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1 Number properties (exponents) 1
2

Recall

1.1  Establish and apply the exponent
law for multiplication

1.2  Establish and apply the exponent law
for division

1.3  Establish and apply the exponent law
for raising a power to a power

1.4 Establish and apply the exponent law
for raising to the power of 0

Topic review

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

2 Operations with integers,
fractions and decimals

Recall

2.1 Multiply and divide integers

2.2  Solve problems by multiplying and
dividing integers

2.3 Use the four operations with integers

2.4 Multiply and divide rational numbers

2.5 Apply all four operations with integers,
fractions and decimals

Topic review
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3 Rational and irrational
numbers

Recall

3.1 Identify and use irrational numbers

3.2 Identify the golden ratio and make the
connection between the circumference
and diameter of any circle

3.3 Identify and use terminating, recurring
and non-recurring decimals

Topic review
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4 Percentage increase and
decrease
Recall

4.1  Understand percentage increase and
decrease

4.2 Understand percentage change in
realistic situations

Topic review
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5 Algebra (expand, simplify
and factorise)
Recall

5.1 Use the distributive law to expand
simple algebraic expressions

5.2  Factorise simple algebraic expressions

5.3  Simplify algebraic expressions involving
multiple operations

Topic review
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6 Linear graphs

Recall

6.1 Plot and identify a linear relationship
using a set of points

6.2  Graph linear relationships with only
one axis intercept

6.3 Investigate linear graphs using technology

6.4 Determine the rule for a linear
relationship or pattern

6.5 Solve linear equations graphically
Topic review
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7 Linear inequalities

Recall
7.1  Graph inequalities on number lines

7.2  Graph linear inequalities on the
Cartesian plane

7.3 Solve linear inequalities
Topic review
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8 Perimeter, area and volume 180

Recall 181

8.1 Estimate length and convert between
units of length 182

8.2 Calculate the perimeter of quadrilaterals 188

8.3  Determine unknown side lengths from
a given perimeter 196

8.4  Calculate the area of a trapezium 201
8.5 Calculate the area of kites and rhombuses 207
8.6  Calculate the area of composite shapes 212
8.7 Approximate the perimeter and area

of irregular shapes 218
8.8  Understand the connection between

volume and capacity 229
Topic review 238
9 Circles and sectors 245
Recall 246
9.1 Determine the area of a circle 247
9.2 Determine the area of a sector using

common fractions 252
9.3 Determine sector area and arc length 256
9.4  Determine the area of composite

shapes involving circles 261
9.5 Solve problems involving circle

measurements 266
Topic review 271
10 Time 275
Recall 276
10.1 Understand 24-hour time 277
10.2 Understand the effect of daylight savings

and longitude on local time 285
10.3 Understand and work with different

time zones 291
Topic review 298

11 Rates 301
Recall 302
11.1 Understand and apply rates 303
11.2 Apply rates to financial situations 307
11.3 Apply rates to tax calculations 312
Topic review 316
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Recall 321
12.1 Measure the side lengths of a right-angled
triangle 322
12.2 Understand and use Pythagoras’ theorem
to identify right-angled triangles 328

12.3 Compare different applications,
demonstrations and proofs of
Pythagoras’ theorem 337

12.4 Use Pythagoras’ theorem to determine
the length of the hypotenuse 344

12.5 Use Pythagoras’ theorem to determine
the length of a shorter side in a
right-angled triangle 349

Topic review 354
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13 Ratios to solve problems 360

Recall 361
13.1 Solve problems involving proportional
reasoning 362
13.2 Apply ratios to currency exchange 367
Topic review 371
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14 Triangles and quadrilaterals
(similarity and congruence) 375

Recall 376
14.1 Apply transformations to shapes in

the plane 377
14.2 Prove congruence in pairs of triangles 384
14.3 Explore the properties of quadrilaterals

using congruent triangles 393
14.4 Determine and apply scale factor and

angle properties in similar shapes 401
14.5 Prove similarity in pairs of triangles 409
Topic review 416
15 Visualising 3D 427
Recall 428
15.1 Locate and describe the position of

objects in 3D space 429
15.2 Use the 3D coordinate system 432
Topic review 439
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16 Collecting and analysing

data 441
Recall 442
16.1 Compare sampling methods 443

16.2 Understand sampling techniques and
data sources 449

16.3 Understand and interpret statistics
from different samples in the

same population 460
16.4 Plan and conduct a statistical

investigation 472
Topic review 484
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17 Probability (Venn diagrams
and two-way tables)

Recall

17.1 Understand complementary events
17.2 Draw and understand Venn diagrams
17.3 Draw and understand two-way tables

17.4 Recognise and understand mutually
exclusive and non-mutually exclusive
events

17.5 Use Venn diagrams and two-way tables
to solve problems

Topic review
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How to use Pearson Mathematics

The components of Pearson Mathematics

This Student Book is a complementary resource that offers a print medium for corresponding lessons in Pearson
Secondary Teaching Hub and the Student Companion. It is designed on the principles of current best practice and
provides students with an offline version to access the theory, worked examples and practice questions from the
digital lessons in Hub, to give the perfect blend of online and offline learning.

The Student Book (also available as an eBook) gives you an offline version of the theory, worked examples and
independent practice questions. The Student Book has been supplied to minimise digital distraction and screen
fatigue, supporting teachers and students to find the perfect balance of online and offline learning.

The Hub is a one-of-
a-kind digital product
designed to simplify
teaching and energise
learning, with high-
quality content created
by experienced
Australian educators
who know how to
engage students.

The Student Companion is a
write-in workbook that has been
designed to support the guided
practice phase of the lesson,
giving students scaffolded
instruction as an introduction to
the skill. The Student Companion
also supports the creation of a
bound reference or portfolio of
learning over the year.

athematics

Pearson
Secondary
Teaching Hub

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

Chunking with learning intentions and success criteria

The structure and relationship between each of the three components in the Pearson Mathematics series (Hub,

Student Book and Student Companion) has been designed to manage the cognitive load of our students. Chunking
has been used to break down complex concepts and strategies into smaller, more manageable sections, defined

by the success criteria.

In the Hub and the Student Companion, the chunking of content directly supports success criteria, while the Student
Book is chunked by learning intention, to give both teachers and students autonomy in delivery.

Learning intentions are statements
aligned to the relevant curriculum.
Each of the lessons in the Hub have
been developed around a single
purpose for learning. The learning
intentions are communicated using
student-friendly language and share
the learning goals or objectives from
the corresponding digital lesson in

incierstand e effect of Gupirts asvingn and lomgtude
o tocad tme

Success criteria clarify
expectations and describe
what success looks like.
They are used to determine
how well a student has met
the learning intention. The
Pearson Mathematics lesson
design is based on cognitive
load principles, and, as such,

the Hub and pages of the Student 9= == each lesson has between one

Companion. They describe what - and four success criteria. The

learners should know, understand or M = success criteria are specific,

be able to do by the end of the lesson. O Saine [ = concrete and measurable, so
B D oo learners can actively engage
=

Every lesson starts with a Lesson
warm-up, a 3- to 5-minute activity
designed to activate prior knowledge
and prime students for learning. In
the Hub, teachers are able to access
teaching notes that contain sample
solutions, different ways to deliver the
activity, and enabling and extending
prompts to ensure all learners have
an entry point and can be extended.

Understand 24-howr time

Learning intention and success criteria

Loorming intention

Loss0n Warm-up

Ancient timing at might

with and reflect on their
evidence of learning within
each lesson. The success
criteria form the basis of all
three components — the Hub,
the Student Book (and eBook)
and the Student Companion

— to ensure they are referred
to throughout the lesson and
provide the basis for feedback.
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Reducing cognitive load with worked examples

Worked examples provide students with a step-by-step solution to a problem.
The worked examples in the Student Book correspond to those in the digital lesson, and are provided for each skill to:

+ scaffold learning
+ support skill acquisition
+ reduce the cognitive load.

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

In the Hub, each worked example is presented as a video walkthrough,
and has a ‘Check your understanding’ section with one to three
autocorrecting questions. This gives students and teachers immediate
feedback on student understanding of the required skills to succeed,
before moving on to the independent practice phase of the lesson.

The Student Companion supports the gradual release of
responsibility, supporting the guided practice phase of

the lesson, by giving students access to a similar problem
presented as a ‘try yourself’ worked example and one to
three additional scaffolded practice questions. The Student
Companion also provides students with the opportunity to
develop a learning portfolio, and can be used in a flipped
environment, in classroom learning, as homework, or in
preparation to create a bound reference or summary.

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

Gradually releasing responsibility with print and digital

| do: Students and teachers are supported by new information being demonstrated and modelled with worked
examples and worked example videos. The ‘Check your understanding’ questions provide immediate feedback to
both students and teachers on the student’s level of understanding of each new concept.

We do: The Student Companion offers a ‘try yourself’ version of the worked example and a small set of scaffolded

questions designed to facilitate the guided practice phase of the lesson.

You do: The success criteria each have a set of ‘Practice’ questions available to access in both the Hub and the
Student Book, and are designed to be used in the independent practice phase of the lesson.

Each lesson in the Student
Companion contains a space
for students to reflect on their
understanding. The simple and
intuitive design of the lesson
reflection tool allows students
to scale their confidence,
reflect on their learning, and
identify areas in which they
need additional support.
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+
+
.
.

The Practice section in the Student
Book contains the independent
practice questions for the lesson,
still broken down by success criteria.
These questions are provided in both
the Hub and the Student Book to give
teachers and students the choice of
digital or print for the independent
practice phase of the lesson. These
questions are designed to ensure
learners build confidence and
demonstrate proficiency.

Each lesson in the Hub contains an
additional six to eight auto-correcting
questions. These questions provide a
summative assessment of the lesson
and utilise the skills and knowledge
obtained throughout the entire lesson.
These assessments give students
and teachers immediate feedback on
student readiness to move forwards in
the topic sequence.
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Simplified teaching, energised learning for the new
Australion Curriculum Mathematics Year levels 7-10

Powered by the Pearson Secondary Teaching Hub

How have we simplified teaching? How have we energised learning?

In consultation with Australian teachers  Engaging videos, worksheets,

and students, we've built a simple-to- auto-correcting questions, worked

use hub of lesson content for the new examples and more, with the perfect

Australian Curriculum Mathematics. mix of online and offline resources.

Student Student

Books Vs Companions

Hathematics

Student Books link to the Hub Student Companions provide

for flexible teaching write-in practice books

Giving you the autonomy to teach online or offline Accompanying the Teaching Hulb, with ‘try

to meet the needs of your students. yourself’ worked examples and exercise questions
Developed using the latest teaching and to support guided practice.
learning research. + 1000s of practice questions across the series
Access to all 7-10 content in the Hub for + Use as a homework activity program, guided
students that need revision, or those that need practice in class, or to support multiple
extension. exposures.

eBook versions available in the Hub.
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Understanding exponent laws for multiplication is useful
for efficiently handling very large and very small numbers
in calculations. At the end of this topic students will be
able to:

convert repeated multiplications into a simpler

exponent form

apply the laws of exponents to multiply powers with

the same base, as in algebra and higher mathematics.
These skills streamline computations and are widely used
in science, economics and finance.

TOPIC1 e« NUMBER PROPERTIES (EXPONENTS)




RECALL

| can calculate squares and square roots

[UEEE Page s61

1 Write the square root as the product of a number multiplied by itself and then simplify.

As an example:m:1/(4x4):4
(a) 25 (b) e4 (c) /81 (d) V121

2 Calculate the value of each of the following square roots.

(a) 100 (b) 196 (c) V49 (d) V169
(e) 36 (f) V256 (g) V225

| can use exponent notation to represent numbers

1 Write each of the following in exponent form.
(a) 4 squared (b) 10 cubed (c) 3x3x3 (d) two to the power of five
() 5x5x5x5 (f) seven squared (g) 8x8x8x8x8

| can use expanded notation to represent numbers

1 Write the following in expanded form.
(a) 5° (b) 6° (c) &
2 Write the following in expanded form.

(a) 15°= (b) 9*=

3 Write in expanded form, then evaluate.

(a) 3* (b) 6° (c) 10*

| can represent numbers in prime factor form
1 Complete each factor tree, then express the number as a product of its prime factors in exponent form.

(a) (b) 135

N N\
N /\ /N
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Establish and apply the exponent
law for multiplication

Learning intention: To be able to establish and apply the exponent law for multiplication

Success criteria:

SC1 I can write the expanded form of a multiplication from exponent form and connect the result
to the addition of exponents.

SC 2 | can multiply numbers using exponent notation.

Lesson warm-up

Which is bigger?
Which is bigger, a® or 27
1 Isyour answer true for all values of a?

2 Copy and complete the table of values.

a a’ 29

-2
-1
-0.5
0
0.5
]
2

SC1 | can write the expanded form of a multiplication from exponent form and connect the result
to the addition of exponents

Exponent, Index or Power

Base— 43" =4x4x4=64

I ™\

Index Expanded Form

or Exponent Form

When writing the expanded form in exponent form, the bases must be the same.

Forexample,Z><2><2><5><5=23><52

TOPIC1  NUMBER PROPERTIES (EXPONENTS) 3




Worked example

Multiplying in expanded form

Multiply 4 x 4%, Write your answer in exponent form.

THINKING WORKING

Write the terms in expanded form. Bxs=(4x4x4)x(4x4)

Write the new expression in exponent form. =4x4x4x4x4
=4

Write the answer. 4 x4 =4°

SC 2 | can multiply numbers using exponent notation

To multiply expressions written in exponent notation with the same base, add the powers.

X4 xP = xa+h

Worked example

Applying the first exponent law

Write the following in simplest exponent form.

(a) 7° x 7°
THINKING WORKING
Recall the first exponent law. X4x xP = xa+h
To multiply exponent expressions with the same 7°x74=70+2
base, add the powers. _77
Write the answer. 7P x7*=7
(b) 7 x 7° x 5% x 5*
THINKING WORKING
Recall the first exponent law. X% x xP = xa+P
To multiply exponent expressions with the same 7x7°x 52 x 54 =71+ x 52+4)
base, add the powers. In this case, there are two — 77« 56
different bases.
Write the answer. 7x7°x 5% x5'=7"x5°

4 PEARSON MATHEMATICS 8 3RD EDITION




Practice m Page 561

SC 1 | can write the expanded form of a multiplication from exponent form and connect the result
to the addition of exponents

T Write the following numbers in expanded form.

(a) 3' (b) 3° () 3 (d) 3°
2 Write the following numbers in exponent form.
(a) 5 (b) 5x5 (c) 5x5x5 (d) 5x5x5x%x5

3 Explain how the expanded form and exponent form are linked.
4 Write the following in both expanded form and exponent form.
(a) 3x3? (b) 3x3?x3? () 3x3*x3*x3*

5 Write the following in both expanded form and exponent form. Use your calculator to check that
both forms are the same.

(a) 4 x4 (b) 2x22x23 () 52x5' x5

6 Write the following in both expanded and exponent form. Use your calculator to check that both
forms are the same.

(a) 2x3x3? (b) 2x2%x3x3° () 2x2°x2¥x3x%x3%
7 Each of the following is incorrect. Explain each mistake that has been made.

(a) 2x2x2=6 (b) 2x23=2°

(c) 2x3%=6° (d) 2x2%x3%=2%x3?

8 Consider the following, written in both expanded form and exponent form.

Problem Expanded form Exponent form
5" x 52 5% (5 x 5) 53
5' x 52 x 53 5% (5x5) % (5% 5x5) 56
5" x 52 x 53 x 5% 5x(5x5)%x(5x5%5) x(5%5x%x5x5) 510

(a) Canyou see the pattern of what to do with the powers when you multiply numbers with the
same base?

(b) Without writing in expanded form first, express these in simplest exponent form.
(i) 2°x23 (i) 2°x2*
(iii) 22x 2° (iv) 22x2°
9  The first exponent law is x? x x” = x{@+?),
(a) Explain the first law in your own words. Include an example.

(b) Does the first law work for 22 x 3*? Explain why or why not.

