4a’b=° s\’
D Coa) *Gavo E Coa) *Gaps
18 Write a” + a" in two different forms.
a a"+a=d xa b a’"+a”:ﬁ
— a|:| +[] a Xa
_ 1
0+0
= o+

Check your Student obook pro for these digital resources and more: @
Interactive skillsheet Topic quiz
Negative indices 2B
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2C Simplifying

Learning intentions
By the end of this topic you will be able to ... @

Inter-year links

Year 7 6E Substitution
v evaluate algebraic expressions using substitution Year 8 5C Adding and subtracting
v identify like terms to simplify algebraic expressions algebraic terms
v/ multiply and divide algebraic terms. Year 9 3A Simplifying

EVCI'UC]TIﬂg OlgebrC]]C expreSS|onS e Key content video

e When pronumerals are given numerical values, an algebraic expression can be
evaluated by substitution.
For example, if x = 3 and y = 2:
#+5y-£=3 450 —%
=9+10-1
=18

Adding and subfracting terms

o Like terms are the terms of an algebraic expression that contain the same pronumerals raised to the
same power. The order of the pronumerals does not matter.
For example, the following are sets of like terms:
— x? and 3x?
— 3,16 and 100
— 2v?z and 8zy?
— 4w’htt, 2w’th* and 107 w®
e Like terms can be added or subtracted to simplify an algebraic expression.
For example,
7x?y+2+3yx?—8=10x2y -6

Mulfiplying and dividing ferms
e To multiply algebraic terms, multiply the coefficients and combine the pronumerals, using index laws if
necessary.
For example,
3a°bx —2a?6> =3 x -2 X a>*t2x bl +?2
= —6a’b’
e o divide algebraic terms, divide the coefficients and combine the pronumerals, using index laws if
necessary.
For example,
6a’b> % x @5 x b
3%  Bxadxb

=2xa3x b !

2a%b?
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Example 2C.1 Using substitution to evaluate algebraic expressions

If a=-2,b=>5 and ¢ = —1, evaluate:

a a’bc

b 2b—ab+ ac
@ , ab _

C 4+ 5 @

a

Replace a with -2, b with 5 and ¢ with —1.
If the index of a negative number is odd,
the power is negative.

Replace a with -2, b with 5 and ¢ with —1.
Put negative numbers in brackets to avoid
errors.

Replace a with -2, b with 5 and ¢ with —1.
Remember the fraction line acts like a pair
of brackets and groups the expression in the
numerator together.

a a’bc® = (-2)3(5)(-1)?
=-8x5x1
=-40
b 2b—-ab+ac=2(05)-(=2)(5 + (-2)(-1)
=10+10+2
=22
ab (=2)°

2 ‘T34
_4,
_4+( 5)+1
=1-5+1

=-3

—2X5
+ = (-1

2
a

c S+
4

Example 2C.2 Adding and subfracting algebraic terms

Simplify each of these expressions by collecting like terms.
a 9a+ 12b-3+3a+2a-1
b 2wPn—8n—10n + n? + dnm?

1 Rearrange the expression, grouping like
terms together.

2 Simplify by combining like terms.

1 Rearrange the expression by grouping like
terms together. Write each term with its
pronumerals in alphabetical order so that
the like terms can be seen clearly.

2 Simplify by combining like terms.

1 Rearrange the expression by grouping like
terms together.

2 Simplify by combining like terms.

3 Write the expression as a single fraction by
adding the numerators.

OXFORD UNIVERSITY PRESS

a 9a+12b-3+3a+2a-1
=0Oa+3a+2a)+ 120 +(-3-1)
=14a+ 12b-4

b 2w’n—-8n—10n + n? + 4nm?
=Qm*n+4m’n) + (%) + (-8n— 10n)

=6m*n+n?-18n

 pbge- () (6
—2a,0
4 4
_2a+b
4
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Example 2C.3 Multiplying and dividing algebraic ferms

Simplify these expressions by writing each one as a single term with positive indices only.

a 2ab’> x 6a’c b 12pgr* + (4qr) c % = %b
a Multiply the coefficients and apply the a 2ab’ x 6a3c=12 x a' *3b%c
product of powers law to multiply the terms = 12a*b*c

with the same base by adding their indices.

. . . 12pqr?
b 1 Write the expression as a fraction. b 12pgr? = (4qr) = agr
3 2
2 Simplify the coefficients by dividing them = 124 IP qar
both by their HCF of 4. a
_ 3pqr?
==
3 Apply the quotient of powers law to divide = 3pg'~1p2!
the terms with the same base by subtracting
their indices.
4 Simplify. Remember that any non-zero = 3pg°r!
base raised to a zero index is equal to 1. =3pr

ab . 3b_ab 5

¢ 1 Write the expression as the product of two ¢ 5735 °-12%3;

fractions.

2 Write the expression as a single fraction by = 1‘121? :: ; b
multiplying the numerators together and
the denominators together.

3 Look for common factors. Divide both the = lazxx53
numerator and the denominator by any 54
common factors. ~36

) (oo )

v/ The order in which you write the coefficients and pronumerals in an algebraic term doesn’t matter. But it
is easier to identify like terms if you write the pronumerals in alphabetical order. For example,
acb + ¢b— ba + 12bca + 8ab — 6bac = abc +12abc — 6abc + bc — ab + 8ab
= 7abc + 7ab + bc
v/ Recall the following rules for algebraic notation.
— To simplify products, leave out the multiplication sign and place the number first. For example,
T xx="Tx
and:
Tx x+2)=T7(x+2)
— When a pronumeral is multiplied by 1, the 1 does not need to be included. For example,
Il xx=x
— Division is represented using fractions. For example,
x+7=%

7
— Terms with coefficients that are fractions can be written in two ways. For example,

%x is the same as %
_ J

58 — OXFORD MATHS 10 NSW CURRICULUM OXFORD UNIVERSITY PRESS




L3 Exercise 2C Simplifying

1,2-4(1¢ column), 5-6, |:|
7(a. c. e),9-13, 15(1% column) 2,4,7,8,10,12,13,15(a-d) C ) 4,7-9,14-16

2c.1 2

2c.2 3

2c3 7

For each of the following terms:

i identify the coefficient ii write an example of a like term.
a 3abcd b —4dmn c xy? d 9Rm*p
Ifa=1,b6 =3 and ¢ = -2, evaluate:
a abc b ab+ be c ac—2bc d a*h?
e 3ab’c-ac f 7ac+ 3bc—4ac g ab*+ b h 2a°b + 3ac*> - b
Simplify each of these expressions by collecting like terms.
a 8x—5x+ 6x b 3ab-4ab-9ab c 4y + 3+ 5y?
d TmPn + 2m’n— m*n e 4da+ 6d+ 8a+3d f k-3m+5Sm+ 7k
g 4+8y-2-11y h a*+6a-5a+a i 3xy+ 2x2—xy + x?

Simplify each of these expressions by collecting like terms.

a Sa+2b-a+3b+7a-5b b 6mn—-3n—n+2n*+m-"Tmn
¢ x+4x?—8x+ 1+ 5x—x% d 2x*y-5x*y—4xy + 3+ Txy—8
e 9pP—3p+2p°+6p2—9+ 3p f a’b+ 4a* + 8ba? — b* + 3ab* - 5a°
g Sab+ 2ba h 3abc + 4bac

i 6x%y — 2xy + Syx — yx? i l4map + 2amp + 3pam — 19mpa

Simplify each of the following expressions by writing each one as a single term.
a Sabx 2cd b -7xy X 3mn c 4kpxk

Simplify each of the following expressions by writing each one as a single term with positive indices only.

a abc+b b 6mnp - mp c 8wx = 4wy
Simplify each of the following expressions by writing each one as a single term with positive indices only.
a 4x*y? x x3y b 3ab®> x 2a°b c 4m’n=3 X 6m’n
Sabc . ab ¥y 2xyz’ mn® | 2mPn?
47375 © 72 773 573
4xy  3x . 2y . ab <3a>2 2b

2 2 T A - uv 20 - <Y
g 6x*y X (xv) h s XY %3 i Tx(7) 3
If a = 3, b = -2 and ¢ = 4, evaluate each of the following expressions. Hint: Simplify each expression first.
a 4a+3b+2c-2a-c+b b 9ab+ 7a—-10a + ab c @b+ ab® + a*c—2a*b + S5d’c
d 3abc x b’c X 6a e 12a%b*c = 3bc? f ac® x 2ab® + 8a’bc

The surface area of this box can be calculated using the expression
20b + 2Ih + 2bh. Calculate the surface area of a box with each of the
following sets of dimensions.

a [=25cm,b=15cm, A =10cm

b /[=05m,6=03m,2=02m
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10 Write the perimeter of each of these shapes as an algebraic expression in simplest form.

a y+3 b 3x — 4 L o e 5
2x +

&1 -2y + 1 T T3-3

R

,_] il 1_

x+y 4y Y t

3x—-2
11 Calculate the perimeter of each shape in question 10 if x =7 cm and y = 2 cm.

