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PREFACE

Teachers, it’s time to declutter and start teaching maths again. You asked and we listened.

New Century Maths 7-10 has been refreshed for the 2020s classroom, featuring explicit grading of
exercise questions, more ‘flipped classroom’ video tutorials, more applications and problem-solving
questions, and worked solutions to every question.

In schools for over 25 years, New Century Maths is carefully mapped to the NSW syllabus and built
on solid pedagogical foundations that integrate into every chapter practical classroom activities,
engaging investigations, problem-solving, reasoning, communicating, reflecting, summarising,
extension, revision, mental calculation, technology, numeracy and literacy.

We publish 2 levels of mathematics books for Years 9 and 10 (Stage 5):

«  New Century Maths, covering NSW Stages 5.1/5.2

» New Century Maths Advanced, covering NSW Stages 5.1/5.2/5.3

This book, New Century Maths 9, has been designed for Year 9 students progressing along Stages 5.1
or 5.2 of the continuum.

The NelsonNet students and teacher websites contain worksheets, video tutorials, topic tests, worked
solutions, and much more. We have provided an abundance of resources for teachers to plan and
teach for a variety of pathways. New Century Maths is clear, concise, fresh and smart. We have
designed this series to be user-friendly and uncomplicated so that teachers and students everywhere
can pick it up and use straight away. So let’s get started.

About the authors

Klaas Bootsma was head teacher of mathematics at Ambarvale High School in Campbelltown and
has taught at Lurnea and Grantham high schools. He was a senior HSC marker and has worked on
the HSC Advice Line. Klaas also co-wrote New Century Maths 11-12 Mathematics Standard 2.

David Badger was principal of Toongabbie Christian School, deputy principal at Mt Annan
Christian College and head teacher of mathematics at Eagle Vale High School.
He has been involved in HSC marking and has worked on the HSC Advice Line.

Sarah Hamper teaches at Abbotsleigh School in Wahroonga and has taught at Meriden and Tara
Anglican schools. She has an interest in gifted and talented (GAT) students and girls education.
Sarah also co-wrote New Century Maths 11-12 Mathematics Standard 2.

Series editor Robert Yen taught at Hurlstone Agricultural High School. He co-wrote New Century
Maths 11-12 Mathematics Standard 2, co-edited Reflections, the MANSW journal, and now works for
Cengage as the mathematics publisher.

Contributing authors

Megan Boltze, Robert Yen and Deborah Smith wrote many of the NelsonNet worksheets and
topic tests.

John Drake, Katie Jackson, Joanne Magner, Scott Smith and Robert Yen created the video
tutorials.
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Earning money
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~N
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Equations

Algebra

~N

Equations
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(Stage 5.2)
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Surface area and volume

STATISTICS AND PROBABILITY
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(Stages 5.1, 5.2)
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Numeracy and calculation
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chapter
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Graphs

Algebra

~N

Equations and inequalities
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Trigonometry

Geometry

Surface area and volume

Investigating data

Investigating data

Probability
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NUMBER AND ALGEBRA

Real numbers

SYLLABUS GRIDS

Numeracy and calculation
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Linear and non-linear relationships Equations

-
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MEASUREMENT AND GEOMETRY
Using units of measurement Surface area and volume
Geometric reasoning Geometry

Congruent and similar figures
Pythagoras and trigonometry Pythagoras’ theorem
Trigonometry

STATISTICS AND PROBABILITY

n Probability

n Analysing data

Chance

Data representation and
interpretation
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Year 9 content descriptions
@ | SR o Australian Curriculum descriptions (© ACARA 2012).

Content description
NUMBER AND ALGEBRA
Real numbers

ACMNAZ208: Solve problems involving direct proportion. Explore the
relationship between graphs and equations corresponding to simple rate
problems

ACMNA209: Apply index laws to numerical expressions with integer
indices

ACMNA210: Express numbers in scientific notation
Money and financial mathematics
ACMNAZ211: Solve problems involving simple interest
Patterns and algebra

ACMNA212: Extend and apply the index laws to variables, using positive
integer indices and the zero index

ACMNAZ213: Apply the distributive law to the expansion of algebraic
expressions, including binomials, and collect like terms where appropriate

YEAR 10 ACMNA234: Substitute values into formulas to determine an
unknown

YEAR 10 ACMNAZ235: Solve problems involving linear equations, including

those derived from formulas
Linear and non-linear relationships

ACMNA214: Find the distance between two points located on a Cartesian
plane using a range of strategies, including graphing software

ACMNA215: Sketch linear graphs using the coordinates of two points and
solve linear equations

ACMNA294: Find the midpoint and gradient of a line segment (interval) on

the Cartesian plane using a range of strategies, including graphing software

ACMNA296: Graph simple non-linear relations with and without the use of

digital technologies and solve simple related equations

X New Century Maths 9

New Century Maths 9 chapter

Coordinate geometry and graphs

E Indices

H Indices

n Numeracy and calculation

Indices
Algebra

Equations

Coordinate geometry and graphs

7/ | Equations

Coordinate geometry and graphs

Coordinate geometry and graphs

Coordinate geometry and graphs
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Content description New Century Maths 9 chapter
MEASUREMENT AND GEOMETRY

Using units of measurement @
ACMMG216: Calculate the areas of composite shapes Surface area and volume E
ACMMG217: Calculate the surface area and volume of cylinders and solve Surface area and volume g
related problems g
ACMMG218: Solve problems involving the surface area and volume of right Surface area and volume ;_'
prisms @
ACMMG219: Investigate very small and very large time scales and intervals Surface area and volume

Geometric reasoning

ACMMG220: Use the enlargement transformation to explain similarity and Congruent and similar figures
develop the conditions for triangles to be similar

ACMMG221: Solve problems using ratio and scale factors in similar figures Congruent and similar figures
Pythagoras and trigonometry

ACMMG222: Investigate Pythagoras’ theorem and its application to solving Pythagoras’ theorem
simple problems involving right-angled triangles

ACMMG223: Use similarity to investigate the constancy of the sine, cosine Trigonometry
and tangent ratios for a given angle in right-angled triangles

ACMMG224: Apply trigonometry to solve right-angled triangle problems Trigonometry
STATISTICS AND PROBABILITY
Chance

ACMSP225: List all outcomes for two-step chance experiments, both with
and without replacement using tree diagrams or arrays. Assign probabilities
to outcomes and determine probabilities for events

Probability

ACMSP226: Calculate relative frequencies from given or collected data to
estimate probabilities of events involving ‘and’ or ‘or’

Probability

ACMSP227: Investigate reports of surveys in digital media and elsewhere
for information on how data were obtained to estimate population means
and medians

Probability

Data representation and interpretation

ACMSP228: Identify everyday questions and issues involving at least one
numerical and at least one categorical variable, and collect data directly
from secondary sources

Investigating data

ACMSP282: Construct back-to-back stem-and-leaf plots and histograms
and describe data, using terms including ‘skewed’, ‘symmetric’ and
‘bi-modal’

Investigating data

ACMSP283: Compare data displays using mean, median and range to
describe and interpret numerical data sets in terms of location (centre) and
spread

Investigating data
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ABOUT THIS BOOK

Coverage of the syllabus

«  New Century Maths 9 covers both the NSW
syllabus and the Australian curriculum, as
shown by the table of contents and syllabus

grids on the previous pages.

+ This book contains Stages 5.1 and 5.2 content.
Stage 5.2 content is marked by * and coded in
orange, while NSW-only content that is not
Australian curriculum is marked with #.

« Each chapter begins with a chapter outline

Working mathematically

6.01 Angle geometry Uu | F R | C

6.02 Triangle geometry u F R | C

6.03 Quadrilateral geometry u F R | C

6.04 Angle sum of a polygon** u F R | C

6.05 Exterior angle sum of a u F R | C
convex polygon*#

*STAGE 5.2

#NSW ONLY, NOT AUSTRALIAN CURRICULUM

that includes the Working Mathematically
proficiencies covered in each section.

U = UNDERSTANDING

Understanding is ‘knowing

and relating’ maths. It is more
than just learning facts. Itis
deep understanding, seeing

how mathematical content is
interconnected, knowing ‘why’ as
well as ‘how’.

F = FLUENCY

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

PS = PROBLEM SOLVING

Problem solving is ‘'modelling
and investigating’ with maths.

It involves interpreting a rich,
elaborate problem, selecting

an appropriate strategy or
model, solving the problem, then
evaluating, communicating and
justifying the solution.

R = REASONING

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

using algebra, logic, proof and
justification.

C = COMMUNICATING

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

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

solving, Reasoning and Communicating are found in the Investigations, Technology,
Mental skills, Language of Maths and Topic overview activities, and explicitly labelled in

every exercise. (see ‘In each chapter’ next page)

New Century Maths 9
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At the beginning of each chapter

A Chapter outline and Wordbank
chapter glossary (a full glossary at the back of
the book).

Skilléheck reviews prerequisite skills and
knowledge for the chapter.
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In each chapter

« Important facts and »  Glossary terms are printed » Graded exercises are linked
formulas are highlighted in in red. to worked examples and
a shaded box. include multiple-choice

questions, exam-style
problems and realistic

Example 1
Evaluate each expression. e ® A ;
2+ (-7) b -3+(-9) c 9-(-8) d (12)-(7D) repeat “stopping).
pechs 0.6 0.875 0057
Solution ing inating, They have an i
ut there s no pattern. irrati b
a 124(N=12-7 Adding (7) is the same as subtracting 7 but there s no patt
., =341 592653 /3 =1732050 808
o convert a fraction o decimal, divide its numerator by is denominator
b 34(-9)=-3-9 +(-9)=-9
=12 Example 10
c 9-(8)=9+8 Subtracting (-8) is the same as adding § e o
=17 oY b U
d -12-(7)=-12+7 “D=+7 R =
. Solution
ANES.TS b oH_qi40

Multiplying and dividing positive and negative numbers “—oss 0275 aterminating decmal

=08} (a recurring decimal)

dividi ity by a negat i answer EXERCISE 3.02 answers o

. [
Example 2

BB et cach fracton as a decimal

De

a b c 2= a 7
Evaluate each expression. », (4 ou »
0 <O b <l ) ¢ W ! e s 5 b o
d -72:(8) e -42:6 f 1563 JE3 Write each decimal asa fraction.
Solution a 035 b 0008 c 04 d 00017
a sx(9)=40 2 negatives @ | B Wit cach et of decimals n ascending orer
b —4x11=-44 e ety L 4 a 07,0707,7.007, 07007 b 0202,022,002202,0002
© ELEND apcltiveend enczative I Vrite cach setof decimals in descending order.
d 72:(8=9 2 negatives a2 603,61,633,06005,6.3033 b 3.0667,36,3.66,3.606
e —7 anegative and a positive

Wiite dsa we
1 a positive and a negative & ®

I st cach exprssion.
EXERCISE 3.01 s on a 2rse 5045761 sass-2297

4 021411 w71 24932+ 1208
g 153-n2s ss804-27.26 130418407
0 For cach pir ofintegers wrie > or < o matke atue staterent. 8 Joesrn K a2 16am 4560007
247 b9 1 e 45 B i 2 dcimals that have  ifference of .55,

™ o largest): §,-13,-5,2,-1,0.
1

-]

T Fominin

The exercise questions are colour-coded for ! Specific questions are also labelled
level of difficulty: [BS! for Problem solving, [R] for Reasoning
Foundation  Standard Complex and . for Communicating.
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Investigations explore
the syllabus in more
detail, through group
work, discovery and
modelling activities.

Technology includes
spreadsheets,
dynamic geometry
software and the
Internet.

Mental skills
reinforce mental
calculation strategies
(‘calculator-free
maths’)

Did you know?
contains interesting
facts and
applications of the
mathematics learned
in the chapter.

At the end of each chapter
Power plus is an extension/challenge exercise.

Language of maths has a chapter word list and
literacy questions.

Topic summary has a mind map exercise.

Test Yourself contains chapter revision linked to
the relevant exercise set.

Practice sets after every 3-4 chapters.

At the end of the book

General practice exercise

Answers (worked solutions are on the teacher website).

L

600000 00000

00 0

ANSWERS GLOSSARY AND INDEX

Glossary and index

NelsonNet student website

Visit the NelsonNet student website, www.nelsonnet.com.au to access 100+ worksheets,

70+ videos and more:

Worksheets and puzzle sheets

Puzzle sheet

Workshoots

Video tutorials: Technology
worked examples worksheets
explained by

‘flipped classroom’

teachers Video wieria

New Century Maths 9

Skillsheets of examples and exercises

Skillsheet

Chapter quizzes:
interactive and
self-marking

Technol
cennelody Chapter quiz
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NelsonNet teacher website

Teachers can access the NelsonNet teacher
website, also at www.nelsonnet.com.au, for:

» ateaching program

« Topic tests

«  Worked solutions to every question

* Quiz questionbank

Note: Complimentary access to these resources
is only available to teachers who use this book as
a core educational resource in their classroom.
Contact your Cengage Education Consultant for
information about access codes and conditions.

NelsonNetBook

NelsonNetBook is the web-based interactive
version of this book found on NelsonNet.

« To each page of NelsonNetBook you can add
notes, voice and sound bites, highlighting,
weblinks and bookmarks

« Zoom and Search functions

« Chapters can be customised for different
groups of students

New Century Maths 7-10
workbooks

Each New Century Maths title has a companion
workbook for students to write in, sold
separately, containing 200 pages of worksheets,
puzzle sheets, StartUp topic assignments and
weekly homework assignments. Handy for
homework, class assessment, practice, revision,
relief classes or ‘catch-up’ lessons.

New Century Maths / Maths in Focus 7-12 series

R Vo e
ADVANCED &
K #
10
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MATHEMATICAL VERBS

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

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

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

comment: express an observation or opinion
about a result

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

compare: show how two or more things are
similar or different

construct: draw an accurate diagram

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

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

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

evaluate, calculate: find the value of a
numerical expression, for example, 3 X 82 or
4x+ 1whenx=5

expand: remove brackets in an algebraic
expression by multiplying, for example,
expanding 3(2y + 1) gives 6y + 3

explain: describe why or how

factorise: take out the highest common facor
(HCF) of an expression and insert brackets,

for example, factorising 5x — 20 gives 5(x - 4).
The opposite of expand.

give reasons: show the rules or thinking used
when solving a problem. See also justify.
graph: display on a number line, number plane
or statistical graph.

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

identify: see classify.

increase: make larger

interpret: find meaning in an answer or result
justify: give reasons or evidence to support your
argument or conclusion. See also give reasons.

New Century Maths 9

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

prove that: see show that

recall: remember and state.

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

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

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

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

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

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

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

20 5

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

sketch: draw a rough diagram that shows
the general shape or ideas, less accurate than
construct

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

substitute: replace a variable by a number and
evaluate

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

write correct to: See round (a number).

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

9780170453233



SYMBOLS AND ABBREVIATIONS

= is equal to b x cubed, x X x X x
= is not equal to 3 square root, radical sign
~ is approximately equal to I cube root
< is less than P(E) the probability of event E occurring
> is greater than P(E) the probability of event E not
< is less than or equal to occurring
> is greater than or equal to LHS left-hand side
O parentheses, round brackets RHS right-hand side
[] (square) brackets % percentage
{} braces p-a. per annum (per year)
aE plus or minus sin sine ratio
=3 negative 3 cos cosine ratio
b pi = 3.14159 tan tangent ratio
0.152 the recurring decimal 0.152152 ... X the mean
° degree o the standard deviation
42°17°54” 42 degrees, 17 minutes, 54 seconds z the sum of
ZA angle A Q first quartile or lower quartile
/\ ABC triangle ABC Q, median (second quartile)
Il is parallel to Q; third quartile or upper quartile
1 is perpendicular to IQR interquartile range
= is congruent to o alpha
] is similar to 0 theta
therefore M micro-, mu
x? x squared, x X x m gradient
9780170453233 Symbols and abbreviations
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Chapter outline Wordbank

Working mathematically

1.01 From words to algebraic
expressions

1.02 Substitution

1.03 Adding and subtracting
terms

1.04 Multiplying and dividing
terms

1.05 Adding and subtracting
algebraic fractions*

1.06 Multiplying and dividing
algebraic fractions*

1.07 Expanding expressions
1.08 Factorising expressions

1.09 Expanding binomial
products*

* STAGE 5.2

U = Understanding | F = Fluency | PS = Problem solving | R = Reasoning |

binomial An algebraic expression that consists of 2 terms, for
example, 4a+9,3 -y, x> - 4x

consecutive numbers Any series of integers that follow each
other in order, for example, 8,9 and 10

evaluate To find the value of an algebraic expression or formula
expand To rewrite an expression such as 5(2k - 6) without
grouping symbols; for example, 5(2k - 6) expands to 10k — 30
factorise To rewrite an expression with grouping symbols,

by taking out the greatest common divisor; factorising is the
opposite of expanding; for example, 9r? + 36r factorised is
or(r+ 4)

highest common factor (HCF) The largest term that is a factor
of 2 or more terms, for example, the HCF of 9r? + 36r is 9r; also
called greatest common divisor (GCD)

simplify To make shorter or less complex, for example, 4a + 3a
simplifies to 7a

substitute To replace a variable with a number in an algebraic
expression or formula

variable A symbol, such as a, b or ¢ used to represent numbers

C = Communication

9780170453233

Alamy Stoek Photo/Reinhard Dirscherl

Chapter 1 | Algebra 3



In this chapter you will:

« convert between worded and algebraic expressions

substitute values to evaluate algebraic expressions

add, subtract, multiply and divide algebraic expressions

(STAGE 5.2) add, subtract, multiply and divide simple algebraic fractions

expand algebraic expressions

factorise algebraic expressions

(STAGE 5.2) expand binomial products

SkillCheck aswersonr ses

1 Write an algebraic expression for each statement.
a Thesum of m and n b  The product of n and m

¢ Increase nby5 d Decrease 5 by n

2 If p = 4, find the value of each expression.

a p+6 b 3p c p? d 10p?

3 State whether each pair of terms are like or unlike terms.
a 2yand5y b 8aband 7ba ¢ o6pand-p
d 3x?and 3y? e 5m?and3m f 4w’y and 12w?)?

4 Simplify each expression.

a 5Sn+é6n b 9% -3h ¢ 10pq-qp d x>+ 4x

e 4xw f 8x5x g 2gx3h h 3yxey

i 10x:2 j 6b:h kK 1o | B

8x 25n
5 Evaluate each expression.

a 2k A e i d 2.2
S 4 5 8 2 ST

et £ ol g e h 2.2
B 5 8 3 9 10 6 4

From words to algebraic expressions

In algebra, letters of the alphabet are used to represent numbers. Such letters are called
variables. For example, a general way of stating ‘any number plus 5’ is the algebraic
Generclied  €Xpression ‘n + 5’ where the variable n stands for ‘any number.’

arithmetic

« niscalled a variable because its value can change (vary)

« nisalso called a pronumeral because it stands for a number

Algebraic
expressions

4 New Century Maths 9 9780170453233



Variables are useful for writing general rules or formulas.

For example, the average of the 2 numbers 7 and 11 is Lt

= 9. In general, we can say

that the average of any 2 numbers, x and y, is the algebraic expression o]

Example 1

Convert each statement to an algebraic expression.
a The difference between 2 numbers m and n.

b The product of 4 and a number h.

Solution
a m-n Difference is the answer to a subtraction
b 4xh=4h Product is the answer to a multiplication

Example 2

Write an algebraic expression for the result of each statement.

a Think of a number (n), multiply it by 3 and then subtract 5.
b Think of a number (n), subtract 5 and then multiply by 3.

¢ Think of a number (n), divide by 2 and then add 7.

d Think of a number (n), add 7 and then divide by 2.

Solution
a nx3-5=3n-5 b (n-5%x3=3n-5)

d n-+7

c n+2+7=§+7 m+7+2="7

Example 3

a Find the number of hours in:
i 180 minutes il tminutes.

b A mobile phone plan costs $24 per month plus $10/GB for excess data use over 8 GB.
Find the total cost of the plan for:

i 12 months and 10 GB of data used per month

ii  wmonths and 15 GB of data used per month

Solution
a i Number of hours = 180 + 60 il Number of hours = ¢ + 60
= = %’6
b i Total cost =12 X ($24 + 2 X $10) 10 GB is 2 GB over 8 GB
= $528
ii  Total cost =w X ($24 + 7 X $10) 15 GB is 7 GB over 8 GB
= $94w

9780170453233 Chapter 1 | Algebra
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EXERCISE 1.01 ANSWERS ON P. 568

From words to algebraic expressions

n Match each worded statement from column A with the correct algebraic expression from
column B if x stands for ‘a number’.

a
c
e
9

£ @ o 3 x -

Q 60 T o

Column A

a  The sum of a number and 8.

b  Divide a number by 6.

¢ 11 less than a number.

d  The product of a number and 7.
e Increase 20 by a number.

f  Multiply a number by 3.

g The difference between a number and 6.
h  Divide 20 by a number.

i Decrease a number by 2.

j 20 decreased by a number.

k 13 more than a number.

I Anumber multiplied by itself.
m  Subtract seven from a number.
n  Double a number.

o Remove a number from 30.

p 30 less than a number.

q 5lots of a number.

5 more than x.

The product of 4 and k.

Increase 7 by d.

The difference between 9g and 4y.
Decrease 3d by 2w.

How many times r goes into t.

2 less than double a.

One-third of the product of g and h.

4 less than twice n

b

- == =h o

= T 3

Column B
A 2
B x-11
C 5x
D x-6
E x+13
F .2_0
X
G 20-x
H 20+x
1 3x
J 30-x
K x-30
L x+8
X
M s
N..{1x.=.2
0 x-7
P 7x
Q x

E Write an algebraic expression for each statement. .
3 less than m.

20 divided by w.

The product of h and k.
5a divided by 4.

The square of k.
Subtract 7p from 2q.

5 more than half d.
Three times n less seven.

10 more than negative b.

rite an algebraic expression for the result of each statement. E

Think of a number (¢), multiply it by 3 and then add 5.
Think of a number (¢), add 5 and then multiply by 3.

Think of a number (w), multiply it by 7 and then subtract 4.
Think of a number (w), subtract 4 and then multiply by 7.

New Century Maths 9
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e Think of a number (k), add 8 and then divide by 5.
f  Think of a number (k), divide by 5 and then add 8.
g Think of a number (d), divide by 6 and then subtract 2.
h  Think of a number (d), subtract 2 and then divide by 6.
n Write each algebraic expression in words. c
a b+5 b sb ¢ 7-b d g
e 2b+3 f 4-3b g 5+§ h 2w

E If Rimsha is 16 years old, use an algebraic expression to write her age: [R [€]

a inyyearstime b  kyears ago.

n The suggested cooking time for
pork in a moderately hot oven is
t minutes per kilogram of pork plus
15 minutes extra (for the crackling).

Which expression gives the cooking
time for a 3 kg leg of pork? Select
the correct answer A, B, C or D.

A 3(t+15) B ~§+15

C t+18 D 3t+15

Alamy Stock Photo/foodfolio

The cost of a taxi trip is $3.80 plus $2.30/km.
Find the total cost of a taxi trip for:

a 12km b Dkm.

n The cost of an international phone call to parts of Europe is a connection fee of $0.32
plus $0.50 per minute. Which expression gives the cost of such a call lasting k minutes?
Select A, B, C or D.