TOPIC1  NUMBER PROPERTIES (EXPONENTS) 5




SC 2 | can multiply numbers using exponent notation

T Use the first exponent law to write the following in simplest exponent form.

(a) 5x5? (b) 5x5° () 52x53 (d) 5*x5°x5*
2 Write the following in simplest exponent form.

(a) 8%x8? (b) 6x6°x6° () 3*x3%x3*

(d) 7Px7*x7° (e) 9°x9x9

3 Write the following in simplest exponent form.
(a) 5x5%x3x 3 (b) 53x3*x3* () 2°x23x2°x32x23
(d) 2*x2*x2%x3* (e) 22x2°x53x5%x5* (f) 3*x10°x33x10°
(8) 3 x4 x4 x5 x5
4  Each of the following is incorrect. Explain each mistake that has been made.
(a) 2x22x23=2° (b) 2x22x23=8°
() 2x22x23=6° (d) Fx22x22=33x4°
5 Use a calculator to determine the value of:
(@) (=17 (b) (-1 () (<1 (d) (-1
(e) Without calculating, state the value of (—1)*. How can you be sure?

6 Express the following in simplest exponent form.

(a.) leXle (b) lxlxlxlxl
2 2 2 2 333 33
(c) 21x21x21x2.1 (d) 0.8x0.8x0.8x0.8x0.8x0.8

7 (a) Copy and complete this table of values.

Fraction Squared Cubed Power of 4

A

Plowe e |

(b) Explain why the number decreases as the power increases.

2 2
8 Does (l) = L Explain why or why not.
2 2

6 PEARSON MATHEMATICS 8 3RD EDITION




Establish and apply the exponent
law for division

Learning intention: To establish and apply the exponent law for division

Success criteria:

SC1 | can write the expanded form of a division from exponent form and connect the result to the
subtraction of exponents.

SC 2 | can divide numbers using exponent notation.

SC 3 | can apply the multiplication and division rules, or a combination of both, to simplify
an expression.

Lesson warm-up

How do you divide?

How many different ways can you draw 12 + 3 = 4?

SC1 | can write the expanded form of a division from exponent form and connect the result to
the subtraction of exponents

Worked example

Dividing numbers written in exponent form

5
Express % in simplest exponent form.
4

THINKING WORKING
Write the numerator and denominator in 4% Ax4x4xdx4
expanded form. 42 4x4
Recall that any number divided by itself is equal Ax4x4x A x /4’
to 1. Cancel common factors. - AxA
Express the result using exponential notation. =43
Write the answer. £ N

42

TOPIC1  NUMBER PROPERTIES (EXPONENTS) 7




SC 2 | can divide numbers using exponent notation

To divide expressions written in exponent notation with the same base, subtract the powers.

X xb=xa-"

Worked example

Applying the second exponent law

Write the following in simplest exponent form.

(a) 10° = 10°
THINKING WORKING
Recall the second exponent law. X (a-b)
_=x
b
X

To divide exponent expressions with the same 10° + 102 =100 -2
base, subtract the powers.

=10°
Write the answer. 10° = 10° = 103
(b) 25 ><38
22 x3*
THINKING WORKING
Recall the second exponent law. X _ i la-b)
xb
To divide exponent expressions with the 25 « 38 _(5-2)  3(6-9)
same base, subtract the powers. In this case, 22,34 =
there are two different bases. _ 2343
Write the answer. 25 %38 iy a8
234
253
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SC 3 | can apply the multiplication and division rules, or a combination of both, to simplify
an expression

Worked example

Applying the first two exponent laws

3 8
Simplify 8 X58

8
THINKING WORKING
Recall the first two exponent laws. Law 1:
X% x xb — x9+ b
Law 2:
x4 +.X'b =x(a—b)
Use the first exponent law to simplify the 83«88 gB3+8
multiplication of terms with the same base. T = g
g
T8
Use the second exponent law to simplify the g1 -5)
division of terms with the same base. _gb
Write the answer. 83«88 g
g
Practice ITETEH Page 562

SC1 | can write the expanded form of a division from exponent form and connect the result to
the subtraction of exponents

1 Write the following numbers in expanded notation and calculate the answer.

(a) 4 (b) 4° () # (d) 4° (e) 4
2 Write the following in expanded notation. Do not simplify.
4? 43 43 4*
a) — b) — < — d) —
(@) - (b) - (c) e (d) yr
4° 4* 4°
(e) 4—2 (f) 4—3 (8) 4—3
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3 Write the following in exponent form.

(a) 6x6x%x6 (b) 6x6x6x6 (c) 6x6x6x6%6
2 22
(d) 8x8x8 (e) Exgxg (f) 1063 x 106.3 x 106.3
(g) 9x9%x9x9 (h) %x%x%x% (i) 28x28x28x28
D 4  Write the following in expanded form, then express your answer in simplest exponent form.
a — b J— c —
(a) Z (b) Z (c) =
7 7 7°
@ Z (&) = ® Z
7 7 7
5 Copy and complete the following table.
(a) Expression Expanded form Exponent form Difference in exponents
35
3
3
3?
35
3?
35
3t

(b) What do you notice about the exponent form and the difference in the exponents (powers)?

(c) Complete this statement.
The second law of exponents states that when dividing exponent expressions with the same
base, you the powers.

SC 2 | can divide numbers using exponent notation

1 Use the second law of exponents to simplify the following. Leave your answers in exponent form.

3° 3° 3
(a) 3 (b) 7 () pe}
(d) i—i (e) 3%-33 (F) 3"0-3°

2 Use the second law of exponents to simplify the following.

4 4 6’ 108
a) — b) — o — d) —
@ ®) % @ 5 @
3 Use the second law of exponents to determine the missing exponent in each of the following.
(a) 4" =4"=47 (b) 4% +4°=47 () 3M:3=33
2%, 5
d) —=2 e) —==5
@ & %
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4 Which of the following cannot be simplified directly by using the second law of exponents? Why?

(a) 40:23 (b) 4%+ 43 (c) 30°=+20°
2’ 252
(d) 57 (e) = (F) 4" +5°

5 Tim's answer to 8* = 42 is 2%. Describe the mistake/s Tim has made.

6 Compare the relationship between multiplication and division with the relationship between the
first and second exponent laws.

SC 3 | can apply the multiplication and division rules, or a combination of both, to simplify
an expression

1 Simplify the following.

10°x10* 10* x10* 103 x10*
@ ——=— (b) ——— () ——
10 10 10
(d) 10x10°x10* (@) 102x10° x10*
10° 10°

2 Simplify the following.

23 %27 3¥x3* 4% x4*
(a) 55 (b) 7 (c) 7
6x6> x6* 8x 8’ x8>
(d) e (e) —

3 Simplify the following.

347 U2 344 5 .4 o5
(a) 2 X§5X5 (b) 332><34 (©) 4 x:2x3
X
d 6x6° x6" 5x8x 8% x 8>
@ "o © e

4 Determine the missing exponent in each of the following.

(a) 4°x4+4=4 (b) 4 x4’ +4>=4 (c) 3"+ (3*x39)=3
26X23 4 Sx 5
(d) 2% (e) 5% x5%

5 Simplify the following expressions. Write your answer in exponent form.

a) —x—- b) —x— C x4 3
( ) 25 24 ( ) 32 3 () 42 ><4
3 8 5 6 2 3
(d) 6> x6 ><7_ (e) 5°x8x8°x8 xﬁ
6°x7° 6° 8* 52

6 Explain how to divide numbers written in exponent notation with the same base. You may
include an example.
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Establish and apply the exponent
law for raising a power to a power

Learning intention: To establish and apply the exponent law for raising a power to a power
Success criteria:

SC1 | can use expanded form to simplify the power of a power.
SC 2 | can use exponent laws to simplify a power of a power.

SC 3 | can apply the exponent laws of multiplication, division and raising to a power.

Lesson warm-up

Powers to 9

Copy this diagram.

In each square, write an expression involving exponents (powers) that is equal to 9.

The first one has been filled out for you as an example.

SC1 | can use expanded form to simplify the power of a power

Worked example

Simplifying an exponential expression raised to a power

Simplify (5%)°. Leave your answer in exponent form.

THINKING WORKING

Write the expression in expanded form. (5% = (5%) x (5%) x (5%)
Use the first exponent law to simplify the =52+2+2
multiplication of terms with the same base. _ 56

Write the answer. (5%)° =5°
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SC 2 | can use exponent laws to simplify a power of a power

To raise a power to a power, you multiply the exponents. Note that the base number stays the same.

(xa)b — x4 X b

Worked example

Applying the third exponent law

Express (5°)* in simplest exponent form.
THINKING WORKING
Recall the third exponent law. (x9)P = x@*P
To raise a power to a power, you multiply the (5°)* =534
exponents. Note that the base number stays the same. _gl2
Write the answer. (53t = 5"

SC 3 | can apply the exponent laws of multiplication, division and raising to a power

Worked example

Applying the first three exponent laws

42 x( 4) o
Express ———in simplest exponent form.
4

THINKING WORKING

The order of operations says that raising to a power

3
42 x(4* 2 4433
comes before multiplication and division. x( ) & 4" x4

47 47
To raise a power to a power, you multiply the 42 3 412
exponents. Note that the base number stays ==
the same. 4
Use the first exponent law to simplify the 42412
multiplication of terms with the same base. - 47
) 414
=
Use the second exponent law to simplify the division 4=
of terms with the same base. _ 47
rite the answer. 3
Write the answe 42x(44) :
7
4

TOPIC1  NUMBER PROPERTIES (EXPONENTS)
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SC1 | can use expanded form to simplify the power of a power

1 Simplify the following by expanding, then applying the first exponent law. Leave your answer in
exponent form.
(a) (5% (b) (5% (c) (5%°
(d) (3%’ (e) (3 () @

2 (a) Copy and complete the following table.

Expression Expansion Simplified form Multiplying the exponents
(6% 6> x 6 6° 2x3=6
(7%
(10%’
(2%

(b) Compare the simplified form and the product of the exponents.
(c) Complete this sentence. When a power is raised to a power, the exponents are

3 Explain how to raise a power to a power. You should include an example.
SC 2 | can use exponent laws to simplify a power of a power

1 Express the following in simplest exponent form.

(a) (2 (b) (2% () 2

(d) (2%’ (e) (% (f) @
2 Express the following in simplest exponent form.

(a) (6" (b) (7% () (&)

(d) (4% (e) (109 (f) G

3 Express the following in simplest exponent form.
27 7Y
(2 ([5] ] (b) ((gj J @ (osy
(d) (4.4% (e) (1.05% (f) (237"

" 1 2) 2 :
4 (a) | —| =—, but| = | #=. Explain why.
(a) [3) 7 [_J 5 B Y.

(b) (4°)° = (4°)*. Explain why.
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SC 3 | can apply the exponent laws of multiplication, division and raising to a power

1 Simplify the following. Express your answer in simplest exponent form.

(a) (2°)'x2* (b) (2)'x2° (€ (@)'x2?
(d) (2%*x2*x2? (e) (2°)*x2*x2°
2 Express the following in simplest exponent form.
(a) (2°)'+2° (b) (2)*+2° (€ @)+2°
(d) @3*=2° (e) (2*x22+2°
3 Simplify the following. Express your answer in exponent form.
3
@ 222 o 22 o 2
a) T so I ) ———
2’y (3%)? 415
610X(63)2X64 24 3 2
o T e S
8
4 Simplify the following. Write your answer in exponent form.
2
22 x(27) x5? 6. 415 5145
@ 2 () 24 @ Lxatxs
2 3°%(4%) (42)
63 x(62)4 x 75 53 8% 82 x (83 )4
@ SXELT (e) Sx8xEx(E)
' (&)
5 Simplify the following. Express your answer in exponent form.
5 2 2
(a) ﬂxﬁ (b) ﬂxi (c) MX43 (d) @XQ
22 24 32 3 (42)3 6°x7> 67
2
5°x87x(8%) g
(e) el (f) (3°+3% () (3°x37’

g’ 52
6 Theo'sanswer to (8'° = 82)* is 8*. What mistake has Theo made?
7 A cube has a side length of 10 cm.
(a) Express the volume of the cube in exponent and numerical form.

(b) Another cube has sides that are 20 cm in length. Express the volume of the cube in exponent
and numerical form.

(c) The dimensions of the second cube have been increased by a factor of 2. Use the third
exponent law to explain how the scale factor could be used to calculate the new volume.

8 What power of 4 is equal to 32°?

9 Determine the values of x and y so that 2* x 5Y = 4000.
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Success criteria:

Establish and apply the exponent
law for raising to the power of O

Learning intention: To establish and apply the exponent law for raising to the power of 0

SC1 | can demonstrate that any natural number raised to the power of 0 is equal to 1.

SC 2 | can simplify and evaluate expressions that require multiple exponent laws to be used.

Lesson warm-up

Dividing a number by itself

When you divide a number by itself, what is the answer?

What does the answer represent?

SC1 |can demonstrate that any natural number raised to the power of 0 is equal to 1

n
Any number divided by itself is equal to 1, so x_n =1
x

The second exponent law can be used for a number divided by itself: x_n =l
X

This leads to the fourth exponent law: a® = 1, a # 0.

Worked example

n
) _ x0,

Dividing a number written in exponent form by itself

5

(a) Calculate the value ofi—5 by writing the numerator and denominator in expanded form.

THINKING

Write the numerator and denominator in expanded
form.

Recall that any number divided by itself is equal

WORKING
3°  3x3x3x3x3
3> 3x3x3x3x3

BxdxBxBxE

to 1. Cancel common factors and write the answer. IxZIxZIxZxF
35
(b) Simplify F using the second exponent law.

THINKING WORKING

Recall the second exponent law. X% (a-b)
—_—=X
xb

Use the second law to simplify the division of terms 3> = 3° = 36-9

with the same base and write the answer. _30
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(c) What do you conclude from your answers to (a) and (b)?

THINKING

Compare the results from parts (a) and (b).

Write the answer.

WORKING
5

31

35

£=3°

35

39=1

SC2

Worked example

| can simplify and evaluate expressions that require multiple exponent laws to be used

Applying the first four exponent laws

2
(23 ) X 45 43 40
Express Ve X >3

THINKING

The order of operations says that raising to a power
comes before multiplication and division.

To raise a power to a power, you multiply the
exponents. Note that the base number stays
the same.

Write the division of a fraction as the multiplication
of the inverse fraction.

Use the first exponent law to simplify the
multiplication of terms with the same base.

Use the second exponent law to simplify the
division of terms with the same base.

—+4—3 in simplest exponent form.

WORKING

@) ¢

£ 28
23x2x45 43 40
x4 £ 4
VI
2°x4° 4 4
BV
_26><45><43x43
- 43x23x40
26X4(5+3+3)
- 4(3+0)x23
265411
=43><23

TOPIC1  NUMBER PROPERTIES (EXPONENTS)
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SC1 | can demonstrate that any natural number raised to the power of 0 is equal to 1

Copy and complete the following table.

Question Answer Exponent form Simplest exponent
form answer
1010 = 1 10" = 10" = 10°
44 = 414" =
44 = 4 -4 =
52+5% =
5+5 =
(a) Copy and complete the following table.
10° 10* 10° 107 10’ 10°
100 000 10000 1000

(b) Describe the pattern in the exponent values.

(c) Describe the pattern in the value of the numbers.

(d) What does this tell you about the value of 10°?

Explain why raising any non-zero number to the power of 0 equals 1 (i.e.a’ = 1, a # 0).
Determine the value of x in the following.

(a) 3*=1 (b) 2°+2*=9 () (3#x3)=x

SC 2 | can simplify and evaluate expressions that require multiple exponent laws to be used

Simplify the following. Write your answer in exponent form.