12 Write the area of each shaded shape below as an algebraic expression in simplest form.

a 6a b — c
_] :
T T 2a 5b
=+ +7b
o
1 ¢ 4a
d Leave your answer as an e Leave your answer as an f _| ,717
exact value containing 7. exact value containing 7. 3a 4b
8a
: 10a
3b
[ .

13 Calculate the area of each shape in question 12 if a = 4 m and b = 3 m. Leave your answers as exact values
containing 7.
14 Consider the top surface of a metal washer shaped like an annulus as shown on
the right.
a Worite an algebraic expression for the area of the top surface of one washer.
b List three possible values for x that will result in an area of between 400 mm?
and 500 mm? for the surface area of the top of the washer.
¢ Worite an algebraic expression for the total length of the inner and outer
circular edges of one washer.

d Use the values you wrote for part b to calculate the total length of the inner
and outer circular edges of one washer, correct to one decimal place.

15 Use the order of operations and index laws to simplify each of the following expressions.

a 2Q3a+ 5a) — 4a b 4bx 3a+ 5(ab + 3ab)
¢ 2a=2+5ax3b-4a d 19xy? + 8x — 4 + 5x%y? - x — 3x
e 3(2a)?+ (5ab*)? - 2(3a)? f (—6xy)2+4x%y? = x2+ (3y)? — 5xy? X 4x

6xy°2 N Sxyz  Ix’yz N xz(2y)?
2xz y 14x°z 2y7?
16 Consider the object on the right. Hint: All angles are right angles, meaning all opposite sides are parallel and of
equal length.

g 2a*bx 4b + 3ab* x 5a h

a Write an expression for the volume of the shape in cubic metres (m?) in terms of

a, b and ¢ in its simplest form. 3m
2m

b Write an expression for the surface area of the shape in square metres (m?) in terms
of a, b and ¢ in its simplest form.

Check your Student obook pro for these digital resources and more: 4

Interactive skillsheet Interactive skillsheet Topic quiz
Multiplying terms Dividing terms 2C
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ADVANCED

2D Expanding

Inter-year links

Learning intentions @

By the end of this tOpiC you will be able to ... Year 7 6D Order of operations in algebra
v/ expand algebraic expressions with one pair of brackets Year 8 5F Expanding
v/ expand binomial products. Year 9 3D Expanding

Expanding one pair of brackets @ o contentvieo

e The distributive law is used to distribute or expand products over addition and

subtraction. > @ ~
T \
a(b+c)=ab+ ac b area 1 = ab
l ® +0)
i area 2 = ac
v v
total area = a(b +¢) = ab + ac
Expanding binomial products
e A binomial is an algebraic expression that contains two terms. Examples are:
x+ 1 @ -3a* 21m? + n
e The distributive law can be used to expand the product of two binomials.
< a < b——>
? 4
(a+b)(c+d):ac+ad+ bC+bd c area 1l = ac area 3 = bc¢
2 v
T (c+d)
d area 2 = ad area 4 = bd
l Y
< (a +0b) =

total area = (a + b)(c + d) = ac + ad + bc + bd

o Expanding binomial products often requires simplification using the index laws and the identification of
like terms.
e The difference of two squares is a specific form of expansion with the simplified rule:
(a+ b)a—0b) =a?-b?

e The expansion of a perfect square is a specific form of expansion with the simplified rule:

(a+b)?=a%+2ab+ ¥ (a=b)*=a?-2ab + b
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ADVANCED

Example 2D.1 Expanding one pair of brackets

Expand each of these algebraic expressions to remove the brackets.

a 4(a+11) b Sk(k—6) c 68 + 39) d cd(3d- )

Multiply each term inside the brackets by
the term outside the brackets.

Simplify by performing the multiplications.

Multiply each term inside the brackets by
the term outside the brackets.

Simplify by performing the multiplications.
Remember to take care with the + and -
signs when simplifying.

Multiply each term inside the brackets by
the term outside the brackets.

Simplify by performing the multiplications.
Apply the product of powers law,
multiplying the terms with the same base by
adding their indices.

Multiply each term inside the brackets by
the term outside the brackets.

Simplify by performing the multiplications.
Apply the quotient of powers law,
multiplying the terms with the same base by
adding their indices.

P

A Xy
da+1) =4xa+4x11

=da + 44

A
Sk(k—6) =5k X k+ 5k x (—=6)

= 5k*-30k

A B
6g°(g* + 3g) = 6¢° x g* + 6g° x 3¢
= 6g" + 18¢*
B N
cd(3d—c*) =cdx3d+ cd x (=)

=3cd? - 3d

[;}.

Example 2D.2 Expanding a binomial product

Expand each of these algebraic expressions to remove the brackets.
a (x+4)Wy+9 b (+3)4f-6) c 222+ 2)(z+8)

d (Wg-2)(h+4g)

a

a 1 Multiply each term inside the second pair of

brackets, y and 9, by the first term in the first
pair of brackets, x. Then multiply them by the
second term in the first pair of brackets, 4.
Simplify each term.

Multiply each term inside the second pair of
brackets, 4f and —6, by the first term in the first
pair of brackets, —f Then multiply them by the
second term in the first pair of brackets, 3.
Simplify each term.

Simplify any like terms.

62 — OXFORD MATHS 10 NSW CURRICULUM

G+ DO+
LA

=xXY+xx9+4xy+4x9

=xy+9x + 4y + 36

f + 3) (4 6)

(

= (=f) X &f + (=f) X (=6) + 3 X 4f + 3 X (~=6)
= —4f + 6f+ 12/ 18
= —4f2 + 18/ 18
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ADVANCED

c¢ 1 Multiply each term inside the second pair of c
brackets, z and 8, by the first term in the first
pair of brackets, 2z2. Then multiply them by the

(2z* +

second term in the first pair of brackets, z.

2)(z + 8)
A

=222 X 2+222X8+2Xx2+2X8

2 Use the index laws to simplify each term. =22°+ 162% + 2> + 8z
3 Simplify any like terms. =222+ 172> + 8z
d 1 Multiply each term inside the second pair of d
brackets, /# and 4¢3, by the first term in the first (g =2)(h + 48
pair of brackets, #2¢. Then multiply them by the A
second term in the first pair of brackets, —2. =Wgxh+hgx4g + (=2) x h + (=2) x 4¢’
2 Use the index laws to simplify each term. =gh® + 4¢*h? — 2h — 8¢°

-

\

v It’s important to be able to recognise when an expression is the difference of two squares, or a perfect

square. These are both very useful in algebra!

v Remember to pay close attention to minus signs when you are expanding an expression! Using brackets

around negative terms can make it clearer.

v/ To make sure you correctly expand the product of two binomials, it may help to include the following step:

(@a+b(c+d)=alc+d)+blc+d)=ac+

ad + be + bd.