A $(0.32 + 50k) B $(0.32 +0.5k)
C  $(32+0.5k) D $(0.5+ 32k)

n Write an algebraic expression for each statement. .
a The cost of p books at $Q each.
The selling price after a GST of $t is added to the marked price of $40.
The number of metres in h km.
The average of m, p, v and w.
The number of dollars in y cents.
The discount when a $950 large screen TV sells for a price of $x.

The change in dollars from $100 after buying w tickets at $12 each.

T Q == 0 Qo O T

The amount of each share when $450 is divided equally among n people.

Foundation  Standard Complex
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i  The perimeter of this rectangle.
bcm

acm

j  The area of this square.

S mm

smm
m a 2angles of a triangle are 130° and 25°. Find the size of the third angle.

b 2 angles of a triangle have size a® and b°. Find an algebraic expression for the size of
the third angle.

m a The unequal angle in an isosceles triangle is 70°. Find the size of one of the equal
angles.

b The unequal angle in an isosceles triangle is x°. Find an algebraic expression for the
size of one of the equal angles. . .
m If d is an even number, what is the next: . .
a evennumber? b odd number?
Consecutive numbers are integers that follow one another, such as 3, 4, 5 and 6.

What is the next consecutive number after:
a 117 b -9? c x? d n+4?

m Write 4 consecutive numbers beginning with: . .
a 8 b -3 c y+4 d n-4

m Write 4 consecutive odd numbers beginning with: [ ] |
a 5 b 29 c t d k-1

Substitution

When the variables in an algebraic expression
are replaced with numbers, this is called
substitution. When the value of the algebraic
expression is then calculated, it is called
evaluation.

E-valu-ate means ‘find the
value of”.

Alamy Stock Photo/nevodka
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Example 4

If f=5, g = -4 and r = 2, evaluate each of the following expressions.

a 2f+g b 8+1f c f*-r?
d 3g¢-5 e rnf-g f 5"—;12
Solution
a 2f+g=2x5+(-4) b 8+rf=8+2x5
=6 =18
c f?-r2=52-22 d 3g2-5=3x(-4)?-5
=21 =43
e rf-g=2x[5-(-4)] f Srtf 5x2+5
=18 2 =53

Substituting into formulas

A formula is an algebraic rule that shows the relationship between
variables. For example, if a rectangle has length [ and width w, then:

» the formula P = 2] + 2w gives the perimeter of the rectangle

« the formula A = lw gives the area of the rectangle. I

Note: 3g* - 5 is called an ‘expression’ but P = 2 + 2w is called an
‘equation’ or ‘formula’ because it has an equals sign.

A rectangle has length 3.4 metres and width 2.5 metres.

Use the formula P = 21 + 2w to calculate its perimeter.

Solution

I=34,w=25

P=2l+2w
=2X34+2X%X25
=11.8

The perimeter is 11.8 metres.

EXERCISE 1.02 ANSWERS ON P. 568

‘ Substitution

n Find the value of 7a + 3 if:

a a=7 b a=15 c a=-3 d a=-20
E Find the value of w? if:

a w=6 b w=15 c w=-8 d w=-15
Foundation  Standard Complex
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B Evaluate 8 - 3x if:
a x=12 b x=8 c x=25 d x=-10

n Evaluate g+ 7 if:

a h=2 b h=7 c h=-14 d h=-30
H Evaluate each expression.

a 2a+b,whena=3andb=1.5 b 3k—g,whenk=10andd=12

c {+f,whenf=20 d 3x+2y,whenx=-4andy=7

e """ whenm=7andn=11 f n*-3n,whenn=-6

n Evaluate each expression if m =2, n=-3 and p = 5.

a m+n+p b m-n c np
d m-n? e np-m f mn+p
g 5n+3p h m+n+p i =Y
m
i sm? k m*+p-4n | 4
n—m

If the perimeter of a rectangle with length [ and width w has the formula P = 21 + 2w,
find the perimeter of a rectangle with length 4.7 cm and width 2.5 cm.

n If the area of a rectangle has the formula A = Iw, find the area of a rectangle with length
12.5 m and width 8 m.

n If the volume of a rectangular pyramid with base area A, and height his V = 2 Ah, find
the volume of the rectangular prism with base area 28 cm?* and height 30 cm.

m The area of a triangle with base length b and perpendicular height h is A = 1bh.
Find the area of a triangle with base length 15 cm and perpendicular height 12 cm.

h(a+b)

m Given that A= ,evaluate Awhenh =4.5,a=6and b =8.

Select the correct answer A, B, C or D.
A 175 B 31.5 C 63 D 108

m IfM=x+§+z, find M when x = 3.7,y = 8.1 and z = 0.5.

m Given m =%, find m when k = 50.

R Given that P = -2d >~ 5d + 8, find Pwhen d = ~4. Select A, B, C or D.
A 60 B 4 CcC -4 D 50

Foundation  Standard Complex
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Einstein's formula

In 1905, when the German scientist Albert Einstein
was only 26, he proposed a new theory of physics
for small particles of matter (such as atoms) moving
at very high speeds. He proposed that matter (mass)
could be converted into large amounts of energy,
describing this in his Special Relativity formula

E = mc?, where E stands for energy, m stands for
mass and ¢ stands for the speed of light (3 billion
metres per second). Einstein’s theory revolutionised
conventional laws of physics and led to the
development of nuclear energy.

Find out why Einstein renounced his German
citizenship and became an American in 1940.

Alamy Stock Photo/GL Archive

Technology

Substitution

s e ™
This spreadsheet shows the values of 5 variables, x,y,z, Mand N | L: Al s ’ -
in cells B1 to B5. To show a fraction in B4, right-click and select L})' 15
Format Cells, Number, Fraction and Up to 1 digit. ":—1\; 1,;

1  For each cell given below, enter the correct formula to evaluate |2 [N 0.1

the algebraic expression (the first 2 have been done for you). _d
Try to predict the answer before you enter each formula.

a Cl,2xEnter:=2*B1 b C2, % Enter: =B2/3 c C3,x-y

d C4,5z+y e C5x+y+z Ce, zN

g C7, 355 h C8x7z i Co,Mm

j CION+M k c11,11 +§ I Cl2,yz+x
m C13,4(y-7) n Cl4,22+2z

2 Enter the correct formula to evaluate each algebraic expression. Remember to keep the
numerator together (the first 2 have been done for you).

a D1,2"Y Enter: =(B1+B2)/5 b DZ,% Enter: =3/(B1+B2)
> xX+y
c D3, Sy=6x d D41
7 ZN
e D52 f D6 21X
MN y=x
g D7, xy h D&N(S+Z)
x+y M
i Do, 2.2 j D10, +y
9780170453233 Chapter 1 | Algebra

Spreadsheets

11



w

Does 2x? = (2x)*??
a Incell E1, enter =2*B1”2 and in cell E2, enter =(2¥*B1)"2.
b Are the values in cells E1 and E2 equal?
4 Does 3z> = (32)?
a Incell E3, enter =3*B3"2 and in cell E4, enter =(3*B3)"2.
b  Are the values in cells E3 and E4 equal?
¢ Does ax? = (ax)* where a is a positive integer?
5 Does -5y* = (-5))*?
a Incell F1, enter =-5*B2”2 and in cell F2, enter =(-5*B2)"2.
b Are the values in cells F1 and F2 equal?
6 Does -6N? = (-6N)*?
a Incell F3, enter =—6*B5”2 and in cell F4, enter =(-6*B5)"2.
b Are the values in cells F3 and F4 equal?

¢ Does ax’ = (ax)?, where a is a negative integer?

Adding and subtracting terms

An algebraic expression is made up of algebraic terms. For example, 3y - x + 5 has 3 terms: 3y,
x and 5. Like terms are terms whose variables are exactly the same, for example, 3k and 7k, 6ab
addngend  and 2ba, 9x? and x%. Unlike terms are terms whose variables are different, for example, 2d and

subtracting

ferms 5m, 4xy and 9yz, 4x and 2x°.

We can add or subtract like terms because their variables represent the same number.

i Example 6
using

diagrams

Simplify each algebraic expression.

a 3a+8a b 7r-r c  Sxy-—4yx
Solution
a 3a+8a=1la ‘3 lots of any number a’ plus ‘8 lots of the same number a’ will

give ‘11 lots of the number a’
b 7r-r=6r “7 lots of any number ’ minus ‘1 lot of the same number »’ will
leave ‘6 lots of the number r’

c 5xy-4yx=1xy Xy and yx are the same and can be subtracted

=Xy Xy = 1xy Algebraic terms are usually written in
alphabetical order.

12 New Century Maths 9 9780170453233



Adding and subtracting terms

Only like terms can be added or subtracted.

For example, 2x — 5y cannot be simplified because x and y represent different numbers.

Example 7

Simplify each expression.

a 2k+3+8k b 5r+4s-7r-2s ¢ 11u®-5u + 3u - 7u?
Solution
a 2k+3+8k=2k+8k)+3 Combine the like terms 2k and 8k
=10k +3 10k and 3 cannot be simplified further

b 5r+4s-7r-2s=5r-7r+4s-2s Group the like terms

=-2r+ 25

=25-2r Rewrite with positive term first
¢ 11u?-5u+3u-7u>=11u?>-7u®>-5u + 3u Each + and - sign belongs to the term

Ao that follows it.

Example 8

Sonja wrote 7a + 3a = 10a®. Use the substitution a = 5 to test whether her equation is correct
or incorrect.

Solution

LHS =7a + 3a LHS means ‘left-hand side’ of the equation
=7X5+3X5 Usinga =5
=50

RHS = 10a? RHS means ‘right-hand side’ of the equation
=10 X 52 Usinga =35
=250 LHS # RHS, so 7a + 3a = 10a? is incorrect.

Example 9

Write a simplified algebraic expression for the perimeter
of this rectangle. e
x+3
Solution
Perimeter =x+ 3+ 2x+x+ 3 + 2x Adding the lengths of the 4 sides
=x+2x+x+2x+3+3 Group the like terms
=6x+6

9780170453233 Chapter 1 | Algebra
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EXERCISE 1.03 ANSWERS ON P. 568
Adding and subtracting terms

@ n Simplify each algebraic expression.

a 5y+6y b 12m-7m c 10t+t d 15¢-¢q
e 5g-8g f ar+7r g 6def - 6def h 4xy-9yx
i 5n*+3n i 9gh+ 12hg k 5my’+2m? I d-13d

@ E Simplify 15 + 8m — 6 + 3m. Select the correct answer A, B, C or D.
A 21+11m B 9+5m C 9+11m D 9+ 5m?

n Simplify each algebraic expression.

a 2fg+3fg-4fg b 6uvw - uww + 4uvw C 3t+345t

d 3x+2y+38y e 6g+h-4g f 2fg+3f-4fg

g 7p*-3-2p? h 4p-q-3q i -8r+6r+3

i 3a+4b-7a k v+3+2v+7 I 2y+6x+y-3x
7p-8q-p-q n 8-3w+7-2w 0 2n-3-12n+5
8e - 3f-2e - 4f q 2P+20+32-6l r b-12b*+6b*-15b

s 6p’—5p?—4p*+ p? t 3-8k-5-9k u -3-5d+9-8d

n Simplify 15a* + 12a + 48 - 18a. Select A, B, C or D.
A 240 +48 B 27a*+ 30a
C 15a°-6a+48 D 15a*+ 30a-48

A— H Use the substitutions a = 2, b = 3 and ¢ = 4 to test whether each equation is correct or
8 incorrect. [R|

a 20c-12c=8c b 9b+b=9p ¢ 7a+3b=10+a+b
d 3a?+ 5a0>=8a? e 4ab+ 3ab=7ab f 12c-c=12

n Write a simplified algebraic expression for the perimeter of each shape.

% a 3p b 4d c 2
2x

om om 4d 4d
5y
3p 4d
d p+2 e f 9c
P42 24 ;
2p-1 5¢ a
5 40h 41h 4a
p
4c
oh

Draw a triangle and write algebraic expressions for its side lengths so that it has a
perimeter of 7d + 6. .

n Draw a rectangle and find algebraic expressions for its length and width so that it has a
perimeter of 18a - 30. Rr

Foundation  Standard Complex
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Multiplying and dividing terms

When writing algebraic expressions, it is not necessary to show the X’ symbol when multiplying
terms. For example, 8 X p X q is abbreviated to 8pq. When dividing terms, we usually write the

. . c. . . a
expression as a fraction rather than use the ‘+’ symbol. For example, a + 3 is written as —.

Multiplying and dividing terms

When multiplying and dividing terms, multiply or divide the numbers first,
then the variables.

Example 10

Simplify each expression.

a 2X5nx4m b 3dx4d c  2gX3hx(-5f)
Solution
a 2X5nX4m=2X5X4Xnxm Multiply the numbers and multiply the
— A0mn variables
Remember to write the variables in
alphabetical order
b 3dx4d=3x4xdxd dxd=d
= 12d?
c 2gX3hX(-5)=2X3X(-5)XgXhXf Remember to write the variables in
= -30fgh alphabetical order
Example 11
Simplify each expression.
15abe k’m e 2.
— b o c  27c¢f+ (-3fc) d 35p? =+ 15pw
Solution
a lsabc_15gbc We can cross out the Divide the numbers and divide the
3ab 3 ab' ab in the numerator and .
) a variables
= 5@ denominator because — = 1
b a
and—=1
b
2
b Km_ kkm k*=kxk=kk
4km ~ 4km
Divide the numbers and divide the
4 b variables
_k
4

9780170453233 Chapter 1 | Algebra
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c

d

27¢f + (=3fc) = f—;‘fic

_ad

35p* + 15pw = ——

Example 12

The variables divide by themselves to

15 and 35 can both be divided by 5

Maddison wrote 7a X 3a = 21a® Use the substitution a = 5 to test whether her equation is

correct or incorrect.

Solution

LHS = 7a X 3a
=7X5X3X5
=525

RHS = 21a?
=21 X 5%
=525

LHS = RHS, so 7a X 3a = 21a?is

correct.

EXERCISE 1.04 ANSWERS ONP. 568
Multiplying and dividing terms

a 5Xx8

d 7mxet

g 4dx3e

j  -5ax(-4a)
m

(5ny
s -15dx % ad

n Simplify each expression.

-9¢ X (-4h) x 2k

x 5 o T

LHS means ‘left-hand side’ of the equation

Usinga =5

RHS means ‘right-hand side’ of the equation.

a=>5

5nx3
-4 X 3w
6v X 4w
2y X 3 X 4b

1 a X 24bc
3
(=3ry
1
—4k X (—Z ek)

¢ bX5a
2k X (-3p)
i 1lgx8q

I -6wx3wx2

0 -5d X (-3e) X (-2w)
r (at)?

u (-2)

New Century Maths 9
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E Simplify each expression.

[E} simplify -5k x 4km x(-3m). Select A, B, C or D.

a _IE.E b E}.}. c §_6£
3 y 4a

d 18mn-=+6m e 8Svw =+ 48ww f %ﬁc

et h -25yz+5 jooeths
9 5 ey ~45pq
j =228 k 107+ 4or | —12hk2 = 2hk

—25x
m 24ak* = 8a? n l6mwx + 12mx o 7gh+21g
B Simplify 294y x., . Select the correct answer A, B, C or D.
>
8y’ 8y’ 8y 8x
n Simplify each expression.

a 2ax3bx5c b 4px3x2q c 40n*+5n
d 8b*+40b? e 6hx2kx(-3) f -2 x5kx(-4k)

6d r .

— h — i - =+
9 % 49r (=33m) =3
. -9w

k 8ab=+2b I 2efx(-3

I ab + 2be ef X (-3fe)
m 18ac*d + 27acd n -3pq X (-2q) X (-4) %

A -60k*m B 60km C -60km? D 60k*m?
n Use the substitutions p = 5, ¢ = 4 and r = 3 to test whether each equation is correct or
incorrect.
a 3x4p=12p b q+q=¢
c 2rx3r=6r d 3¢*x5¢*=15¢
e 12_P =4 f E =7
3p qr
g 3rx5q=15qr h pxqgxq=2pq
i W o_»5 j pa_d
7r 10p 2
Foundation  Standard Complex
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Write a simplified algebraic expression for the area of each shape.

a [I ] b [ ] c [ =
2d
5m
1 ]
3a 5h
[1 ‘T
S5m
1 n
k
d e 3a f 2k
4p 2a ak 3c
[ 1
6y .

n Find an algebraic expression for the volume of each rectangular prism.

a b ¢ w

2m

2w

2m

3t

Mental skills 1A: Maths without calculators answers on e seo

Multiplying and dividing by 5, 15, 25 and 50

It is easier to multiply or divide a number by 10 than by 5. So whenever we multiply or divide
a number by 5, we can double the 5 (to make 10) and then adjust the first number.

1 Study each example.
a To multiply by 5, halve the number, then multiply by 10.
18x5=l8x§x10 (or 9x2x10)
=9Xx10
=90
b To multiply by 50, halve the number, then multiply by 100.
26x50=26x%><100 (or 13%2x100)
=13 X% 100
= 1300

Foundation  Standard Complex
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¢ To multiply by 25, quarter the number, then multiply by 100.
44%25=44x : x100  (or 11x4x25)

=11 X% 100
=1100
d To multiply by 15, halve the number, then multiply by 30.

8><15=8x;><30 (or 4x2x15)

=4x30
=120

e To divide by 5, divide by 10 and double the answer. We do this because there are
two 5s in every 10.

140 +5=140 - 10X 2
=14x2
=28
f To divide by 50, divide by 100 and double the answer. This is because there are two
50s in every 100.
400 = 50 =400 = 100 X 2
=4X2
=8

g To divide by 25, divide by 100 and multiply the answer by 4. This is because there
are four 25s in every 100.

600 = 25 =600 = 100 X 4
=6x4
=24
h To divide by 15, divide by 30 and double the answer. This is because there are two
15s in every 30.
240 +15=240 +30x 2
=8X2
=16

2 Now evaluate each expression.

a 32x5 b 14x5 c 483x5 d 18x50
e 52X%50 f 36x25 g 28X5 h 12x25
i 12x15 j 22x35 k 90+5 I 170+5
m 230+5 n 1300 =50 o 900+ 50 p 300 =25
q 1000 =25 r 36045 s 210+15 t 360+15

9780170453233 Chapter 1 | Algebra 19



Adding and subtracting algebraic

fractions

el Adding and subtracting fractions

To add or subtract fractions, convert them (if needed) so that they have the same
denominator, then simply add or subtract the numerators.

Algebraic

fractions Example ‘I 3

Simplify each expression.

Addi J a _71_2. b E+.’£ c 1’.’..‘.1’1
sobirecin 10 10 32 4 5
c|gebrcicg
fractions
' a2 oam e 2.1 a2
6 3 410 8 3
Solution
Adding and
s a Ir_3r _4r
10 10 10
=2
5
b Kk, k_2xk_ 3xk Common denominator =2 X 3 =6
3 2 2x3 3Ix2
2k 3k
=—t —
6 6
3k
6
¢ 3h_ 2h_ 5x3h  4x2h Common denominator = 5 X 4 = 20
4 5 5x4 4x5
1
20 20
—23h
20

6 3 18 18

_3m
18
=
6
or M _2m _5m _A4m The lowest common denominator is 6
6 3 6 6
— Ut
6
e E+7_G=E+l4_a f 5_x_2_w=15_x___16w
4 10 20 20 8 3 24 24
__15+14a __15x -16w
20 24

20 New Century Maths 9 9780170453233



EXERCISE 1.05 ANSWERS ON P. 569 STAGE 5.2

Adding and subtracting algebraic fractions

n Simplify each expression. %
a B*.ﬂ b ﬂ.}.?_k C 7_m_2_m d £+2_X
4 4 8 8 10 10 3.3
e X7 f 2.2 g ¥,r h 2.2
q q 3d 3d woow c ¢ @
j 2.2 j iy Kk &3 | &7
3 3 2h  2h a a 5e Se
m 2.3 n o B, p e 3
S 4 8g 8g 9f 9f 10 10
q %428 r 3l s gl t B8
6 6 2d 2d 5k 5k 4a 4a
R .9
H Simplify the expression o %. Select the correct answer A, B, C or D.
A 2 B - c = p &
k 4k 2k k
B Simplify each expression.
a X.X b 5.5 c h.h d m_m
3 4 37 5 3 7 2
e MW f _S_t._g g 2_P+£ h 5_)’_5_7'
4 5 4 5 5 3 2 3
i 2,2 i 3m _5m Kk 2.8 | 27y
6 3 4 12 9 6 10 15
m X.¢ n 2.r o 3,2 p .4
2 5 11 3 5 3 6 5
q Ea_+.§ r if_.z.e_ [ .:_l’_"l_éﬁ t Z’f.+.rﬂ
7 4 TS 2 1 5 6
n Simplify the expression 51—';1—%" Select A, B, C or D.
A 2m B c p
4 24 2 20
. . . 4h 2d
H Simplify the expression 5y + 5 Select A, B, C or D.
A 36h+10d B 4h+2d c 20h+18d D 9h+18d
45 14 45 14
Foundation  Standard Complex
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STAGE 5.2

Algebraic
fractions
puzzle

Upside-down
fractions

22

Multiplying and dividing algebrai

fractions

Multiplying and dividing algebraic fractions

C

» To multiply fractions, cancel any common factors, then multiply the numerators and

denominators separately

» To divide by a fraction %, multiply by its reciprocal o
a

Example 14

Simplify each product.
3 4 b 4 3k 5

a ==X S S c —=X

d ¢ k 16 2r

Solution

—X—=
d ¢

dxe 16 K M, 2r
12 3
de n

Example 15

Simplify each quotient.
3 4 Xy 3x

a - —_——

h k 5 25
Solution

a 3.4.3.k p 2.3 0 0

h k h' 4 ) 4.k 5 25 8 3¢
3k The reciprocal of X is =

"4k

w
syt

EXERCISE 1.06 ANSWERS ON P. 569

3 4 3x4 1
= b %xy‘ 9/x3}( c i

8r
11

4

11

8r_
n
2

11
e

og|u‘
X
|%

Multiplying and dividing algebraic fractions

n Simplify the product 3?x x%. Select the correct answer A, B, C or D.

xw B 3xw c 3xw D

0 11 30

E Simplify each product.
a 2l b Sxt ¢ 3yd d
3.2 5 4 h 6k

18x+5w
30

Foundation

New Century Maths 9
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1 s L s - ) STAGE 5.2
e -—x= f —x= g —x= h 2x&
3: v 3v X X b d
i d.e j Had, @ Kk 2,8 | Ale
e g 9 16a 4 15p ak 5k
m gxg_u n Exé (o] Exz_r
5. P | 3 u r  9dz
B Simplify the quotient 3.9 Select A, B, CorD. @ @
4m 8m
A M g 32m c om D 2
2 27n 24n 3n
n Simplify each quotient.
a :.{.l b ﬂ+2 c E.{.ﬁ d g.,.i
2.5 6 3 2 8 4 4
e ﬁ,_z_y f ﬂ,,i{ g E,,i h i,i
5 d 9 5 e e 2a 6a
j 2m 2m j E.E Kk 2. 2% | e
n 3n k h 3x  9x 4 11
2t n %% o 2.5
3 5y 7g l4g 515
H Simplify each expression.
a 2.7 h 2w, ¢ W3 d 5.2
2 4 7 6 5 32y 2g g
e 2,3 . g S h .3
z Yy b b 3a sb 9
j Smnead, 1 j 5p+—7 k I 8 | Tl
2d n 15mn 10pt 3.2 7 h 42h
sty Sky 6. 5r 15 o 8.5 10c
k t r 9 yh qg qf a
n Simplify the expression 45Lb+%+f_:' Select A, B, C or D.
A 3 B 3b c 3?” p ®

Expanding expressions

When an algebraic expression such as 5(x + 2) is simplified by removing the grouping
symbols (brackets) by multiplying, we call it expanding the expression.