2
2°x(2) x5° 3 x40 4 x4 x3° 6 x(62)* x7°
L (b) 222 () X222 (d) 6 x(61) x7”

(a) 25 32 & (43 )0 (42 )3 65 x 72

2 Simplify the following. Express your answer in simplest exponent form.

2
3
212 2 3?3 4° x4* 6*x6® (©
(@) —5x3 (b) x5 (€) — x4’ (d) ﬁ+g
202 3273 (4%) 60x72 7
0
56 x 8% (83 85
(e) %5—2 (f) (3°+3% () (337
Determine the missing exponent in each of the following.
(a) #x4%=4 =4 (b) 4" x4°+4%=4/ () 3"+(3%x39)=3°
26><20 4 Sx 5
(d) P (e) 0ot

Consider the following: any number divided by itself = 1; 0 divided by any number = 0; any
number divided by 0 is undefined.

(a) Using the information above, find a reason why 0° might equal 1, 0 or be undefined.

(b) Investigate further. Is there a right or wrong answer?

PEARSON MATHEMATICS 8 3RD EDITION




TOPIC REVIEW

Multiple choice WEEE pagess

1 3° written in expanded form is:
A  3x5 B 3x3x3x3x3 € 5x5x5 D 3x3x3x3x3x3

2 4 x4 x4x4x4written in exponent form is:

A & B &5 C  4x5 D 4
3 Insimplest exponent form 3 x 32 is:
A 3 B ¢ c 6 p 3
4 Insimplest exponent form 2°x 2is:
A 20 B 2° c 2 D 4/
5 Insimplest exponent form 2° x 23 x 3% is:
A 2%x3 B 2"°x3* c 2°x3 D 48x3*
6 Insimplest exponent form 3% x 4% x 4% x 5% x 5% is:
A 3¥x16°x25" B 3*x4x5" C 3Fx4x5 D 60"

7 2x2x2x2x10x10<+ 10 written in exponent notation is:

A 160 B 2'x10° c 2'x10 D 16x10°
8 Insimplest exponent form 6'° = 6% is:
A 6 B 6 c 67 D 6°
5. 2
9 Insimplest exponent form 2 22 is:
2
7
A 2—4 B 2 c 2 D 2
2
10 In simplest exponent form (5°)% is:
A 5% B 5° c 5 D 5

11 In simplest exponent form (52)° is:

A 5% B 5° c 5 D 1
(50)2><56
12 In simplest exponent form 3 is:
5
A 5 B 5° c 5t D 5
Short answer
1 Evaluate:
(a) 3* (b) 27 () 10’
3
:
(d) 12° (e) (-2 (f) (Ej
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2 Express the following in simplest exponent form.

(@ @% (b) (3% () (%=+3°
3 Express the following in simplest exponent form.
63 x(62)° x9° 5 o 4 x 4% <3
(a) W (b) (5°+59) () (4993 <32

4 Determine the missing exponent in each of the following.
(a) 3" x3*+3x=3? (b) 5xx5*+53=5° () 3"9:(3°x3x)=33

5 Write these exponent laws in your own words.

(a) First exponent law (b) Second exponent law (c) Third exponent law
6 Evaluate:
(a) 6%+9° (b) 6°+ (3% () 2+3)+9° (d) 3%+ (4> =4

7 (a) Demonstrate the first exponent law by first writing the exponents in expanded form: 4> x 4°.
(b) Demonstrate the second exponent law by first writing the exponents in expanded form: 3° = 3%
(c) Demonstrate the third exponent law by first writing the exponents in expanded form: (4°)2.

8 Copy and complete these statements.

(a) Inthe expression 4% 4 is the and 3 is the

(b) The expression 4° x 3° be simplified because the bases are

(c) The simplified form of expression 4’ + 4% is . This is found by applying the law of
exponents and the powers.

(d) The simplified form of expression 4’ x 4% is . This is found by applying the law of
exponents and the powers.

(e) The simplified form of expression (3.21%)° is . This is found by applying the law
of exponents and the powers.

Extended response

1 (a) Which is bigger, 2° or 5%?
(b) Which is bigger, 4° or 3%?
(c) Which is bigger, 5° or 3°?

(d) Is there a pattern that indicates whether the larger base or higher power creates the bigger number?
Is this true for all combinations? Check your answer with a few examples of your own.

2 Anapartment is designed to sit on top of a square concrete base. The sides of the square measure 12 m.

(a) What is the floor area of the apartment? A larger apartment nearby has the same square base, with
sides of 24m in length.

(b) What is the floor area of the bigger apartment?

(c) The bigger apartment has dimensions twice that of the smaller one, but the area is more than
double. Explain why.
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3 Tmis 100cm, but 1m?is 1000000 cm?,

1m 100 cm

1m 100 cm

1m 100 cm

(a) Calculate the volume of each cube, showing your calculations.

(b) To convert the length from metres to centimetres, multiply by 100. To convert a volume in cubic
metres to cubic centimetres, what do you need to multiply by?

(c) Explain how you would convert an area in square metres to square millimetres.
4  When 2 is raised to a power there is a pattern that forms in the final digit.

(a) Copy and complete the following table to determine the pattern.

(b) Describe the pattern in the last digit.
(c) Patterns also exist in the final digits for powers of 3, 4, 6, 9. Investigate these patterns.
(d) Raising 5 to a positive power always ends in 25. Explain why.

(e) Copy and complete these statements using the words ‘odd’ or ‘even’.

(i)  Anodd number raised to any power will always be an number and an even number
raised to any power will always be an number.

(i) 4%®+5%+6%isan number.

(iii) 1°+2"+3%jisan number.

5 Write your own multiple-choice questions on each of the success criteria in this topic.

TOPIC1 e NUMBER PROPERTIES (EXPONENTS)
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Why learn this?

Understanding operations with integers, fractions and
decimals is an important step towards developing strong
mathematical skills.

These skills are essential in areas such as finance,
science and engineering. They lay the groundwork for
more advanced mathematical concepts in algebra and
calculus, making them invaluable for academic success
and practical decision-making in real-life scenarios.
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RECALL

LUETEEL Page 564
| can multiply and divide whole numbers
1 Calculate each of the following.
(a) 18x4 (b) 843 (c) 16x15 (d) 20417

| can round decimals for different purposes

T Round each of the following numbers to the number of decimal places stated in the brackets.
(a) 5.2638 (3) (b) 11.7745 (2) (c) 0.3912 (2) (d) 8.007 49 (2)
(e) 20.849 (0) (f) 0.9982 (1) (g) 3.995 (2)

| can add and subtract decimals

1 Evaluate the following.

(a) 17.34+212+043 (b) 8+1123+91 (c) 9.24-63 (d) 7.1-152

| can multiply decimals

1 Evaluate the following.

(a) 10.5x0.5 (b) 025x1.5 () 2.05x1.05
2 Multiply the following decimals by powers of 10.

(a) 1.4537x10 (b) 1.4537 x 100 (c) 1.4537 x 1000 (d) 1.4537 x 10 000
3 Multiply the following decimals by integers.

(a) 15.6x3 (b) 329x7 (c) 141.6x12 (d) 455.4x23

| can divide decimals

1 Divide the following decimals by powers of 10.

(a) 2943.5+10 (b) 2943.5+100 (c) 2943.5+1000 (d) 2943.5+10000
2 Multiply the following decimals by integers.

(a) 156+3 (b) 329+7 (c) 1416+12 (d) 3746+23
3 Evaluate the following.

(a) 15+03 (b) 42 +007 (c) 882+:06 (d) 8232002

| can simplify fractions

1 Simplify the following fractions.

12 21 24
(@) - (b) 2 (c)

36

10

(d) =
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Multiply and divide integers

Learning intention: To be able to multiply and divide integers
Success criteria:

SC1 | can multiply two integers.
D SC 2 | candivide two integers.

Lesson warm-up

What do multiplication and division look like?
1 Write or draw the multiplication 2 x 4 in five different ways.
2 Express each calculation below as a multiplication.

(a) 5+5+5

(b) (=4)+(-4)

() (=3)+(=3)+(-3)+(-3)

3 Draw or write two representations of 6 + 2 = 3.

SC1 | can multiply two integers

Consider the table of multiplication facts below.

You can see that each calculation results in a change of —3.

Multiplying a positive integer by another positive integer results in a 3x4=12
positive integer. 3x3=9
In the examples given, you can read each multiplication as ‘three groupsofa | 3x2=56
positive integer". 3x1=3

Multiplying any number by zero results in zero. The example givenisreadas | 3x0=0
‘three groups of zero

Multiplying a positive integer by a negative integer results in a negative 3x(-1)=-3
integer. 3x(-2)=-6
In the examples given, you can read each multiplication as ‘three groups ofa | 3 x (=3) = -9
negative integer’. 3x(-4)=-12

By reading as ‘three groups of .. you can also use repeated addition to draw the multiplication on a
number line.

Three groups of 2 can bedrawnas 2 + 2 + 2 = 6.
2 2 2

| | | | | | I/TYY\‘

I R B | | |
T T T 1 | B
-10-9-8-7-6-5-4-3-2-1 01 2 3 4 5

————
6 7 8 9 10
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Three groups of —2 can be drawn as (-2) + (=2) + (-2) = —6.
-2 -2 -2

Y I R S IR N B
T 1 T T 1
-109-8-76-5-4-3-2-1 01 2 3 4 5 6 7 8 910

You can extend this to show the sequence when multiplying negative integers.

Note that each calculation results in a change of + 3.

As the previous table shows, multiplying a negative integer by a positive (-3)x4=-12
integer results in a negative integer. (-3)x3=-9
(=3)x2=-6
(-3)x1=-3
Multiplying any number by zero results in zero. (-3)x0=0
Multiplying a negative integer by a negative integer results in a positive (-3)x(-1)=3
integer. (-3)x(=2)=6
(=3)x(-3)=9
(=3)x (-4)=12
To remember whether a multiplication expression results in a positive or negative answer:
For an even number of negative terms in the multiplication, the answer is positive.
For an odd number of negative terms in the multiplication, the answer is negative.
Worked example
Multiplying integers
Calculate:
(a) 4x(-5)
THINKING WORKING
Write any negative integers as —1 multiplied by 4x(-5)=4x5x(-1)
a positive integer.
Calculate the product of any positive integers. =20 x(-1)
=-20
Determine whether the answer is positive or The answer is negative. There is one negative
negative. term in the calculation.
Write the answer. 4 x(=5)=-20
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(b) (-4) x(-5)

THINKING WORKING

Write any negative integers as —1 multiplied by (=4) x (=5) =4 x5x(=1) x (=1)

a positive integer.

Calculate the product of any positive integers. =20x (=1) x (=1)

Simplify the expression by writing (—1) x (=1) =1 =20x1

and determine whether the answer is positive or ~ 20

negative.
(—4) x (=5) has two negative terms, so the
answer is positive.

Write the answer. (=4) x (=5) =20

SC 2 | can divide two integers

The rules for dividing integers are the same as those for multiplying.
Consider the table of division facts below.

You can see that each calculation results in a change of —1.

Dividing a positive integer by another positive integer results in a positive 12+3=4
integer. 9+3=3

In the examples given, you can read each division as ‘a positive value shared 6+3=2

into 3 equal groups. 3+3=1
Diving zero into any number results in zero. The example given is read as ‘0 0+3=0
shared equally into 3 groups.

Dividing a negative integer by a positive integer results in a negative integer. (=3)+3=-1
In the examples given, you can read each division as ‘a negative integer shared | (-9) +3 =3
into 3 equal groups.. (-12)+3=-4

You can also read + 3 as sharing into groups of 3.
Repeated subtraction can be used to draw division on a number line.

6 shared equally into 3 groups results in 2 in each group.

2 2 2

| | | | | | | | | | WI

|
—r 1 T 1t T T T ° & T° T T 1
-10-9-8-7-6-5-4-3-2-1 01 2 3 4 5 6 7 8 910

—6 shared equally into 3 groups results in —2 in each group.

-2 -2 -2

|
B I Y B E N N I R B
-10-9-8-7-6-5-4-3-2-1 01 2 3 45 6 7 8 910
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You can extend this to show the sequence when dividing by negative integers.

You can see that each calculation results in a change of + 1.

integer results in a negative integer.

As determined in the table above, dividing a negative integer by a positive

Diving zero into any number results in zero.

Dividing a negative integer by a negative integer results in a positive integer.

Check using your understanding of multiplication.
How many groups of —3 are needed to make —12? 4 groups.

ojlw o v =
|-
/\/\/I\A"
W
et Dt
|
|
N

(-3)+(-3)=1
(-6)+ (-3)=2
(-9) = (-3) =3
(-12)+ (-3)= 4

To remember whether a division expression results in a positive or negative answer:

For an even number of negative terms in the division, the answer is positive.
For an odd number of negative terms in the division, the answer is negative.

Worked example

Dividing integers

Calculate and interpret the following expressions.

(a) (-40)=8

THINKING

Write any negative integers as —1 multiplied by
a positive integer.

Calculate the quotient of the positive integers.

Determine whether the answer is positive or
negative.

Write the answer.

WORKING

Aoy ea x40

=(=1)x5

(—40) + 8 has one negative term, so the
answer is negative.

(~40) + 8= -5

(b) (-40)+(-8)

THINKING
Write any negative integers as —1 multiplied by

a positive integer.

Simplify the expression by writing
(=1) = (=1) = 1 and determine whether the
answer is positive or negative.

Write the answer.

WORKING

(~1) x 40

(~40)+ (-8)=" 5 5

=1x%x5
=5

(—40) = (—8) has two negative terms,
so the answer is negative.

(~40) = (—8) =5

TOPIC 2 ¢ OPERATIONS WITH INTEGERS, FRACTIONS AND DECIMALS

27




Practice INETEE Page 564
SC1 | can multiply two integers
1 Calculate:
(a) (-2)x8 (b) (-2)x7 () (-2)x6 (d) (-2)x5
2 Calculate:
(a) (-4)x(-1) (b) (-4)x(-2) (c) (-4)x(-3)
(d) (-4)x(-4) (e) (-4)x(-5) (f) (-4)x(-6)
b 3 Calculate:
(a) 4x(-3) (b) 4x(-2) () 4x(-1)
(d) 4x0 (e) 4x1 (f) 4x2
4 Calculate:
(a) 5x(-3) (b) (-4)x(-2) (c) 40x(-10)
(d) (-14)x2 (e) 4x(-13) (f) (=7) x(-20)
5 Leah wrote an answer of —6 for the question (—2) x (—3). Explain the mistake that Leah made.

SC 2 | can divide two integers

1

7
8

Calculate:

(a) (-8)+2 (b) (-6)+2 (c) (-4)+2 (d) (-2)=2
Calculate:

() (-4)+(-1) (b) (-4)=(-2) (c) (-4)+(-4)
(d) (-8)+(-4) (e) (-8)+(-2) (f) (-8 +(-1)
Calculate:

(a) 12=(-1) (b) 12+(-2) () 12+(=3)
(d) 12+ (-4) (e) 12+ (-6) (F) 12+(-12)
Calculate:

(a) 14=(-1) (b) (-12)+(-2) (c) 15+(=3)
(d) (-18)+(-9) (e) 26+(-13) (f) (=120)+12
Calculate:

@ = 6 = @ = @ -2
Evaluate the following.

(a) Divide (—30) by 5. (b) Divide (-30) by 6.

(c) Divide 30 by (-10). (d)

Using the equation 15 x (—3) = (—45), write two equations that divide 45 by negative numbers.

Divide (—30) by (=15).

Leo gave an answer of (—12) + 2 = 6. Explain the mistake that Leo made.
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Solve problems by multiplying
and dividing integers

Learning intention: To be able to solve problems by multiplying and dividing integers
Success criteria:

SC1 | can determine the sign of problems involving multiple multiplications or divisions.

SC 2 | can multiply and divide integers in word problems.

Lesson warm-up

Strategies for multiplying and dividing

In the multiplication 30 x 6 x 2, which two numbers would you
multiply first? Does it make a difference? Explain.

Now, what if the multiplication is changed to division? For the
division 30 = 6 + 2, how would you calculate the answer? Explain.