L3 Exercise 2D Expanding

1-2(1¢, 2" columns), 3,

— nd
5-6(1% column), 7, 8 |:| 3,4, 5-6(2 column), 7,8, 10,12

Q 4,5-6(3 column), 7-9,11,13, 14

2D.1 2

Expand each of these algebraic expressions to remove the brackets.

a 3(a+7) b 5(b-4) c 2(6-0¢

e —6(e+3) f -7(f-2) g 3@-1)

i x(x+2) i 2v(v—4) k —k(k+5)
m m(3n + k) n 4a(3b + 6¢) o —w(w-—8x)
Expand each of these algebraic expressions to remove the brackets.
a 3(a—-4) b -5(0-3) c 4C2x+3)

e 5a(2-a) f 2m@m?+ 3) g 8ab(3a+1)
i 5k2(3-2RY j 6x%y(2x — y?) k 5c¢d(3c— 2d)
Expand and simplify each of these algebraic expressions.

a 2(x+5) +7x b 4(y-7)+ 15

d 3x(2-x)+5x*+x e 7p*—8p+ 5p(1—p?)
Expand and simplify each of these algebraic expressions.

a 4(x-2)+2(x+5) b m(m+ 8) + 6(m—3)

d PR +2)+5k+1) e 3p*(p?-2) +2p(p* +6)

OXFORD UNIVERSITY PRESS

d 41 +4d

h -9(5-h)

1 3p(p-1)
p —2p(2+5p)
d -72y+4)
h 4w(Q2x - w)

1 -2a%c(4a - 3b)

m(n+ 6) —3m

x*(x® = 2x) — &°

2a(B3a+ 1) -32 -4a)
5y} (2y° + 3) = 2y(7y* - 4)
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202 5 Expand each of these algebraic expressions to remove the brackets.

a (a+4)(+2) b (c+3)(d+6) c (m+7)(n+5)
d x+6)v+38) e (R+5@®-1) f (F-2)(g+3)
g x-9Ww-4) h Cm+3)(n+1) i @Wx+50@y-7)
i (Ba-2b)(5¢-4d) k (x+2)(x+5) 1 W+9@w-1)
m (m-3)(m-11) n p-4Hp-2) o (5-k(6-Fk
p Ux+7)(x+3) q Ba+2)(a-5) r Bw-7)(w-2)
s Gp+50Cp+7) t 2x+3)(4x-1) u Sy-2)GByv-4)
6 Expand each of these algebraic expressions to remove the brackets.
a (a-0b(a+3) b (dr+uw(t—u c Cx+3y)(x+4y)
d G-xkx+4) e (6x>+y)(x+3y) f (ab?>+ 1)(b* - 2a)
g (a+b)(b+o) h (b+3¢)(b+d) i (a+2b)(3-0¢)
i (@ +b6>)(3ab+2) k (x*—32)(5x—2y) 1 (& +4a°b)(? — 4a°b)

Expand each of these binomial products.

i (x+2)(x-2) ii (k+7)(k=T7) iii (m + 8)(m —8)

iv (w-6)(w + 6) v (—-Dly+1) vi (a+ b)(a-10b)

Describe any pattern or shortcut you can see in part a. What is special about the two binomial factors that
were multiplied together in part a?

The binomial products in this question are all examples of the ‘difference of two squares’. Why do you
think the rule is called the ‘difference of two squares’?

Does it matter whether the product is (a + b)(a — b) or (a— b)(a + b)? Explain.

Use the ‘difference of two squares’ rule to expand each of these binomial products.

i (@a=3)(a+3)
iv B3+x)3-x
vii (2-3k)(2 + 3k)

i (x+10)(x—10)

v 1+d1-ad
viii (4g + h)(dg—h)

8 a Expand each of these binomial products.

i (x+3)x+3)
iv (k-5)(k-5)

i (v+8)(+8)
v (@-6)p-6)

ili (m+n)(m-n)
vi (2x-5QCx+5)
ix (Sy+2w)(5y-2w)

iii (a+0b)(a+b)
vi (x-y)(x-y)

b Describe any pattern or shortcut you can see in part a. What is special about the two binomial factors that
were multiplied together in part a?
¢ These are all examples of ‘perfect squares’. Why do you think the rule is called the ‘perfect square’ rule?
d Use the ‘perfect square’ rule to expand each of these algebraic expressions.
i (a+2)? i (x+5)? iii (p+4)?
iv (v +10)? v (R+9)? vi  (m+ n)?
vii (5 + x)? viii (1 + 2d)? ix QGw+7)?

Why is (a — b)? = a? — 2ab + b? also a perfect square?

Use the ‘perfect square’ rule to expand each of these algebraic expressions.

i (a-3)? i (b-4)? iii (x-9)?
iv. (n-11)2 v (2-x)? vi (g—h)?
vii (4w —1)? viii (5 - 2y)? ix (B3m-2p)?

9 Use the ‘difference of two squares’ and ‘perfect square’ rules to expand and simplify each of these expressions.

a (P+2)(x*-2) b (xX*-5*+5) c (P+y)(2-3%
d (?+4)? e (x*-3) f (*-1)
10 Expand each of these algebraic expressions to remove the brackets.
a (2x+3)(*+3x-1) b (x+2)2x¥*+x-1) c 2-x1—-x+2x)
d (P+2)2x*+x-1) e 2x*-3)(x*—-3x+1) f (P+2x)Bx>—x-3)
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11 A rectangular piece of cardboard is 30 cm long and has a breadth of 20 cm. A square of side length x cm is cut
from each corner so that the cardboard can be folded to form an open box.

30 cm

A
Y

; : ¢xcm

20 cm

= o=
L7 1 1

a Write an expression containing x for:
i the length of the box ii the breadth of the box iii the height of the box.
b Draw a labelled diagram of the open box.
¢ Write an expression for:
i the volume of space contained in the box ii the inner surface area of the box.
Simplify each of your expressions by expanding them to remove any brackets.
d If x = 3 cm, calculate:
i the volume of space contained in the box ii the inner surface area of the box.
12 Itis possible to expand brackets with three terms in each bracket. a b

a Use the diagram on the right to help you expand (a + b + ¢)>.
b Expand (x + 2y + 3)2
¢ Expand (2a — 36+ ¢)(2a + 3b — ¢). a

13 It is possible to expand products of more than two brackets.
For example,

(a+ b=+ Db(a+ba+b) b
= (a%+ 2ab + b*>)(a + b)
=a® + a’b + 2a*b + 2ab* + ab? + b3 CI

=a® + 3a%b + 3ab* + b?
Expand each of the following:

a (x+1)3 b (x-3)3 c (x+2)* d (x+y)2(x—y)?

14 In the diagram on the right, the area of the shaded rectangle is 5
(x — 2)(x — 5), which can be expanded to be expressed as x> — 7x + 10. % X "
a Copy the diagram into your workbook and draw: A (= e

i the outline of a rectangle with area 2 x x square units
ii the outline of a rectangle with area 5 x x square units

b Explain why + 10 appears in the expansion of (x — 2)(x — 5), even
though the rectangle with area 10 square units is not shaded.

iii the outline of a rectangle with area 10 square units. x

2I ;
L 2

..........................

Check your Student obook pro for these digital resources and more: @

Interactive skillsheet Interactive skillsheet Investigation Topic quiz
Expanding over one pair Expanding binomial Binomial expansion and 2D
of brackets products Pascal's Triangle
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2E Algebraic fractions

Learning intentions
By the end of this topic you will be able to ... @

Year 7
v simplify algebraic fractions by identifying common factors Year 8
v multiply and divide algebraic fractions Year 9

v add and subtract algebraic fractions.

Simplifying algebraic fractions

Algebraic fractions are fractions that contain at least one pronumeral.

Inter-year links

3B Equivalent fractions
S5E Dividing algebraic terms

3B Algebraic fractions with
numerical denominators

e Key content video

They can be simplified just like

any other fractions, by identifying common factors of the numerator and the denominator.

The fastest way to simplify a fraction is to divide the numerator and the
common factor (HCF).

denominator by their highest

Mulfiplying and dividing algebraic fractions

e The product of two algebraic fractions is the product of the numerators

denominators. For example,

3x X __ 3xXxXx
2 x+1 2x(x+1)
__3x?
2(x+ 1)

the reciprocal of the fraction after the division sign. For example,

2x.5_2x . x
Yy X~y "5
_2x2
Sy

over the product of the

The quotient of two algebraic fractions is found by multiplying the fraction before the division sign by

Adding and subftracting algebraic fractions

e Adding and subtracting algebraic fractions is no different from adding an

d subtracting any other fractions.