For example, 5(x + 2) means ‘5 times (x + 2), so if we expand ‘the long way’: Hlgebra
Sr+2)=(x+2)+(x+2)+ x+2)+ (x+2)+ (x+2) degrems
=X+x+x+x+x+2+2+2+2+2
=5x+10
We can expand 5(x + 2) more quickly by noticing that:
5x+2)=(5xx)+(5x2)
=5x+ 10

Foundation  Standard Complex
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Each term inside the grouping symbols (x + 2) is multiplied

by the term outside the grouping symbols (5). This is called

the distributive law because the 5 is distributed across the x

and the 2 inside the grouping symbols. This can also be
demonstrated using an area diagram. 5

Area of rectangle = 5(x + 2) = 5x + 10

We can expand 4(y — 1) in similar ways.

This can also be demonstrated using an area diagram.
4y-1)=@-1)+@-1)+(@-1)+(-1) or more quickly:
=y+y+y+y-1-1-1-1 4y-1)=@xy)-(4x1)

=4y-4

Area of left rectangle (shaded) = 4(y - 1)

=4y-4

=4y -4

The distributive law for expanding an expression

Multiply each term inside the brackets by the term outside

Example 16

Expand each expression.
a 4(5+4d)
Solution

a 45+d)=4x5+4xd
=20+ 4d

a(b+c)=ab + ac

a(b-c)=ab-ac

b 2w(3w+ 10)

multiply each term inside the brackets
by the term outside

b 2w(Bw + 10) = 2w X 3w + 2w X 10

= 6w? + 20w

Example 17

Expand each expression.

a 3gh-2)

Solution

a 3g(h-2)=3gxh-3gx2
= 3gh - 6g

b r10-4r)=rx10-rx4r
=107 - 42

New Century Maths 9

b r(10 - 4r)

multiply each term inside the brackets
by the term outside

(x+2)
X 2
5x .10
-
-1 1

al| 4ay-1) 4

(area of whole rectangle - area of right triangle)

a(b+c)=ab+ ac

a(b-c)=ab-ac

9780170453233



Example 18

Expand each expression.

a -(y+4) b -32m-7)
Solution
a m)=—1(y+4) —()is the same as -1 x ()
=y+(-4)
=== 4
b -32m-7)=-3x2m-(-3)x7
=-6m - (-21)
=-6m+ 21

Example 19

Expand and simplify by collecting like terms.
a 43p+2)-5p b 5(2e-3)-4(1-5e)

Solution

a 4(3p+2)-5p=4x%x3p+4x2-5p
=12p+8-5p
=12p-5p+8
=7p+8

b 5{&)—4@):5><2e—5><3—4><1—(—4)><Se

=10e - 15 - 4 — (-20e)

= 10e - 19 + 20e
=30e-19

c 7(n—3)+np(i?*1)=7n—21+n2—n
=n’+7n-n-21
=n?+ 6n-21

EXERCISE 1.07 ANSWERS ON P. 569

c 7n-3)+nn-1)

Expanding

Collecting like terms to simplify

Expanding
Collecting like terms to simplify

It’s conventional to place n? first

Collecting like terms to simplify

Expanding expressions

n Use an area diagram to expand each expression.
a 3(x+5) b 8(+9) ¢ 2n(n+3)

n Expand each expression.
a 4h+6) b 5B+1) c 32b+7)
d 508+3x) e x(x+9) f p(5+p)
g 3r@er+1) h  4y(1+3y) i 10e(2e + 4f)

Foundation  Standard Complex D
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B Use an area diagram to expand each expression.
a 10(b-2) b 6(2y-3) c  41(5t-4)

n Expand each expression.

a 3(t-2) b 7(5-4d) c 8(8g-3)
d ww-7) e a(a-1) f 6h(3h-1)
g 4x(3x-1) h  5x(2x - 4y) i 3a(4b-7a)

B Expand —-5u(8 + 2u). Select the correct answer A, B, C or D.
A 3u-3u? B -40u + 10u? C -40u-10u? D -40u - 3u?

n Use the substitution x = 5 to test whether each equation is correct or incorrect.
a 3(x+3)=3x+6 b x(4-2x)=4x-2x

Expand each expression.

a -(a-5) b -(a+5) c -2(x+6)
d -2(x-6) e —-(11+w) f -(11-w)
g -Hy+9) h —x(8-2) i -4t(t-8)

n Expand -k(3k — 7). Select A, B, C or D.
A -2k>-8k B -3k*+ 7k C -3k*-7k D -3k+7k?

n Expand 3(2 - 7y) + 5y. Select A, B, C or D.
A 6-26y B 6+16y C 6-5 D 6-16y

m Expand and simplify each expression.

a 5Bm+2)+4m b 3(1-5e)+ 6e

¢ 4w-2(5+2w) d 8-502x-7)

e 5Q2a+3)+4a+7) f 302d+3)-5(d+4)
g 7(3g-1)+4(g-3) h 4G-4w)-2w-5)
i 5(6c-3)-3(4-3c) i tt+H+3(t+4)

k 43 +h)+h(7-2h) I 6(2e-1)-(5-3¢)
m 3x(2x +5) + 4(2x + 5) n v(2v+3)-6(v+1)
o 3(1-2w)-w2-w) P 2y(3y-7)-53y-7)

m Expand 3(1 - 4k) - 2(3k + 7). Select A, B, C or D.
A 17-18k B 11-6k C -11-18k D -17+6k

Foundation  Standard Complex
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Factorising expressions

Factors

A factor (or divisor) is a number or algebraic expression that divides evenly into a larger
number or algebraic expression. For example, 5 is a factor of 10 because 10 + 5 = 2, and 5xis a
factor of 10xy because 10xy + 5x = 2y.

« The factors of 10 are 1, 2, 5, 10.
« Some of the factors of 10xy are 1, 5, 2x, 5x, 10x, 10y, xy, 2xy and 10xy.

3a is a factor of both 15a? and 30a because it divides into both terms. We can say that 3a is a
common factor of 15a¢* and 30a.

The highest common factor (HCF)

The highest common factor (HCF) or greatest common divisor (GCD) of 2 or more
terms is the largest term that is a factor of all of the terms. To find the HCF of algebraic
terms:

« find the HCF of the numbers
« find the HCF of the variables
« multiply them together

Example 20

Find the highest common factor (HCF) of each pair of terms.
a 20x? and 15xy b  16and12b

Solution

Find the HCF of the numbers and the HCF of the variables. Their product is the HCF of
the expression.

a The HCF of 20 and 15 is 5.
The HCF of x* and xy is x, since it is the ‘largest’ common part of x* and xy.
.. The HCF of 20x* and 15xy = 5 X X = 5x

b The HCF of 16 and 12 is 4.
There is no HCF of the variables because b is in 12b but not in 16.
.. The HCF of 16 and 12b is 4.

Factorising algebraic expressions

When 4(2y + 5) is expanded, the answer is 8y + 20. Expand
(remove
Factorising is the reverse of expanding. Factorisation 42y +5) brackets) 8y + 20
breaks an expression into factors. To factorise 8y + 20, we /
take out the greatest common divisor and insert brackets. Factorise
The result is 4(2y + 5). The factors are 4 and (2y + 5). (insert brackets)

9780170453233 Chapter 1 | Algebra
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Example 21

Complete each factorisation by inserting the highest common factor.

a S5a+15=__ (a+3)
b x¥-7x=__ (x-7)
c Yyy+D-30+D=__ (y-3)
Solution
a Sa+15=5(a+3) You can always check your answer The HCF is 5
by expanding it: 5(a + 3) = 5a + 15
b xX-7x=x(x-7) The HCF is x
c Yyy+D)-30+1)=@+1y-3) The HCFis (y + 1)

Factorising an expression

« Find the HCF of the terms and write it outside the brackets

« Divide each term by the HCF and write the answers inside the brackets
ab+ac=a(b +c)
ab-ac=a(b-c)

« To check that the factorised answer is correct, expand it

Example 22

Factorising Factorise each expression.

expressions
a 8y+16 b 25b%>-20ab c v4+w) +24+w)

Solution
a The HCF of 8y and 16 is 8.
S8y +16=8Xy+8x2 Rewrite the expression using the HCF 8
=8 +2) Write the HCF at the front of the brackets
b The HCF of 25b* and 20ab is 5b.
.. 25b% - 20ab = 5b X 5b - 5b X 4a Rewrite the expression using the HCF 5b
= 5b(5b - 4a) Write the HCF at the front of the brackets
¢ The HCF of v(4 + w) + 2(4 + w) is (4 + w).
SVvd+w) 2l +w)=@d+w)Xv+ (4+w) X2
=@4+w+2)
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Factorising with negative terms
Example 23

Factorise each expression.
a -xX*+3x b -a-ab

Solution

When factorising expressions that begin with a negative term, we use the ‘negative’ HCF.

a The highest ‘negative’ common factor of —x* and 3x is —x.
o=+ 3x = (=x) X x + (=x) X (=3)
= (-0)[x + (-3)] (=) X (-3) = +3x
= —x(x-3) Check your answer by expanding.
b  The highest ‘negative’ common factor of —a and ab is -a.
s.—a-ab=-ax1+(-a)xb
=-a(1 + b) (-a)xb=-ab

Factorising with negative terms

« Find the ‘negative’ HCF of the terms and write it outside the brackets

« Divide each term by the HCF and write the answers inside the brackets
-ab-ac=-a(b+c)
-ab+ac=-a(b-c)

 To check that the factorised answer is correct, expand it

EXERCISE 1.08 ANSWERS ON P. 569

Factorising expressions

n Find the HCF of each pair of terms.

a 12,6y b 8a%24 ¢ 20b,15
d 6,9p? e 24mn,m f cc¢
g 18pq, 12p? h 24w’ 16w i 3(x-5),x(x-5)

n Copy and complete each factorisation.

i nB+n)-33+n)=C+n)(__-_)
i ova-w+A-wy=(C_+_)0-w)

a 4a+12=__(a+3) b a+10a=__(a+10)

c 10b-40=__ (b-4) d 18p+24=6(__ +__ )

e Im+3m=3m(_+__) f 20d-30d2=10d(__ - _ )

g 6xy-8xy=2x(__ -_ ) h x(x-2)+5(x-2)=x-2)(__+__)

Foundation  Standard Complex
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B Factorise each expression.

A 8xy(3y-2w)
C  4xy(6y — 4w)

n Factorise each expression.
a(a-3)+6(a-3)
b(b+5)-2(b+5)
5(a-7)+bla-7)
3p(g+5)-2(g+5)
r8+r)+@®+r)

c
e
9

Factorise each expression using the ‘negative’

a -4q-8 b -9u+18

d -18a+12 e -n-1

g -9 h -6t + 10¢

i -ap+aq k -20e*-22e
n Factorise —~10kr + 4rn. Select A, B, C or D.

A -2r(5k-4n)

C -5r(2k-2n)

a 3f+6 b 4m-28 c 9n+27

d 16+ 24t e 12q-18 f 24x+30

g 20g°-64 h xy+y i mn*-3n

i -y k 16r2-12r I 62 +27t
n Factorise each expression.

a 12x%-16x b 18p?+ 16pr ¢ 4m’n-4mn?

d 14abc + 21bc e 28vw - 21vw? f  45rt +54r%

E Factorise completely 24xy? - 16xyw. Select the correct answer A, B, C or D.

B 2x(12)y* - 8yw)
D 8x*(3-2w)

t(8+1)-3(8+1)
x(2-y)-6(2-y)
s(a+3)+4(a+3)
5(2-3m) + 4n(2 - 3m)
»-6)-y»-6)

HCF.

- o = o T

-3g+6
-n+1
-3a?- 6ab
-9m + 3m?

-2r(5k - 2n)
-2r(5k + 2n)

Mental skills 1B: Maths without

calculators

Multiplying by 9, 11,99 and 101

We can use expansion when multiplying by a number near 10 or near 100.

1 Study each example.

a 25x11=25%(10+1)
=25%10+25% 1
=250 + 25

=275

30 New Century Maths 9

b 14x9=14x(10-1)
=14%x10-14x 1
=140 - 14

=126

Foundation

ANSWERS ON P. 570

Standard
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c 32x12=32x(10+2) d 7x99=7x(100-1)

=32x10+32X%x2 =7x%x100-7x 1
=320 + 64 =700-7
= 384 =693

e 27x101=27x(100+1) f 18x8=18x(10-2)
=27x%x100+27 %1 =18 x10-18 %2
= 2700 + 27 =180 - 36
= 2727 =144

2 Now evaluate each product.

a 1l6x11 b 33x11 c 29x9 d 45x9
e 62x11 f 7x101 g 18x101 h 36x99
i 19x8 j 45x12 k 21x102 I 6x98
m 32X9 n 7x99 o 39x101 p 71x12

Expanding binomial products

(x+ 5) and (x - 1) are called binomial expressions because they each have exactly 2 terms.

STAGE 5.2
(x+ 5)(x-1) is called a binomial product because it is a product of 2 binomial expressions.
binomial = 2 terms’
Area diagrams
Example 24
Expand each binomial product using an area diagram. Binomicl
roducts
a (a+2)a+5) b (n+4)(n-3) )
Solution
xpandin
a  Draw an area diagram (rectangle) with length | a+2 : ok’
(a + 2) and width (a + 5) and divide the -f 4 Z
diagram into 4 smaller rectangles. E Sa
15 G
Find the area of each smaller rectangle. I a+2 |
a 2
a a? 2a .
a+s oty
5 Sa 10
Expand (a + 2)(a + 5) by adding the areas of
the 4 rectangles.
(a+2)(a+5)=a’+2a+ 5a+10 Expanding
=a’+7a+10 Simplifying by collecting like terms
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binomial
products
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b  Draw an area diagram with length (n + 4) and
width (n - 3), then increase the width to n by

adding 3. This creates 4 rectangles.

The 2 shaded upper rectangles together give
the product (n + 4)(n - 3). To find its area, we
subtract the areas of the 2 lower rectangles

from the area of the whole rectangle.

(m+4)(n-3)=nn+4)-3n-12
=n’+4n-3n-12
=n*+n-12

n+4
n 4
Tn—?»
n
l 3
n+4
n 4
Tn—?: (n+4)(ri- 3)

l 3 3n 12

Whole rectangle — 2 lower rectangles

Expanding
Simplifying by collecting like terms

When expanding a binomial product algebraically, each term in the first binomial is multiplied
by each term in the second binomial to give 4 terms, which are collected and simplified.

Example 25

Expand each binomial product.
a (x+5x+9)
c (7-m)(4+m)

Solution

a (x+5x+9) =x(x+9)+50x+9)
=x"+9x + 5x + 45
=x*>+ 14x + 45

b (k+3)k-7)=k(k-7)+3(k-7)
=k*-7k + 3k -21
=k*-4k-21

c (7T-m(d+m)=74+ m)-m(4+ m)

=28 + 7m - 4m - m*
=28+43m-m?

d (a-6)2=(a-6)(a-06)
=a(a-6)-6(a-6)
=a*-6a-6a+ 36
=a*-12a+ 36

New Century Maths 9

b (k+3)(k-7)
d (a-6)

Each term in (x + 5) is multiplied by (x + 9)
Expanding to make 4 terms
Adding 9x and 5x

Each term in (k + 3) is multiplied by (k - 7)
Expanding to make 4 terms
Adding -7k and 3k

Each term in (7 - m) is multiplied by (4 + m)
Expanding to make 4 terms

Adding 7m and - 4m

Each term in (a - 6) is multiplied by (a - 6)
Expanding to make 4 terms
Adding -6a and -6a

9780170453233



The distributive law for expanding a binomial product

Multiply each term in the first binomial by each term in the second binomial.
(a + b)(c+ d)=ac+ ad + bc + bd
a+b

b

¢ ac be
c+d

‘L d ad bd

One way of remembering which pairs of terms to multiply together in a binomial product is
called the FOIL method, as shown below.
F
(k+3)k-7)=k*-T7k+ 3k -21

LA =ke-ak-21

« F means multiply the first terms: k X k = k?

« O means multiply the outside terms: k X (-7) = -7k
« I'means multiply the inside terms: 3 X k = 3k

« L means multiply the last terms: 3 X (-7) = -21

Example 26

Expand each binomial product.
a (x-6)4x+2) b (3t-1)2t-5) c (2x+5@0By-4)

Solution

a (x-6)4x+2)=x(4x+2)-6(4x+2)

=4x* + 2x - 24x- 12 Expanding
=4x?-22x-12 Simplifying
b (Bt-1)(2t-5)=3t2t-5)-1(2t-5)
=6 -15t-2t+5 Expanding
=6-17t+5 Simplifying
c (x+5)By-4)=2x(3y-4)+503y-4)
= 6xy — 8x +15y - 20 Expanding

9780170453233 Chapter 1 | Algebra
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EXERCISE 1.09 ANSWERS ON P. 570

Expanding binomial products

n Expand each binomial product by copying and completing the area diagram.

a (x+10)(x+38) b (@“h+1)(Bh+7)
X 10 4h 1
X o o 3h | --- ---
7 --- ---
8 - - - -

B Expand each binomial product by copying and completing the area diagram.

(Find the shaded area.)
a (x+9x-6) b (n-5m-7)
~ 0 In—5 " 5 |
x 1

a (y+50+3) b (w-5Ww+3) c (p-3)(p-5)

n Expand each binomial product algebraically.

B Draw an area diagram for each binomial product and use it to expand the product.

a (m+6)(n+3) b (t+6)(t+5) ¢ (p+10)(p-10)
d (x-8)(x+3) e (b-2)9+b) f w-8)u-7)
g (A5-n(r+1) h (a-10)(a-9) i (5-0B-0
i @-D(+2) k (y-4)Qy+10) I (n-9)(11+n)
m (e-2)> n  (5+w)? o (g+11y
B Expand (b + 7)*. Select the correct answer A, B, C or D.
A b*+49 B b’>+49%
C b+7b+49 D b*+14b+49
n Expand (x + 8)(3 - x). Select A, B, C or D.
A 24-5x-x B -xX*+24
C X*+5x-24 D -X*+5x+24
Expand each binomial product.
a (x+5)(x+3) b (3e+2)(4e+5) c (10+3p)(p-1)
d (7d-2)(7d-2) e (2f-2)3f+5) f (m-5)5+3m)
Foundation  Standard Complex
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g (B-4h)(2+ 5h) h (4p-502p-7) i (@m-3)4-5m) STAGE 5.2
i Gt+5)2t-1) k (59-5)(5y+5) I (6-2a)2a-6)
m (3k+8) n (4c-5) o (2d+9)(3x-1)
P (5-29(h+3) q (7-4w)y r (3n-5)(4n+9)

n Expand (3h +8)(2h - 5). Select A, B, C or D.
A 6h*-31h-40 B 6h’-h+40
C 6h*>+31h-40 D 6h*+h-40

n Write a simplified algebraic expression for the area of each shape.

a X+2 b 3y-7 c
| L]
o3 2k-1
3y-7
4k +3
[ 1 []
d 3p-2 e 7m+ 3 f d+3
| L [T O
d+1
2m-5
L]
5p-4 d+1
[ 1 [
d+7
[ 1 [

m A rectangular barbecue plate has a length of 100 cm and a width of 75 cm. The length
and width are both increased by x cm. . .

a Write an expression for the new length of the plate in cm.
Write an expression for the new width of the plate in cm.
Hence find a simplified expression for the new area of the plate in cm?

By how much has the area of the plate increased?

o Q 0 T

If x = 0.1, find the increase in the area of the plate.

m A family room in a house is to be extended. The room is 4 m long and 3 m wide.
The length is to be increased by x m and the width by y m. R @

a Write down expressions for the new length and width in metres.

b Write down a binomial expression for the new area of the room in square metres.
¢ Expand and simplify your expression for the area.
d

Write the algebraic expression for how much the area of the room has increased.

m Prove that: . .
a (a-bP=(0b-a)
b (a+b)a-b)=a*-b?
¢ (a-bP=a*-2ab+b?

Foundation  Standard Complex
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1  If each expression represents an integer, write expressions for the next 3 consecutive +
integers.
a p b w+1 c 2n+1 d h-3

2 Evaluate each expression given p =2,q=5and r = -8.

a BPratr b Par ¢ q-2q
3 3
d 2=f e I §f P.T
q p q q
9 (@+9’-2pq h p-q-r i (-qr-r
3 For this shape, write an expression for: A -
a the length of CD
b the length of BC 3u+2t Cc D
c its perimeter u—t
d itsarea F T 5 E

4 Use order of operations to simplify each expression.

a 5x6a+3 b 12r+2rx3
c  8x(6nm+3n) d 10p x (6pq + 3q)
e 15h-9h +3 f 3t+5x2t
g 3X(x-5x) h (6c+14c) +5
i 3r+rx5-1 i @Br+rnx(-1)
5 Expand and simplify each expression.
a 7-(2m+5) b 5x-3x(2-x)
c 5q-23-2q9)+5 d 6-(1+3m)-2m
e (2a+5)? f y+D-1D-2y-3)

6  Find the average of 6r,2r + 8,r-5,2r,r+ 7 and 3r + 8.

7  Arectangular garden has its longer sides each 5 m longer than its shorter sides. If its
longer sides each have a length of y m, then write a simplified expression for:

a the area of the garden b the perimeter of the garden.

8 How many hours does it take a car to travel a distance of 20¢* kilometres at an average
speed of 4t km/h?

9  Factorise each expression.

a 8a+12b-4 b 20xy + 5y -10x?
c  m*+ mt+ mt d  32-24y + 42
e 121>+ 4vw - 16w? f -12-9f-6f

1 1 3 1

e h Z2k--k
g 2P+2q i t
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CHAPTER 1 REVIEW

Language of maths

binomial product common factor consecutive difference Algebra
distributive law evaluate expand expression -
factor factorise formula highest common factor (HCF) E
like terms product quotient simplify E
substitute sum term variable ,FE
1 Why is it possible to add or subtract terms like 6n and 4n but not 7x and 2y? E
3}

2 What word means to rewrite an algebraic expression like 3(u - 5) without the grouping
symbols?

What word means to replace a variable with a number in an algebraic expression?
Explain what product means.

In algebra, what is the opposite of expand?

N g W

Copy and complete: A binomial is an algebraic expression with

Topic summary

«  Write down a list of the new things you have learnt, in your own words.

«  What parts of this topic did you like?

«  What parts of the topic did you find difficult or not understand?