SC 1 | can determine the sign of problems involving multiple multiplications or divisions

Worked example

Determining the sign when multiplying and dividing integers

Calculate:

(a) (-24)+8x(-2)

THINKING WORKING

Write each of the negative integers as —1 (_1) % 24

multiplied by a positive integer, and (-24) +8x(-2)= g (-2)

caIc.u-Iate- the product or quotient of any =(-1)x3x(=1)x2

positive integers. :(_1) « (_1) 3 %2
=(-)x(-1)x6

Simplify the expression by writing =1x%x6

(=1) x (=1) = 1 and determine whether _6

the answer is positive or negative.
The answer is positive. There are two negative

terms in the calculation.

Write the answer. (-24) -8 x(-2)=6
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(b) (-18)+(-3)+(-6)

THINKING WORKING
Write each of the negative integers as —1 (_1 8) . (_3) . (—6)
multiplied by a positive integer, and (-1)x18
calculate the quotient or product of any = (C1)x3 +(-6)
positive integers.

=6+ (-6)

6

(-T)x6

=(-1)x 1

Determine whether the answer is positive =-1

or negative.

Write the answer.

The answer is negative. There are three negative
terms in the calculation.

(<18) + (~3) + (~6) = —1

Worked example

Determining the sign of a product written in exponent notation

For each of the expressions below, calculate its value and explain why it is either positive or negative.

(@) (-1)°

THINKING
Write in expanded notation.

Simplify the expression by writing
(M) x(=1)=1.

Write the answer.

WORKING

(=17 = (=1) x (=1) x (1)
=1x(=1)
=-1

The value is negative because there are an odd number of
negatives being multiplied.

(b) (-1)*

THINKING
Write in expanded notation.

Simplify the expression by writing
(=) x(=1)=1.

Write the answer.

WORKING
(=) = (=1) x (=1) x (=1) x (1)
=1x1

The value is positive because there are an even number of
negatives being multiplied.
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() -1

THINKING

Write in expanded notation.

Simplify the expression by writing
(- x1=-1.

Write the answer.

WORKING
~1*=-1x1
=-ITx(1x1Tx1xT1)
=-1x1
=-1

The value is negative because there is an odd
number of negatives.

SC 2 | can multiply and divide integers in word problems

Worked example

Solving integer word problems in context

The water level in a pool lowers by 2 cm every hour on hot days. What will the change in water level

be after 8 hours on a hot day?

THINKING

Identify whether the values in the question
would be positive or negative.

Write an expression using these values to
represent the question.

Calculate the value of the expression.

Check that your answer is reasonable.

Write the answer.

WORKING
Water level change is: —2
Length of time is 8 hours: +8

8 x (-2)

(-1)x8x2=-1x16
- _16

8 x (—2) = —16 has one negative term, so the
answer is negative.

The water level is decreasing each hour, so the
answer should be negative.

The water level will drop by 16 cm.
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Worked example

Solving integer word problems

The product of two integers is —14 and their sum is 5. What are the two numbers?

THINKING WORKING
List all the factors of —14. Factors of —14 are +1, 2, +7 and +14.
A negative product value means the two factors are Factor pairings for —14 are:
opposite in sign. —land 14 or1and -14
b Write the possible factor pairings. —2and 7 or2 and —7
Identify which pair of factors has the required sum. -2+7=5
Write the answer. The two integers with a product of —14

and sum of 5 are —2 and 7.

Practice INETEH Page 564

SC1 | can determine the sign of problems involving multiple multiplications or divisions

1 Calculate:

(@) (1) x(=1)x(=1) (b) (=M x(=1)x(=1)x(-1)

(€ (M x(=1)x(=1)x (=1)x(-1) (d) (NxED)x (=) x (1) x (1) x (1)
2 Describe how you know whether integers multiply to give a positive or a negative result.
3 Calculate:

(@) (-2)x(-2)x(-2) (b) (-2)x(=2)x(-2)x (-2)

() (-2)x(-2)x(-2) x (-2) x (-2) (d) (=2)x(=2) x (=2) x (=2) x (-2) x (-2)

4 Identify whether each expression will have a positive or negative result, or 0. You do not need to
calculate the result.

(@) (-2)x2x(-1) (b) 2x(-2)x2 () (=2)x(=1)x(-2)

(d) 2x(-1)x0x(=2) (e) 1Tx(=2)x1x(=2) (f) (=2)x(=T)x2x(=T1)
5 Calculate:

(a) 12+=(-1)x2 (b) 12+(-2)x4 (c) 12+(=3)+2

(d) 12+6x(-5) (e) 12+4x(-6) (F) 12+2x(=7)

6 Determine whether each expression has a positive or negative result, or 0. You do not need to
calculate the results.

(a) 14+(-1)x13x4x(-6) (b) (=7)x4=(=2)x(-18)

(c) (=10) x (=10) x (=10) x (=10) x (-10) (d) (-10)x 8+ (-6)x 4+ (-2)
(e) 10x(-2)x0x(-2)

() FDxED)x (1) x (1) x (1) x (1) x (1) x (=1)
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7 (a) Calculate:
(i) (-1 (i) (-1)* (iii) (-1 (iv) (-1)° (v) —(-1)°

(b) What is the relationship between the power and the sign of the answers?

8 Astudent using a calculator to evaluate (—2)® submits —256 as the answer. Explain the mistake the
student made entering figures into the calculator.

SC 2 | can multiply and divide integers in word problems

1 Team Ais trailing team B by 8 points after 10 minutes play in a 70-minute game. This scoring
trend continues throughout the game. What will team A’ final score be in relation to team B's?

2 Anaircraft approaching an airport descends by 15 m every second. What is the total change in
the aircraft’s height after 20 seconds?

3 Over the last 5 days, the average temperature in a region was observed to drop by 15 °C. What
was the average daily temperature change in that region?

4 The temperature at sunset in a desert town was 32 °C. After dark, it dropped by an average of 2°C
per hour until dawn 11 hours later. What was the temperature change overnight?

5 The stock price of a commodity fell $3 in the first hour of trading. Assume that the rate of fall
continues.

(a) What will the change in stock price be after an 8-hour day?

(b) The trading price at the beginning of the day is $245. What is the closing price at the end of
the day?

6 The value of some shares fell $5 in the first hour of trading, rose by $4 the following hour, then
fell by an average of $2 every hour until the end of the day.

(a) What was the change in the share value after a 9-hour day of trading?

(b) The share price at the beginning of the day was $43. What was the price at the end

of the day?
7 Write each word operation and calculate its value.
(a) Start with 4 and multiply by 2. (b) Start with —4 and double it.
(c) The product of —4 and 2. (d) The quotient of —4 and 2.

8 Solve the following.
(a) The product of two numbers is —8 and their sum is —2. What are the two numbers?
(b) The product of two numbers is —8 and their sum is 2. What are the two numbers?
9 Solve the following.
(a) The product of two numbers is 6 and their sum is —5. What are the two numbers?
(b) The product of two numbers is 6 and their sum is —7. What are the two numbers?
10 The mean of two integers is 16. Given that one of the numbers is —2, what is the other?
11 The mean of two integers is —12. Given that one of the numbers is 10, what is the other?

12 The mean of three integers is —5. Given that one of the numbers is 9, what are the other two?
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Use the four operations
with integers

Learning intention: To be able to use the four operations with integers
Success criteria:

SC1 | can use any of the four operations to solve problems.

SC 2 | can solve problems with brackets.

Lesson warm-up

Multiplication table
Complete this table.

X 4 -3 6 -2
-10
-5

SC1 | can use any of the four operations to solve problems

Order of operations

To calculate the value of expressions that contain brackets and a mix of operations, you must follow
the order below.

1 Evaluate all expressions inside brackets (B) and other grouping symbols from the innermost ones
outwards.

2 Calculate any orders (O). These are powers or roots.

3 Calculate division (D) and multiplication (M) expressions, working from left to right. They are
grouped because they are of equal priority.

4 Calculate addition (A) and subtraction (S) expressions last, working from left to right. They are
grouped because they are of equal priority.

The letters from the four ordered points create the acronym BODMAS. Use it to remember the
calculation order.

When reading expressions, the sign in front of an integer is part of that term. It shows the direction of
its value. Forgetting this is a common mistake.

The expression —4 — 3 + 8 can be interpreted as:

(—4) and (-3) and (+8), or (—4) + (-3) + 8.
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Addition and subtraction have the same priority, so work from left to right.
—4-3+8=(-4-3)+8

=-7+8

=1 « this is correct

In the common mistake mentioned above, the sign in front of the 3 is ignored and the addition
performed first.

—-4-3+8=-4-(3+38)
——4-11

= —15 « this is incorrect

Worked example

Working left to right

Calculate —4 — 18 = 6 + (—10)

THINKING WORKING
Following the order of operations rules, division must be -4-18 + 6+ (-10)
performed first. =—4-18+6 +(-10)
The negative sign in front of 18 is part of that term.
Following the order of operations rules, addition/ =—4-3+(-10)
subtraction is performed next, working left to right. — 75 (-10)
=-17
Write the answer. —4-18+6+(-10)=-17

Worked example

Regrouping to simplify expressions

(a) Calculate (—=2) x 19 x 5 by working from left to right.

THINKING WORKING

The only operation listed is multiplication. The order the (_2) x19 x5
numbers are multiplied in is not important.

Working from left to right, calculate the product of the first
two numbers.

Calculate the product of the two remaining numbers. =(-38) x5
=-190
Write the answer. (=2) x 19 x 5=-190
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(b) Calculate (—=2) x 19 x 5 by regrouping to calculate a simpler product.

THINKING WORKING

The only operation listed is multiplication. Multiplying —2 and 5 as the first step means that
The order the numbers are multiplied in is you will be calculating the product of —10 and in
not important. the second step.

This order is a simpler calculation. @ il

Calculate the product of the two numbers =-10x19

identified in the first step.

Calculate the product of the two remaining = —-190

numbers.

Write the answer. (=2) x 19 x 5=-190

(c) Calculate 6 — (-2) x 19 x 5+ 100

THINKING WORKING

Following the order of operations rules, 6—(~2)x19 x5 + 100

multiplication must be performed first. —6—(~190) + 100

A strategy used in part (a) or part (b) can
help determine the product.

Identify the remaining operations and The two remaining operations are subtraction and
determine the order in which they should addition.
be applied.

Addition and subtraction have the same priority,
they will be applied working from left to right.

Calculate the remaining operations. =6—(-190) + 100
=196 + 100
=296
Write the answer. 6 —(-2)x19 x5+ 100 =296
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SC 2 | can solve problems with brackets

Worked example

Simplifying expressions with brackets

Calculate the following.
(a) 4x(-5+3)
THINKING

Work through the order of operations.

Calculate the value inside the brackets.

Complete any multiplication/division, working from
left to right.

Write the answer.

WORKING

4x(-5+3)
=4 x(-2)

(b) 15-32=((-6 —2) = 2)?

THINKING

Work through the order of operations.

Calculate the value inside the brackets, working
from the innermost brackets outwards.

Complete any orders (powers or roots).

The exponent represents the number of factors in
the product.

Complete any multiplication/division, working from
left to right.

Calculate addition/subtraction last, working from
left to right.

Write the answer.

WORKING
15-—32+((—6—-2)+2)2

=15—32+((—8)+2)2

=15-32 + (—4)?

=15-32 + (4 x (-4))

=15-32 + 16
=15-2
=13

15-32=((-6-2)+2y=13
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Worked example

Applying the four operations to solve problems

Starting with =11, add 5, divide the result by —3, then multiply by —10. What is the result?

THINKING WORKING

Write an expression representing the problem. (=11 +5) = (=3) x (=10)

Place brackets around the addition to show that it is performed
before the division.
Order of operations rules say calculate the value inside the (=11+5) +(=3) x (=10)
brackets first. N
=(-6) = (-3) x(-10)

Identify the next operation and apply it. For operations that have =(-6) +(-3) x(-10)
the same order, work from left to right. S

=2x(-10)
Calculate the result. =-20

Practice INETEE Page 565
SC 1 | can use any of the four operations to solve problems
1 Calculate the following.

(a) 24+4+(-12) (b) (-12)+-4+24 (c) 24+-(-12)+4
2 Calculate the following.

(a) 4x(-6)—24 (b) 24 +(-4)+6 (c) 4x(-6)+24

3 Josie submitted the answer —44 for the calculation of =16 — 8 + 20. Explain the mistake Josie
made.

4 Baiand Todd obtained different answers to the expression 20 — 16 — 8 x 2.

Bai’s answer is —8 and Todd’s answer is 20. Explain the mistake each of them made and write the
correct value of the expression.

5 Calculate the following, noting that you cannot work from left to right in each problem.
(a) 5x2-10+2 (b) 10+(-2)x2+5
() -2x(=5)+(-10)-2 (d) -10+2+(-5)%x2

6 Simplify each expression by regrouping, then calculate its value.

(a) 5x18x(=2) (b) 5x(=18)x(=2) () —4x17x5

(d) —-4x17 x(-5) (e) 5x15x2x(-4) (f) 5x15x(=2)x(-4)
7 Simplify each expression by regrouping, then calculate its value.

(a) 13+(-74)+87 (b) 32— (-4)+38 () 360—12+40  (d) 143 +(-74)-26
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SC 2 | can solve problems with brackets

1

Calculate the following.

(a) -2x5+3 (b) —2+3x5 (c) -2x6-4 (d) -2-4x6
(e) —-12x3+(-4) (f) —4+(-12)x3 (g) -20x6-7 (h) -7+ (-20)x 6
Calculate the following.

(a) —40+(-10)+8 (b) 8+ (—40) = (-10) (c) -40+(-4)-38

(d) -8+(—40) =+ (-4) (e) -30+10+8 (f) 8+(-30)+10

(8) —-30+(-5)+(-9) (h) -8+ (-30) = (-5)

Calculate the following.

(a) 4+(-3-9) (b) (5+(-25)) = (-2)

(c) 4x(=1+(-6)) (d) -35+15+(-4)x6

(e) 125+ (—45)+4 x (-20) (f) —-35+7+(-4)x(-6)

Calculate the following.

(a) 2x8=+(-2)+4 (b) 8x(-4+(2-(-2))

() -8=(-2x((-2)+4) (d) (8+(=2)x(-4) +(-2)

Apply the order of operations to calculate:
(@) (-2°-(3-5) (b) (-2°-(3-(-2) (@ 1®-B-@%)

Determine the sign of the answer for these expressions. You do not need to calculate the
answers.

(a) —2x(—4)x(-6) x (—8) x (=10) (b) 2x(-4)x6x(-8)x10
(c) (-2)" (d) (1) =(-1)

(e) (-1-(3-2)

Write each description below as a mathematical expression, then calculate it.
(a) Start with —40, divide by —4, add 6 divided by —3.

(b) Start with —84, divide by 7, add 3 multiplied by —1.

(c) Start with —40, divide by —4, add 5, then divide by —3.

(d) Start with —24, divide by 6, add 1, then divide by —3.

Describe a four-step expression using a mix of operations that starts with —20 and ends with —4.
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Multiply and divide rational
numbers

Learning intention: To be able to multiply and divide rational numbers
Success criteria:

SC1 | can multiply and divide decimals.

D SC 2 | can multiply and divide fractions.

Lesson warm-up

What does division look like?

How do you think about division? Does it change depending on the
division you are doing?

1 Consider the following representations of 6 +~ 2 = 3 using a
number line, and describe what each of the numbers 6, 2 and
3 represent.

(a)

2 Consider the following representations of 6 +% =12 using groups. Describe what each of the

1
numbers 6, — and 12 represent.

2
"0 "

3 Write your own strategies for dividing numbers.
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SC1 |can multiply and divide decimals

Worked example

Multiplying and dividing positive and negative decimals

(a) Calculate 3 x (=1.5)

THINKING WORKING

Draw the multiplication ona  The multiplication 3 x (=1.5) can be read as 3 groups of —1.5.
number line. Where

possible, read the -
multiplication as ‘groups of" -7 6 5 4 3 2 -1 0 1 2 3

Write the answer. 3x(-1.5)=-45
(b) Calculate (=1.4) x 5 x (=1.5)
THINKING WORKING

Draw the multiplication on a
number line. Where possible,
read the multiplication as
‘groups of".