1 Identify the lowest common denominator (ILCD) by identifying the lowest common multiple (LCM)

of the denominators.
Write each fraction as an equivalent fraction with the LCD.

The sum of the algebraic fractions with a common denominator is then found by adding the

numerators. The difference of algebraic fractions with a common denominator is found by

subtracting the numerators.

For example,

The LCD of XZ 1 and%is 12, so:
x+1 x_x+1_3 x_2 x+1 x_x+1_3 x_2
4 "6~ 4 “3%6%2 4 6 4 ‘37672
_3(x+1) 24 3(x+1) 24
T12 12 T 12 12
_3x+3+2x _3x+3-2x
12 - 12
_Sx+3 x+3
12 ~ 12
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Example 2E.1 Simplifying algebraic fractions

Simplify each of these algebraic fractions.
a 82x+ 1) (x+9DGBx+ 1)
16 x+2)x+9)

1
a 1 Look for factors common to both the 8CQx+ 1) = 8Qx+1)

) 16 16°
numerator and the denominator to
determine the HCE The HCF is 8.
2 Divide both the numerator and the = %
denominator by 8. )
b 1 Look for factors common to both the b @+9Bx+1) (49 Gx+ 1)

Xx+2Dx+9 " (x+2 +9)!
numerator and the denominator to ¢ X ) (x ) (& )

determine the HCE The HCF is (x + 9).

2 Divide both the numerator and the _3x+1
. x+2
denominator by (x + 9).

Example 2E.2 Adding and subtracting algebraic fractions with =i
binomial numerators

Write each of these expressions as one fraction in simplest form.

2x+3 , x—1 Tx—1 3x+1
a 75—t b %

a 1 The LCM of 7 and 3 is 21. So write each a 2x7+3+x—1:2x+3xg+x—1xz

. . . . 7 7
fraction as an equivalent fraction with an 3 3

_3(@2x+3) N 7(x—1)
LCD of 21. = 51 51
2 Write the expression as a single fraction by = 3(2x + 3;;—7(96 - D
adding the numerators.
3 Expand the brackets. = W
4 Simplify the numerator by adding and _13x+2
subtracting like terms. 21
b 1 The LCM of 10 and 6 is 30. So write each b 7x161_3x6+1:7x161 x%—%x%
fraction as an equivalent fraction with an 3(7x — 1)‘ 53x+ 1) B

LCD of 30.

30 30
2 Write the expression as a single fraction by _30x-1) -5Gx+1)

30
subtracting the numerators.
3 Expand the brackets. — 2lx— 33_0 15x =5
4 Simplify the numerator by adding and = 6x3(—) 8
subtracting like terms.
5 Simplify by dividing the numerator and the - 3x1; 4

denominator by their HCF of 2.
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Example 2E.3 Multiplying and dividing algebraic fractions
Simplify the following expressions.
x(x —2) x+1D2x+1) b x+4 3kx+4)
x+3)2x+ D x—2)(x+3) X2 x-9
x(x —2) (x+D2x+1)

a 1 Write the expression as a single fraction by i D X CECTE)

_ox(x=2) x (x+ D2x+ 1)
T (x+3)Q2x+1) x (x—2)(x+3)

multiplying the numerators together and

the denominators together.

x(x—2)'(x + DRx+1)!

2 Look for common factors. Divide both the =
(x+3)Q2x+1)'(x=2)(x+3)

numerator and the denominator by (x — 2)

o x(x+1)
and (2x + 1). =t D+ 3)
3 Simplify. _xx+ D
(x+ 3)2
: : x+4.3x+4) x+4 x—9
b1 Z(ercl;eo;hse expression as the product of two b 7 T a9 T2 X3 o+ D
2 Write the expression as a single fraction by = W
multiplying the numerators together and XX 3x+4)
the denominators together. 1
3 Look for common factors. Divide both = W
the numerator and the denominator x9 FA4)
x —
by (x + 4). =32

Example 2E.4 Adding and subfracting algebraic fractions

Simplify the following expressions.

4 " 3 b 7x  _x-—3
x(x+1) (x+Dkx-1) x+1 x

a 1 TheLCMofx(s+ Dand (x+ D(x=1)  a x(xﬁ- SRAeTE 1)3(x =
is x(x + 1)(x — 1). Write each fraction as an 4 (x— 1) 3 .
equivalent fraction with the denominator Tx+ 1) x (x—1 + (x+ D(x—1) XX
x(x+ Dx—-1). _ 4(x-1) + 3x
x(x+ Dx—-1) x(x+Dx-1)
. . . . 4(x—1) + 3x

2 Write the expression as a single fraction by = e+ DE=1)
subtracting the numerators.

3 Expand the brackets in the numerator. = m

4 Simplify the numerator by adding and = %

subtracting like terms.
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b 1 TheLCMof (x+ 1) and xisx(x + 1).S0 b —X_ _X=3_

x+1
write each fraction as an equivalent fraction

with a denominator of x(x + 1).

2 Write the expression as a single fraction by
subtracting the numerators.

3 Expand the binomial product in the
numerator.

4 Simplify the numerator by adding and
subtracting like terms.

7x x x—3_ x+1
= e L

x+1 «x X x+1
_ Txxx =3+ 1)

x(x+ 1) x(x + 1)

_ Tx?—(x—=3)x+1)

x(x+ 1)

Tx?— (x> - 3x+x—3)

x(x+ 1)

_ Tx? = (x?—2x - 3)

x(x+ 1)

_Ix*—x*+2x+3

x(x+ 1)

_6x*+2x+3

x(x+ 1)

/

For example,

200+3) _x+3
4 2

term in the numerator by the denominator.

£%2¢x+3

o

v/ You don’t need to keep the brackets around a binomial factor if the other factors have been removed.

v/ Remember, if you want to turn an algebraic fraction into a sum of algebraic terms, you must divide every

M Exercise 2E Algebraic fractions

1-5,6(a,c,e, g.i.j). 7(a, c), 4-5(2" column), 6(b. d. f, h, j, k), 3-6(3 column), 7(h-1I),
8-10(1¢, 2" columns), 13(a-c) 7(b. d), 8-10,11,12,13-15, 16(a-c) 8-11,13,16-17
1 Simplify each of these algebraic fractions.
3x 9x 8x Axy
a 6 b 9xy ¢ 2x d 6y
2(x+ 3) 8(x—5) x(x —4) 3x(x+ 1)
10 = g8 7x h =55
2 Simplify each of these algebraic fractions.
(x—2)(x+5) b (x—6)(x+4) (x—Dx+3)
x+ Dx-2) x—2)x+4) x+3)x+1)
d x—7Nx+2) e x+4)(x-5) £ x—Dx+1)
(x—=7x—-8) x+4dx-5) x+Dx-1
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261 3 Simplify each of these algebraic fractions.

2E2 5

2E3 7

8

8x 14abc 5(a+1)

a dxy b 7ac ¢ alta+1)

d x(x + 3) S5(m - 2) £ (n+3)(n+7)
2(x + 3) € T5m0m - 2) 2(n+3)
3y2(y + x) h x*(x —4) i S50-3)(v+4)

SEETCREY) A+ D& -9 G+rHo-4)

. @+2)(r+3) K x+2)(x-1D)Rx+7) 1 @P*+2)p+6)(p—2)

) (r+3)(r+2) Cx+7(x—4)(x+2) 3p+6)(p+2)(p*+2)

Simplify each of these expressions.
3x x+2 x—3 5x x+4 x+1
x+2>< 6x b X ><x—3 ¢ x+1xx+4

d 6x . 2x e x+7 . x+7 £ 8 . 8
x—5"x-5 4dx  20x 2x+1  2x+1

Write each of these expressions as a single fraction in simplest form.
c+1 ¢ m—2 , m+1 x—2 X 4k +1 2k