» Make a list of the skills you have learnt in this topic, such as substituting and expanding.

Print (or copy) and complete this mind map of the topic, adding detail to its branches and using
pictures, symbols and colour where needed. Ask your teacher to check your work.

Mind map:
Algebra

From words to algebraic o Adding and
expressions Substitution subtracting terms

Factorising Multiplying and
expressions ALG EBRA dividing terms

Expanding

expressions Algebraic fractions
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TEST YOURSELF T asueesone s

@ n Convert each statement to an algebraic

expression.

a the cost of n pizzas at $P each

b how many 3s divide into m

¢ Srides at $A4 and 8 rides at $B
decrease $100 by $y

the number of minutes in H hours

Shutterstock.com/Aisyagilumaranas

=
(19
-
[T}
(7]
o
=]
o
>
=
(7]
w
=

multiply P by 4 and add 5
add 5 to T, then multiply by 4
i  Qdivided by 4, then minus 5

j  Qminus 5, then divided by 4

@ E If a = 3, and b = 2, evaluate each expression.
a

d
e
f the number of litres in m mL
9
h

a+b b ab ¢ 3a+5b d 7b-a

e 8a+bh f aZLb g a-b h 2a
@ B Simplify each expression

a 9+7 b 4ab-7ab c 3x*+5x

d 7p+2q-5p e 4w-5+2w f  8x*-13x-5x

g 2m+3n+5m+7n h su+7-2u-3 i 12d*°+5d-7d+4
@ n Simplify each expression.

a 9x2n b gx3h ¢ axd

d (-3)x2r e 12?3y f 2=y

g 36a+9a h 158+ 5¢ i 20pq+(-59)

STAGE 5.2 H Simplify each expression.

a E+ﬂ b 1k 7k ¢ 7.5
6 6 8 8 m m

d ® 2w e 4k Kk f 5 4
4 5 3. 2 2d d
g 4.3 h 8 3
Sk k m+1 m+l
Foundation  Standard Complex
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H Simplify each expression.

a —x—
ror
d —+-

3c 9% 6

4 12

X Xxp
15a 4 a

—_———

X
4b  3a’b be

Expand and simplify each expression.

a 5r-2)
d 3p(4p-79)

g bb+1)+5b+1)

n Factorise each expression.

a 4m-12
d 16w?+ 24w

g9 30-6)+yy-

6)

b
e
h

e
h

a(a -10)
-6n(n-9)
3x(2x - 7) - 5(2x - 7)

Xy + X2
-8q + 16
3x(2x-1)-2(2x - 1)

c
f

3y, .y, 150
8 4 2y

3y(2x - 5y)
-6t(t + 7)
12 - 6(2x-3)

-3g-30
15k — 10hk?
p(p+6)-2(p+6)

n Expand the binomial product (3d + 5)(d + 4) using an area diagram.

m Expand each binomial product.

a (a+2)(a+3)
(h—5)(h - 4)

d
g (Gx+1)Ax-3)
J

(3m + 57

Foundation  Standard

9780170453233

Complex

b

e
h
k

0+3)-7
4-93B+g
(4r—-5)3r+4)
(7 -2yy

== 0

(t=3)(t+8)
GBp+1)(2p+3)
(5-3¢9)(2q-1)
Bw-5)2-w)

Chapter 1 | Algebra

STAGE 5.2

STAGE 5.2

39

-
(' 9
-
Ll
(%)
-9
=]
o
>
-
(7]
[T}
=







dbank

. = converse A rule or statement turned back-to-front; the reverse
Working mathematically statement

2.01 Squares, square roots and u F R C hypotenuse The longest side of a right-angled triangle; the side
surds opposite the right angle _
2.02 Pythagoras’ theorem ul Flpsl| R C irrational number A number such as 1 or v/2 that cannot be
— expressed as a fraction
2.03 Finding the hypotenuse UIF Pythagoras An ancient Greek mathematician who discovered an
2.04 Finding a shorter side U Flps R important form}JIa about the sides of a right-angled triangle
: Pythagorean triad A set of three numbers that follow
2.05 Mixed problems Uu| | F|PS R Pythagoras’ theorem, such as {3, 4, 5}.
2.06 Testing for right-angled Ul F REN=C surd A square root (or other root) whose exact value cannot be
triangles found
2.07 Pythagorean triads Ul E C theorem Another name for a formal rule or formula
2.08 Pythagoras’ theorem U|F [PS
problems

Note: This is a Year 9 topic in the Australian Curriculum but a Stage 4
topic in the NSW syllabus, so this topic has also been covered in
Chapter 1 of New Century Maths 8.

U = Understanding | F = Fluency | PS = Problem solving | R = Reasoning | € = Communication
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In this chapter you will:

investigate irrational numbers and surds

test whether a triangle is right-angled

investigate Pythagorean triads

SkillCheck uswers onr 271

Copy and complete:
a 50cm= mm b 200cm=
d 62mm= cm e 8500 mm =

Evaluate each expression.

a 4 b 1032
d 82-¢6 e 49

Round each number to 1 decimal place.
a 2454 b 831.9342

Round each number to 2 decimal places.
a 28.777 b 79515

Find the perimeter of each shape.

a 4cm b -
o
e
7 cm
Find the area of each shape.
a 10 cm b :
g -
Q
<
7 (':m

New Century Maths 9

solve problems involving Pythagoras’ theorem, writing the answers in decimal or surd form

¢ 1l4km= m
f 1200cm = km
c 3+ 5
f V121
¢ 372.658
Cc 536.856
[ +
[\8)
~
- E S B
8
11 r'nm
c

—.]10 mm

I}
S
8
B

9780170453233



Squares, square roots and surds

The square of a number is that number multiplied by itself. For example:

e 62=6X6=36 ‘6 squared’ or ‘the square of 6’

o (2))=(2)x(-2)=4 ‘-2 squared’ or ‘the square of -2’

The square root (\/_ ) of a number is the positive value which, if squared, will give that number.
For example:

« 25=5 because 5>=25 ‘the square root of 25’

« /81 =9 because9*=81 ‘the square root of 81’

Most square roots do not give exact answers like the ones above. For example,
J7 =2.645751311... ~ 2.6. Such roots are called surds.

A surd is a square root (), cube root (), or any type of root whose exact decimal or fraction
value cannot be found. As a decimal, its digits run endlessly without repeating (like ), so they
are neither terminating nor recurring decimals.

Rational numbers such as fractions, decimals and percentages, can be expressed in the form %.

where a and b are integers (and b # 0), but surds are irrational numbers because they cannot
be expressed in this form.

Evaluate each expression.

a 53 b (-18)? c 7+ 9
Solution

a 5.32=28.09 On a calculator, enter: 5.3 [E5) 2D

b (-18)=324 L (1Y) |-

c 7+9°=130 d ]+ Bl 2] =]

Evaluate each expression, correct to two decimal places where necessary.

a 1024 b 89 ¢ 152 +19°
Solution

a 1024 =32 [ Bz - |

b /89 =9.433981... B8

~ 9.43
c +15° +19° = 24.207436 15 LEIDE

~24.21

9780170453233 Chapter 2 | Pythagoras’ theorem
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Example 3

Select the surds from this list of square roots: V72 V121 V64 V90 V28

Solution

V72 = 8.4852... J72 is called an ‘exact value’ while
\/’ﬁ -11 8.4852 is called its ‘approximate value’
Joa =3

V90 = 9.4868...

V28 = 5.2915..

so the surds are \/-7_2 \/9_0 and \/55 .

EXERCISE 2.07 ANSWERS ON P. 271
Squares, square roots and surds

n Evaluate each expression.

a 4 b 16 c (6.3 d (0.7

e (1287 f (0.020 g (12 h (-9

i (-13) i (=12)y k 22+7? I 202+ 7

m 19°-142 n 122-10 o (032+(042 p (32?2-(15)2
E Evaluate each square root.

a 19 b 900 c 625 d 361

e 1.69 f 289 g 1024 h 156.25
B Evaluate each square root, correct to 2 decimal places.

a V12 b 450 ¢ 1001 d 325

e 153 f 7002 g /938 h Va2
n Which of the following is closest to the value of V6 +11° ? Select A, B, C or D.

A 127 B 17 C 125 D 13.7

B Evaluate each expression, correct to 2 decimal places.

n Evaluate each expression, correct to one decimal place.
a (157 +(42) b (125) -(7.1) c (257 +(18.2)

Which of the following is a surd? Select A, B, C or D. .

A /9 B 225 c Ji60 D 81
B Which of the following is NOT a surd? Select A, B, C or D. [c]
A 77 B 144 c V8 D 200
Foundation  Standard Complex

New Century Maths 9 9780170453233



>

n Select the surds from the following list of square roots. (€]
V2 33 Y289 Bl Va9
Js2 0 1z Vi Vi9e 200

m Without using a calculator, determine between which 2 consecutive numbers the value
of \/40 lies. Select A, B, C or D. [RI

A 4and5s B 5andé6 C 6and7 D 7and38
m Is the statement \/x_’ = x always true? .

m Is the statement (\/; )2= x always true? R

Investigation @:

Pythagoras’ theorem
Pythagoras’ theorem is a rule that describes the relationship between the longest side of a
right-angled triangle and the other 2 (shorter) sides.

Use dynamic geometry software (or a pencil and ruler) to discover Pythagoras’ theorem by
following the steps below.

1 a Draw aright-angled triangle with the shorter sides
of lengths 3 cm and 4 cm.
b Measure the length of the longest side, c cm. £ "0,]]
Q
¢ Copy the table below and enter the value for the )
longest side c when the 2 shorter sides are
a=3andb=4. -
Shorter sides Longest side 4cm
(cm) (cm)
a c a?  b* a*+bh? c?
3
6 2.5
6
5 12

d  Complete the table row by evaluating a2, b% a® + b? and 2.

2 Complete the remaining rows by drawing right-angled triangles using the measurements
given for the shorter sides a and b, finding the length of the longest side, ¢, and
evaluating a?, b% a® + b? and c*.

3 What is the relationship between the longest side and the other 2 sides of a right-angled
triangle?

Foundation  Standard Complex
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Pythagoras’
discovery

Pythagoras’
theorem

46

Pythagoras’ theorem

A right-angled triangle has one
right angle (90°) and 2 acute angles.
Its longest side is called the

the hypotenuse

hypotenuse, which is always (the longest side)
opposite the right angle. The hypotenuse

is always opposite |

the right angle.

The hypotenuse in this diagram is AB, opposite the right angle 2C.

A hypotenuse ¢

c

A theorem is a formal rule or formula. The ancient Greek mathematician Pythagoras
discovered the following theorem.

Pythagoras' theorem

For any right-angled triangle, the square of the hypotenuse is
equal to the sum of the squares of the other 2 sides. c

If c is the length of the hypotenuse, and a and b are the lengths of
the other 2 sides, then:

c=a*+ b’
that is,

Write Pythagoras’ theorem for this triangle.

(hypotenuse)*= (shorter side 1)? + (shorter side 2)?

N
p
m
P n M
Solution
p is the hypotenuse, so p?> = m? + n?
OR

NM is the hypotenuse, so NM? = NP? + PM?

New Century Maths 9 9780170453233



EXERCISE 2.02 ANSWERS ON P. 271

Pythagoras’ theorem

n In a right-angled triangle, what is the hypotenuse? Select the correct answer
A,B,CorD. @

A the 90° angle B anacuteangle € theshortestside D the longestside

n For each right-angled triangle, name the hypotenuse. c

a b x c "
b b
q
z C
r Yy
d P\O/Re R| ; i f T\/U
Q \%4
T

B For each right-angled triangle, measure the length of the hypotenuse in
millimetres (mm).

i
N AN

>

Foundation  Standard Complex
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‘ n Write Pythagoras’ theorem for each triangle. [e]
EXAZPLE

a N b C c X
w
k m % W
b C

M 7 K P
dK t 7 e C f

hV : |

T R c Z

B For each triangle, select the correct statement of Pythagoras’ theorem. .

48 New Century Maths 9

A y=xX*+w? B xX*=w?+)? a X
C w=x+) D y=x+w
w y
A PR=PQ+QR B QR?*=PQ*+ PR b P Q
R
A @=n+r B TN?+4 TQ?= NQ> c T n Q
C w=q+¢ D TN=TQ +NQ
1 t
N
A VK +VP=JK* B j=v+Fk d J
C v=j+k D VK*=JV?+JK?
k Vv
|4 j K
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n Write Pythagoras’ theorem for each triangle. [€]

(cutting up shapes). [PS] [R]

a On asheet of paper, construct a
right-angled triangle and draw
squares on all 3 sides. Alternatively,
download the worksheet

RN
e,

Pythagoras’ theorem can be demonstrated visually by dissection

A

In the 2 smaller squares, draw lines
perpendicular to the hypotenuse as
shown, and in the bottom square, draw
a line parallel to the hypotenuse as

Pythagoras 1

‘Pythagoras 1”. shown.

\

N5

4%

r A}
\
A Y
\ 1
Ay
A}
\
A
2 e B
“.4”’ 3
¢ Number the regions 1, 2, 3, 4, 5 as shown.
d Cutout the 5 pieces and rearrange them to form the square on the hypotenuse.
e Does the area of the 2 smaller squares equal the area of the larger square?
f How does this ‘prove’ Pythagoras’ theorem?
g Repeat this question on another right-angled triangle.
Foundation  Standard Complex
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A
y :@:

Egyptian rope stretchers

In ancient times, whenever the Nile River flooded, Egyptian farmers would have to rebuild
fences around their fields afterwards. To form right angles for this, they used a secret
‘magical’ technique called rope stretching to create a 90° angle, making a length of rope with
13 knots tied in it at equal intervals.

1 2 3 4 5 6 7 8 9 10 11 12 13

The rope was fixed to the ground at the 4th and 8th knots, and stretched around to create a
triangle with side lengths 3, 4 and 5 units. The right angle is formed at the 4th knot.

8th knot

4th knot
7/ N

The builders of the great pyramids also used rope stretching, but could not understand why
this ‘trick’ produced a right angle. Pythagoras studied with the rope stretchers and eventually
worked it out.

Make and stretch a knotted rope to create a right angle using a 3-4-5 triangle.

Finding the hypotenuse

Pythagoras’ theorem is used to find the length of

one side of a right-angled triangle when the other
2 sides are known. In this section, we will look at
finding the hypotenuse when the lengths of the 2
shorter sides are known.

New Century Maths 9 9780170453233
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Example 5

Find the value of c in this triangle. 9cm Pyhagoras
e 5
B\ |8

Solution

We want to find the length of the hypotenuse.
Using Pythagoras’ theorem:

¢ =92+ 407
= 1681

c=+/1681 Use the square root to find c.
=41

An answer of ¢ = 41 looks reasonable because:

- the hypotenuse is the longest side

« from the diagram, the hypotenuse looks a little longer than the side that is 40 cm

Example 6

Find the length of the cable supporting this flagpole: © Pythagoras’

theorem 2

a asasurd

b correct to one decimal place.
2
) 5
5 B
o
A 4m B
Solution
a AC*=122+4?
=160
AC =160 m This is the answer as a surd (in N form)
b AC =160 From parta
=12.6491...
~12.6 m Rounded to one decimal place
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Example 7

In /AAPQR, £P =90°, PQ = 25 cm and PR = 32 cm. Sketch the triangle and find the length of
the hypotenuse, correct to one decimal place.

Solution
p? = 322 + 25° p is the side opposite P and Q
is also the hypotenuse
= 1649 p
25cm

p =+1649

=40.607 881 01... P 32 cm R

~ 40.6

.. The length of the hypotenuse is 40.6 cm.

EXERCISE 2.03 ANSWERS ON P. 271

Finding the hypotenuse

@ n Find the length of the hypotenuse in each triangle.

8cm Cc 18 cm

P
24 cm
35cm f 30 cm
12cm 7
24 mm 16 cm

10 mm
R h L i c _7cm A
16 cm
v T 24 cm
K
H 4m
B
J c 4.5m A 60 mm | F
ﬁllmm
g 18
(@]
N
b 7.5m L
B

>

Foundation  Standard Complex
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E Find the length of the hypotenuse in each triangle, as a surd.

c

54 mm L
AZS mm
10 cm K N
16 cm

15cm

51 mm

v 6 cm VA
<34 mm
57 mm 9cm
T

B Find the length of the hypotenuse in each triangle, correct to one decimal place.

1.76 m c Z

72 mm
2.4 m f 49 mm
R T
19 cm
70 mm
24 cm
1%
n A rectangular field is 100 m long and 50 m wide. ____100m

C . [P
How far is it from one corner to the opposite corner, i
along the diagonal? Select the correct answer .

A,B,CorD. o a
A 150m B 111.8m koo i
C 1002m D 983m

H A firefighter places a ladder on a window sill 4.5 m
above the ground. If the foot of the ladder is 1.6 m from
the wall, how long is the ladder, correct to one decimal
place?

41 67 mm
o 1.85m kv
G 84 mm

50 m

iStock.com/renal
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n The gable of a roof is 6 m long. If the roof is 1.6 m high, how long is the rafter?

b P

)

Shutterstock.com/LuYago

a In /AA\ABC, ZABC = 90°, AB = 39 cm and BC = 57 cm. Find AC correct to one

decimal place.

b In AMPQ, 2PQM = 90°, QM = 2.4 m and PQ = 3.7 m. Find PM, as a surd.

¢ In /A\RVJ, 2] =90°,JV =12.7 cm and JR = 42 mm. Find RV, correct to the nearest
millimetre.

d In /\AEGB, EG = EB = 127 mm and «GEB = 90°. Find the length of BG, correct to
one decimal place.

e In AVZX, 2V =90° VX = 547 cm and VZ = 11.6 m. Find ZX in metres, correct to
the nearest 0.1 m.

f In APQR, ZRPQ = 90°, PQ = 2350 mm and PR = 5.8 m. Find QR in metres, correct
to 2 decimal places.

Technology

Finding the hypotenuse

Use a spreadsheet to calculate the length of the hypotenuse, c, of b
aright-angled triangle, given the lengths of the other two sides
(a and b). a

c

1 Enter the headings shown below into cells A1, B1, C1 and
D1. Then enter the values shown into columns A and B.

A B C D E
b a’2+b"2 c
4
12
8

24

N oo W o

N| O O & W] =

2 Click on cell C2. Type the formula =A2/2+B2"2. Use Fill Down to copy this formula
into cells C3 to C5.

3 To calculate each hypotenuse, we need to find the square root of the values in column C
each time. So, in cell D2, enter =sqrt(C2). Then click on cell D2 and use Fill Down to
copy this formula into cells D3 to D5.

4  Use your spreadsheet to find the length of the hypotenuse, given the following pairs of
values for the other two sides.

a a=12,b=9 b a=10,b=10 c a=7,b=6
d a=1,b=8 e a=75b=119 f a=64,b=23
Foundation  Standard Complex
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Finding a shorter side

Pythagoras’ theorem can also be used to find the length of a shorter side of a right-angled
triangle, if the hypotenuse and the other side are known.

Example 8 oy

Find the value of d in this triangle.

Pythagoras’
theorem

d mm

Pythagoras’
theorem

Solution
We want to find the length of a shorter side.

Using Pythagoras’ theorem:
10°=d+ 6
100 =d* + 36
d* + 36 = 100
d?> =100 - 36
=64

d=+64

=8
From the diagram, a length of 8 mm looks reasonable because it must be shorter than the
hypotenuse, which is 10 mm.

Example 9

Find the value of y as a surd for this triangle. 43 m Pythagoras’

theorem 1

ym
Solution 38 m
43 =y + 38
1849 =)? + 1444
>+ 1444 = 1849
> =1849 - 1444
=405

y= J405 Leave the answer as a surd
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EXERCISE 2.04 ANSWERS ON P. 271

Finding a shorter side

n Find the value of the variable in each triangle.

a 5 mm b c
T/ .
B Lo
=
IS4
g 30 cm S O
g g 8
e
L[]
ym
d e
35
§
&
v

E Find the value of the variable in each triangle, correct to one decimal place.

a b 16 cm c 75 cm
27 cm
xcm rem
xcm 7 cm 120 cm

20 cm

d e ycm
32m 21m 25cm
43 cm
am

@ n Find the value of the variable in each triangle as a surd.

58 m
a b c
ecm 45cm gm
127m/ oz m 62m
84 cm
50 m
xm

>
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d e 1.9m f wm

3.7 cm 4.9 cm 204 m 67 m

pcm

n Find the value of x in this rectangle. Select the correct answer A, B, C or D.
A 20 8 i

B 80

12m
c 136 xm
D 208

B C

H Find the value of p in this rectangle. Select A, B, C or D.

A 40
B 36
C 32
D 28

n In this diagram, O is the centre of a circle.
A perpendicular line is drawn from O to B such that
OB L AC and AB = BC. Calculate the length of OB.
Select A, B, C or D. - .

A 13m
B 1.8m
C 19m
D 34m

An equilateral triangle has sides of length 12 cm. Find the
perpendicular height, h cm, of the triangle, correct to 2 decimal

places. -.

n A square has a diagonal of length 30 cm. What is the length of each side of the square,
correct to the nearest millimetre? - .

Foundation  Standard Complex
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Technology !

Finding a shorter side

Use a spreadsheet to calculate the length of a shorter side, b, of a right-angled triangle,
given the length of the hypotenuse and the other side (c and a).

b

1 Enter the headings shown below into cells A1, B1, C1 and D1. Then enter the values
shown into columns A and B.

» A B o " )
1 c a cr2-a*2 b
2| 25 20
3| 37 12
- 18 16
5 11 7
6

2 Click on cell C2. Type the formula =A2/2-B272. Use Fill Down to copy this formula
into cells C3 to C5.

3 To calculate the values of b, we need to find the square root of each of the values in
column C. So, in cell D2, enter =sqrt(C2). Then click on cell D2 and use Fill Down to
copy this formula into cells D3 to D5.

4 Use your spreadsheet to find the length of the unknown shorter side, given the following
pairs of values for the hypotenuse and other side.

a c¢c=6l,a=11 b ¢=87,a=60
c c¢=35a=22 d ¢=92,a=27
e c¢c=158,a=63 f c¢=245a=128
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Mental skills 2A: Maths without calculators answersonr 271

Multiplying and dividing by a power of 10

Multiplying a number by 10, 100, 1000, etc. moves the decimal point to the right and makes
the number bigger. We place zeros at the end of the number if necessary.

«  When multiplying a number by 10, move the decimal point 1 place to the right.

«  When multiplying a number by 100, move the decimal point 2 places to the right.

«  When multiplying a number by 1000, move the decimal point 3 places to the right.

The number of places the decimal is moved to the right matches the number of 0s in the 10,
100 or 1000 we are multiplying by.

1 Study each example.
a 2632x10= 26.32 = 263.2 The point moves 1 place to the right.
b 8.701 x 100 = 8.331 =870.1  The point moves 2 places to the right.

c 6.01x1000= 6.\9\}8 = 6010 The point moves 3 places to the right after a
zero is placed at the end.

d 17x100= 17-98 = 1700 The point moves 2 places to the right after
2 zeros are placed at the end.