Apply the second calculation.

Simplify the expression by
writing (=1) x (=1) = 1.

Draw the multiplication on a
number line. Where possible,
read the multiplication as
‘groups of".

Write the answer.

The first multiplication (—1.4) x 5 can be read as 5 groups of
-1.4.

-1.4X%x5
-7 -6 -5 -4 -3 -2 -1 0 1 2 3
(-1.4) x5 x (-1.5)

=-7x(-1.5)
=(-1)x(-1)x7x15
=1x7x15
=7x15

7 x 1.5 can be read as 7 groups of 1.5.

SRS AR 1O AU USRI

o 1 2 3 4 5 6 7 8 9 10 11

(=1.4) x 5% (=1.5)=10.5

SC 2 | can multiply and divide fractions

Common factors and the commutative property can help simplify expressions involving the

multiplication of fractions.

An example of commutative property: a x (b x ¢) = a x (¢ x b)

After simplifying fractions using common factors, reordering the expression by pairing fractions that
share common factors can simplify it further.
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Worked example

Multiplying and dividing positive and negative fractions

(a) Simplify, then calculate—% .2

33

THINKING

Identify fractions in the expression that have common
factors in their numerator and denominator.

Use the common factor to simplify the expression.

WORKING
21 _7%3 71
33 11x3 1

7021 Sl

12 33

Use the common factors to simplify each expression.

Simplify the fraction by dividing the numerator and
denominator by the highest common factor.

Write the answer.

12 11
When dividing fractions, flip the second fraction and il
multiply. 12 ) 7
Simplify by dividing by a common factor. _I=71 N
12 7+7
Ul
12 1
Write the answer. e 210N
1233 12
6 1) 18
b) Simplify the calculation = x | —— | x —
(b) plify 9 ( 3} 24
THINKING WORKING
Identify fractions in the expression that have common g 2x3 2
factors in their numerator and denominator. 9 33 3
18 _6x3_3
24 6x4 4
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Practice m Page 565

SC1 |can multiply and divide decimals

1

Calculate:
(a) —45x2 (b) —4.5x(-3) () (=1.5)x(-3) (d) 2.25x(-2)
Calculate:

(a) 2x(-4.5) x5 (b) —45x24x(=3) (c) -1.25x(—4)x(-1.5)

Calculate:

(a) -45+3 (b) -3+15 (c) —=13.5+(=3) (d) —45=2
Calculate:

(a) (-7.5)+(-0.5) (b) 352+ (-6.4) (c) (-2212)+28

Risa wrote the answer —12.8 as the value of the expression —1.6 x (-8).
Explain what mistake was made.

SC 2 | can multiply and divide fractions

1

Simplify and calculate:

R T R

Simplify and calculate:

(a) ngx[—g) (b) —%x(—%jx4 (©) —gx(—4)+§ @ -2+2<3

Simplify and calculate:

(a) gx%x(—gj (b) g{—%){—%) (c) g+(—4)x§ (d) §+(—2)x(—%j

Ahmed wrote the answer —5 as the value of the expression —%+E

10
Explain what mistake was made.
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Apply all four operations with
integers, fractions and decimals

Learning intention: To be able to apply all four operations with integers, fractions and decimals
Success criteria:

SC1 | can use all four operations to simplify and calculate expressions containing rational numbers.

SC 2 | can solve word problems involving rational numbers.

Lesson warm-up

Operations table

T Copy and complete this table. Write your answer as both a
decimal and a fraction.

x ~03 ! 1 | —o2s 3
3 2 4
1
2
1
)

2 Provide a real-life example of when you might use fractions.

3 Provide a real-life example of when you might use decimals.

SC1 |can use all four operations to simplify and calculate expressions containing rational numbers

Recall BODMAS for the order of operations.

B: Evaluate all expressions inside brackets and other grouping symbols from the innermost ones
outwards.
O: Calculate any orders (powers or roots).

DM: Calculate division and multiplication expressions.
AS: Calculate addition and subtraction expressions last, working in order from left to right.

When reading expressions, remember that the sign in front of a number is part of that term to show
the direction of its value.
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Worked example

Applying order of operations
(a) Calculate [_%j x 3+(_%+%j

THINKING WORKING
Applying the order of operations, calculate the values 1 3 1 1 2
inside the brackets first. s (__ i [l (_Z
Simplify the fraction. 1 ( 1)
=——x3 4| -
2 2
Applying the order of operations, calculate the 3 1
multiplication next. =_E+(—§
Remember to include the sign in front of each term.
Applying the order of operations, perform addition/ _ 4
subtraction operations last, from left to right. 2
=-2
Write the answer. 1 3 1
[__] - 3+(——+—J=-2
2 4 4
(b) Calculate -1.5x 3 +i +E
14 7
THINKING WORKING
Applying the order of operations, calculate the 9 3 9 3
T . . . ~15%x3+—+==-45+-—"—+=
multiplication/division operations first, working from 14 7 14 7
left to right.
= e
14 3
Simplify the fraction. = 2
implify the fraction _ 454+ 928 ><7 7
14+7 3+3
=-45 + 2 X .
2
=—45+ C
2
Change the fraction to an equivalent decimal, =-45+15
then simplify. __3
Wri .
rite the answer. _1'5X3+i+§=_3
14 7
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SC 2 | can solve word problems involving rational numbers

Worked example

Solving word problems with rational numbers
(a) Starting with —1.5, add 7.5, divide the result by —3, then multiply by —1.2. What is the result?

THINKING WORKING

Identify the starting number. The starting number is —1.5.
b Apply the first operation and calculate the result. -15+75=6

Apply the next operation and calculate the result. 6+(-3)=-2

Apply the next operation and calculate the final result. -2 x (-1.2) =24

Write the answer. (=15+75) = (-3)x(-1.2)=24

(b) Starting with —1%, add % and multiply the result by ; Write the fraction in simplest form.

THINKING WORKING

Identify the starting number. 1
The starting number is —15.

Apply the first operation, converting any 1 " 3 4 3
mixed numbers to improper fractions. 3 4 3 " 4
Determine the lowest common multiple Multiples of 3: 3, 6,9, 12
(LCM) and write the expression with Multiples of 4: 4, 8, 12

common denominators.
The lowest common multiple (LCM) of 3 and 4 is 12.

4 3 4x4 3x3
—+ === -

3 4 3x4 4x3
16 9
=—— e —
12 12
Simplify the expression. i
RY)
Apply the next operation and calculate 7 I
the result. 127777373
=
3
Write the answer. 1.3V .4 1
(1243t
3 4 3
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Practice m Page 566

SC 1 Ican use all four operations to simplify and calculate expressions containing rational numbers

1

Calculate:
(a) 10-45x2 (b) 10-45=+3 (c) 10+45x%x(=3) (d) 10+ (=2)+45
Calculate:

(a) 12+(-6)=15 (b) 15x(-12+6) () -6x12+(-15) (d) 6x(10.5+(-1.5))

Calculate:

(a) 2x(-4.5)x5+25 (b) —4.4+102x(-3) (c) —-1.25x(-4)-2x1.5
Calculate:

(a) 102+(-3)+64 (b) -12.8+(-4)-28 () 75+125+(-5)

Margot wrote the answer 6.4 as the value of the expression —1.6 x (—8) + 4.
Explain what mistake was made.

Calculate and write your answer as a simplified fraction.

3 1 3 1 1 2
(a) 2x§+(—§j (b) _Z_(_Z)X4 (c) _§X4+§
Calculate:
(a) 18+(_%x1zJ (b) [%%)XHZ) (©) %x(—'lZ)—i—%
(d) 12+(—%j—(—18)
Calculate:
(_1),.(.2.3 L2 03 1 At ]
(a) 47( zj{ 5 5) (b) (4 5 5) 2 (c) 5'( 4) 52
Calculate:
(a) (—3.2){3%%) (b) (—0.4)+%+3x§ (c) 3+((—o.4)+o.2)x(_§j

SC 2 | can solve word problems involving rational numbers

1

Determine the final value that the following operation steps produce.
(a) Starting with —42, divide by —4, then add 1.5 and divide the result by —3.
(b) Starting with 2.4, divide by —6, then add 24.4 divided by 4.

(c) Starting with —%, multiply by —4, then add 52 and divide the result by —3.

(d) Starting with %, divide by —%, then add ; multiplied by 3.
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2 Calculate:

(a) -50divided by one quarter of 8 (b) -5 multiplied by one half of —20

(c) -64 divided by one half of%x64 (d) one quarter of 48 divided by 9x(—%)

3 Adiver leaps from a 146.5 m high cliff and plunges to a depth of —9.2 m, before swimming back
up to the surface.

(a) Write the vertical distance travelled by the diver as a mathematical expression.
(b) What is the total vertical distance travelled by the diver?

b 4 One day at Uluru, the maximum temperature is 45.5°C and the minimum temperature is —4.2°C.
Write an expression for the difference between these two temperatures, then calculate the
difference.

5 To make 10 choir uniforms, 2% m of fabric is required for each top half and 2% m of fabric is
required for each bottom half.

(a) The uniform shop only has 10.2 m of fabric. How much extra fabric does the uniform shop
need to make all 10 uniforms? Write your answer as a decimal.

(b) Each metre of fabric costs $12.70. How much does the extra fabric cost the uniform shop?
Calculate the amount to the nearest cent.

(c) Each choir member pays $60 for a uniform. How much profit does the uniform shop make?

6 A business has a debt of $185 500 and assets worth $250 000. It sells one-fifth of the assets to
reduce this debt.

(a) Calculate the amount the debt is reduced by.
(b) What is the new debt for the business after the sale?

(c) Four directors of the business each purchase 0.2 of the remaining assets to further reduce
the debt.

(i) How much did each director pay?
(ii) How much is the remaining debt now?
(iii) What does the sign of the answer to (ii) mean?

7 A multiple-choice mathematics test with 40 questions awards 2.5 marks for each correct answer.
To discourage guessing, —1.5 marks are given for an incorrect answer, and 0 marks for questions
not attempted.

(a) What is the total possible score if all 40 questions are answered correctly?

(b) What is the score for a student who correctly answered 34 questions, left two questions
unanswered and answered four incorrectly?

(c) Another student scored 84 marks after answering every question. How many questions did
the student get correct?
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TOPIC REVIEW

Multiple choice WEEE pages19
T Choose the correct answer. =11 x 2 =
A 22 B 9 c -9 D -22
2 Choose the correct answer. —4 x (—2) =
A 15 B 8 c -8 D -15
3 Choose the correct answer. 8 =+ (—4) =
A -2 B -4 c 2 D 4
4 Choose the correct answer. =30 + 2 =
A 15 B 8 c -8 D -15
5 Choose the correct answer. —4 x 8 x (-2) =
A -64 B -16 c 16 D 64
6 Choose the correct answer. =40 x (-2) ~ 8 =
A 10 B 88 c -10 D -50
7 Choose the correct answer. 21 + (-3) x 4 =
A 147 B -28 c 28 D 252
8 Choose the correct answer. 8 + (—=56) + 92 =
A 10 B 44 c 44 D -140
9 Choose the correct answer. (—2)* =
A -64 B -16 c 16 D 64
10 On a cold winter morning the temperature is —3 °C before you get out of bed. By the time you get to
school the temperature has risen by 14°C. The temperature is now:
A -17°C B -11°C c 11°C D 17°C
11 Choose the correct answer. 0.2 x (=2.1) =
A 42 B -42 c -042 D -0.042
12 Choose the correct answer. —4.2 = (=3) =
A 14 B 126 c -14 D -126
13 Sal has overdrawn his bank account and has a balance of —$62.50. The bank charges him a fee of $15 for

being overdrawn. The next day Sal corrects his mistake by depositing $150 into the account. His new
balance is:

A -$72.50 B $7250 Cc $102.50 D %135
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Short answer

1

10

11

12

13

14

15

16

Calculate:

(a) -9x2= (b) 9x(-3)= () -9x(-4)=
Calculate:

(a) —4x(-20)= (b) -5x(-10)= (c) -9x%x(-6)=
Calculate:

(a) -9+3= (b) 12+(-4)= (c) -90+10=
Calculate:

(a) -10+(-2)= (b) —-12=+(-4)= (c) -40+(-8)=
Calculate:

(a) -10x4x(-2)= (b) -10x -2x(-2)= (c) 6x(-2)x(=3)=
Calculate:

(a) -16+4x(-2)= (b) -20+2+(-2)= (c) -84+7+(-6)=
Calculate:

(a) -09x2= (b) 9x(~0.5) = () -02x16=
Calculate:

(a) —g X 2= (b) —%x(—%): (c) %x(—%j:
Calculate:

(a) —-66+3= (b) 128+ (-4)= (c) -10+25=
Calculate:

(a) -10-(-2)x6= (b) -10-6=+3= (c) =15+3-(-2)x6=
Calculate:

(a) —20+ halfof16 (b) —6xhalfof16 + 2 (c) —6xhalfof (16 +2)
Calculate:

(a) —% x 12+ (-2 = (b) (=3)+(-3)’= (c) (1.5)*+(-2.5=
Calculate:

() _%{_%J: 0) -2:3+3- (©) g{_gj:

Min had a balance of —$23.50 on her credit account before she spent another $51.70 on credit.
Determine her new balance.

On a clear day on an outback station the maximum daytime temperature was 17.3 °C after an overnight
minimum of —2.4°C. By how much did the temperature rise on that day?

If you start with —4.2, divide by —2, add 1.5 and then divide by —3, what number do you finish with?
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Extended response

1 Cassieis playing a video game where the reward for advancing a level is 1000 points. She starts with 10
lives and for each life she loses, 200 points are deducted.

(a) Determine her score if she:
(i) advances 1 level before losing all 10 lives
(ii) advances 4 levels before losing all 10 lives

(iii) advances 6 levels, losing 5 lives.

(b) She finishes a game with a score of 2200. Determine a possible level she has reached and how many
lives she has lost.

2 Solve these word problems:

(a) The school report Alice submitted was initially given 83 points, but 10 points were deducted for each
day the report was late. Alice’s report was 3 days late. What result did she receive?

(b) Rice is normally sold for a profit of $8 per kg. To make room for new stock the next day, a sale is held
at the end of the day, making a loss of $2 per kg. During the day 140 kg of rice was sold at a profit
and 24 kg sold at a loss. What was the profit/loss for the day?

(c) A red-hot piece of iron has a temperature of 125°C. It cools at a rate of 8 °C every 10 minutes. What
will the temperature be in 45 minutes?

3 (a) Copy the table below and fill in the missing numbers.

Expression Exponent form Value Sign +/—
—2x(=2) (=2)? 4 +

~2 x(=2) x (~2) (=2)°

-2 x (=2) x (=2) x (=2)

=2 x(=2) x (=2) x (=2) x (-2)

-2 % (=2) x (=2) x (=2) x (=2) x (=2)

(b) Describe the pattern between the power and the sign of the answer.

(c) John thinks (—2)*" is 2097 152. How do we know that he is wrong?
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Why learn this?

Understanding rational and irrational numbers is
important for identifying numbers that have an exact
value and those that are, at best, approximations. This
topic will teach you how to:

* recognise that rational numbers can be written as
fractions, while irrational numbers cannot be fully
expressed as simple fractions. This deepens the
understanding of numbers and related decimal
properties
identify special irrational numbers like the square
roots of non-perfect squares and constants like pi (7).
These numbers are used in many areas of
mathematics and science.

These skills are important for advanced mathematics and

help improve problem-solving in various situations

where precise and accurate calculations are needed.