2 74 "6 b T3y ¢ 2 75 d 775
Sx+1 x—3 x x-—1 b+4 b+1 2a—1 3a+1

€ T8 10 f s 73 s 12 h =7 6

Write each of these expressions as a single fraction in simplest form.
x+1 x+5 x+2 x—4 x—3 x—-1 x+4 x+2

a S+ 3= b T =+7¢ ¢ T4 tTg d 5 4
x—6 x—-3 x+1 x+4 2x+3 , x-7 x+5, 2x+1

¢ % T f 5% &€ 73 "3 h ==+

. 4x+7 5x-3 . 3x—1 2x-5 4—-x x-—-4 x2+2 x*+3

S L T k —==-73 1 =573

Simplify the following expressions.
a+2 2a+1 xx+1)  x+5

a -4 ar2 b x+5 ><x(x—3)

c _t+3 _UWt+3) d mm+2)  3m+1
4(t+5)  8@+5) (m—=3)Bm+1)" m(m+7)

o GEDE=2) x(x+5) ¢ x44 _x+5

x(x —2) (x—3)
2y+3 y+3
&€ V-1 730-9
(+6)(c—4) o Q2c+ 1)(c*+ 3)
(c+2)(?+3) (c—4)Q2c+1)

x23(x+2y)  x*x+2y)(x+ 1)

5(2a + b) @t+hG+2)

Y =20+ +y)x—2y)

(x—2)(x+4) x-2
(m+ 1)(m—2) m(m + 4)
m+Dm=3)  (m-1Dm=2)

n’(n+p)  (n—p)(n+2p)
n+2p n(n+ p)

b+ 2a

Simplify the following expressions.

6(x + 5)(x—-15) « (x—Dx+2)
(x—2)x+2)  3x+5x-1

Qx-DCx+2)  x+2)2x-1)

Gx=Dx+1)  Gx+ 1DBx-2)
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G-30(0+2)  @-bla+d) 2@G-3a)(a+b)

(x+ 3)(x+8) y 4x(x + 2)(x — 6)
dx(x+2)(x—3) " (x+3)(x+6)

5x(3x —5) B 103x — 5)(x + 8)
Cx+50Tx—-4) (Ix—4)2x+5)
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2e4 9 Simplify the following expressions.

2 3 k 3 3 1 X 2
a v m b k2+1+k ¢ y+2+y—3 d x+3 ' x
t 2 5 2 5 3 4 3
€ T¥sTio1 L | 8 ¥x+2 x+1 LY
i m_ 1 . a? 4 x 2x+3 p x+1__x
m—3 2m+1 J 3a+1"a 2 x+1 X x+1
10 Simplify the following expressions.
1, 3 2 L2- D
x+2) x+2)(x-2) x+Dx-1) (x+1)
1 2 4x 3
G+ TG G+ D) d oD - De-D
dx+2 3x X, 2x _ 3x
x(x—2) (x+2)(x-2) x+1 (x+Dx+2) &+ Dx+2)(x+3)
4-2x 3 4-2x 3x-1
g Yx+2) (x+r2(x-2) x(x + 2) X
11 Find the algebraic expression that is equal to a if %+%= 3 x4— S .
12 Find the algebraic expression that is equal to b if 5 % = %012

13 For each of the following, expand the brackets and write the final answer as a single fraction in simplest form.

For some, it may be helpful to simplify before expanding.

. (Les)(l- b

X 2 1
x + 1<x -1 x) d
14 Consider the expression —— — x=1
x+1 X

a Worite this expression as a single fraction in simplest form.

b Use your answer to part a to evaluate.

6 5 . 9 8 ... 99 98 .. 1000 999
776 1079 ™ 700 799 v 1001 ~ 1000
15 Consider the expression X — —%—_
vy y+1
a Worite this expression as a single fraction in simplest form.
b Use your answer to part a to evaluate.
5.5 o 77 i 67 67 o 11 11
6 7 " 10711 ™ 700 ~ 101 v 999 ~ 1000
16 Consider the following algebraic property: x — y = —(y — x).
Use this property to simplify the following algebraic fractions.
a—=> 4(m — n)
2 b-a b =
x=-DE -xkx-3) d (x+1)2X1—x
x+dHA -x)(x-15) x—1 x+ 1
x—5.5-x g 2@-%)  x-2
x+5 x-5 -4 T x+2
17 If%+%+%: 0 and @* + b+ ¢ = 1, what is the value of a + b + ¢?

Check your Student obook pro for these digital resources and more:

Interactive Interactive Worksheet
skillsheet @ skillsheet Simplifying
Multiplying and Adding and algebraic
dividing algebraic subtracting fractions
fractions algebraic

fractions
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Checkpoint quiz
;’? @ Check your

knowledge of the first

part of this chapter.

BN 1 Use the appropriate index law to simplify each of these expressions. v’ Core
. 2m* v Ad d
a %2 X% b o5 =2 c 22 vance
d (a?° e (3xy?)? f (@)3
EJ 2 Use the property a° = 1 to simplify each of the following.
a x° b 2y° c (3a?d)° d x°+ 9%+ 2°
B3 3 Rewrite each of these terms with positive indices.
=7
a y3 b 4x72 c %
2 a? -3 g4
a5 e & £ 507d

EAEN 4 Simplify the following expression, writing your answer using only positive indices.

3a’b® 2a3\
a’ X( b? )

B 5 Simplify each of these expressions.

a 4x+3x—x Sm? + 3m?

¢ 3a+5b+4a ¢+ 3d—4c+ 2d

- a o

e 3a’—-4a+2a’°+ 2a

2x Y _ Y «x m _m ., m
8 T34 1 S A

B3 6 For each of the following, find the missing term(s) that will make the equation true.

2x%y + 3xy — 4x%y + xy?

a 4ab+?="7ab b S5x*y+ 3xy+? = 11xy + 5x%y
c a’b—b*a+7?=2ab>+ a% d 2x2+3x—-6+?2=2x>+6
BN 7 Expand and simplify each of these algebraic expressions.
a 3(a+7) b 32y+ 1)+ 4
c 2(x—=5+x+2 d 3(x+2)-4x-4)
I B3 8 Expand and simplify each of the following.
a (a+1)(a+2) b (x—4)(x+6)
c (B—5)(k+5) d 2x-3)(x+2)
B3 9 Expand the following expressions:
a (x2—9)(x+2y) b (2x+3)(3x+xzz—2)
= B3 10 Write each of these expressions as a single fraction in simplest form.
- +1 5
i 5x12 : b i+
m>+1 m d 2x+1_x+2
4 5 3 7
IE B3 11 Simplify each of these algebraic fractions.
a ala+4) b (x+4)(x—3)
3(a+4) 5(x —3)
x+dHx-3)  x-3)(x+4) m?(m —1)(m + 3) « (m+1)(m—4)
(x+7)(2x—-3) 2x — 3 (m+3)(m+1) m3(m — 1)

=3 B3 12 Simplify each of these expressions.
x 3 x 12

x—2 x+1 R 4(x +2) x(x+2)

a
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2F Factorising

Learning intentions
By the end of this topic you will be able to ... @

Inter-year links

Year 7 2D Factors and the highest
v factorise algebraic expressions by identifying the highest common factor
common factor Year 8 5G Factorising
v’ factorise algebraic expressions by grouping terms Year 9 3E Factorising using the HCF

v factorise algebraic expressions using the ‘difference of two
squares’ and the ‘perfect square’ rules.

Factorising using the highest © rercomentiiaeo
common factor

e The distributive law can be used to factorise algebraic expressions by identifying the HCF of the terms
in the expression.

ab+ ac=a(b+ ¢

For example, the HCF of 2x? and —6x is 2x, so:

2x* — 6x = 2x(x — 3)

expanded form factorised form

Factorising by grouping terms

e [tis possible to find binomial factors of large algebraic expressions by grouping pairs of terms and
factorising each pair using their HCE

ac+ad+bc+bd=alc+d) +blc+d)
=(a+b)(c+d)

For example, x> + 2x — 3x + 6 can be factorised into a binomial product by grouping the terms x> + 2x
and —3x — 6, and then factorising each of them with a common factor of x + 2:

x>+ 2x—=3x—6=x(x+2)—3(x+2)
=(x+2)(x-3)

Factorising using the ‘difference of two squares’ rule

e Binomials that have the same terms but a different sign, such as a + b and a — b, are conjugates of each
other.

e If the expression is the difference of two squares, you can factorise it into the product of conjugate pairs
using the ‘difference of two squares’ rule:

a? - = (a+ b)(a-0b)

e [f the terms of a binomial expression have opposite signs, but both terms are not perfect squares, you
can still factorise the expression using surds. For example,

=3 =(x+V3)(x—+3)
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Factorising using the ‘perfect square’ rule

square’ rule.