2 Now evaluate each expression.

a 89.54x10 b 3.7x10 ¢ 0.831 x 100

d 42x100 e 5.2716 X 1000 f 156.1x10

g 31.84 x1000 h 64.3x100 i 0.0224 x 1000
j 4.894x10 k 7.389 x 1000 I 11.42x100

Dividing a number by 10, 100, 1000, etc. moves the decimal point to the left and makes the
number smaller. We place Os at the start of the decimal if necessary.

«  When dividing a number by 10, move the decimal point 1 place to the left.

«  When dividing a number by 100, move the decimal point 2 places to the left.

«  When dividing a number by 1000, move the decimal point 3 places to the left.

3  Study each example.

a 145.66 +10 = 14%66 = 14.566 The point moves 1 place to the left.

b 2357 +100= 082\;357 =0.023 57 The point moves 2 places to the left after
2 zeros are inserted at the start.

¢ 14.9 +1000 = 0014.9 = 0.0149 The point moves 3 places to the left after
2 zeros are inserted at the start.
d 45+100= OAALSV. =0.45 The point moves 2 places to the left after

1 zero is inserted at the start.

4 Now evaluate each expression.

a 7334-+10 b 94-=10 c 652+100
d 10.4+100 e 704+ 1000 f 198.5+100
g 2-+100 h 4159 + 1000 i 123+10

j 0.758 =100 k 8.49 =100 I 25.1+ 1000
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Mixed problems

In this section, you will need to decide whether to find the hypotenuse or a shorter side, using
Pythagoras’ theorem.

Pythagoras 1

Example 10

Find the value of y as a surd. 12 cm
Pythagoras 2

Solution
y is the length of a shorter side. )
28 =y* +12° )
784 =y’ +144
Yy +144=784
Y’ =784—144
=640

y=+/640

wo A

Example 11

A ship sails 80 nautical miles south and then 45 nautical miles east. How far is it from its
starting point, correct to one decimal place?

Solution
Let x be the distance the ship is from the starting AN
point.
x* =80°+45° e
=8425
x=+/8425 80 M x

=91.7877...
~01.8M From the diagram, this looks like
a reasonable answer ¥ 45M Ship

M is the symbol for nautical miles
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Example 12

Find the length of the unknown side in this trapezium, p_60cm o
correct to one decimal place.

47 cm

S 72 cm R

Solution

The unknown side is PS. Form the right-angled /\PSA, p 60 cm Q
as shown.

By comparing sides:
PA = QR =47 cm and
AR = PQ = 60 cm.

~SA=72-60=12cm
5 PS* =47 + 122
=2353
PS =+/2353
= 48.5077...

~ 48.5 cm

47 cm

S12cmA  60cm R

From the diagram, this looks like
a reasonable answer

Example 13

Find the value of y, correct to 2 decimal places. B

15
Solution
We need to find BD first.
In AABD, 13 D
BD? =15% + 132
=394

12

BD = /394 Leave BD as a surd for further working
In ABCD,

y=(V394) +122  (V394) =394
= 538
y=4/538

= 23.1948...
~23.19 From the diagram, this looks like
a reasonable answer.

9780170453233 Chapter 2 | Pythagoras’ theorem
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EXERCISE 2.05 ANSWERS ON P. 272

Mixed problems

n What is the length of k? Select the correct
answer A, B, C or D.

A 27cm B 41.9cm

C 46.2cm D 49.8cm
E What is the length of YZ?

Select A, B, C or D.

A 159m B 134m

C 11.7m D 86m

place.

/)

21.6 cm

&

6.8 cm h

5.1 cm

5%

46 cm

0.8 m
te 2.1Wa m
r 1.9m 18 cm
qcm
3.5m

L‘IQ cm

Y
" I’ZQ\
X
n Find the value of the variable in each triangle. Give your answers correct to one decimal
a 17 cm b c
96 mm 7
mm
mcm
4m km
27 cm
gmm
24 m
f y m
pcm 17 mm
32 mm
18.0 cm ' 19.5m
X mm 341 m

44 m
Awm
cm
9.8 m
bm
9.8 m

147 m 4
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n A ladder 5 m long is leaning against a wall. If the base of the
ladder is 2 m from the bottom of the wall, how far does the
ladder reach up the wall? (Answer correct to 2 decimal places.)

iStock.com/bmcent1

H The size of a TV screen is described by 133cm ——
the length of its diagonal. If a TV screen is
133 cm wide and 75 cm high, what is the
size of the screen? Answer to the nearest

centimetre.

Shutterstock.com/rawf8

n A ship sails 70 nautical miles west and then 60 nautical miles
north. How far is it from its starting point, correct to one
decimal place?

60 M

70 M

Ashleigh is standing on a tennis court at A and serves the ball to Ellen, who hits it back
from B. Ashleigh then hits the ball from A to C. How far does Ellen have to run to hit a
return shot? Answer to the nearest metre.

Ashleigh
e A

20m 21.2m

net
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n Use Pythagoras’ theorem to calculate the distance between the 2 points on each number
plane. In part b, write the answer as a surd. .

a b YA
5 3
(_ a2)
4 /iG.m 22,
3 /, \ 1
2 < >
1 // -3 -2 —1»1 2 3 X
0#/ L > _\
01 2 3 4 5 x A\
o}
A\
_g (1’_5)
y

n For each trapezium, find the length of the unknown side, correct to 2 decimal places
where necessary.

a 18 cm b c 298 mm
9.6 m zozﬁ
15cm 7m 100 mm
23cm 11.5m
m a Find the value of x, correct to 1 decimal place. . A
5cm
& Xxcm
12cm
B
C 36 cm

b Find the length of AD, correct to 2 decimal places. .

¢ Calculate the length of x as a surd. . 7

Foundation  Standard Complex
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m The diagonal of a rectangle is 200 mm in length. One of the side lengths of the rectangle
is 167 mm. Find the length of the other side, correct to the nearest millimetre. 2

m To keep a power pole vertically upright, it is supported by
2 wires as shown. Find, correct to one decimal place, the
length of the second wire. Rl

A
y 7

The Pythagoreans

The Pythagoreans were a group of men who were Pythagoras’
followers. Apparently, they were so upset about the discovery
of surds that they tried to keep it a secret. Hippasus, one of
the Pythagoreans, was drowned for revealing the secret to
outsiders.

Find the special name for this symbol involving a star
inside a pentagon, the symbol of the Pythagoreans.

Testing for right-angled triangles

Pythagoras’ theorem says that if a right-angled triangle has sides of
length a, b, and c, then ¢* = a* + b~

The reverse of this is also true: ¢ b Testing fr

right-angle:
If any triangle has sides of length a, b, and c that follow the formula iangles
¢? = a* + b?, then the triangle must be right-angled. a

The right angle is always the angle that is opposite the hypotenuse.

This is called the converse (or opposite) of Pythagoras’ theorem, because it is the ‘back-to-front’
version of the theorem.

Foundation  Standard Complex
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Example 14
Test whether AABC is right-angled. A
75 mm 21 mm
€ 72 mm =
Solution
75%* = 5625 Square the longest side
21% + 72% = 5625 Square the 2 shorter sides, then add
S750 =212 + 722 The sides of this triangle follow ¢?> = a® + b?
.. AABC is right-angled. The right angle is «B

Example 15

Rahul constructed a triangle with sides of length 37 cm, 12 cm and 40 cm. Show that these
measurements do not form a right-angled triangle.

Solution

40? = 1600 Square the longest side

12% + 37> = 1513 # 1600 Square the 2 shorter sides, then add

s 407 #£ 122 + 372 The sides of this triangle do not follow ¢* = a + b?

.. The triangle is not right-angled.

EXERCISE 2.06 ANSWERS ON P. 272
Testing for right-angled triangles

n Test whether each triangle is right-angled. E

a b c
40
12 > 26
10
3 42
24 9

f

6
80
82
18

25

>
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New Century Maths 9 9780170453233



7.5 32 12.5

g h 2.5 i 8.5
7.1
1.5
2
8.5 12.1
9.8
7.1
18
195

n Paba constructed a triangle with sides of length 17 cm, 21 cm and 30 cm.
Show that these measurements do not form a right-angled triangle. [ |

B Which set of measurements would make a right-angled triangle?
Select the correct answer A, B, C or D. .

A 2cm,3cm,4cm B 5mm, 10 mm, 15 mm

C 12cm,16cm,20cm D 7m,24m,31m

n Which one of these triangles is not right-angled? Select A, B, C or D. E
B 7

A 13
5 12 40
45
C
35 28
100
21

E A pole 2.1 m tall is supported by a wire 2.9 m long. The other
end of the wire is attached to the ground 2 m from the base of
the pole. Is the pole standing vertically upright? R @
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Pythagorean triads

A Pythagorean triad or Pythagorean triple is any set of 3 numbers that follow Pythagoras’
theorem, for example, {3, 4, 5} or {2.5, 6, 6.5}. The word triad means a group of 3 related items
(‘tri-’ means 3).

Pythagorean triad

{a, b, c} is a Pythagorean triad if ¢ = a® + b
Any multiple of {a, b, c} is also a Pythagorean triad.

Example 16

Test whether {5, 12, 13} is a Pythagorean triad.

Solution

132 =169 Squaring the largest number

5%+ 12* =169 Squaring the 2 smaller numbers and adding them
o137 =57 4122 These 3 numbers follow Pythagoras’ theorem

=.{5,12, 13} is a Pythagorean triad.

Example 17

{3, 4, 5} is a Pythagorean triad. Create other Pythagorean triads by multiplying (3, 4, 5) by:
1

a 2 b 9 c -
2
Solution
a 2x{3,4,5}=1{6,8,10} b 9x{3,4,5}={27, 36,45}
Checking: 10* = 100 Checking: 45* = 2025
6%+ 82 =100 27* + 36% = 2025
S 10 =62+ 8 S 452 =27 + 362
.. {6, 8, 10} is a Pythagorean triad. {27, 36, 45} is a Pythagorean triad.

% x {3, 4, 5} = {1.5, 2, 2.5}

Checking: 2.5* = 6.25

1.5+ 22=6.25

L2527 =1.5%+ 22

. {1.5, 2, 2.5} is a Pythagorean triad.
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EXERCISE 2.07 ANSWERS ON P. 272 |

| Pythagorean triads

n Test whether each triad is a Pythagorean triad.

a {81517} b {10, 24,26}
¢ {30,40, 50} d {5709}

e {9,40,41} f {4,509}

g {11,60,61} h {7,24,25}

i {15,114,115}

E Which of the following is a Pythagorean triad? Select the correct answer A, B, C or D.
A {4,6,8} B {5 10,12} c {6,710} D {20,48,52}

B Use the spreadsheet you created in Technology: Finding the hypotenuse on
page 54 to check your answers to questions 1 and 2.

n For each Pythagorean triad, create another Pythagorean triad by multiplying each
number in the triad by:

i awhole number ii afraction iii adecimal.
a {512,13} b {81517} ¢ {30, 40, 50} d {7,24,25)

Check that each answer follows Pythagoras’ theorem.

E Pythagoras developed formulas for finding Pythagorean triads {a, b, c}. If one number in
the triad is a, the formulas for the other 2 numbers are b = ;(al ~1)andc= ;(az +1).

a If a = 5, use the formulas to find the values of b and c.

b Show that {a, b, c} is a Pythagorean triad.

n Use the formulas to find Pythagorean triads for each value of a.

a a=7 b a=11
c a=15 d a=4
e a=9 f a=19
g a=10 h a=51

Prove that if b= %(a2 ~1)andc= %(a2 +1), then ¢ = a? + b*is true. [R|[€]

n There are many other formulas for creating Pythagorean triads. Use the Internet to
research some of them.
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Pythagoras’ theorem problems

When using Pythagoras’ theorem to solve problems, it is useful to follow these steps.

« Read the problem carefully
ﬁ?@lﬁi‘gm .+ Draw a diagram involving a right-angled triangle and label any given information
heorem
' « Choose a variable to represent the length or distance you want to find
« Use Pythagoras’ theorem to find the value of the variable

« Answer the question

Example 18

Pyhagoras’ A tower is supported by a wire that is 20 m long and attached to the ground 10 m
problems from the base of the tower. How far up the tower does the wire reach? Answer to the
nearest 0.1 m.

Solution
First draw a diagram. Let h represent how far up the tower the wire reaches in metres.

The diagramél The triangle

20 m wire 20m
hm

10 m 10 m

20% = h> + 10*

400 = h* + 100

h* + 100 = 400

h* =400 - 100

=300

h =300
=17.3205...
~17.3

.. The wire reaches 17.3 m up the tower.
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Example 19

Find the perimeter of this triangle, correct to one decimal place. 21 m

10 m

Solution
Let x be the length of the hypotenuse.
x* =10 +21°
=541
x=+/541

=~23.3m

Perimeter ~ 10 + 21 + 23.3
=54.3m

EXERCISE 2.08 ANSWERS ON P. 272

| Pythagoras' theorem pfoblems

n A flagpole is supported by a piece of wire that reaches 4 m up the flagpole. The wire is
attached to the ground 2.4 m from the base of the flagpole. Find the length of the wire,
correct to one decimal place. [PS] R

E Mia is walking home from the library. She can
walk around Hamper Park, entering the park at
gate A, through B (stopping at the playground) and
then out of the park at gate C, to her home nearby.
Alternatively, Mia can take a shortcut across the park
from gate A to gate C.

gateA

a Find the total distance Mia would walk from
AtoCviaB. C

b How far is it if Mia walks from A directly to C?
Answer to the nearest metre.

¢ How much further would Mia walk if she takes the longer route home?

n Cooper wanted to find the length XY of
the lake shown. He placed a marker at Z
so that ZYXZ = 90°. He measured XZ to
be 450 m long and ZY to be 780 m long.
What is the length of the lake? Answer
correct to one decimal place.

Shutterstock.com/Jamen Percy
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n The swim course of a triathlon race has the shape of a right-angled triangle joined by a
2-metre link to the beach as shown. Calculate the total distance covered in this course
(starting and finishing on the beach). PS

START/FINISH

SWIM LEG

—Ne~ 264 m

Buoy 1

Buoy 2

H A Kkite is attached to a 24 m piece of string.
The rope is held 1.2 m above the ground and

covers a horizontal distance of 10 m. 1
24 m xm
Find: l
a thevalue of x, correct to one decimal place
1 *2 10 m
b the height of the kite above the ground, N m

correct to the nearest metre.

n Find the length of the electricity line from the
top of the pole to the house, correct to one
decimal place.

6.3 m
g| 3.8m

| 10.2m !
A screen door is reinforced by 2 metal braces that diagonally 105 cm
cross the door. Find the total length of the 2 braces in metres,
correct to 2 decimal places.
195 cm
Foundation  Standard Complex
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n For this playground slide, find correct to
3 decimal places:
a the height (h) of the slide 4.5m
b the length (1) of the slide. ladder
-
!1 m 5m

A softball diamond has the shape of a square with a side length of 18 m. Sonja hits a ball
from the home plate to second base. Calculate the distance travelled by the ball, correct

to one decimal place. - .

second base

T S

a b
90 \\\
2 \
3
\C
= \‘g
o
o 13 cm K
8 '\
AY
[1 R
25 cm
d e 5cm f
g
g
= =
5]
N
—
Foundation  Standard Complex
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a 16 cm b [ c
”1 \\
,,/ \\ ?
S o
'}?” \\\\O v\}‘
/a’ S\ ‘%
,f ,_ \\ ‘%
AY
AY
M K
6.5cm
d 2.3m e 8 m f
12 m

m Calculate the area of each shape, correct to one decimal place where necessary.

wuI ¢

5m

m A cone has a vertical height of 14 cm and a slant height of 27 cm.
Find r cm, the radius of its circular base, correct to 2 decimal places.

m DCBA is a rhombus with diagonals AC = 18 cm and DB = 12 cm.
Find the perimeter of the rhombus, correct to one

decimal place. - .

m A set of 24 steps is to be replaced by a
ramp as shown. Each step has a tread of
45 cm and a riser of 28 cm. Find the
length of the ramp in metres. - .

'45 cm
tread

riser
28 cm

Foundation

New Century Maths 9

Standard
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Mental skills 2B: Maths without calculators answersonp 272

Multiplying and dividing by a multiple of 10

1 Consider each example.

a 4xX700=4X7x100=28x 100 = 2800

b 5x60=5x6x10=30x10=300

C 12X40=12X4X%x10=48 xX10 =480

d 32x30=32%x3x10=9.6X10=96 (by estimation, 3 X 30 = 90 ~ 96)
e 46x50=4.6x5x10=23x10=230 (by estimation, 5 X 50 = 250 ~ 230)
f

9.4 X200 =9.4 X2 X 100 = 18.8 X 100 = 1880 (by estimation, 9 X 200 = 1800 = 1880)

2 Now evaluate each product.

a 8x2000 b 3x70 c 11 X900 d 2x300
e 4 x4000 f 5x80 g 7x70 h 1.3x40
i 2.5%x600 i 5.8x200 k 3.6x50 I 4.4x3000

3 Consider each example.

8000 -+ 400 = 8000 + 100 +~ 4 =80 + 4 =20
200 -50=200+10+5=20+5=4

6000 = 20 = 6000 =+ 10 + 2 = 600 + 2 = 300
282+30=282+10+3=282+3=94
3520 +40=3520+10+4=352+4=88
8940 + 200 = 8940 + 100 + 2 = 89.4 +~ 2 = 44.7

= 0 o O T o

4 Now evaluate each quotient.

a 560+70 b 2500+ 500 c 3200 + 400 d 440+20
e 160 =40 f 1500 =30 g 450 +50 h 744 =80
i 2550+ 300 i 846 +200 k 576 +60 I 2160 +90

A |
y \<>,

Pythagoras and President Garfield

According to The Guinness Book of Records, Pythagoras’ theorem
has been proved the greatest number of times, with a book
published in 1940 containing 370 different proofs, including one
by US president James Garfield (1831-1881). Before becoming
involved in politics, Garfield studied mathematics and taught in

a public school. He published his proof in 1876 and was the 20th
president of the United States, governing for only 150 days in 1881.

Find the main mathematical feature of President Garfield’s
proof.

Alamy Stock Photo/Prisma Archivo
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Power plus ANSWERS ON P. 272 '

T Name the 5 hypotenuses on this diagram. Ap B
E
D F c
2 The rectangle ABDE in the diagram has an A 20m B
area of 160 m?. Find the value of x as a surd if B ! xm
/\BDC is an isosceles triangle. gh .-: c
D

3 Find the value of x in each triangle, correct to one decimal place.

a X b
15 x
X 32
X
4 For this rectangular prism, find, correct to one E F

decimal place, the length of diagonal: i c v

B : 8
a HD ’JI* EIITTTTNTTT = - G
b DE T &

A 2

15m D

5  Find, correct to one decimal place, the length of the interval joining points A(-2, 1) and
B(3,-2) on the number plane.

6  For this cube, find, correct to 2 decimal places, the length U T
of diagonal: Iy i N
a QS '
b QT @i _____ s
Q - 15cm P
7 For this square pyramid, find, as a surd, the slant height EF. E

8  Use Pythagoras’ theorem to prove that for a right-angled
triangle, the area of the semicircle constructed on the
hypotenuse is equal to the areas of the semicircles
constructed on the other 2 sides. ]
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CHAPTER 2 REVIEW

Language of maths

area converse diagonal formula

hypotenuse irrational perimeter Pythagoras -
right-angled shorter side square root §
surd theorem triad unknown ~
1 Who was Pythagoras and which country did he come from? .FE
2 Describe the hypotenuse of a right-angled triangle in 2 ways. E
3 What is another word for ‘theorem’? N
4 For what type of triangle is Pythagoras’ theorem used?

5 Whatis a surd?

6 What is the name given to a set of 3 numbers that follows Pythagoras’ theorem?

Topic summary

« How relevant do you think Pythagoras’ theorem is to our world? Give reasons for your
answer.

» Give 3 examples of jobs where Pythagoras’ theorem would be used. ijgg";f‘g,

theorem

«  What did you find especially interesting about this topic?

« Is there any section of this topic that you found difficult? Discuss any problems with your
teacher or a friend.

Print (or copy) and complete this mind map of the topic, adding detail to its branches and using

pictures, symbols and colour where needed. Ask your teacher to check your work.

Pythagoras’
theorem

Squares, square
roots and
surds

Finding the
hypotenuse

Pythagoras’
theorem
problems

PYTHAGORAS'
- THEOREM

Finding a
shorter side

Testing for
right-angled
triangles

Pythagorean
triad
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TEST YOURSELF 2 .wsueesone 2

n Evaluate each expression.
a 8.5 b (-6)? c 92+ 112

E Evaluate each expression correct to 2 decimal places.

a 146 b V6 +12° c 27 -16

B Name the hypotenuse in each triangle.
a A b n c F
B A E
p
C
G

n Write Pythagoras’ theorem for each triangle in question 3.

H Find the value of y. Select the closest answer A, B, C or D. 8.1 cm
A 123 B 9.1 £
C 69 D 35 et
g N <

n For each triangle, find the length of the hypotenuse. Give your answer as an exact value.

a 140 mm b & c
56‘ 7.6 m
N
112 mm
105 mm
6.4 m

Find the value of d. Select A, B, C or D.
A 12m B 15m d 8 m
C 16.8m D 189m

17 m

n For each triangle, find the length of the unknown side. Give your answer correct to one
decimal place.

a o b c f
m 360 m
63m 2cm 0.9 km

8.7cm

Foundation  Standard Complex

New Century Maths 9 9780170453233



n Find the exact value of the variable in each triangle.

a y b 12 m c
cm o &
§ = 5
o o g
B K 3 S
2 oy

m In /\DEF, £F = 90°, DF = 84 cm, and EF = 1.45 m. Find DE, correct to the nearest
centimetre.

m Julie walks 6 km due east from a starting point P, while Luka walks 4 km due south from P.
a Draw a diagram showing this information.
b How far are Julie and Luka apart? Give your answer correct to one decimal place.

m Test whether each triangle is right-angled.

a b 37 c 92

51
45 2 69

20

m Test whether each triad is Pythagorean.

a {7,24,25} b {5710} ¢ {20,21,29} d {1.1,6,6.1}
m On a cross-country ski course, checkpoints C and A
are 540 m apart and checkpoints C and B are 324 m apart. B
Find the distance: <
324m ./ AN
a between checkpoints A and B L .
b skied in one lap of the course in kilometres. ce-.. AR

m Miranda holds a kite string 1.2 m above the ground.
How high is the kite above the ground?