52 PEARSON MAT ATICS 8 3RD EDITION




RECALL

| can recognise and complete patterns

[UEIEER Page se6

1 Complete the next three values for each number pattern.
(a') -ll 3! 5! 7l _— (b) 4’ 8! 12! —_— ) — (c) 3' 9! 27! 81 —
(d) 21 4! 8! 16! — (e) 48' 40! 32! 24! _ ) — (f) 1' 1! 2l 3! 5! —_—)

—

p— J—

2 Draw the next shape in these patterns:

&SP

- []-3-- -

| can classify numbers into sets

(c)

1 Using only the numbers 1 to 20, identify the values that would be in each of the following sets.
(a) even numbers (b) factors of 24 (c) numbers divisible by 5

(d) prime numbers (e) composite numbers less than 15

| can calculate with squares and square roots

1 List the square numbers between 1 and 100.

2 Calculate the following.

(a) 9 (b) 36 (c) /81
(d) V144 (e) ~225 (f) /400

| can simplify fractions

1 List the factors of the following numbers.

(a) 6 (b) 10 (c) 15 (d) 16

2 Simplify the following fractions.
6 10 15 6
() 10 (b) 1 () 16 (d) e
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Identify and use irrational
numbers

Learning intention: To be able to identify and use irrational numbers
Success criteria:

SC1 | can define a rational number, use this to identify irrational numbers and locate irrational
numbers on a number line.

SC 2 | can understand situations and solve problems involving irrational numbers.

B Lesson warm-up

How many zs?

[
[

Pi, 77, is the ratio of the circumference divided by the diameter L ¢
of a circle.

You have 3 minutes to memorise pi to as many places as possible. \
Be ready to compete with your classmates.

The first 100 digits of pi are 3.14159265358979323846264338327950288419716939937510
58209749445923078164062862089986280348253421170679

Each year, there is a competition to recite 7 to the greatest number of decimal places. What do
you think the record might be?

SC1 | can define a rational number, use this to identify irrational numbers and locate irrational
numbers on a number line

. . . a .
A rational number is one that can be expressed in the form -, where a and b are integers and b # 0.

b
In the formal world of mathematics, the set of rational numbers is usually referred to by the capital
letter Q and the set of integers by the capital letter Z.

. . . -3 . . 3
Negative numbers are often written in the form - but they can also be written in the form T or

3 . .
even = and still be correct. The first two forms are the most commonly used.

7 is a special number, technically called a transcendental number. There is only one other
transcendental number that you will encounter at school, and that is e ~ 2.718 281 8 ...
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Worked example

Identifying rational numbers

For each of the following numbers, determine whether the number is rational or irrational.

5,1.9,49, 7, —=0.006,\/3

THINKING

Recall the definition of a rational number.

Classify the examples that are rational
numbers.

Write the numbers as an integer divided by
another to justify your choice.

Recall the definition of an irrational number.

WORKING

A rational number is a number that can be made
by dividing an integer, a, by another integer, b.

The rational numbers are:

5 19 3

5=2 19=— 9=3=2

1 10 Wi
0006=~—2—
1000

Irrational numbers are non-terminating,

non-recurring decimals.

The irrational numbers are:
7 =3.141 592 65...
J3 = 1.7320508...

Classify the examples that are irrational. Use
a calculator to show that the numbers are
non-terminating and non-recurring
decimals.

As with rational numbers, irrational numbers can be located on a number line, but only an
approximation is possible. The irrational number will need to be rounded to a specified degree of
accuracy (correct to a stated number of decimal places), then placed on the number line.

Worked example

Locating irrational numbers on a number line

Locate \/§, correct to 3 decimal places, on a number line.

THINKING WORKING

Use your calculator to express the irrational
number in decimal form.

J3 =1.7320508...

Round the decimal number to the specified /3 .7 .732

number of decimal places.

Draw a number line that shows end values \3

matching the required number of decimal l

places. f——
1.73 1.74
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SC 2 | can understand situations and solve problems involving irrational numbers

Irrational numbers can occur as the solution to some standard questions in mathematics.

Worked example

Using irrational numbers to solve problems

Determine the side length of a square with an area of 30 cm?.

THINKING WORKING
Recall the rule for the area of a square. A=P
Substitute the known value. 30="F
Solve to determine the unknown value. e \/l—z
/=30 cm
Answer the question. The length of a square with an area of 30 cm? is
V30 cm.
Practice WETLE Page 567

SC 1 | can define a rational number, use this to identify irrational numbers and locate irrational
numbers on a number line

1 Express each of the following in the simplest form, g, where a and b are whole numbers and

b +# 0, to show that the value is rational.

2.07 1.077
— b) -2.67 5.0093 d ——
(@) 3.24 (b) (9 (4) 30.6

2 Express each of the following in the form, %, where a and b are whole numbers and b # 0, to
show that the value is rational. If possible, express the fraction in its simplest form.
(a) 1.55 (b) —2.006 (c) 6.75 (d) 19.864

3 Each of the following numbers is written in the form of a whole number inside a square root.

(a) Determine whether the value is rational or irrational.

(i) ~121 (if) V160 (iii) V256
(iv) /10000 (v) 8100 (vi) ~/1000

(b) What type of number needs to be under the square root sign for the square root value to be
rational?
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4 Each of the following numbers is written in the form of a whole number inside a cube root.

(a) Determine whether the following numbers are rational or irrational. You can use your
calculator to help with this question, if necessary.

(i) 38 (ii) 3120 (iii) 31000
(iv) /990 (v) 34913 (vi) 32717

(b) What type of number needs to be under the cube root sign for the cube root value to be
rational?

5 Locate each of the following irrational numbers on number lines. Use a decimal approximation,
correct to 3 decimal places in each case.

(a) V47 (b) V71 (c) g

SC 2 | can understand situations and solve problems involving irrational numbers

T Express, in simplest form, the side length for squares with the following areas.

(a) 300cm? (b) 405 cm? () 396 cm? (d) V1225 cm?
2 Determine the perimeter, in exact simplest form, of each of the following shapes.
(a) (b) i
A =192 cm? 4+  A=162cm? 1

3 Asquare has a perimeter of 36.7 cm. Determine the area of the square.

4 Substitute the given values and solve to determine the exact value of the unknown in each of the
following formulas.

(a) v’=u’+2as
Calculate the value of v foru =10,a =9.8and s = 5.

(b) v?=2%
m

Calculate the value of v for K = 140 and m = 30.

5 Paper comes in various standard sizes. In the metric measurement system, a common set of paper
sizes is known as the A series. In this system, the largest paper size is A0, which has the dimensions
841 x 1189 mm. The next size is AT, measuring 594 x 841 mm.

(a) What do you notice about the shorter side of A0 and the longer side of A1?

longer side

— for both A0 and A1 paper sizes. What do you
shorter side

(b) Determine the value of the ratio
notice?

(c) The exact value of this ratio can be expressed as an irrational number in the form Ja.
What is the value of a?

(d) Correct to the nearest mm, what are the dimensions of A2 paper?
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Identify the golden ratio and
make the connection between
the circumference and diameter
of any circle

Learning intention: To be able to identify the golden ratio and make the connection between the
circumference and diameter of any circle

Success criteria:

SC 1 | can identify the golden ratio in various real-world contexts.

SC 2 | can make the connection between the circumference and diameter of any circle.

Lesson warm-up

Fibonacci sequence
What are the next three numbers in this sequence?

1,1,2,3,5813, ..

Describe the rule that determines the sequence.

Create your own sequence beginning with any two consecutive single digit numbers. List the first
10 numbers in the sequence.

SC 1 | can identify the golden ratio in various real-world contexts

The golden ratio produces rectangles that are the most pleasing to the human eye. The following
diagram shows the way in which the sides of a golden rectangle are related to each other. The ratio of
the sides in the two rectangles shown are the same:

(a+b):a=a:b

. oo . . 1++/5 .
The golden ratio involves an irrational number. It is usually written as 2\/— ~1.618. Given one of the

side lengths of a rectangle, the other can be found, such that the rectangle will be a golden rectangle.
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It is said the golden rectangle can be found in many examples of classical architecture, such as the
famous Parthenon in Athens, now partially in ruins. This claim is disputed by many scholars.

Worked example

Determining the length of the second side in a golden rectangle

Determine the length of the shorter side of a golden rectangle, given that the longer side is 5 cm.

THINKING

Recall the golden ratio.
Write the ratio equation that needs to be
solved.

Substitute the known value.

Rearrange to solve for the unknown value.

Check that the ratio obtained is (approximately)
correct.

WORKING
1+‘/§z1.618
2
3_1+~/§
b 2
5 1+45
b 2
10=b(1+J§)
10
b=
1+\/§
~3.0901699
a___ 5
b 3.0901699
=1.618034...
~1618

SC 2 | can make the connection between the circumference and diameter of any circle

The circumference of a circle is the distance around its outside. As this is a curved distance, it cannot
be measured with a flat ruler like a square or a rectangle. To measure a cylinder, you would instead
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wrap a piece of string around the cylinder, then straighten out the string and measure it with a ruler.
When working with circles, there are three measurements that are of interest: radius, diameter and
circumference.

diameter

circumference

The diameter is twice the radius; the radius is half the diameter.

Worked example

Estimating the circumference of a circle

In the diagram below, the radius of the circle is 4 cm. Determine the perimeter of the square outside
the circle and of the hexagon inside the circle. Use these measurements to estimate the
circumference of the circle.

/\

THINKING
State the side length of the square.

Calculate the perimeter of the square.

State the connection between the radius and
the six sides that make up the perimeter of the
hexagon.

Calculate the perimeter of the hexagon.

Make an estimate of the circumference of the
circle, and explain your reasoning.

WORKING
8cm

P=4
=4x8
=32cm

The radius is equal to the length of the
individual sides that make up the perimeter.

P=6r
=6x4
=24cm

The circumference of the circle is less than the
perimeter of the square, but greater than the
perimeter of the hexagon. The circumference
is probably closer to the perimeter of the
hexagon than the perimeter of the square,

so an estimate of 26 cm is reasonable.
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SC 1 | can identify the golden ratio in various real-world contexts

1 The Parthenon, a Grecian temple to the goddess Athena, has a width of 30.89 m.
(a) Assuming that the face of the Parthenon is a golden rectangle, what should its height be?

(b) The height from the base to the tip of the triangular top is 18.16 m. How does the actual
height compare to the height calculated in part (a)?

2 The Fibonacci sequence is a well-known mathematical sequence. It is produced by starting with
two 1s, then adding the previous two digits to get the next term.
1,1,1+1=2,1+2=3,3+2=5, ...

Thus, the initial terms of the sequence are as follows:
1,1,2,3,5,8,13,21, ...

(a) Determine the value of the ratio (Iariuerj between the fourth and fifth terms in the
smaller

sequence. Give your answer correct to 3 decimal places.

(b) Determine the value of the ratio between the seventh and eighth terms in the sequence.
Give your answer correct to 3 decimal places.

(c) The twelfth term is 144 and the thirteenth is 233. Determine the ratio between these two
values. Give your answer correct to 3 decimal places.

(d) What do you notice about the values of the ratios in parts (a)-(c)?

(e) The thirtieth value is 2 178 309 and the thirty-first is 3 524 578. Find the ratio between these
two values and compare it to the golden ratio.

(f) The nineteenth term is 4181. Use the exact value of the golden ratio to determine the
twentieth term.

(g) The twenty-fifth term is 75 025. Use the exact value of the golden ratio to determine the
twenty-fourth term.

3 There are other sequences that can be referred to as Fibonacci-like sequences that start with two
numbers and then add the previous two to produce the sequence.

(a) Create a sequence that starts 3, 3 and follows the same rule as the Fibonacci sequence to
see whether it results in the same ratio between terms as the original Fibonacci sequence.
Write out the first 12 terms of the sequence and check the ratios of the fourth and fifth,
seventh and eighth, and eleventh and twelfth terms.

(b) Create a sequence that starts 2, 7 and follows the same rule as the Fibonacci sequence to
see whether it results in the same ratio between terms as the original Fibonacci sequence.
Write out the first 12 terms of the sequence and check the fourth and fifth, seventh and
eighth, and eleventh and twelfth terms.

(c) Describe your results.
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4 Consider the following diagram.

B —
(a) Describe how it has been drawn.

(b) What do the side lengths of the squares remind you of?

(c) Consider this picture of the chambered nautilus.

TS

What has been drawn over the photograph of the shell?

(d) Are you convinced that the golden ratio applies to this shell? Explain your answer.
SC 2 | can make the connection between the circumference and diameter of any circle

T Use a compass to draw a circle with each radius measurement provided. Use a piece of string to
measure the circumference of each circle, correct to the nearest millimetre.
(a) 4cm (b) 5cm (c) 8cm (d) 10cm

(e) Using your results for parts (a)-(d), explain what happens to the length of the circumference
when the length of the radius doubles.

(f) Using your results for parts (a)-(d), explain what happens when the length of the radius
increases by 1 unit and by 3 units.
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2 Use your answers from the previous question to complete the following tasks.

(a) Copy and complete the table, writing your answers for the last two columns correct to
3 decimal places.

Radius Diameter Circumference % =
r

4cm

5cm

8cm

10 cm

(b) Complete the following statements.
(i) The circumference is about times as long as the diameter.

(ii) The circumference is about times as long as the radius.

3 Use the estimates ¢ =3.14 and ¢ =6.28 to estimate the circumference of each of the following

d r
circles.
(a) The length of the radius is 3 cm. (b) The length of the diameter is 7 cm.
(c) The length of the radius is 2.5 cm. (d) The length of the diameter is 3.6 cm.
4 Use the estimate % =3.14 to give an approximate diameter length for circles with the following
circumferences. Give your answers correct to 2 decimal places.
(a) 20cm (b) 38cm (c) 421cm

5 Use your calculator to answer the following questions.

(a) Press the 7 button on your calculator. Write down the displayed value correct to
2 decimal places.

(b) How does this connect to the approximate value used for %?

The value 7, which is an irrational number, is the exact value of the relationship between the

. . . C
circumference and the diameter of a circle. Hence, — = 7 can be used to calculate the

d
diameter of a circle, given that the circumference is known; or the circumference of a circle,
given that the diameter is known.

(c) Complete the following formula: ¢ =r1=>C=

d

(d) Use this new value to find the circumference of a circle that has a diameter of 12.6 cm,
correct to 3 decimal places.

6 A cylindrical tube has a diameter of 3.8 cm across its circular base.

(a) How many times would a piece of ribbon need to be wrapped tightly around the
circumference of this cylinder to get a piece at least 70 cm long? Give your answer as a
whole number.

(b) Evelyn has 1.6 m of ribbon. How many complete times will she be able to wrap this tightly
around the cylinder?
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Identify and use terminating,
recurring and non-recurring
decimals

Learning intention: To be able to identify and use terminating, recurring and non-recurring
decimals

Success criteria:

SC1 | can recognise terminating, recurring and non-recurring decimals and choose appropriate
representations for each.

SC 2 | can convert recurring decimals to exact fractional form.

Lesson warm-up

Your 7 day

The most famous irrational number is 7. Given that it goes on forever in
an unrepeating pattern, eventually there will be a sequence of numbers
that match your birthday.

Go to https://mypiday.com/.
-
Enter your birthdate, and find your 7 day. -

SC1 | can recognise terminating, recurring and non-recurring decimals and choose appropriate
representations for each

Every rational number can be written in an equivalent exact decimal form. In some cases, such as
1 L o 1 .

2 =0.25, it is written as a terminating value. In other cases, such as 3 =0.3333333 ..., the decimal form
goes on infinitely. For such non-terminating numbers, there is a pattern in the decimal form that
allows the exact answer to be written. The number of digits in the repeating pattern is called its period.
The notation indicating the repeating pattern requires a dot to be placed over the first and last digits
in the pattern, or a bar across the top of the pattern. Here are some examples:

64

Fraction Decimal form P ithor) | with b
1 0.3333333... 03 0.3
3
1 0.066 666 6 ... 0.6 0.6
15
1 0.023 809 523 809 528 ... 0.0338095 0.0238095
42
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Worked example

Writing rational numbers in decimal form

Write each of the following rational numbers in exact decimal form.

2
a j—
(a) 3
THINKING WORKING
Since the number is not in repeating decimal form, use 2

your calculator to find the value. 3 0.666 66666 ...

Identify the period of the pattern. The period is 1.