@ + 2ab + b* = (a + b)?

For example,

X+ 6x+9=ux>+2)(3)+3°
= (x + 3)2

Example 2F.1 Factorising using the highest commmon factor

Factorise each of these expressions.
a 4n+ 36 b 2-7t

Identify that the HCF is 4 and write
each term as a product of the HCF
and its other factor.

Use the distributive law. Write the
HCEF before a pair of brackets
containing the sum of the remaining
factors.

Identify that the HCF is ¢ and write
each term as a product of the HCF
and its other factor.

Use the distributive law to factorise
the expression.

Identify that the HCF is x?y and
write each term as a product of the
HCEF and its other factor.

Use the distributive law to factorise
the expression.

Identify that the HCF is 3% and
write each term as a product of the
HCEF and its other factor.

Use the distributive law. Write the
HCEF before a pair of brackets
containing the sum of the remaining
factors.

74 — OXFORD MATHS 10 NSW CURRICULUM

c 5x’y—13x%y?

dn+36=4xn+4x9

=4(n+9)

P-Tt=txt+1x (=7)

=t(t-"7)

If the expression is of the same form as a perfect square, then you can factorise it using the ‘perfect

d 3klm + 9km — 6k

5x°y — 13x%y° = x%y x 5x% + x%y x (=1332)

= x*y(5x* — 13y?)

3klm + Okm — 6k = 3k X Im + 3k X 3m + 3k x (=2)

=3k(Im + 3m-2)
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Example 2F.2 Factorising by grouping terms =
Factorise a?> + 3a — 15b — 5ab by grouping terms.
1 Check for the HCF of all four terms. In this a’>+ 3a—-15b-5ab = (&’ + 3a) + (=15b— 5ab)
case there isn’t one. Pair the terms in groups of
two so that each pair has a common factor.
2 Use the distributive law to factorise each pair =a(a+ 3)—5b(a+ 3)
of terms.
3 Factorise using the common binomial factor, =(a+ 3)(a-5b)
which is (a + 3). Put the common binomial
factor in front of a new pair of brackets
containing the sum of the other factors.
Example 2F.3 Factorising using the ‘difference of two squares’ rule @

Factorise each of these expressions.
a 164>-49 b 124*-27

c (r+11)2-1

a 1 Check for the HCF of all the terms. Inthis a 16A?>—49 = (4h)>-7?

case there isn’t one. Write each term as a
square in index form.

2 Factorise using the ‘difference of two
squares’ rule.

= (4h + T)(4h—"T)

b 1 Check for the HCF of all the terms. In this b 12a* - 276% = 3(4a* - 9%?)

case, 3 is the HCE Using the distributive
law, factorise using the HCE

2 Write each term in the binomial factor as a
square in index form.

3 Factorise the binomial factor using the
‘difference of two squares’ rule.

= 3([22°)° - [30)%)

= 3(2& + 3b)(2a> - 3b)

¢ 1 Check for the HCF of all the terms. Inthis ¢ (r+ 11)?2-1=((r+ 11)2-12

case, there isn’t one. Write each term as a
square in index form.

2 Factorise using the ‘difference of two
squares’ rule.
3 Simplify each of the bracketed expressions.

OXFORD UNIVERSITY PRESS
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Example 2F.4 Factorising using the "difference of two squares’
rule and surds

Factorise each of these expressions.
a 25x*-7 b (y+5)2-12

a 1 Check for the HCF of the two terms. a 25x2—-7=(5x)*- (NV7)2
In this case there isn’t one. Write each
term as a square in index form.
2 TFactorise using the ‘difference of two = (5x +V7)(5x—=\7)
squares’ rule.
b 1 Check for the HCF of the two terms. b (v+52-12=(y+ 52— ({12)2
In this case there isn’t one. Write each
term as a square in index form.

2 Simplify the surd by factorising 12 so =(v+535)2*- (W4 x3)?
it is a product of 3 and 4, where 4 is a = (y+5)2= (V4 x3)2
perfect square. = (v + 52— (2V3)?

3 Factorise using the ‘difference of two =(y+5+2V3)(y+5-2v3)

squares’ rule.

Example 2F.5 Factorising using the ‘perfect square’ rule
Factorise each of these expressions.
a »-18r+ 81 b 16x?—56x + 49

a 1 Check for the HCF of all three a P-18t+81 =72+ 2(-9)t+ (-9)?

terms. In this case there isn’t one.
Identify that the square root of 2 is ,
the negative square root of 81 is -9,
and —18¢ is twice the product of both
these roots: 2 x (=9) x t.
2 Factorise using the ‘perfect square’ = (1-9)?
rule.

b 1 Check for the HCF of all three terms.
In this case there isn’t one. Identify
that the square root of 16x? is 4x,
the negative square root of 49 is -7,
and —56x is twice the product of both
these roots: 2 x (=7) x (4x).

2 Factorise using the ‘perfect square’ = (4x - 7)?

<

16x% — 56x + 49 = (4x)2 + 2 x (=7) x (4x) + (=7)2

rule.
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-
v/ It’s important that you are able to recognise when an expression can be factorised by grouping terms, or
by identifying it as the difference of two squares, or as a perfect square.
v/ Factorising an expression is the reverse process of expanding an expression. You can check if your
factorised solution is correct by expanding it to see if you get the same expression that you started with.
expanding >
7(a+2)=7a+ 14
< factorising
v/ Always check to see if the terms of an expression have any common factors. It is always best to start with
common factors before you move on with any other factorising methods.
For example, it is easier to identify that 3x?> + 18x + 27 can be solved using the ‘perfect square’ rule once
you take out 3 as a common factor:
3(x* + 6x+9) = 3(x + 3)?
v/ Remember that the difference of two squares requires one term to be positive and the other to be
negative. For example, the following are NOT the difference of two squares:
x*+y?> and -a’-4
o J

T3 Exercise 2F Factorising

1-2(1¢, 2" columns), 3, 4(a, c. e, 9). 5. 1-2(3" column), 4(b, e, h, i), 2(4™ column), 4(g-i), 6-7(3 column),
6(a,d, g.j). 7(a-f), 8,91+, 2" columns), 6-7(2" column), 9(2" column), 10, 9(j-r). 10, 13(4™ column), 15(i-1), 16,17,
10(a.d.g).11,12,13(a.e. g. h, j). 13(3, 4" columns), 15(d, g.i). 17,18 19-21

14,15(a-c)

1 Factorise each of these expressions.

a Sa+35 b 306+6 c 24+ 33¢ d 12d+8
e 8¢-18 f 35/-21 g 24+ l6g h 10-40h
i 9+9% j 16w —28x k m?+ 2m 1 n?-6n
m 5a+ a? n 9p-—p’ o 3¢°+ 3¢ p 2r”-8r
2 Factorise each of these expressions.
a 3x-12 b 6y-15 ¢ 8x?—16x d 4>+ 6k
e Sc+11c f Su-—4u? g 6m?—3m h y?+ 5y3
i 14:-8r i 9p® + 3p? k 4ab+ 3a 1 5¢2u- 3w
m 4m’n + 2mn? n 6x%y + 3xy o 15¢%+ 21cd p 18a%b3c — 12a*bc?
3 Complete the following factorisations so each expression is factorised using a negative HCE
a —2ab-4a®>= (-2a) X __+ (-2a) X 2a b -10x*+35x=_ x2x*+__x (-7)
=-2a(__+2a) =_@x*-7)
4 TFactorise each of these expressions using a negative HCE
a —6mn-—18 b —3ab-3bc c —?—-10y
d -18x*-9x e —4k+ 8k f -20a°-30a
g —12x%y + l4xy h -+ o’ i 46 + 20* - 6b*
5 a Using the binomial factor (x — 5) as the HCE show that y(x — 5) + 2(x — 5) is written in factorised form as
x=-5w+2).
b In the same way, show that 4a(3 + &%) =93 + k*) = (3 + k) (4a-9).
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6 Factorise each of these expressions using an HCF that is a binomial factor.