Select A, B, C or D. §
A 224m B 23.6m <
C 361m D 373m 8
5

m Find the length of QR in this trapezium, correct to one M 47cm P

decimal place.
R
Q

Foundation  Standard Complex
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Chapter outline
Working mathematically

3.01 Integers ‘ u

3.07 Simple interest
3.08 Ratios and rates
3.09 Converting rates*
3.10 Time differences

*STAGE 5.2

Wordbank

profit The amount made when selling an item at a higher price
loss The amount lost when selling an item at a lower price
cost price The price an item costs the retailer

GST Goods and services tax, a 10% tax added to the original
price of an item or service

recurring decimal A decimal with one or more digits that repeat
endlessly, for example, 0.16=0.1666...

principal An amount of money invested or borrowed, on which
interest is given or charged

per annum (p.a.) Per year

unitary method A method of finding a quantity by finding one
part or 1% first

U = Understanding | F=Fluency | PS = Problem solving | R = Reasoning | € = Communication

9780170453233
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Integers

Integers
using
diagrams

82

In this chapter you will:

« add, subtract, multiply and divide integers, decimals and fractions

convert between fractions and decimals

solve problems involving percentages, ratios, rates and time

perform calculations mentally, with pen-and-paper and using technology

calculate time differences, including with 24-hour time

solve problems involving profit, loss, discounts, GST and simple interest

(STAGE 5.2) convert between units for rates, for example, kilometres per hour to metres
per second

SkillCheck swersone 572

1 Evaluate each expression.

a 8x7 b 42:6 c 49=+7 d 14=:2
e 6x9 f 8=8 g 9x6 h 7x4
i 4x12 j 81+9 k 3x12 Il 0+8
m 20+5 n 56-=+38 0o 5X%X7 p 54+6
2 Simplify each fraction.
a ;—i b g c ?—sg d %
3 Evaluate each expression.
a 6+5x2 b 15+5+4x7 C 28+7-8<+2
d 80+4=+5 e 36+9X%5 f 42-4xs8
4 Express each number as a percentage.
a % b 03 c 007 d %

Integers are the positive and negative whole numbers and zero.

Integers can be represented on a number line as shown below.

- L Il l I} l I} l Il | ! 1
e | T I 1 I 1 I 1 I U I U

]
1
-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

Adding and subtracting a negative number

When adding a negative number, subtract its opposite.

When subtracting a negative number, add its opposite.

New Century Maths 9 9780170453233



Example 1

Evaluate each expression.

a 12+(-7) b -3+(-9) c 9-(-8) d (-12)-(-7)
Solution
a 12+(-7)=12-7 Adding (-7) is the same as subtracting 7
=5
b -3+(-9)=-3-9 +(-9)=-9
=12
c 9-(-8)=9+38 Subtracting (-8) is the same as adding 8
=17
d -12-(-7)=-12+7 “(-7)=+7
==5

Multiplying and dividing positive and negative numbers

« Multiplying or dividing 2 positive numbers gives a positive answer

« Multiplying or dividing a positive number by a negative number gives a negative answer

« Multiplying or dividing 2 negative numbers gives a positive answer

Example 2

Evaluate each expression.

a -5x(-8) b -4x11 c 7%x(-9)
d -72+(-8) e -42+6 f 15+(-3)
Solution

a -5x(-8)=40 2 negatives

b -4x11=-44 a negative and a positive

c 7%x(-9)=-63 a positive and a negative

d -72+(-8)=9 2 negatives

e -42:6=-7 a negative and a positive

f 15+(-3)=-5 a positive and a negative

EXERCISE 3.01 ANSWERS ON P. 572

n For each pair of integers, write > or < to make a true statement. .
a -4 7 b 9 12 c 8 -3 d -5 -8

n Write these integers in ascending order (smallest to largest): 8, -13, -5, 2, -1, 0.

>

Foundation  Standard Complex
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B Write these integers in descending order: -7, -10, 2, -15, 6, -2.

@ n Evaluate each expression.

a 8+ (-5 b -7+9 c -10+7+(5 d -5+(-7)+8
e 6-10 f 3-(-2) g -7-8 h 7-5-6

i -9-11 i -8-5+4 k -10-3-5 I -12-(-12)
m 3-(-2)-(-3) n -1-(-3)+5 0 5-6-7 p -7+(-5)-6

E The temperature at Thredbo at 6 a.m. was -12°C. By 1 p.m. the temperature had risen by
7°, but by 6 p.m., it had fallen by 5°. What is the temperature at 6:00 p.m.? PS

n The highest temperature recorded in
Australia was 51°C at Oodnadatta,
South Australia, in 1960. The highest
temperature recorded in NSW was
50°C at Wilcannia in 1939. The lowest
temperature recorded in Australia and
NSW was -23°C at Charlotte Pass in
1994. What was the difference between
the highest and lowest recorded
temperatures in:

Shutterstock.com/JM Smith

a Australia? b NSW?
Write 2 integers that:
a have asum of -2 b have a difference of -3

n Sejuti was asked to find 2 integers less than 10 that have a difference of 15. What integers
did Sejuti choose? Is there more than one answer? Give reasons for your answer. - .

n Evaluate each expression.

a -3x5 b 8x(-1) c -4x20 d (-6)x(-10)

e (-9) f 12x(-20) g -8 h -50x9

i 45 (-9) j 80+ (-5) k —24:3 I f_z

m _;ﬁ n 120+ (-6) o _%8 p 52+(-4)
m Evaluate each expression.

a 7x(-8) b -120+(-6) c 7-(-15

d -10x5x(-2) e 3;- 20-5%8

g (37 + (-2 h (C10+7) x4 i —24+6x(-5)

j 284 k -8-(10-15) 1 (4

m 6-(-30) 6 N 40+38x(-9) 0 (=52 +4x(-7)

P 24+(-6)+(-5)%x3 q 12-(4x38) r 64+ (-4)
m Write 2 integers that:

a have a product of -20 b have a quotient of -4

Foundation Standard  Complex
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Decimals

Decimals are based on powers of 10. The decimal point separates the whole number part from
the fractional part.

Decimals

Where's the
point¢

1

o 1 1
75.436 —7x10+5x1+4x.1,6+3xm+6xm

Write each fraction as a decimal.

2 b 38 c 97
10 100 1000
Solution
a =03 b 2 -008 c 2 —0.097
10 100 1000

Ordering decimals

To order decimals, write them so that they all have the same number of decimal places, putting
in Os where necessary, then compare the numbers.

Example 4

Arrange 35.2, 35.08 and 35.107 in ascending order.

Solution

35.107 has the most decimal places (3), so write all decimals with 3 decimal places.
35.200, 35.080, 35.107.

Then arrange the numbers in ascending order.

35.080, 35.107, 35.200.

So the correct answer is 35.08, 35.107, 35.2

9780170453233 Chapter 3 | Numeracy and calculation 85
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Multiplying
by 10,

Y
100, 1000

86

Adding and subtracting decimals

When adding or subtracting decimals, keep the decimal points under one another.

Evaluate each expression.

a 37.6+42.85 b 327-156.25

Solution
37.60 b 327.00 Adding 0s to give equal

4 +42.85 ~156.25 numbers of decimal places
80.45 170.75

Multiplying and dividing by powers of 10

When multiplying decimals by 10, 100, 1000, ... move the decimal point 1, 2, 3, ... places to
the right (the same number of places as the number of Os in the multiplier)

«  When dividing decimals by 10, 100, 1000, ... move the decimal point 1, 2, 3, ... places to the
left (the same number of places as the number of 0s in the divisor)

Evaluate each product.
a 46.718 X 100 b 15.82 + 1000

Solution
Ny . .
a 46.718 X 100 = 4671.8 For X 100, move the point 2 places to the right

ARA .
b 015.82 +1000=0.01582 For + 1000, move the point 3 places to the left

Multiplying decimals

When multiplying decimals, the number of decimal places in the answer must be the same as
the total number of decimal places in the question.

Evaluate each product.

a 7.62x9 b 5.23x0.002
Solution
a 762x9=06858 Multiply without decimal points first
7.62 X9 = 68.58 The question has 2 decimal places so the answer must have

2 decimal places
b 523 x2=1046 Multiply without decimal points first

5.23 X 0.002 =0.01046 The question has a total of 5 decimal places so the answer
must have 5 decimal places
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Dividing decimals
«  When dividing by a whole number, keep the decimal points under one another.

«  When dividing by another decimal, first move the decimal point in both decimals the same
number of places to the right so that we are dividing by a whole number.

Evaluate each quotient.

a 723124 b  8.46 = 0.005
Solution
18.0775

a 4 j7 231°0°0
72.31 + 4 =18.0775
b Change the second decimal (0.005) to a whole number (5) by moving the decimal point

3 places to the right.

Then move the decimal point in the first number (8.46) 3 places to the right.

8.2@6% 0.005= 8460 + 5 Decimal point moves 3 places to the right
1692

5)%

8.46 + 0.005 = 1692

Rounding decimals

Round 56.1835:

a to 2 decimal places b to 3 decimal places.

Solution

a 56.1835% 56.18 The 8 has not changed because the
figure after it is 3, which is less than 5

b 56.1835~ 56.184 The 3 has been rounded up to 4

because the figure after it is 5

Recurring decimals

Recurring decimals have a pattern of numbers that repeat or recur. We use dots to indicate the
digits that repeat. Here are some examples:

0.4444.. =04

0.588 88... = 0.58

0.636 363... = 0.63

0.415 415 415... = 0.415

Fraction
families
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Terminating decimals do not repeat (terminating means ‘stopping’). Here are some examples:
0.6 0.875 0.057

Some decimals are neither recurring nor terminating. They have an infinite number of digits,
but there is no pattern. These are irrational numbers. Here are some examples:

T =3.141 592 653... J3 =1.732 050 808...

To convert a fraction to a decimal, divide its numerator by its denominator.

Example 10

Convert each fraction to a decimal and state whether it is recurring or terminating.

a _5_ b u
6 40
Solution
a 3_5-.¢ b 1_4.4
6 40
=0.8333 .. = 0.275 (a terminating decimal).

= 0.83 (a recurring decimal)

EXERCISE 3.02 ANSWERS ON P. 573
BEINEIS

n Write each fraction as a decimal.

a _8. b .2‘ c __456 d i7._
10 100 1000 100
i f 92 g i h 124
100 10000 100 10000
E Write each decimal as a fraction.
a 035 b 0.008 c 04 d 0.0017

B Write each set of decimals in ascending order.
a 0.7,0.707,7.007,0.7007 b 0.202,0.22,0.022 02, 0.002

n Write each set of decimals in descending order.
a 6.03,6.1,6.33,0.6003, 6.3033 b 3.0667, 3.6, 3.66, 3.606

B Write 3 decimals between 5.3 and 5.4 in ascending order. [R [€

@ n Evaluate each expression.

a 234+5.62 b 8.04+9.761 C 3.458 -2.237

d 69.24-41.1 e 3474-18 f 24.932+12.05
g 153-12.582 h 45.804-27.26 i 231.56 + 18.407
j 6.56+12 k 32-16.479 I 45.6-0.007

Write 2 decimals that have a difference of 4.55.

>

Foundation  Standard Complex
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m Evaluate each product.
a 7.23x10
d 8.92x1000
g 0.987=10

m Evaluate each product.
a 23x4
d 0.06%x0.4

m Evaluate each quotient.
a 345=+5
d 12=:38

a 045x02x0.1

What is Declan’s final score?

m Evaluate each expression.

n Declan receives the following scores from seven judges for diving:
72 78 71 83 79 81 7.6

The highest and lowest scores are crossed out, and the remaining 5 scores are added to
make Declan’s final score. -

a Which 2 scores are crossed out?

b
n a A piece of timber 4 metres long is cut into two. If one piece is 1.85 m, what is the
length of the other piece?

b Cate’s time for swimming 100 m was 61.35 s. After training for 6 months, she
reduced her time by 2.76 s. What is Cate’s new time for swimming 100 m?

E: | ;A..
¢ Mack ran 400 m in 59.54 s. After training for 12 months, he reduced his time to 55.6 s.
By how much had Mack improved his time?

15.012 X 100
35.67 = 100
234.5 = 1000

3.6 X0.2
1.11 x 0.03

12.08 + 2
4.8 +0.3

12.6 +0.4 X 7

Shutterstock.com/Solis Images

EXAMPLE

e

¢ 0.0532x 1000

f 97=+-10
i 0.054 = 100
c 523x04 @
f (0.5
EXAMPLE
c 156+3
8.0004 = 0.04

c 369+3x%0.02

Foundation  Standard Complex

9780170453233

>

Chapter 3 | Numeracy and calculation 89



90

>

m Robyn had to calculate 36.024 + 0.08 without using a calculator. Which of these
calculations will give her the same answer? Select the correct answer A, B, C or D.

A 36024 +8 B 36.024 +38 C 36024+38 D 0.36024 + 8

m Round each decimal to the number of decimal places indicated in the brackets.

a 55347(2) b 32575(1) c 4.99(1)

d 0.0695(3) e 200.71(0) f 23.8547(3)
g 19.9(0) h 46.053(1) i 7.5989 (2)

j 24567(1) k 35995 (2) I 301.9835(3)

mWhich one of these decimals can be rounded to 6.75? Select A, B, C or D.
A 6.745 B 6.736 C 6.744 D 6.7349

Write each recurring decimal using dot notation. €}
a 0.166 666... b 0.27327327.. c 0.88888... d 0.20999..

m Show the repeating pattern for each recurring decimal. [€
a 01098 b 0i7 c 025 d 8318

m Convert each fraction to a decimal and state whether it is recurring or terminating. el

3 8 3 9
a b = c 4= d B e Y
8 11 9 5 25
2 13 . . 17
f = == h 1Z i gl13 faddd
3 9 % 12 40 L

m a Convert ; to a recurring decimal.
b  Use your answer to part a to determine the value of: [€] [R]
i 06 i 09
m A decimal with 3 decimal places has been rounded to 8.53. - .

a What is the smallest decimal that can be rounded to 8.53?
b What is the largest decimal that can be rounded to 8.53?

E Aditi and James were asked to multiply 7.28 by 5.56 and express their answers to one
decimal place. Their methods are shown below.

Aditi James

7.28x5.56=7.3%5.6 7.28 x 5.56 = 40.4768
=40.88 = 40.5
=409

Discuss the methods used by both students and decide which is the more accurate

answer. Give reasons. - . .

E Without using a calculator, evaluate:
a (0.1) b (0.2) c (0.3)*

Foundation  Standard Complex
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Technology :

Terminating and recurring decimals

Create the spreadsheet below that shows the numerators and denominators of different
fractions. For example, row 2 shows % and row 3 shows %.

J2 e | &
A B C
1 [Numerator| Denominator | Decimal
e 1 2
3 3 4
4 7 11
5 3 10
6 1 3
¥ 5 6
8 8 9
9 12 15
10| 23 40
11| 67 99
12| 5 8
[ 13

1 To calculate the equivalent decimal in column C, enter =A2/B2 in cell C2, then
Fill Down to cell C12.

2 Incolumn D, classify each decimal as either T (terminating) or R (recurring).

3 Use Format cells for each cell in column C that has a recurring decimal and set the
number of decimal places to 8.

4 Compare your answers with other students in your class.

5 Try other fractions by entering different numerators and denominators, and determine
whether they convert to recurring or terminating decimals.

6 Investigate which denominators give recurring decimals by testing the unit fractions
%%% _213' Create the spreadsheet below and Fill Down cells A3, B3 and C2 to row 21.
) 7 — B , [o
Numerator  Denominator Decimal
2 =A2/82
=82+1
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Fractions

Fractions are rational numbers because they can be expressed in the form %, where a and b
are integers and b # 0.

Improper fractions and mixed numerals

Improper Example 11

and mixed
numerals

a  Convert S% to an improper fraction.
b  Convert % to a mixed numeral.

¢ What whole number could be placed in the box so that g has a value between 4 and 5?

Solution

53 Bx5+3 b B-13:4

.. The number in the box must be
between 28 and 35.

So the number in the box could be 29, 30,
31, 32, 33 or 34.

Ordering fractions

funden  We can compare the size of fractions if they have a common (the same) denominator. A
feers - common denominator can be found by multiplying the denominators of the fractions together.

Example 12

a  Which fraction is larger:

w W

or 3?
3

b Arrange the fractions

Wb

;) -:- in descending order.

>

<
8
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Solution

a A common denominatoris 5 X 3 =15. Rewrite the fractions with the common

A denominator
5 5x3 15
2_2x5_10
3 3x5 15
10 9
10 > 9, so = > 5 Compare the numerators

% is the larger fraction.

b A common denominator is

8§X3X7=168
X21 X56 X 24
e Ve a

5_1052_ 12, .5 120
68

_____ o

; e )
8\)68 3 68

X2l X 56 X 24
120 > 112 > 105

So the fractions in descending order

Simplifying fractions

Example 13 e

q .o 27
Simplify —.
plify 2
Solution
27 _27+9 Divide the numerator and denominator by a large common
36 6 +9 factor, preferably the highest common factor (HCF).
—2
4

Adding and subtracting fractions

«  When adding or subtracting fractions, convert them (if needed) so that they have the
same denominator.

«  When adding or subtracting mixed numerals, add or subtract the whole numbers and
fractions separately.
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Example 14

Evaluate each expression.

a 3.4 b 22 c 314024 d 4123
30 6 8 2 5 8
Solution
a Exi ki + 253 Common denominatoris 5 X 7 = 35
547 35 35
21 20
e ——
35 35
_a
35
e
35
b SN —=xd 3xh Common denominator is 6 X 8 = 48
6¥%g 48 48
—%_18
48 48
_22+2
48+2
=1
24
1 1 4 .
35+2—5- =5+ Ste Adding the whole numbers
=5+ -1%+-1§0- Common denominator is 2 X 5 = 10
10
=5+ 1% Converting the improper fraction to a mixed
numeral
e
10
1 5 1 5 .
d 43 - 2§ =2+-- 5 Subtracting the whole numbers
8 25 . .
=2+ —== Common denominator is 5 X 8 = 40
40 40
=2= H
g 2=n+1-1%
40 40 40
23
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Multiplying and dividing fractions
«  When multiplying fractions, multiply the numerators and multiply the denominators,
then simplify if possible (sometimes, it is easier to simplify the fractions first).
« To divide by a fraction %, multiply by its reciprocal 2
a

+  When multiplying or dividing mixed numerals, first convert them to improper fractions.

Example 15

Find:
a 2x2 b 21x12 c 2x> d 2:7 e 1244°
3 7 4 3 5 Sl 7 5
Solution
a % X ;: i X : Multiplying numerators and multiplying
X
e denominators
2
1 2 9S . .
b 2Z x1= = z><5 Convert to improper fractions
e
12
12
=37
4
c 2x2=2y3 Write 2 as a fraction > first
Sl 1
_ 2x3
1x5
=
5
5
3.7, 3. 11 . . 7
dis e Multiply by the reciprocal of —
511 5 7 Py P 11
et
5
e lg-plg = %*% Convert to improper fractions
10_5
N
7 8
_%
56
_2
28
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EXERCISE 3.03 ANSWERS ON P. 573
Fractions

n Convert each mixed numeral to an improper fraction.

2 1 3 n
313 b42 c2S d 5

n Convert each improper fraction to a mixed numeral.

7 1 16 37
a3 b 7 ¢ 5 d 10
B For each pair of fractions, determine which is larger.
a 51 il e 18
6 8 10°4 8 11
n Write each set of fractions in descending order.
336 512 ¢ 471
57477 11°2"3 578" 20
B Copy the number line below and clearly mark the positions of the fractions é, g, %, %
el 1 1 l L Il 1 1 L l | 1 l L L G} 1
| I 1 1 I I I 1 1 1 1 1 1 I I 1 |
0 1
@ n Simplify each fraction.
1 b B8 15 d =
27 64 33 35
% Evaluate each expression. Answer in simplest form.
a 2.4 b 3.1 ¢ 2.1 d 2.2
37 5 2 9 4 10 3
e 3,7 f 5.3 g 3.1 h 7.1
8 10 6 4 11 3 25 4
3412 1 7 S N & 472 314
24+15 J 310+23 k 25 l3 | 47 15
@ n Evaluate each product.
a 2x3 b 13 c 6x° d 2x7
7 4 2 5 4 3
e Ix2 f Txo4 g Ll h %xs
8 3 8 49 5
. 4 .3 7 3
i —ofl0m j -—of40L k — of $500 I Zof76kg
5 8 10 4
2
135 2,53 5x11 2
m 12><36 n 53x25 o 6xl5 p (22)
n Evaluate each quotient.
a 3 = 1 b 2 = 4 c Z2+5 d 6 + 2
4 2 3 5 7 3
1. 7.22 3.11 1ol
e 214 f 12.22 g 33l h slal
m Write a fraction between %and %
Foundation  Standard Complex
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m For each improper fraction below, select the correct number A, B, C or D that should go
in the box. .

a Q has a value between 7 and 8.
>
A 40 B 37 C 35 D 33

b % has a value between 4 and 5.

A 30 B 35 C 40 D 45
c |3:|—5 has a value between 3 and 4.
A

6 B 8 C 10 D 12
m The sum of 2 numbers is 5%. If one of the numbers is 2%, what is the other number?

m At a football match, 14 players are given three-quarters of an orange to eat. How many
oranges are eaten?

m Taylor worked 5% hours yesterday and % of that today. How long did Taylor work today?

E A driver education course requires 20 hours of classroom instruction. How many lessons
are required if each lesson lasts 1% hours? [PS!

m Cassie spent % of the day working, 1—52 of the day sleeping, % of the day travelling and the
rest of the day relaxing. What fraction of the day did she spend relaxing?

Find 2 mixed numerals that have: [R|
a asumof 10% b aproduct of 10%

m At Nelson College’s athletic carnival, % of the students attended. There are 1188 students
enrolled at Nelson College. How many students attended the carnival?

Shutterstock.com/WoodysPhotos

m Chloe ran 4% laps of an oval in 20 minutes. How long did it take her to run one lap?

Foundation  Standard Complex
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Did you know? '_
)

Diophantus of Alexandria

Diophantus of Alexandria is known as the ‘Father

of Higher Arithmetic’. He was an outstanding Greek
mathematician who, along with Pappus, dominated
Greek mathematics from 250 ck to 350 ce. Diophantus
introduced some algebraic symbolism into mathematics,
and collected and catalogued what the Greeks had
achieved in algebra.

Not much is known about the life of Diophantus.

However, part of what is known comes from a problem
that was inscribed on his tombstone, as shown.

What was Diophantus’ age when he died?

Mental skills 3A: Maths without calculators axswersonr 573

Squaring a number ending in 5,1 or 9

The square of a number ending in 5 always ends in 25.
For example, 352 = 1225 and 105% = 11 025.

A mental calculation trick requires three easy steps:

e delete the 5 from the number
* multiply the remaining number by the next consecutive number

e write ‘25 at the end of the product.

1 Study each example.

a To calculate 35%
* deleting the 5 from 35 leaves 3
* multiply 3 by the next consecutive number: 3 X 4 = 12
*  write 25at the end: 1225
35*=1225

b To calculate 105%
* deleting the 5 from 105 leaves 10
* multiply 10 by the next consecutive number: 10 X 11 = 110
* write 25 at the end: 11 025
105% =11 025

2 Now calculate each square number.

a 25 b 55 c 45 d 65
e 75 f 25 g 4.5 h 205
i 6.5 i 7.5 k 275 I 343
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The square of a number ending in 1 always ends in 1.

For example, 41° = 1681 and 712 = 5041.

A mental calculation trick requires three steps.

« Round the number to the nearest 10 (by subtracting 1) to make a new number

« Square the new number

« Add to your answer the new number and its next consecutive number

3 Study each example.

a To calculate 41%
« Round 41 down to 40
«  Square 40: 40> = 1600
o Add 40 and 41: 1600 + 40 + 41 = 1681
41> =1681

b To calculate 71%
« 70%>=4900 Rounding down and squaring
e 4900 + 70 + 71 = 5041

71%* = 5041
4 Now calculate each square number.
a 212 b 1012 c 312
f 3812 g 612 h 2012

The square of a number ending in 9 also ends in 1.
For example, 29? = 841 and 99* = 9801.