Write the exact decimal form using shorthand notation. g g6666666 .. = 0.6

2
(b) 5
THINKING WORKING
Since the number is not in repeating decimal form, use 3
your calculator to find the value. 9 0.2222222...
Identify the period of the pattern. The period is 1.

Write the exact decimal form using shorthand notation. 0222222 ... =02

(c) 0.143143143 ...

THINKING WORKING

Check that the number is in repeating decimal form. The number is already in repeating
decimal form.

Identify the period of the pattern. The period is 3.

Write the exact decimal form using shorthand notation. (143 143 143 ... =0.143

(d) 0.01626262 ...

THINKING WORKING

Check that the number is in repeating decimal form. The number is already in repeating
decimal form.

Identify the period of the pattern. The period is 2.

Write the exact decimal form using shorthand notation. 001626262 ... =0.0162
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Irrational numbers cannot be expressed in exact decimal form as they are non-terminating and
non-repeating. For example, 2 =1.41421356 ... There is no pattern evident in the decimal values.

SC 2 | can convert recurring decimals to exact fractional form

Using your calculator to find the decimal equivalent for% will give you a display such as

0.166 666 666 7. The number of 6s before the 7 depends on the number of digits your calculator
displays. You should recognise this as being the recurring decimal 0.16. So, how can you find the
exact fractional form for a recurring decimal? The next worked example shows how to do this.

Worked example

Converting a recurring decimal to exact fractional form

b Convert the following recurring decimals to exact fractional form:
(a) 0.16
THINKING WORKING
Let x represent the repeating decimal. x =0.166 666 666 666 ...

Identify the number of digits in the repeating There is only one digit in the repeating pattern.
pattern.

Multiply x by the power of 10 that has the same  10x = 1.666 666 666 66 ...
number of zeros as the number of digits in the
repeating pattern.

Complete the subtraction, nx — x. 10x =1.666 666 666 6
—x=0.166 666 666 6
9%=1.5
Now solve the equation and write the fraction s
in the form %, where a and b are integers. X _9—
o
90
=
18
.
6
As a final step, use your calculator to check that
. . . —=0.166 66 ...
the fraction results in the correct recurring 6

decimal.
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(b) 0.123
THINKING

Identify the number of digits in the repeating

WORKING

There are two digits in the repeating pattern.

pattern.

Multiply x by the power of 10 that has the same  100x = 12.323 23232 ...
number of zeros as the number of digits in the
repeating pattern.

100x =12.323232323
-x= 0.123232323

99x =122

Complete the subtraction, nx — x

Now solve the equation and write the fraction 122

in the form ﬁ, where a and b are integers. - E
b 2
7990
_ 61
" 495

As a final st Iculator to check that
salna'sep,use;'/ourcacuaor oc.ec a ﬂ:0'123232323
the fraction results in the correct recurring 495

decimal.

n

SC1 | can recognise terminating, recurring and non-recurring decimals and choose appropriate
representations for each

Page 568

1 Express each of the following rational numbers in exact decimal form.
5 4 7 33
a) — b) — ) — d) —
(@) 9 (b) 11 () 75 (4) 1

2 Write the following repeating decimals in shorthand form.
(a) 0.262626 26 ... (b) —2.566 66666 ... (c) 6.897454545... (d) 1.008080 808 ...

3 For each of the following decimals, state whether the value is rational or irrational, based on the
digits you can see.

(a) 0.13333.. (b) 2.2360679... (c) 164
(d) 0.003 040 404 ... (e) —2.34 () 3.3166247...

4 Using your calculator, express each of the following fractions in exact decimal form, using
shorthand notation.

(a) (b) (c)

(d) (e) (f)

Nl NN

N =
NIy N|w
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5

6

(g) What do you notice about the values you have obtained?

(h) Now look at the odd numerators for fourteenths (%,%,J What do you notice here?

Why did you not need to look at the even numerators for fourteenths?

%: 0.09090909... = 0.09. Without using a calculator, write the exact decimal equivalent for each

of the following fractions.

2 5 7 10
a) — b) — c) — d) —
()11 ()11 ()11 ()11
Audrey wondered whether there was some way of looking at a fraction and knowing if it would
lead to a terminating or a repeating decimal. She thought it might have something to do with
prime numbers, so she looked at the prime factorisation of the denominators, in simplest form,

of many fractions.

(a) For each of the following fractions, find the prime factorisation of the denominator.

2 7 7 om
(i) E (i) ﬂ (iii) 2—5 (iv) %
v) f% (vi) % (vﬁ)#% (viii) ;%

(b) Audrey used her calculator to see which of these fractions could be represented as a
repeating decimal. Identify the repeating decimals from the list.

(c) Audrey thought she could see a pattern developing. The repeating decimals all had
at least one prime factor other than 2 or 5 in the denominator of the fraction. Try at least
10 fractions to check whether Audrey’s idea is correct.

SC 2 | can convert recurring decimals to exact fractional form

1

Convert the following recurring decimals to exact fractional form.

(a) 0.15 (b) 0.114

Convert the following recurring decimals to exact fractional form.

(a) 0.145 (b) 0.1254

Convert the following recurring decimals to exact fractional form.

(a) 0.1234 (b) 0.0324

Determine the fractional equivalent of 0.9 and comment on the result.
(a) Convert each of the following pairs of recurring decimals to exact fractional form.
(i) 0.12and0.12 (i) 0.13and0.13 (iii) 0.14and0.14

(b) Describe any shortcuts you were able to take when completing this question.
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TOPIC REVIEW

Multiple choice WEEE pages19

1

Choose the irrational number marked on the following number line.

':::::!:::'

I
2.64 2.65

A5 B%ﬂ c 7 o 48
5

Which of the numbers in the following list are irrational numbers?

l ] 1 1

2'5 3'9 8 '6' 7
2’ 3’9" 8 2 379
¢ 3 47 T4 D Allof them
2 3 8
When 3.0071 is expressed in the form %, where a and b are whole numbers and b # 0, the result is:
371 371 C 30071 D 30071
10000 1000 100000 10000

A square with an area of 500 cm? has a side length, expressed in simplest form, of:

A 10J5 cm B 510 cm C 125cm D £cm

10

Determine, in simplest form, the exact side length of the square shown below.

Area =224 cm?

A 2456 cm B 2J112cm C 4/14cm D 1497 cm

Determine the perimeter, in exact simplest form, of the square shown.

Area =232 cm?

A 658 cm? B 8/58 cm? C  60.926 cm? D 258 cm?
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7 A square with a perimeter of 124/5 cm has an area of:

A J45cm? B 3J5cm? c 9/5cem? D 45cm?

. . 1++/5 : : L
8 The golden ratio can be written as . If one side of a golden rectangle is 7 cm then the longer side is

best represented as:

7(1+/5
A 14 cm B 7+\/§ cm C 1+\/§ cm D ucm
1++/5 2 14 2

9 The 27th term in the standard Fibonacci sequence is 196 418. The 28th term is:

A 314269 B 317811 CcC 318197 D 514229

B 10 Acircle has a circumference of 29.8 cm. Which of the following is the best estimate for the radius of the
circle?
A 3.08cm B 474cm C 6.16cm D 948cm

11 Acircle has a diameter of 10.6 cm. The best estimate for its circumference is:
A 333cm B 4412cm C 66.6cm D 88.25cm

12 What is the perimeter of the following diagram?

N

8 cm
8cm
A 1257cm B 3657cm C 4457 cm D 4913 cm
13 Written in exact decimal form,g is:
A 083 B 0833 c 083 D 0.833..

14 Which of the following is the correct exact decimal representation of %?

A 0.0846 B 0.0846 C 0.08468 D 0.0846

15 In exact fraction form, 0.7 is:

- — ¢ 7 —
10 100 9 11
16 In exact fraction form, 0.18 is:
2 g 18 c 18 p 2
50 99 101 49
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Short answer

1

Locate the following values on the number lines shown. Use an approximation correct to 3 decimal places
to do this.

(a) V5
[ S W S W S|
]
2.23 2.24
T
b —
(b) %
I 1 1 1 1 1 1 1 1 1 I
]
1.04 1.05

Complete the sentences to state the correct decimal values between which each of the following
irrational values will lie, when written correct to 3 decimal places.

95

(a) R will lie between and

(b) 5?ﬂwill lie between and

Determine the perimeter, in exact simplest form, of each of the following shapes.

(a) i (b)

Area of square
=550 cm? ‘

Area of square
T =112 cm?

Complete the following statement for a circle with a radius of 15 cm.

A circle with a radius of 15 cm will have a circumference less than 4 x cm, but greater than
6 X cm.

< circumference <

Write each of the following as decimals correct to 3 decimal places.

(a) V11 (b) 47” () 35
Express each of the following in the form %, where a and b are whole numbers and b # 0, to show that
the value is rational. Express the result in simplest form.
3.06 3.0702 12.264
(@ —— (b) - () ——
21.74 4.86 0.0042

For each of the following numbers, written in the form of a whole number inside a cube root, state
whether the number is rational or irrational.

(a) 3 (b) 32647 (c) 34913 (d) 319911 (e) 324389
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8 Substitute the given values and solve to determine the exact value of the unknown in each of the
following formulas.
(a) Calculate the value of v in the formula v = u® + 2as when u =16, a = 9.8 and s = 15.
(b) Calculate the value of v in the formula v? = 2K when K = 240 and m = 40.

9 Determine the perimeter of the following shapes.m

(a) In this diagram the triangles are equilateral.

(b)

Area of square Area of internal
=380 cm? square =380 cm?.

10 The following questions refer to the Fibonacci-type sequence that starts 4, 4, 8, 12, ...

(a) Write out the first 12 terms of this sequence.

(b) Determine the ratio( Iarglcler j between the sixth and fifth terms of this sequence.
smaller

: . [ larger
(c) Determine the ratlo( &

between the twelfth and eleventh terms of this sequence.
smaller

(d) What do you notice about these ratios?

11 Consider the following diagram.

Without using your calculator, complete the following statements related to

between which values the circumference of the circle will fall. 12 em

The circumference of the circle is greater than cm, but less
than cm. The actual value is likely to be closer to cm.

12 A cylindrical tube has a diameter of 7.5 cm.

(a) Eden has 1.2 m of ribbon. How many complete times will she be able to
wrap this tightly around the cylinder?

(b) How much ribbon, correct to 3 decimal places, is left over if only complete rotations are considered?

(c) Express this as a percentage of the original length.
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13 Rewrite the following lists in descending (largest to smallest) order.

(a) g, 061, % 0.61,0.62 (b) %%% 0.2,0.201
14 Write the following repeating decimals in shorthand form.

(a) 0.383183183.. (b) —3.706666 ... (c) -2.322323.. (d) 11.991090909 ...
15 Convert the following recurring decimals to exact fractional form.

(a) 0.2345 (b) 0023

Extended response

1 Consider the following decimal equivalents of some related fractions.

l=O.O4761 9047619 ... £=0.095238095238... i=O.142857142857...
21 21 21
i:0.1904761 90476 ... i:0.238095238095... E:O.285714285714...
21 21 21
%=0.333333333333 %=0.380952380952 %=O.428571428571...

12—(1) =0.476190476190 ...

(a) Write each of these in exact decimal form.

(b) Compare % and % What do you notice? Are there any other fractions listed that share this
characteristic?

(c) Compare 2 and % What do you notice? Are there any other fractions listed that share this
characteristic?

(d) Compare % and % What do you notice? Are there any other fractions listed that share this

characteristic?

(e) Canyou predict the next related fraction that will be like % and %?

2 Complete the following questions regarding the Fibonacci-type sequence that starts a, a, a + a,
a+a+a,..

(a) Inavertical list, write the first 10 terms in the sequence, and then write the simplified form for
each term.

(b) Ifa=1,whatis the sequence obtained?
(c) Ifa=5,write the first 10 terms of the sequence.

(d) Calculate the ratio term 6
term 5

for both of the sequences above. What do you notice?

term 6?

(e) Ifa =7, whatwill be the value of the ratio /
term 5

(f) What if a = 44? Why is this the case?
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Why learn this?

Calculating the percentage change in values is an
important tool for managing and interpreting changes
within various contexts.

Managing budgets or resources, making informed
consumer decisions, studying subjects that involve data
analysis and economic reasoning, are some of the core
uses of these skills. Understanding percentage
calculations fosters a deeper understanding of how
numbers are used in everyday life and professional
settings, improving financial literacy and analytical
thinking.
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RECALL

| can identify the change in values as representing an increase or decrease

IEIEE Page 569

1 Calculate the difference between the first and second value for the following, stating whether the
change represents an increase or a decrease.

(a) 45t051 (b) 43to34 (c) %to% (d) 781080

| can identify the relationship between decimals, percentages and fractions

1 Write the following percentages as fractions.
(a) 17% (b) 29% (c) 31% (d) 77% (e) 3%

2 Convert the following fractions to percentages.

1 2 3 5
a) — b) — < — d) -
(@) - (b) - (0 - (d)
| can identify and create equivalent fractions
1 List the factors of each of the following numbers.
(a) 32 (b) 56 (c) 88 (d) 144
2 Determine the highest common factors of the following pairs of numbers.
(a) 32and56 (b) 56and 88
3 Determine the missing number in each of the following equivalent fractions.
[] 33 4 32 25 []
() === (b) === (@ =2=4
4 44 [] 56 45 9
4 Simplify the following fractions.
65 84 94 56
a) — b) — < — d) —
()91 ()96 ()144 ()88
| can calculate with percentages
1 Write each number in the following pairs as a percentage of the other.
(a) 12,24 (b) 12,60 (c) 10,40 (d) 9,16
2 Calculate the following percentages.
(a) 1% of 360 (b) 10% of 360 (c) 5% of 360 (d) 20% of 360

(e) 25% of 360 (f) 50% of 360 (g) 75% of 360
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Understand percentage increase
and decrease

Learning intention: To be able to understand percentage increase and decrease
Success criteria:

SC1 | can calculate the percentage increase or decrease between different values.
SC 2 | can calculate the amount of increase or decrease given a value and a percentage change.

SC 3 | can model situations and solve problems involving positive and negative rational numbers
and percentages.

Lesson warm-up

Different methods

Use at least two different methods to find a correct answerto 7 + 8. <

Is there more than one correct answer?

SC1 | can calculate the percentage increase or decrease between different values

A percentage is best thought of as a value out of 100. To calculate the percentage increase or
decrease between two values, determine the value of the increase or decrease and write it in fraction
form, with the change written as the numerator and the original value as the denominator. Then
convert it to a percentage by multiplying by 100.

Worked example

Calculating a percentage increase

In each example, calculate the percentage change.

(a) Calculate the percentage increase when 250 is increased to 300.

THINKING WORKING
Calculate the change. 300 — 250 =50
Recall the percentage value formula. % change = ch.arlge xm%
original 1
Substitute the amount of change and original _ ﬂx 100 %
value into the formula. 250 1
Calculate the value of the percentage change, _500 %
writing your answer in simplest form. 25
=20%
Write the answer. The percentage increase is 20%.
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(b) Calculate the percentage decrease when 300 is decreased to 250.

THINKING
Calculate the change.

Recall the percentage value formula.

Substitute the amount of change and original
value into the formula.

Calculate the value of the percentage change,
writing your answer in simplest form.

Write the answer.

WORKING
300 — 250 = 50

change S @%

% change =——
original 1

_50 100
300 1

%

500
30
=16.7% (1 d.p.)

%

The percentage decrease is approximately 16.7%.

SC2

| can calculate the amount of increase or decrease given a value and a percentage change

In this section, you need to recall that to calculate the percentage of a number; for example, 12% of

80, the calculation is:

12 80 _12x8
100 1 10
9%
10
=96

Worked example

Calculating a percentage and a percentage change

A house was originally valued at $850 000.

(a) Determine the new value of the house given an increase of 2.3%.

THINKING
Express the question in symbolic form.

Calculate the value of the change.

State the change in dollar value.

Write the answer.

WORKING
2.3% of 850 000

2.3 850 000

e I

100 1

=2.3x8500

=19550
The value has increased by $19 550.