a alx+3)+5kx+3) b mk-2)+4k-2) c yw+5 +2(v+5)

d x(x-1)+9(x-1) e k(k+6)—3(k+6) f p(p-9)-6(p-9)

g 74-a)+ad-a) h 3n(2n-5)+42n-75) i x(¥+2)+80%+2)

j aa—-4) +3a-49 k 2x(*+1)-507+1) 1 5x(7-x%) +2(7-%%
2r2 7 Factorise each of these expressions by grouping terms.

a ab+4b+3a+ 12 b x*—7x+ 2xy—14y ¢ mn+ 5Sm—6n-30

d &+ 2a+5a+ 10 e X’—-x+4x—-4 f 2+8c—3c-24

g 6y-3y"+8—-4y h p>+2p*+5p+ 10 i x4+ x?+3x2+3

i 2mP+4m—-3m? -6 kK 4+4R2+ R + R 1 xy-15+5y—3x

8 a Expand (x + 5)(x — 5) using the ‘difference of two squares’ rule.

b Explain how you can factorise x? — 25.
2r3 9 Factorise each of these expressions.

a x*—4 b &?-36 c 100 -y?

d 640°-9 e 25-49p? f 4a®-81b

g 3m*-3 h 8k*-18 i (x)?-162°

j omt—n? k 4a'°-365° 1 ()2 —wt

m (h+3)*-25 n (c-4)?-9 o (2-x)?-«?

p 1-(a+b)? q 4-(y-5)? r (x+3)*—(x—6)?
2r4 10 Factorise each of these expressions. Hint: Where needed, use a surd to write a term as a square.

a x*-7 b a*-13 c 19-y?

d 16k -5 e (p+8)?2-2 f (m-4)7-6

g (x+7)2-3 h (v—1)2-19 i (d-17)2*-17

11 a Expand (x + 5)? using the ‘perfect square’ rule.
b Explain how you can factorise x*> + 10x + 25.

12 a Expand (v — 8)? using the ‘perfect square’ rule.
b Explain how you can factorise y* — 16y + 64.

2e5 13 Factorise each of these expressions using what you know from the ‘perfect square’ rule.

a x’+ 12x + 36 b m?+8m+ 16 c p?+20p+ 100 d y-6y+9
e x2—14x + 49 f P-dg+4 g 1+2a+a h 25-10x + »?
i 81-18b+ j @+ 2wx + x? k & —2km+ m? 1 9%+ 12x+4

14 a Write an expression for the missing side length of each rectangular item below.
i The area of the welcome mat is (x> — 100) cm?.
ii The area of the stained glass panel is (2x* + 3x) cm?.

(x—10) cm

b Write an expression in factorised form for the perimeter of each of the items above.
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15 Simplify each of these algebraic fractions by factorising the numerator and denominator when possible.

a a’+ 2a b + 2x c abc® — 4ab? d 2mn + m*n?
ab + 2b 3y2 + 6y ab mn + 2
x?—y? 3x + 15 9x2 — 15x m>— 49

€ 2x+2y f e tsx & 12x-20 h S T35,

i a’+ 2ab + b? j X’ +6x+9 K 16a® — 25 1 4x% + 28x + 49

a? - b? x?—9 8a? — 10a 49 — 4x2
16 Simplify each of the following.

a 3x + 21 ><4362—2096 b x?-1 % 15x + 45 ><2x2+2x

2x*—10x  x%>—49 10x2+30x  x*+2x+ 1 3x -3

17 Consider an odd number represented by the pronumeral 7.

a Write expressions for the next two odd numbers.
Write an expression for the sum of # and the next two odd numbers.
Factorise your expression from part b. Explain how this relates to one of the three odd numbers.
Use the shortcut you found in part ¢ to find the sum of 423, 425 and 427 without adding.
Investigate a shortcut for adding five consecutive odd numbers. Show your working.

Use the shortcut you found in part e to find the sum of 2671, 2673, 2675, 2677 and 2679 without adding.

- 0 o 6 o

18 In question 17, you found expressions for the sum of three consecutive odd numbers and five consecutive odd
numbers.

a Investigate shortcuts for finding the sum of an even number of consecutive odd terms. Start with two
consecutive odd numbers, then investigate for four consecutive odd numbers, then six consecutive odd
numbers, where the first term is » each time.

b Without adding, find the sum of the numbers listed below.
73,75,77,79, 81, 83, 85,87,89, 91
19 The difference between two numbers is 7 and the difference between the squares of the two numbers is 105.
What is the sum of the two numbers?
20 Factorising using the ‘difference of two squares’ method can be useful for simplifying certain multiplications.
Evaluate each of the following without a calculator by using the ‘difference of two squares’ factorisation method.

a 19x21 b 28 x32 c 83x77 d 54 x 46

21 Legend has it that the famous mathematician Carl Friedrich Gauss was once punished for misbehaving in
primary school by being told he had to find the sum of all the numbers from 1 to 100 before leaving class.
Much to his teacher’s surprise, he did so in seconds.

The shortcut Gauss probably used was to start by pairing the highest and lowest numbers together, like so:
1+100)+@C+99)+@B+98)+U+97) + ...

a What is the sum of each binomial pair in Gauss’s method?

b How many binomial pairs will there be once all of the numbers from 1 to 100 are grouped together?

Use your answers from parts b and ¢ to write the sum of all the numbers from 1 to 100 as the product of
two numbers. Evaluate this product to find Gauss’s solution.

d This method can be generalised to write the sum of all the numbers from 1 to #, for any positive integer 7.
Write the sum of all the numbers from 1 to # as a factorised expression in terms of 7.

Check your Student obook pro for these digital resources and more: @

20 Interactive skillsheet g Interactive skillsheet 9 Interactive skillsheet Topic quiz
Factorising using Factorising by grouping Factorising the 2F

the HCF terms difference of two squares
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2G Factorising quadratic
expressions

Learning intentions @

Inter-year links

By the end of this topic you will be able to ... Year 7 2D Factors and the highest
v factorise quadratic expressions by considering common factor
each term. Year 8 5G Factorising
Year 9 3F Factorising monic quadratic

expressions

Qucdra-hc Trlnomlcls e Key content video

e A quadratic expression is an algebraic expression that contains a squared pronumeral, with no
exponents greater than 2 in the expression. The following are all quadratic expressions:
67 X2+ 5 k* + 14k + 30 4% — a?
e A trinomial is an algebraic expression that contains three terms.

e A quadratic trinomial is an algebraic expression of the form ax? + bx + ¢, where a, b and ¢ are
constants and a # 0.

ax? + bx + ¢

a is the leading coefficient, b is the coefficient of the linear term, and c¢ is the constant term that can be
viewed as the coefficient of x°.

e A monic quadratic is a quadratic in which the leading coefficient is equal to 1.

x>+ bx + ¢

Factorising monic quadratic trinomials

e Expanding a binomial product of the form (x + ) (x + 7) results in a monic quadratic trinomial:
x4+ m)(x + n) = x> + mx + nx + mn
= x2 + (m + mx + mn
=x>+bx+c where b=m +nand ¢ = m x n
e The process can be reversed to factorise a monic quadratic trinomial, x> + bx + ¢ , by finding two
numbers (m and ») that add to give b and multiply to give c.

For example, in the quadratic trinomial x?> + 4x + 3, the linear coefficient is 4 (thatis, b6 = 4) and the
constant is 3 (that is, ¢ = 3). So the values m = 3 and » = 1 satisfy the conditions b = m + nand ¢ = m X n.