A mental calculation trick requires three steps:

« square the new number

912 e 5.1
2.1 j 9.

round the number to the nearest 10 (by adding 1) to make a new number

« subtract from your answer the new number and its previous consecutive number

5 Study each example.

a To calculate 29%
« round up to 30
« square 30: 30> =900
« subtract 30 and 29: 900 - 30 - 29 = 841
29% = 841

b  To calculate 99%
« round up to 100
« square 100: 100? = 10 000
e 10000 - 100 -99 = 9801

992 = 9801
6 Now calculate each square number.
a 59 b 69 c 89
f 59 g 69 h 1192
9780170453233

19? e 109?

392 j 8.9
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Fractions,
decimals
and
percentages

Mental
percentages

Percentages
to fractions

Fractions to
percentages

Percentages,
fractions and
decimals

Percentages,
fractions and
decimals

100

Percentages

A percentage is a fraction ‘out of 100’ (denominator of 100). For example, 15%, means ‘15 out
of 100’ or % (which can be simplified to %).

Converting from percentages

« To convert a percentage to a fraction, write it as a fraction with denominator 100 and
simplify
« To convert a percentage to a decimal, divide by 100

Example 16

Convert each percentage to a simplified fraction.

a  24% b 5%% c  82%
Solution
a 24%=2%4 b slg=21 c 82%=32
100+ 4 2 100 100
6 5 1 X2 — 8.2x10
=% =22 100 % 10
100 x 2
82
11 = —
== 1000
0 _a
500
Example 17
Convert each percentage to a decimal.
a 18% b 3.5% c 215%
Solution
a 18% =18 +100 b 3.5%=3.5+100 c  215%=215+100
=0.18 =0.035 =2.15

Converting to percentages

To convert a fraction or a decimal to a percentage, multiply by 100%.
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Example 18

Convert each fraction or decimal to a percentage.

5 5
a g b 0.085 c 03 d 4
Solution
5 5 A
a 2=2x100% b 0.085=0.085 x 100
=8.5%
= 621% (or 62.5%) ’
¢ 0.3=030%100% d % = %x 100%
=30% .
? = 83%% (or 83.3%)

Ordering fractions, decimals and percentages

Example 19

Arrange %, 5%, 0.5 and g in ascending order.

Solution

Convert each number to a percentage or decimal.

Method 1: as percentages Method 2: as decimals

g = 60%, 5% = 5%, 0.5 = 50%, g = 55.5% g =0.6, 5% = 0.05,0.5= 0.5, %: 0.5
In ascending order: In ascending order:

5%, 50%, 55.5%, 60% 0.05, 0.50, 0.5, 0.60

.. The ascending order is: 5%, 0.5, g, %

Percentage of a quantity

Example 20

Find:

a  12%of $90 b 5%% of $540

Solution

a 12% x $90 = 12 X $90 or 0.12 X $90 Entering the decimal 0.12 for
100

12% on a calculator is faster
= $10.80

b 5—;—% of $540 = S% <+ 100 X $540 or 0.055 x $540 = $29.70

9780170453233 Chapter 3 | Numeracy and calculation
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EXERCISE 3.04 ANSWERS ON P. 574

n Convert each percentage to a simplified fraction. c
'€ 4 a 6% b 45% c 84% d 2%
e 0.5% f  150% g 51% h 4%%
i 8%% j 33%% k 12%% I 475%
m 6.25% n 55% o 30% p lé%%
% E Convert each percentage to a decimal. €
a 85% b 51% c 10% d 8.45%
e 6%% f 12.25% g 04% h 450%
B Convert each fraction or decimal to a percentage. .
W a é b 2% c 048 d 0055
e X f 0016 g 2 h 3
50 3 4
i ;_; j 073 k % I %
m 1.015 n é o ;_i p 09
n State whether each statement is true (T) or false (F).
g a 55%>0.58 b % < 55% c 24.5%> % d 087 <%
H Write each set of numbers in ascending order:
a  46%, % 0.427, % b %, 70%, 0.73, 1—81
n Write each set of numbers in descending order:
a 0333, 1;"], 33.33%,% b ; 55%, 0.58,%
Find:
a 15%of $85 b 120% of 60 kg c 45%of16m
d 2.4% of $350 e 51%of$80 f 12%o0f95kg
g 2%% of $870 h 150%of 16 L i 3.75% of $2850
j 33%% of $6540 k 6.25%0f 25t I 0.4% of $3720
n A total of 84 600 people attended the
State of Origin match between NSW and
Queensland in Sydney. If 71% of the
crowd supported NSW:
a what percentage of the crowd )
supported Queensland? e
b how many people in the crowd g
supported Queensland? g
E)

Foundation  Standard Complex
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n 980 students attend St Klaas’ College. If 19% of them are in Year 9, calculate the number
of Year 9 students.

m Buzz Coffee advertises an extra 20% of coffee for the same price. If the normal amount is
700 g, how much extra coffee will you get for the same price?

m Jakub’s weight is now 125% of what it was a year ago. If his weight then was 85 kg, what
is his weight now?

A |
y ~<>,

Blood: it takes all types

The blood groups in Australia are as follows.
(0] A B AB
+ - + - + - + -

40% 9% 31% 7% 8% 2% 2% 1%

1 If Australia’s population is 26 million,
how many people would be in each blood
group?

2 Do you know what your blood group is?
How would you find out?

Technology '

Converting fractions to percentages

Shutterstock.com/ESB Professional

In this activity, we will use a spreadsheet to convert 12 fractions to percentages and
sort them in descending order.

1 Create a spreadsheet like the one at ry 5 T
right that shows the numerators and 1 |Numerator| Denominator | Percentage |
denominators of different fractions. For : ; g
example, row 2 shows % and row 3 shows % 4| 9 10 i
5 7 8
2 Enter =A2/B2*100 in cell C2 to 5 2 k
1 . . 4 28 3
convert 1 to a decimal first. S :
3 Fill Down from cell C2 to C13 to convert 1:) :"f, 660
each fraction to a decimal. 1] 76 80
1 7 9
4 Use Format cells to set column C in 13| 375 1000
14

percentage format to 5 decimal places: this
converts all the decimals to percentages.

5 Highlight rows 2 to 13 and click Sort column C by descending (largest to smallest).

6 Try converting different fractions to percentages and sorting them.

Foundation  Standard Complex
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Percentage
increase and
decrease

Working
wi
percentages

104

Applying percentages

a Increase $200 by 7%. b  Decrease $150 by 12%.
Solution
a Increase = 7% X $200 b Decrease = 12% x $150
=$14 =$18
-~ New amount = $200 + $14 - New amount = $150 - $18
=$214 100% + 7% = 107% =$132
or New amount = 107% of $200 or New amount = 88% of $150
=1.07 x $200 100% - 12% = 88% = 0.88 X $150
= $214 = $132

Expressing quantities as percentages

To express one quantity as a percentage of another, write the appropriate fraction and
then change it to a percentage:

Percentage =—220U 1009
whole amount

or Percentage = amount + whole amount X 100%

Example 22

a Jamila scores 43 out of 60 in a History test. What is her percentage mark to the nearest
whole number?

b What percentage (correct to one decimal place) is 35 s of 5 min?

Solution
a  Percentage mark = 2 100% Use Percentage= __amount __100%
60 whole amount
= 71.666...%
~ 72%
b Percentage = 355 < 100% Change minutes to seconds so that the same
5 min units are being used
= 25 4 100% 5min=75X60s=300s
300s
= 11.666... %
~11.7%
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The unitary method can be used to find the whole amount (100%) when part of the amount is
known. ‘Unit’ means ‘one’ and the unitary method involves finding 1% first.

The unitary method

The unitary
method

Given a percentage of an amount, to find the whole amount:
1 find 1% of the amount by dividing by the known percentage
2 multiply by 100 to find the whole amount (100%). @

Example 23

This week, Julio received a bonus of $86, which was 9% of his weekly wage.
Calculate Julio’s weekly wage, correct to the nearest dollar.

Solution
9% of the wage = $86
.. 1% of the wage = $86 + 9
= $9.555...
.. Julio’s wage = $9.55... X 100 100% of the wage
= $955.555...
~ $956

EXERCISE 3.05 ANSWERS ON P. 574

Applying percentages

n Increase: @
a $455by10% b $80by15.5% ¢ $680 by 200%
d 80kgby2.5% e 35mby30% f 120 L by 140%

H Decrease:
a $830by35% b 120 min by 5% ¢ 90Lbyl12%
d 6.8mby25% e 130kgby18% f  $96.50 by 10%

B Matt buys a bike for $860 and sells it, making a profit of 5%. @
a How much profit did Matt make?

b  For what price did Matt sell the bike?

n T-shirts priced at $38 are reduced by 45% at an end-of-summer sale. What is the sale
price of the T-shirts?

B Due to severe storms in summet, the price of fresh fruit and vegetables increased by 34%.
How much will broccoli cost if its original price was $4.99/kg?

n Lucy’s weekly wage of $895 increased by 5.5%. Find her new weekly wage.

A car dealer is offering new year sales. What will you pay for a used car marked at
$16 500 if a discount of 12% is given?

Foundation  Standard Complex D
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n Express each proportion as a percentage, correct to one decimal place if necessary. c

a 55outof 80 b 80outof 120 ¢ 45outof 70

d 150utof18 e $8outof $12 f  $9 out of $60

g 35soutof4min h 15minoutof2h i 340 mm outof 2m
j 3 hoursoutof 1day k 85cmoutof 5m I 140c out of $10

n Selina achieved the following marks in 2 tests: - . .
English: 32 out of 40
Mathematics: 47 out of 60
Convert each mark to a percentage to decide which is the better mark.

m Travis earns $840 per week, of which $280 goes to rent. Find what percentage of Travis’
wage goes to rent, correct to one decimal place.

m Bozena earns $480 per week while she is completing Year 12 at school. If she spends $95
of it on petrol, what percentage of her wage is this, correct to one decimal place?

m The nutritional information on a food label is

Per 100
shown. [€] 9
a What percentage of a 100 g serve is: Energy 2105 kJ
i protein? Total Fat 25¢

i bohvdrate? (of which is Saturated fat) 16 g
carbohydrate?

Carbohydrate 62g
b Fora 100 g serve, what percentage of the (of which is sugars) a8
total fat is saturated fat?
Protein 59
m In the Netball World Cup final Australia Salt 1q

scored 15 goals in the second quarter. If
this represented 29.4% of the goals Australia scored in the match, how many goals did
Australia score in total? - .

m A jeweller charges $105 for valuing a diamond ring. If this charge represents 1.25% of
the value of the ring, find this value correct to the nearest dollar.

m A can of energy food drink contains 20% more for the same price as the standard can.
If the extra amounts to 150 g, how much does the standard can contain?

m Last year, Ben paid 28% of his salary in tax. If he paid $23 423 in tax, what was Ben’s
salary? Answer to the nearest dollar.

An amount is increased by 10% and then decreased by 10%. What is the overall
percentage change? [PS! [Rl

m An amount is decreased by 10% and then increased by 10%. What is the overall
percentage change? - .

Foundation  Standard Complex
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Technology '

Converting marks to percentages

In this activity, you will convert students’ test marks from a score out of 60 to a percentage.

1 Create the spreadsheet shown below and enter the formula shown in C3. Use it to
convert each mark out of 60 to a percentage.

A B
[ 1| Student Mark | Perce A romucens ] e
5 Sam gg =B3/5852*10 @MIJ;LML Patterms | Protecten |
Category:
4 |Tranh 37 ey ___
5 |Mithra 59 !_ e =
6 |Anka 47 ‘ Em‘“_"‘ =
7 [Serg 5 e
8 |Rebecca 39 : ::hmni tiegatie rumbers: :
9_|Suri 50 Text s ‘
o 1= = i

2 Highlight column C and choose Number and set the decimal places to 0.

3 Use your spreadsheet to answer these questions. Write your answers in the cells
indicated in brackets [ ].

a Who scored the highest mark? [D1]

b What mark out of 60 is equivalent to 80%? [D2]

¢ How many students scored between 70% and 90%? [D3]
d How many students scored less than 70%? [D4]

e What was the difference between the highest and lowest percentage marks? [D5]

4  Select columns 3 to 9 and sort the marks in descending order.

Profit, discounts and GST

Profit and loss

«  When an item is sold for more than it costs, a profit is made. oo

rornt an
. . . . !

«  When an item is sold for less than it costs, a loss is made. o

« The percentage profit and loss are usually calculated as a percentage of the cost price.

Percentage
profit or loss
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Example 24

The online store Jackson’s buys notebook computers for $550 each and sells them for $680.
Find:

a the profit on each computer

b the percentage profit on the cost price, correct to one decimal place.

Solution
a  Profit = $680 - $550
= $130
b Percentage profit = Lﬁf x 100%
cost price

=130 100%

550
B
~ 23.6%

Discounts

Example 25

Discount At Jeans Minus’ end-of-season sale, jeans are discounted by 25%. What is the discount price
of a pair of jeans marked at $148?

Solution

Method 1 Method 2

Discount = 25% of $148 Discount price = 75% of $148
= $37 =$111

Discount price = $148 — $37

=$111

Example 26

Discoun A home cinema costs $865 after a 24% discount. What was its original price, rounded to the
nearest dollar?

Solution

Sale price = $865, discount = 24%
.. 76% of the original price = $865 100% - 24% = 76%
$865 Using the unitary method

= $11.381 578...
- Original price = $11.381 578... X 100 To find 100%
= $1138.157...
~ $1138
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GST

Goods and Services Tax (GST) is a tax paid to the government on most goods (items) and
services that we purchase. In Australia, GST is charged at 10% of the original price and is
generally included in the marked price of the good or service.

Example 27

The selling price of a lounge suite is $2695 with GST included. How much of this price is
the GST?

Solution

Selling price = 100% + 10% Adding 10% GST
=110%
110% of the original price = $2695
10% GST = $2695 + 11
= $245

EXERCISE 3.06 ANSWERS ON P. 574

Discounts
and GST

GST

Profits, discounts and GST

In this exercise, express all percentages correct to one decimal place and all prices to the
nearest cent.

n A home theatre system with a cost price of $650 is sold for $1250. Find:

E A motorbike originally priced at $16 000 is sold for $14 500. Find:

a theloss b the percentage loss

B Alla bought an old car for $3000, spent another $1500 on repairs and then sold it for
$6200. Find:

a the total amount that Alla spent on the car
b the profit made when she sold the car

¢ her percentage profit.

n A house was bought for $850 000. A year later, it was sold for $720 000.
Calculate:

a theloss b the percentage loss
H Towels with a cost price of $25 each are sold for $35. Calculate the percentage profit.
n A car costing $12 000 is sold for $8000. Calculate the percentage loss.

Home Necessities store buys cutlery sets for $120 that are then sold for $230. Calculate
the percentage profit.

a the profit b the percentage profit on the cost price.

Foundation  Standard Complex
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n GIA supermarket reduces the price of some items by 35%. Find the discount price of the
following items given their original prices.

a 250 g butter, $2.40 b 2L milk, $3
¢ 1kgcheese, $11 d 24 cans of soft drink, $15.99

n Calculate the selling price of a computer marked at $760, now discounted by 15%.
Select the correct answer A, B, C or D.

A $114 B $660 C 3646 D $636

m The price of a punnet of strawberries marked at $4.95 was reduced by 25%.
Calculate its discounted price. Select A, B, C or D.

A $4.74 B $3.74 C $3.71 D $1.25

m At a book sale, all books are discounted by 35%. What is the discount price of a book
marked at $25.50?

m A factory-seconds washing machine has its price reduced from $980 to $750. What is the
percentage discount?

m ATV priced at $1599 is sold for $1250. Find the discount as a percentage of the marked price.

m Calculate the percentage discount for each item.

Mens Shirts

Usually $80

THIS WEEK ONLY

$55

m A jacket discounted by 40% after Christmas sells for $84. What was the original price of
the jacket?

m A bedroom suite reduced by 15% is sold for $2801. What was its original price?
Answer to the nearest dollar.

Running shoes are sold to make a profit of 85%. If they sold for $164.65, what was their
cost price? Select A, B, C or D.

A $140 B $89 C 376 D $65

m A plane fare from Brisbane to Sydney has been discounted by 45%. If Amy paid $159 for
a discounted ticket, what was the full price to the nearest dollar?

m For each item, calculate the GST payable and the final price.

a acar priced at $20 900 b ahome cinema priced at $1810
¢ atheatre ticket priced at $145 d plumber’s fees of $180
Foundation  Standard Complex
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m Given the selling price of each item with GST included, calculate the GST and the
original price, correct to the nearest cent. - .

a haircut: $46.20 b car repairs: $739.20
¢ photo frame: $31.35 d pair of jeans: $65.89
e refrigerator: $924 f piano lessons: $198 per term

Shutterstock.com/Africa Studio

m A discount warehouse has a 30% discount on all computers with a further 5% off the
discount price if you pay in cash. Carlos wants to buy a computer priced at $1899. - .

a What is the discount price of the computer?
b Carlos pays by cash. How much will he need to pay now, to the nearest 5 cents?
¢ What is the total discount Carlos received?

d Calculate his total percentage discount (on the original cost).

E Justine buys 20 boxes of paper at $29.95 a box. - .
a What is the cost of the 20 boxes of paper?
b Justine receives a business discount of 15%. How much will she need to pay?

¢ Justine pays by cash and receives a further discount of 5%. How much will she
now pay, to the nearest 5 cents?

d Find the amount Justine would pay if she received a single discount of 20% on the
cost of the paper.

e Isthe single discount of 20% the same as the 2 successive discounts of 15% and 5%?
Give reasons for your answer.

Foundation  Standard Complex
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Technology

Profit or loss

The spreadsheet below shows items for sale in Nina’s Furniture Warehouse. Each item is
shown with its cost price and selling price. Devesh and Sarita want to buy these items for
their new family home.

1 Create a new spreadsheet as shown.

A B Cc D E
1 Item Cost price | Selling price | Profit or Loss % Profit or Loss
2 |lounge 599 799
3 |bookshelf 189 169
4 |childrens table 110 95
5 |child’s cot 350 475
6 [armchair 239 310
7 |rug 695 490
| 8 [mirror 45 79
9 |dining table 865 1060
10

2 Highlight columns B, C and D and choose Format cells and Currency.

3 Incell D2, enter the formula =C3 — B2 to calculate the profit or loss for the lounge
(A loss will be shown as a negative value).

4  Use Fill down in column D to calculate the profit or loss for each item.

5 Incell E2, enter =D2/B2*100 to calculate the percentage profit or loss for the lounge.

6 Use Fill down in column E.

7 Highlight column E and choose Format cells and Number and set the number of

decimal places to 0.

8 How much money did Devesh and Sarita spend altogether on furniture? In cell C10,
enter =sum(C2:C9).

9 Calculate the total profit or loss made by the store on these items. In cell D10,
enter =sum(D2:D9).

Shutterstock.com/Supertrooper
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Simple interest

Banks, credit unions and other financial institutions reward investors by paying them interest
on their savings or investments. Conversely, they charge borrowers by making them pay interest
on their loans.

» The original amount of money invested or borrowed is called the principal.
« Interest is calculated as a percentage of the principal.

« This percentage is called the interest rate, usually written as a rate per annum (‘per year’),
abbreviated ‘p.a’

« Simple interest (or flat rate interest) is interest calculated simply on the original
principal.

Example 28

Find the simple interest earned on an investment of $18 000 at 3.5% p.a. for 5 years.

Solution

Term means the amount of time

Principal = $18 000, interest rate = 3.5% p.a., theinvestment ot loanihas oocarred

term = 5 years.
Interest = 3.5% X $18 000 X 5 Over 5 years
= $3150

The simple interest formula

I = Prn, where:
Iis the simple interest
P is the principal
r is the interest rate per year, expressed as a decimal

n is the number of years

Applying this to Example 28 above,
P =818 000, r = 3.5% = 0.035, n = 5 years
I=Prn

= $18 000 x 0.035 % 5

= $3150

Shutterstock.com/JM Smith
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Example 29
Simple Find the simple interest on:
a $8620 at 2.4% p.a. for 7 months b $5600 at 6.25% p.a. for 220 days
Solution
a P =8$8620,r=2.4% = 0.024,
n =7 months = % years n must be in years
I=Prn
= $8620 X 0.024 X %
= $120.68

b P=$5600, r = 6.25% = 0.0625,
220
=220d =_—
n ays = - years
I=Prn
= $5600 X 0.0625 x 222
365

= $210.9589...
~ $210.96 rounded to the nearest cent

Example 30

Simple After 2 years, an investment of $1560 has earned $87.36 in simple interest.

inferest

What is the annual interest rate?

Solution
I=$87.36, P = $1560, n = 2 years p= 250
$3120
I=Prn = 0.028
$87.36 = $1560 X r X 2 =2.8%
$87.36 = $3120r .. Annual interest rate = 2.8%

Example 31

For how long will $12 000 need to be invested to earn $1350 if the flat rate of interest is
4.5% p.a.?

Solution

I=$1350, P = $12 000, n = 4.5% = 0.045
I=Prn

1350 = 12 000 X 0.045 X

1350 = 540n
1350
n=

540
= 2.5 years
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EXERCISE 3.07 ANSWERS ON P. 574

Simple interest

In this exercise, give all money answers correct to the nearest cent.

n Calculate the simple interest earned on each investment.

a $18000 at 7% p.a. for 5 years b  $5280 at 2.85% p.a. for 2 years
¢ $3000 at 5.5% p.a. for 4 years d $9450 at 2%% p.a. for 3 years
e $6800 at 6.2% p.a. for 6 years f $12 500 at 7.3% p.a. for 2 years

E Steffi invests $17 000 at 6.45% p.a. simple interest for 4 years. To what final value will her
investment grow?

B Calculate the simple interest for each situation.
a $2100 invested at 6% p.a. for 9 months
$3450 invested for 5 months at 3.25% p.a.
$10 000 invested at 6.2% p.a. for 150 days
$4000 borrowed for 14 months at 6.55% p.a.
$280 000 borrowed at 8.3% p.a. for 30 weeks
$18 400 borrowed for 160 days at 14.7% p.a.

= 0o QO O T

n Find the annual interest rate if:
a aninvestment of $3000 earns $756 simple interest after 4 years
b aninvestment of $17 630 earns $2715.02 simple interest after 2 years

¢ aflat rate loan of $9000 is charged $2115 after 5 years.

E For how long will $12 350 need to be invested to earn $1778.40 if the flat rate of interest

is 2.4% p.a.? - .

n How many months will it take for an investment of $22 000 to earn $12 650 in interest if
the interest rate is 6.9% p.a.?

How many days will it take for $15 600 to earn $436.97 in interest if the flat rate of
interest is 7.1%?

n William took 2 years to pay off a flat rate loan of $7000. His total loan repayments
amounted to $8400. Calculate:

a the interest charged

b the interest rate

Foundation  Standard Complex
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n Simone and Jeff borrowed $4000 to build a garden in their backyard. They repaid the
loan at $128 per month for 4 years. -

Shutterstock.com/Artazum

a Calculate the total amount they paid for the garden.
How much interest did they pay on the loan?