¥*+4dx+3=x>+ B+ Dx+ 3x1)
=(x+3)(x+1)

expanding

<

X+4x+3=(x+1(x+3)

quadratic trinomial  binomial product
(expanded form) (factorised form)

factorising
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Example 2G.1 Factorising simple quadratic trinomials

Factorise each of these quadratic trinomials.
a x>+6x+5

For x? + 6x + 5, list the factor pairs of the
constant term, 5. Remember that, if the
positive/negative sign is changed for both
factors, the product will be the same. So
there are two combinations of factor pairs
with the same numerals.
2 Add the factor pairs together and identify
which pair add to the linear coefficient, 6.
3  Write the expression in factorised form.
b 1 For x? + 9x + 18, list the factor pairs of the
constant term, 18.
2 Add the factor pairs together and identify
which pair add to the linear coefficient, 9.

3 Write the expression in factorised form.

Example 2G.2 Factorising more complex quadratic frinomials

Factorise each of these quadratic trinomials.

a x*+2x-3 b x*-7x-8

1 List the factor pairs of the constant term.
Remember that, if the positive/negative sign
is changed for both factors, the product
will be the same. So there are always two
combinations of factor pairs with the same
numerals.

2 Add the factor pairs together and identify
which pair add to the linear coefficient.

3 Write the expression in factorised form.

OXFORD UNIVERSITY PRESS

b x*+9x+ 18

b I x(-8)=-8—

c I1x6=6—

a 1x5=5-> 1+5=6
(D) x(-5)=5->-1-5=-6

X+6x+5=(x+1(x+5)

1x18=18= 1+18=19
(-1) x (-18) =18 > -1 - 18 =—19
2x9=18> 2+9=11
(=2) x (-9) =18 > —-2-9=-11
3x6=18> 3+6=9
(-3)x (-6) =18 > -3-6=-9

X +9%+18=(x+3)(x+6)

c x*-5x+6

a 1x-3=-35 1-3=-2

(-1)x3=-3-5-1+3=+2
X +2x=-3=(x+3)(x-1)
1-8=-7

(-1)x8=-8—>-1+8=7

2x (—4)=—-8— 2-4=-2

(-2)x4=-8—-2+4=2
X=-7x-8=(x-8)(x+1)
1+6=7
(D) x(-6)=6—>-1-6=-7

2X3=6—> 2+3=5
(-2)x (-3)=6—>-2-3=-5
xX*=5x+6=(x-3)(x-2)
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Example 2G.3 Factorising quadratic trinomials by first faking out a
common factor

Factorise these by first taking out a common factor.

a 2x>—10x-12 b -3x2+12x-9
1 If the coefficient of x? is not 1, look for a common a 2x2-10x-12=2(x*-5x-6)
factor of the three terms. Write the HCF before the -1x6=-6>-1+6=5
brackets. Inside the brackets, write the results of Ix(-6)=-6—->1-6=-5
dividing each term by the HCFE. —2%x3=-6->-2+3=1

2x(=3)=-6-2-3=-1
2x2—10x—12=2(x*-5x—6)
=2(x—-6)(x+ 1)

b -3x2+12x-9=-3(x>-4x+ 3)
1x3=3—-> 14+3=4

2 List the factor pairs of the constant term each time.
Remember that, if the positive/negative sign is changed
for both factors, the product will be the same. So there
are always two combinations of factor pairs with the

same numerals. (- x(-3)=3->-1-3=-4
3 Add the factor pairs together and identify which pair -3x% + 12x -9 =-3(x’—4x + 3)
add to the linear coefficient. =-3(kx-3)(x-1)

4 Write the expression in factorised form.

) (oo )

v You can always check your factorised quadratic by expanding your solution to see if you get the same
expression that you started with.

v/ You don’t need to list all the factor pairs of the constant term. Just write each new pair as you go and stop
when you find the pair that add to give the linear term.

v/ You don’t always need to consider all the factor pairs of the constant term, ¢, to factorise a quadratic of
the form x? + bx + c.

If the constant term, ¢, is positive, then both factors have the same sign. So:
— if b is also positive, both factors are positive
— if b is negative, both factors are negative.

v Remember, always look for common factors! You should start by checking to see if the leading coefficient
is a common factor of all the terms.

M Exercise 2G Factorising quadratic expressions

1,2, 3(1¢ column), 4, 5, 6(1%' column), 3(29, 3 columns), 3(3 column), 6-7(2", 3 columns),
7(a,d, g.h,k),8(a, b, e,f),9a,c) 10 6-7(2", 3 columns), 8(e-h), 8(e-h),9(b.d),11,13-14,16,17
9(b. d).12,15,17

1 For each of these pairs of numbers, identify the two numbers that multiply together to give the first number
and add together to give the second number.

a 7,8 b 16,10 c 45,14 d 60,16 e 36,13 f 24,11
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2 Use your results from question 1 to factorise each of these quadratic trinomials.

a x*’+8x+7 b x>+ 10x+ 16
d x*+ 16x+ 60 e x>+ 13x+ 36
26.1 3 Factorise each of these quadratic trinomials.

a x*+3x+2 b x¥>’+5x+6

d x?+ 12x+ 27 e x*+7x+10
g xX*+6x+9 h x>+ 12x+ 11
j ox?+ 12x+ 32 k x?+ 16x + 63
m x*+ 11x + 30 n x>+ 13x+ 22

c
f

L T

o

x? + 14x + 45
x>+ 11x + 24

x*+ 11x+ 10
X2+ 9x + 14
x? 4+ 11x + 18
x? 4+ 14x + 40
x? 4+ 15x + 36

ADNINTd ANV ONIANVLSdIANN |

4 For each of these pairs of numbers, identify the two numbers that multiply together to give the first number

and add together to give the second number.

a -8,7 b 6,-7 -35,-2
d -15,2 e -8,-2 30,-11
5 Use your results from question 4 to factorise each of these quadratic trinomials.
a x*+7x-8 b x*-7x+6 x?—2x-35
d x*+2x-15 e x*-2x-8 f x*-11x+ 30
26.2 6 Factorise each of these quadratic trinomials.
a x*+4x-12 b x*-8x-20 c x*-5x+6
d x*+6x-27 e x*—13x+40 f x*-x-20
g x*+4x-21 h x*-14x+ 33 i x*?-3x-28
j P +x-12 k x*-7x-18 1 x*-15x+ 56
26.3 7 Factorise each of these quadratic trinomials by first taking out a common factor.
a 2x*+ 18x+ 16 b 3x>+ 15x+ 18 c 7x*+ 14x-56
d -5x2-35x-60 e —4x?+ 28x-40 6 — 5x — x?
g 2x*+ 14x — 36 h 19x? - 38x — 57 i —3x?2+33x+78
j 6x—-2x>-4 k %x2+%x—2 1 %x2+x—6
8 Simplify each of the following algebraic fractions.
x>+ 6x+8 p X+2 c x* + 6x
X+ 2 x2— 4 x4+ 4x— 12
d x?—8x+ 15 e 2x> =50 £ 11x2 — 22x
x*-9 x2+ 7x+ 10 11x2 — 44
x*+2x+1 4x2 4+ 8x — 60 3x2—9x — 30
1 —x? 2x2 4+ 18x + 40 6x2 + 42x + 60
9 Simplify each of these expressions using the most appropriate method.
x2+x—20xx2—4x8x2—40x b X ><x2—49+xz—5x—14
x?—6x+8 x?-25" 4x?+8x x+7 3x x?—4x—12
c 3x+3x  x?—Tx+12 , x+5 d x2+9x+18+3x+18+3x—5
x—3 6x% + 6x 3 2x+ 6 Sx—1 8 _
10 Choose the most appropriate method to factorise each of these expressions. Then factorise them. ]
a x’+ 15x+ 44 b x*-2x-15 c X*+4x+4
d 3x*-18x+24 e 5x*-45 f 2x*>-8x
11 Explain why each of these expressions cannot be factorised using the methods covered so far.
a x*+9 b (x—3)2+16 c (x+1)2+4
d x¥>-4x+5 e (x+2)—4x f x>+ 12x+ 40 |
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12 Consider the following two rectangles:

X

12m

2x
(x+1.5)m

a Worite an expression for the area of each rectangle in terms of x.
b Write an expression for the total area of the two rectangles in terms of x.

¢ The total area of the two rectangles can be combined and reshaped to form two equally sized squares.

What is the side length of these squares, in terms of x?

13 The triangle below has a ba