Calculate the flat rate of interest charged.

Mental skills 3B: Maths without calculators answerson e 574

Estimating square roots
We can use the square numbers to estimate square roots.

n 1 2 3 4 & 6 7 8 9 10 11 12
n? 1 4 9 16 25 36 49 64 81 100 121 144

1 Study each example.

a Estimate+/7.
7 is between the square numbers 4 and 9 (22 and 3?2 respectively).
Because 7 is closer to 9, ﬁ is closer to 3.
An estimate is /7 ~ 2.6. (Actual answer = 2.645...)

b Estimate /5.
55 is between the square numbers 49 and 64 (72 and 8 respectively).
Since 55 is closer to 49, \/5—5 is closer to 7.
An estimate is V55 ~ 7.4. (Actual answer = 7.416...)

2 Now estimate each square root correct to one decimal place.

a 8 b V18 c V28 d
e /30 f 31 g Ji2 h
i V75 i V29 k a0 I

Foundation  Standard Complex
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Ratios and rates

A ratio compares quantities of the same type measured in the same units.

It is written in the form ‘a : b’ (pronounced ‘a to b’), where a and b are numbers.

Simplifying ratios

To simplify a ratio, keep dividing each term by the same number, preferably a large number exercive
such as their highest common factor (HCF), until each term is as small as possible.

Example 32

Ratios

Simplify each ratio.
a 36:48:18 b 425mLto5L
Solution
a 36:48:18=36_8_18 Dividing all terms by 6, their HCF
6 6 6
=6:8:3
p 425mL:5L=425mL:5000 mL Expressing both ratios in the same units
=425 : 5000
= % : -5% Dividing both terms by 25, their HCF
=17:200

Ratio problems can be solved using equivalent ratios or the unitary method.
The unitary method requires finding one part first.

Ratio

Example 33 problems

During summer, the ratio of jeans to shorts sold at a beachside store was 3 : 10.
If 240 pairs of jeans were sold, how many pairs of shorts were sold?

Solution
Method 1: Equivalent ratios

3
Jeans : shorts =3 :10 =240 :
S

Since 3 X 80 = 240,
Number of shorts = 10 X 80
= 800
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Method 2: Unitary method
Jeans : shorts =3:10

Since 240 jeans were sold, 3 parts = 240

s 1part=240+3 Finding 1 part first
=80
. Number of shorts = 80 X 10 Finding 10 parts
= 800

Dividing a quantity in a given ratio

« Find the total number of parts

« If using the unitary method, find the size of one part, then multiply to calculate
each share

« If using the fraction method, calculate fractions of the quantity to find each share

» Check that the shares add up to the original quantity

Example 34

Divide a cash prize of $420 between Elyse and Henry in the ratio 3 : 4.

Solution

Method 1: Unitary method Method 2: Fraction method
Total number of parts =3+ 4 =7 Total number of parts =3+ 4 =7
=~ 7 parts = $420 - Elyse’s share = g X $420 = $180

1 part = $420 + 7 = $60
= Elyse’s share = 3 x $60 = $180

Henry’s share = 4 X $60 = $240 Henry’s share = ; X $420 = $240

Checking: $180 + $240 = $420 Checking: $180 + $240 = $420

Simplifying rates
A rate compares 2 quantities of different types measured in different units.

It measures how one quantity changes with another quantity.

It is written in the form ‘a/b’ (pronounced ‘a per b’), where a and b are units of measurement.
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Example 35

Write each statement as a rate.
a  Travelling 600 km in 12 hours.
b A phone call costs $6.45 for 15 minutes

Solution
a 600kmin12h=600=12 b $6.45 for 15 min = $6.45 ~ 15
=50km/h = $0.43/min

Rate problems

Problems involving rates can be solved usually by multiplying or dividing.
The following strategy may help.

Rate
problems

«  Write the units of the rate x/y as a fraction:

¥:
« To find the quantity in the numerator, x, multiply by the rate
« To find the quantity in the denominator, y, divide by the rate

Example 36

A car travels at 92 km/h.
a How far will it travel in 4% hours?

b How long will it take to travel 800 km? Answer correct to one decimal place.

Solution

a  Write the units of the rate as a fraction: b To find the time (h), divide by the
km/h = % rate.
To find the distance (km), multiply by the rate. Time = 800 + 92
Distance = 4-21; X 92 = 8.6956...

=414 km ~87h

EXERCISE 3.08 ANSWERS ON P. 574

Ratios and rates

n Simplify each ratio. @
a 48:28 b 15:36 c 125:60 d 84:56
e 124:62 f o3l g 0.68:0.24 h 125:45
io5: i 2:4 k 48:0.64 I 15:18:6
m 27:36:9 n 120:20:80 o 2:3 p 2l:s

E Simplify each ratio.
a 75c:$4 b 5kg:800¢g ¢ 2hours:45min
d 600mm:2m e 8hours:1day f 8mm:4cm
g 300mL:2L h $3.50:25¢c i 6min:45s

Foundation  Standard Complex D
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@ B The ratio of Ken’s age to his daughter Jess’ age is 10 : 3. If Ken is 30, How old is Jess?

n Bella and Suri invest in a business in the ratio 3 : 5. If the larger investment is $520 000,
find the amount of the smaller investment.

B A survey of car buyers found that they purchased cars with colours in the ratio of
white : grey : blue : other colour =8:5:11:10.

A car dealer ordered 20 cars in colours other than white, grey and blue. How many white
cars should be ordered?

n A concrete mixture of gravel to sand to cement of 4 : 3 : 1 is needed for strong
foundations. How much of each is needed to make 40 cubic metres of concrete? - .

At a busy intersection involving a red-light camera, the ratio of cars running a red light
to cars stopping was 1 : 79. If 90 000 cars passed through the intersection last week, how
many ran the red light?

Shutterstock.com/Peter Gudella

n Shahid and Bridie won $60 000 in a lottery. If they share the prize in the ratio 23 : 27,
how much does each person receive?

n An alloy consists of nickel and copper in the ratio 4 : 7. If the alloy weighs 3.41 kg, how
much copper was used? Select the correct answer A, B, C or D.

A 021kg B 0.85kg C 1.24kg D 217kg

m Write each statement as a rate using the units in brackets. Round answers to one decimal
place if needed.

a 540kmin 8 h (km/h) b 5kgfor $42 ($/kg)
¢ 2800 words in 50 min (words/min) d 14 L for 170 km (km/L)
e 200min26s(m/s) f 5kgofseed for 120 m? (g/m?)
g 40 days to walk 900 km (km/day) h  $215 for 3 hours ($/h)
Foundation  Standard Complex
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m A truck maintains an average speed of 65 km/h. Calculate how far it will travel:

a in 2:12 h b from 6:30 a.m. to 3:00 p.m.

m Walid earns $220 for an 8-hour day. [PS] [RI
a Express this pay as an hourly rate ($/h).
b How much would he earn in a 40-hour week?

¢ How many days will it take him to earn $1760?

m 5 kg of lamb loin chops cost $79.95.
a  Express this as a rate ($/kg).
b How much would 3 kg cost?

¢ How many kilograms (correct to one decimal place) can be bought for $40?

m James’ heart beats at 78 beats/min.
a How many times will it beat in one hour?

b How long will it take to beat 1000 times? Answer to the nearest second.

E Gold jewellery is classified according to its gold content. The ratio of gold to other metals
is given in carats. Pure gold is 24 carats, so 10-carat gold has gold mixed with other
metals in the ratio 10 : 14. - .

a Write the ratio of gold to other metals in:

i a9-carat bracelet ii an 18-caratring

b Nami purchased a 14-carat gold necklace with a mass of 50 g. How much gold is in
the necklace, correct to one decimal place?

m A utility van has a fuel consumption of 11.6 L/100 km. Calculate how much fuel it will
use for a trip of:

a 640km b 58km ¢ 140km

Calculate the fuel consumption, in L/100 km, of a Toyota Prius hybrid that uses 30.6 L to
travel 900 km.

m Birth rates are given as births/1000 people. A city’s birth rate is 16 births/1000 people. If
there were 520 births in the city last year, what was its population?

m David claims that 5 kg of Greenie grass seed will plant an area of 1200 m? How much
grass seed is needed for an area of 60 m?? Select A, B, C or D.

A 025kg B 04kg C 1l44kg D 4kg

m a Indonesia has a population of 264 million and an area of 1 919 440 km?.
Calculate its population density in persons/km?, correct to one decimal place.
b  Australia has a much smaller population of 24.6 million but a much larger area of
7 692 000 km?. Calculate its population density, correct to one decimal place.

¢ If Australia was as densely populated as Indonesia, what would its population be?
Answer to the nearest hundred.

Foundation  Standard Complex
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Did you know? '—
The beat of life

The heart of an unfit person works harder whether at rest, during activity or even while
recovering from activity. A fit person’s heart copes with activity better and its beat returns to
normal sooner.

1___,__ Heartbeats per minute
. 9 Fit Unfit Difference

é Before activity 65 80 15

E During activity 95 135 40

(2]

5 3 minutes after 80 115 35

é 6 minutes after 70 100 30

% 9 minutes after 65 95 30

w

What patterns do you notice in the differences in heart rates between fit and unfit
persons?

Converting rates

sTaces.2 1t is often necessary to convert rates from one set of units to another, for example, from
kilometres/hour to metres/second, or from millilitres/minute to litres/day.

Example 37
Convert:
a 80L/kgtoL/g b 5m/stokm/h ¢ 2mL/min to L/day
Solution
80
a == 1 kg = 1000
80 L/kg T L/g g g
=0.08L/g
b 5m/s =5 X 3600 m/h 1h =3600s
=18 000 m/h
18 000
= B0 _
= m/ 1 km = 1000 m
=18 km/h
c 2 mL/min =2 X 60 mL/h 1h = 60 min
=120 mL/h
=120 X 24 mL/day lday=24h
= 2880 mL/day
=280 /day 1L = 1000 mL
1000
= 2.88 L/day
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EXERCISE 3.09 ANSWERS ON P. 575

Converting rates
n Convert: @
a S5m/stom/h 30 m/s to m/h

STAGE 5.2

b

¢ $10/kgto $/g d 20 mL/min to mL/h

e 40 mL/minute to mL/h f S5mL/stomL/h

g 5kg/m*tokg/ha h 2.5 tonnes/day to kg/day @

i $750/week to $/year j  0.5km/min to km/h

k 15 sheep/h to sheep/day I $60/day to $/week
n Convert (round to one decimal place if needed):

a 5m/stokm/h b 35cm/stom/h

¢ 10cents/gto $/kg d 40 mL/min to L/h

e 40 L/min tomL/s f 5mL/stoL/day

g 25g/m?tokg/ha h 2.5 tonnes/h to kg/day

i 110km/htom/s j 5Skg/mtog/cm

k 8km/Ltom/mL I 70c/min to $/h

B Convert each speed into kilometres per hour. Round your answers to 2 decimal places.
a An African cheetah was measured running at 27 m/s.

A German peregrine falcon dived at 97 m/s.

A Tanzanian snake can travel at a speed of 3.3 m/s.

A sailfish off the coast of Florida was estimated to swim 30 m/s.

o Q 0 T

A racing cyclist rode at 23 m/s.

Stock.com/GP232

n If Nate’s reaction time is 0.9 seconds, how far will his car travel in this time if its speed
is: [PS] R

a 60km/h? b 80km/h? ¢ 110 km/h?

Foundation  Standard Complex
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EXAMPLE
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Time differences

Example 38

Calculate the time difference between:

a 9:25a.m. and 4:40 p.m.

Solution

b 06:35and 15:20

a  The time from 9:25 a.m. to 4:40 p.m. can be broken up as follows.

9:25 a.m. to 10:00 a.m. = 35 min

10:00 a.m. to 4:00 p.m. = 6 h

4:00 p.m. to 4:40 p.m. = 40 min

Time difference = 6 h + 35 min + 40 min
= 6h 75 min
=6h+1h+ 15min
=7h 15 min

OR Convert to 24-hour time first, then use the calculator’s or key to enter

hours and minutes, and subtract the times.

b The time from 06:35 to 15:20 can be broken up as follows.

06:35 to 07:00 = 25 min

07:00 to 15:00 =8 h

15:00 to 15:20 = 20 min

Time difference = 8 h + 25 min + 20 min

=8 h 45 min

OR Use the calculator’s &3 or key to enter hours and minutes, and subtract the

times.

EXERCISE 3.10 ANSWERS ON P. 575

Time differences

n Find the time difference between:
a 6:00a.m.and 1:00 p.m.
¢ 4:30 p.m. and 8:00 p.m.
e 8:17a.m.and 5:00 p.m.
g 1:20a.m.and 7:50 p.m.
12:47 p.m. and 11:43 p.m.

=5 = o U

9:00 a.m. and 4:00 p.m.

11:50 a.m. and 4:30 p.m.
10:35 a.m. and 4:55 p.m.
6:22 a.m. and 11:09 a.m.

New Century Maths 9
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E Change each of these to 24-hour time. [e]
a 3:40am. b 5:00p.m. ¢ 12:35am.
d 7:18am. e 9:51 p.m. f 1224pm.

B Change each of these to 12-hour (a.m./p.m.) time.
a 2215 b 08:30 c 1344
d 18:52 e 02:05 f 1927

n Find the time difference between:

a 05:00 and 13:00 b 13:00 and 19:30 ¢ 11:40 and 17:55
d 03:25and 14:47 e 09:12and 23:20 f 10:05and 11:20
g 09:44 and 12:50 h 18:16 and 22:40 i 14:32and 20:09

H ‘What is the time 2h 50 min:
a after 10:20 a.m.? b Dbefore 12:40 p.m.? ¢ before 6:23 a.m.?
d after 13:00? e after 19:45? f  before 01:05?

n Phoebe catches the 7:05 a.m. train from Melbourne. At what time will she arrive in
Albury if the trip takes 4 h 21 min?

The school day starts at 8:35 a.m. and finishes at 2:55 p.m. How many hours and minutes
is this? Select the correct answer A, B, C or D.

A 5h20min B 5h30min C 6h20min D 6h30min

n Find the time difference between:
a 2:00 p.m. today and 2:00 a.m. tomorrow
b 5:00 p.m. today and 3:30 a.m. tomorrow
¢ 8:00 a.m. today and 9:00 p.m. tomorrow
d

7:15 p.m. today and 9:45 a.m. tomorrow

n What is the time:
a 115 minutes after 8:40 p.m.? b 4 h 35 min before 2:20 p.m.?
¢ 3 h 50 minutes before 1:00 p.m.? d 154 minutes after 11:06 a.m.?

m The length of a movie is 112 minutes.
a Express 112 min in hours and minutes.
b At what time will the movie finish if it started at 8:30 p.m.?

¢ Atwhat time did the movie start if it finished at 1:15 p.m.?

Foundation  Standard Complex
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Power p|US ANSWERS ON P. 575

+
1 What fractions do A, B and C represent on this number line if the intervals between I
the fractions are equal?

2 Deepti sold a car for $14 700, making a loss of 30% on its original price. Find the original
price.

3 A store marks up the price of a lounge suite by 80%. What percentage discount would
bring the price of the lounge suite back to its original price?

4 Ineke went to a supermarket and bought 5 kg of potatoes. If 3 kg of potatoes cost $4.99,
how much change would Ineke receive from $20?

5 2L of water is to be shared equally between 3 people.
a  Calculate how much water each person would receive (correct to 3 decimal places).
b Explain why 3 decimal places would be too accurate for practical purposes.

6 Melinda bought a pair of shoes that were reduced by % If the shoes sold for $72, what
was their original price?

7  After training for 6 months, Owen improved his time for running 100 m by 8%. If his
new time is 10.2 seconds, what was his old time? Answer correct to one decimal place.

8 Atalocal football game, the ratio of men to children was 5 : 8 and the ratio of women to
children was 7 : 10. What is the ratio of men to women?

9 Hannah, Nicola and Olivia share an amount of money in the ratio 2 : 3 : 5. If Nicola
gives $35 to Hannah, both of them will have an equal amount of money. How much
money will Olivia receive?

10 James and Jordan each drove their cars to the beach. James drove his car at a speed of
40 km/h for half the distance and at 60 km/h for the other half. Jordan drove at 50 km/h
for the entire distance. Who arrived first, James or Jordan? Give reasons for your answer.

11 a  How long will it take for an investment of $5000 to double if it is invested at 5% p.a.
simple interest?

b How long will it take for an investment of $10 000 to double at the same interest
rate?
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CHAPTER 3 REVIEW

Language of maths

24-hour time ascending decimal decimal places
descending discount fraction GST =
integer interest rate irrational loss E
w
per annum (p.a.) percentage principal profit -
. . . [+ 4
rate ratio rational reciprocal i
. . . N . o
recurring simple interest terminating unitary method <
o

1 What is another name for flat rate interest?

2 What is the product of a fraction and its reciprocal?

3 Find a non-mathematical meaning for:
a reciprocal b recurring ¢ terminating.

4 What is the difference between the selling price and the cost price called when the selling
price is higher?

5 What does ‘annum’ mean, as in ‘per annum’?

6 Which method involves finding the value of one part when given the value of the whole
amount or several parts?

Topic summary
«  Write 10 questions (with solutions) that could be used in a test for this chapter. Include some
questions that you have found difficult to answer.

Print (or copy) and complete this mind map of the topic, adding detail to its branches and using
pictures, symbols and colour where needed. Ask your teacher to check your work.

Mind map:
Numeracy
and

Integers Decimals Fractions % coleulation

Percentages
Time NUMERACY AND g%
differences CALCULATION
140%
O
anF;a::t)es Simple interest
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TEST YOURSELF 3 ANSWERS ON P. 575

n Evaluate each expression.

a 5x(-6)=+(-10) b 8-(9+4) c -3x4-9
B vz 4 x -8+ (~10)
d 5x3-8x%x5 e (-5P-7x3 —xC

E Write these decimals in descending order: 0.401, 0.0483, 4.001, 0.05635.

B Evaluate each expression.

a 12+0.56 b 14.5-6.782 c 42X5

d 3.45x0.03 e 5.026+4 f 80.45+0.05

g 7.432x1000 h 3457 +100 i 0.605=+10

j  34.1x10000 k 856.03 x 1000 I 84.6+100 000

n Which expression is NOT the same as 948 + 4? Select the correct answer A, B, C or D.
A 90.48+0.04 B 94 800 + 400 C 0.948 = 0.004 D 0948 - 0.4

H Round 4.9948 to 3 decimal places.
H Convert % to a recurring decimal.
Which fraction is smaller, % or %?

n Evaluate each expression.

a 4.3 b 3.2 ¢ 22-12
5 8 11’ 3 7 5
d 1.2 e 2of$163 f Lyt
4 5 5 2 3
g 5-° h 231 i 3,81
4 5 4 5
n Express each percentage as a simplified fraction.
a 74% b 05% c 662% d 14.8%
m Express each percentage as a decimal.
a 21.4% b 45% ¢ 81% d 02%
m Express each decimal and fraction as a percentage.
) 19
a 0.245 b < c 1.275 d =

m Find:
a  42% of $580 b 8%% of 90 kg c  2.45% of $358
m a Increase 120 L by 35%.

b Decrease $25 by 12.5%

m What percentage is (correct to one decimal place):
a 5minutes of 1 hour?
b  75c out of $4.50?

Foundation  Standard Complex
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m In a recent test cricket match, Steve made 286 runs in both innings, which represented 37%
of the team total. How many runs did the team make in the match?

m Calculate the selling price of a smartphone marked at $485 and discounted by 15%.
Select A, B, C or D.

A $72.75 B $470 C $412.20 D $412.25

A block of land was purchased for $250 000. Four years later, it was sold for $630 000.
Calculate:

a the profit

b the profit as a percentage of cost price.

m At a sale, Garrett and Kay bought a cutlery set, saving $150 on the original price.
If this discount represented 55% of the price, what was the price of the cutlery?

m Calculate, to the nearest cent, the simple interest on:
a $8050 invested for 5 years at 4.8% p.a.
b  $3890 borrowed for 7 months at 2.4% p.a.

m Calculate the annual simple interest rate if an investment of $7000 earns $1820 in interest
over 2 years.

m Simplify each ratio.
a 200:450 b 35mm:2m ¢ 5h:45min

m Bill and Ben win $800 000 in Lotto. If they agree to share the prize in the ratio of 25:17,
how much will each person receive?

E A truck travels 581 km in 7 hours.
a Calculate its average speed in km/h.
b How far does the truck travel in 4 hours?

¢ How long will it take to travel 1000 km? Answer correct to one decimal place.

m Convert:

a 0.8mL/stomL/h b 140 g/m?to kg/m?
¢ 30km/htom/s d 345.6 m/day to cm/min

E Calculate the time difference between:
a 8:45am.and 6:55 p.m. b 09:19 and 21:06

Foundation  Standard Complex
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n Convert each fraction to a decimal and state whether it is recurring or terminating.

a > b L c ¢ d 42
8 13 9 4
n Simplify each expression.
a 7+5m-9 b 8p-3m+12p+4m c 5m*-3n-2n*-7n

B Evaluate each expression.

a 74+(-5) b -3-(-8) c 9-(-4)
d -3x5 e -6x(-10) f ‘TZO
g (572 h 15-2x(-9) i 30+-(-6)+(-3)x8

i (2¢P+5x4
n Select the surds from this list of square roots.
Vo8 9 V225 V160 V36 V52
H Evaluate m , correct to 2 decimal places.

n Find, correct to one decimal place, the value of each variable.

a b 1.2m c
gcm 12 cm
15cm kcm
4m
em
15cm

21cm

3 .
Convert g to a mixed numeral.

n Which of these numbers is larger than %? Select the correct answer A, B, C or D.

A 03 B g c 2 D 03333

n Evaluate each expression.

a 9345x10 b 17.8+100 c 9.3 x1000 d 234.7 +1000
e 9.76 +13.8 f 1586+4 g 279-0.86 h 12-84
i 92x4 j 13.4x03 k 5.65+0.05 I 9+4

m Write these decimals in descending order: 5.85, 0.5867, 0.59, 5.095.

Foundation  Standard Complex
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m Find the value of each variable.

a 2.5cm b c 30 m

8.2cm
1.8 cm km
32.5m
6.5cm

pcm

m Write an algebraic expression for each statement.

a rincreased by 7 b The difference between T and 15

¢ Multiply k by 4 d 10divided byz
m Evaluate each expression.
a 1.2 b L2 ¢ 31412 d 41-22
45 10 3 5 3 2 5
e 3,3 £ 2.2 g Lin h 12x2!
75 8 3 5 7 2

m Arrange the fractions § 2 and S in ascending order.

m Adeeb calculated 5.64 + 0.2 without using a calculator. Which of these calculations will give
him the correct answer? Select A, B, C or D.

A 564 +2 B 56.4+0.02 C 564+20 D 564-+2
m Convert each number to a percentage.

a Z b 027 c 2 d 0085

40 11

Calculate:

a  170% of $60 b 14% of $250 c 3%% of $670
m Test whether each triangle is right-a