The house is now valued at

$(850 000 + 19 550) = $869 550
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(b) Determine the new value of the house given a decrease of 2.3%.

THINKING WORKING
Express the question in symbolic form. 2.3% of 850 000
Calculate the value of the change.
e E>< SAOH 2.3x8500
100 1
=19550
State the change in dollar value. The value has decreased by $19 550.
Write the answer. The house is now valued at

$(850 000 — 19 550) = $830 450

SC 3 | can model situations and solve problems involving positive and negative rational numbers
and percentages

Worked example

Determining an original price
A price increases by 8% and becomes $1.42. Determine the original price.
THINKING WORKING

State the percentage of the original price $1.42 represents 108% of the original price.
represented by the price given.

Write the percentage as a decimal. 108% can be written as 1.08.

Determine the original price, 100%, by dividing

e i
the final price by the final percentage. rginal=-"g
=1.314 81 ...

Write the answer. The original price was $1.31.
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SC1 | can calculate the percentage increase or decrease between different values

1 For each of the following number pairs, calculate the percentage increase from the first value to
the second. Write your answers in exact mixed number form, if necessary.
(a) 25,90 (b) 40,110 (c) 100,156 (d) 123,230

2 For each of the following number pairs, calculate the percentage decrease from the first value to
the second. Write your answers in exact mixed number form, if necessary.

(a) 75,45 (b) 120,95 (c) 88 44 (d) 190,125

3 For each of the following situations, calculate the percentage increase or decrease. Write your
answers in exact mixed number form, if necessary.

(a) Erica’s hourly rate of pay increased from $17.50 to $18.25.

(b) Atthe end of December 2022, Nathan's house was valued at $750 500. At the end of
September 2023, it was valued at $695 000.

(c) Atthe end of December 2022, Jillian had 12 450 followers on social media. At the end of
December 2023, she had 14 230 followers.

(d) Ray was driving home from an interstate holiday. When he started, he was 1350 km from
home. After two days of travelling, he was still 420 km from home.

4 Consider the following diagram, showing two rectangles.

8cm

6 cm

4 cm —_— 5cm

(a) Express the change in perimeter going from the rectangle on the left to the rectangle on
the right.

(b) Express the change in area going from the rectangle on the left to the rectangle on the right.

5 Calculate the percentage increase or decrease in each of the following situations. Write your
answers in decimal form, correct to 2 decimal places, if necessary.

(a) 14,22 (b) 18,16 (c) 150,130 (d) 60,72
6 Complete the following tasks.

(a) Calculate the percentage increase from 50 to 100.

(b) Calculate the percentage decrease going from 100 to 50.

(c) Why are these two answers different when the change in value is the same?

(d) Now complete both calculations for the numbers 20 and 60.

(e) Do these calculations show the same percentage connection between the values?

TOPIC 4 o PERCENTAGE INCREASE AND DECREASE 79




SC 2 | can calculate the amount of increase or decrease given a value and a percentage change

1 Complete the following calculations.

(a) Esther earns $20.50 per hour in her part-time job. She is entitled to a 3.25% pay rise. To the
nearest cent, what will her new hourly rate be?

(b) Jin-Lee is employed on a casual basis. One week, her wage was $305.90. The next week, she
worked 15% less hours. Assuming the same rate of pay, what will be her wage this week?

(c) Dinersin some states of the United States are expected to add a tip of 7.5% to the total bill.
If you were given a bill stating a total of $62.50, what would you expect to pay?

2 Evelyn thought there had to be an easier way to determine the new value after a percentage
increase than finding the increase and adding it to the original value.

(a) Evelyn was trying to calculate her new hourly rate after she received a 2.5% increase on her
$18.25 per hour rate. Determine her new rate, correct to the nearest cent.

(b) Evelyn reasoned that her old rate was 100%, so her new rate must be 102.5% of her old rate.
What is that percentage expressed as a decimal?

(c) Use the decimal value from part (b) and multiply it by the old rate. What do you get?
(d) Was Evelyn’s reasoning correct? Explain.

(e) How could Evelyn extend her thinking to cover situations where there is a percentage
decrease?

(f) Using both Evelyn's new method, as well as the original method, determine the new value of
a car with an initial value of $42 500 that loses 15% of its value.

3 Students were asked to write a calculation to increase $75 000 by 8%. Describe what each of the
following students has calculated and identify the student who did it correctly.

Student A Student B Student C Student D
1.8 x 75 000 0.92 x 75 000 1.08 x 75 000 8 75000
—X
100 1

4 The annual inflation rate is tracked on a quarterly basis. In the first quarter there was a rise of
1.2%; in the second quarter there was a rise of 2.3%; in the third quarter there was an increase of
0.9%; and in the final quarter the inflation rate fell by 0.75%.

(a) Given that the price of milk follows the inflation rate, determine the final price of a 2 litre
carton that started at $4.75.

(b) Which of the following is a correct calculation for the final price of a loaf of bread with an
initial price of $2.55?

A 255x1.0365

B 255x1.0515

C  255x1.012 x1.023 x 1.009 x 1.0075
D 255x1.012x1.023 x 1.09 x 1.075

(c) What is the annual inflation rate, expressed as a percentage, correct to 2 decimal places?
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5 Complete the following calculations using whichever process you prefer.

(a) The price of standard unleaded petrol changed from $1.78 per litre to $1.59 per litre. Express
this as a percentage change, correct to 2 decimal places.

(b) Determine the new price, given that the cost of petrol had increased by 7%.
(c) Determine the new price, given that the cost of petrol had decreased by 4%.

(d) The price of petrol fluctuates almost daily. On Monday, the price was $1.63 per litre. On
Tuesday, it fell by 5%, on Thursday it fell another 7% and on Saturday it rose by 6%. What was
the price of petrol after the rise on Saturday?

6 The local scout troop is holding a sausage sizzle as a fundraiser. The total cost of the 120 sausages
and bread is $150.

(a) Given that each sausage in bread is sold at a 20% profit, determine the price charged.
(b) Given that each sausage in bread is sold at $2, and everything is sold, determine the profit.

SC 3 | can model situations and solve problems involving positive and negative rational numbers
and percentages

1 Trevor said that a 5% increase in a price, followed by a 5% decrease in the price, would lead to the
original value. Greg said Trevor was wrong.

(a) Assume the original price was $100. Determine who was correct about the final value, Greg
or Trevor, given a 5% increase followed by a 5% decrease.

(b) Repeat this calculation given the original price of $624.

(c) For the $100 calculation, what percentage of the original value is the final value?
(d) Forthe $624 calculation, what percentage of the original value is the final value?
(e) Explain why this is the case.

2 The following questions are based on data calculated by the Workplace Gender Equality Agency
using Australian Bureau of Statistics data (as published in The Age, 19/8/2022). Give answers to
the following, correct to the nearest dollar.

(a) InMay 2022, there was a gender pay gap of 16% in the mining industry. This represented a
difference in full-time earnings of $444. Based on this figure, determine the average weekly
full-time earnings for males and females in the mining industries.

(b) In the construction industries, the wage gap figures were 19% and $448. Determine the
average weekly earnings for males and females in these industries.

(c) On astate basis, the biggest difference was in Western Australia, where the wage gap figures
were 22% and $472. Determine the average weekly earnings for males and females in WA.

(d) The smallest dollar difference was in Tasmania, where the wage gap figures were 8% and
$122. Determine the average weekly earnings for males and females in Tasmania.

3 Calculate the single percentage change represented by each of the following sequences of change.
(a) Anincrease of 3%, followed by a decrease of 6%, followed by an increase of 5%.
(b) An increase of 5%, followed by a decrease of 6%, followed by an increase of 3%.
(c) A decrease of 6%, followed by an increase of 5%, followed by an increase of 3%.

(d) What point does this illustrate?
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4 The following graphic gives information about recycling rates in Australia in 2021.

-

Material recycling rates in Australia

98%

% 13% 35% 49% 59% 60% 76% 90%
Batterles Textlles E-waste Plastics Tyres Organics Glass Paper C&D  Metals

M Non-recycled volume Recycled volume

(a) The total mass of batteries recycled was 3.3 kilotonnes (kt). What mass of batteries were not
recycled?

(b) The total mass of tyres recycled was 4490 kt. What mass of tyres were not recycled?

(c) The total mass of paper recycled was 5920 kt. What is the total mass of paper in the
recycling/waste market?

(d) Why do you think the recycling rate for metals is so high?
5 Complete the following calculations.

(a) The temperature at a ski resort rose 3% to —6.8 °C. Determine the original temperature,
correct to 1 decimal place.

(b) Jacques was diving at —110 m before reducing his depth by 18%. Determine his new depth.

(c) Determine the percentage change, correct to 1 decimal place, for a temperature that rises
from —10.8°Cto —1.7°C.

(d) Determine the percentage change, correct to 1 decimal place, if a temperature falls from
2.9°Cto -5.7°C.

6 The Antarctic is much colder than the Arctic. In Antarctica during winter, the mean temperatures
range from —20°C to —30°C on the coast and —40°C to —70°C in the interior. In Antarctica during
the summer, the mean temperatures are about 0°C on the coast and —20°C to —30°C in the
interior. In the Arctic, the means range from about 0°C in summer to about —35°C in the winter.

(a) Using the warmer end of the range in each case, determine the percentage change in
Antarctic coast temperatures from winter to summer.

(b) Using the cooler end of the range in each case, determine the percentage change in
Antarctic interior temperatures from summer to winter.

(c) Over the past 50 years, mean temperatures in the Antarctic have risen by 3°C. Determine
what the percentage change this is for the coast in summer.

(d) Using the warmer end of the scale, determine the percentage difference between the
interior winter temperature in the Antarctic compared to the Arctic.

PEARSON MATHEMATICS 8 3RD EDITION



Understand percentage change in
realistic situations

Learning intention: To be able to understand percentage changes in realistic situations
Success criteria:

SC1 |Ican explain and calculate mark-ups, discounts and GST.
SC 2 | can determine changes as percentage increase or decrease in realistic situations.

SC 3 | can explain income tax and calculate taxation.

Lesson warm-up

Will they fit?

Estimate the percentage of the world’s population that could stand on
Tasmania at the same time. Be prepared to share your answer and
your reasoning.

SC1 I can explain and calculate mark-ups, discounts and GST
Mark-ups, discounts and the Goods and Services Tax (GST) are all examples of percentages. While
mark-ups and discounts can vary in size, the GST is applied at a fixed rate of 10%.

A mark-up or a discount can be expressed in percentage form or as a dollar amount, which can then
be converted to a percentage.

Worked example

Calculating the selling price after a discount or mark-up

Determine the selling price of a television marked as $2399 after:

(a) adiscountof 15% is applied.

THINKING WORKING

Calculate the selling price percentage by (100 — 15)% = 85%

deducting the discount from 100%, the original

price.

Convert the percentage to a decimal. 85% = 0.85

Multiply the decimal by the marked price. 0.85 x 2399 = 2039.15

Write the answer. The television will sell for $2039.
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(b) amark-up of 15% is applied.
THINKING WORKING

Calculate the selling price percentage by adding (100 + 15)% = 115%
the mark-up to 100%, the original price.

Convert the percentage to a decimal. 115% =1.15
Multiply the decimal by the marked price. 1.15 x 2399 = 2758.85
Write the answer. The television will sell for $2758.85.

SC 2 | can determine changes as percentage increase or decrease in realistic situations

Percentages are applicable to everyday life. The techniques covered so far can be used in these
situations as well.

Worked example

Applying percentage increase

According to real estate data, the median house price in a particular suburb of Melbourne in June
2022 was $750 000, which represented an 8.54% growth over a 12-month period. What was the
median house price in the same suburb in June 20217

THINKING WORKING

Describe the known percentage change. The 2022 median price is
(100 + 8.54)% = 108.54%
of the 2021 median price.

Express the percentage as a decimal. 108.54% = 1.0854
Determine the original price by dividing the
Vv it gina' P Y & 750000 690 989.90
price by the decimal. 1.0854
Write the answer. The median price one year ago was about
$691 000.
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SC 3 | can explain income tax and calculate taxation

Income tax is the most important source of income for the federal government. The money raised is
used to provide funding for national concerns such as defence. Some of the money is given to the
state governments to provide for hospitals and schools.

The Australian taxation system is a progressive system. This means that the more money you earn,
the greater the tax rate applied to your earnings.

The following table shows the applicable tax rates for the financial year 2023-2024.

Income Rate Tax payable

$0-$18 200 0% Nil

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

$45 001-$120 000 32.5% $5092 plus 32.5 c for each $1 over $45 000
$120 001-$180 000 37% $29 467 plus 37 c for each $1 over $120 000
$180 000 and over 45% $51 667 plus 45 c for each $1 over $180 000

Based on data from © Australian Taxation Office for the Commonwealth of Australia

The rates shown are known as the marginal tax rates. So a person earning $95 000 has a marginal tax

rate of 32.5%.

Worked example

Calculating income tax using a tax table

Calculate the income tax payable on an annual income of $75 600.

THINKING

Identify the marginal tax rate.

WORKING
The tax bracket is $45 001-$120 000.

The marginal tax rate is 32.5%.

Identify the starting amount of tax for this For 32.5%, the starting amount of tax is $5092.

marginal tax rate.

Subtract the ‘over’ number of the bracket from  $(75 600 — 45 000) = $30 600

the income stated.

Multiply this value by the tax rate to calculate 32.5% of $30 600
the additional amount of tax.

= 0.325 x 30 600
= $9945

Add the additional amount of tax to the starting  $(5092 + 9945) = $15 037
amount of tax to calculate the full tax payable.
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SC 1 Ican explain and calculate mark-ups, discounts and GST

1 InAustralia, a Goods and Services Tax (GST) is applied at a fixed rate of 10% to a wide range of
goods and services.
In each of the following situations, calculate the final amount due, given that the value stated
does not include GST.

(a) A plumber charges $430 for work on a bathroom renovation.
(b) A book has a price of $35.
(c) A caravan has a price of $23 900.
(d) Aroom at the holiday resort is $315 per night.
2 In reality, many prices already include the GST. In each of the following cases, calculate:
(i) the pre-GST price

(ii) the amount of GST that has been included in the stated price.

(a) A family meal at a restaurant costs $260.
(b) A block of chocolate costs $4.90.
(c) Ajumper costs $135.99.
(d) A tank of petrol costs $112.50.
3 Complete the following statements.
(a) When calculating the price, including GST, multiply/divide the non-GST price by ___.
(b) When calculating the price, excluding GST, multiply/divide the GST-inclusive priceby

4 Paul wants to buy a new television. He has seen the model he wants advertised in sales at three
different retailers. The offers he has seen are:

Retailer A: List price of $4850, with a 22% discount
Retailer B: A fixed price of $4150
Retailer C: A pre-GST price of $4900, with a 25% discount

Calculate the price at each retailer and place the retailers in order from the least to the most
expensive.

5 Aclothing retailer has a policy of marking up the cost price of items by 35%. The GST is not
applied until after the mark-up has been completed. Calculate the selling price for the following
items, with cost price as indicated. Give your answers correct to the nearest dollar.

(a) A pair of shoes, $145 (b) A suit, $450

(c) Anumbrella, $23.50 (d) Ahat, $49
6 Adining table set has a GST-inclusive price of $2640.

(a) How much of the price is represented by the GST?

(b) After a few weeks the table has not been sold, so it is offered at a discount of 10%. At what
price is it now advertised?
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(c) After a couple more weeks, the price is reduced by a further 12.5%. What is the new
advertised price?

(d) Given that the table is sold at the reduced price, and GST is calculated on this price, calculate
the percentage profit, correct to 2 decimal places, made by the retailer if it had a cost
price of $1850.

SC 2 | can determine changes as percentage increase or decrease in realistic situations

T The following table shows the Australian population recorded at 10-year intervals.

Year Population
1980 14 706 322
1990 17 048 003
2000 19017 963
2010 22019168
2020 25670 051

(a) Inwhich 10-year period did the Australian population increase by the most people? What
was this number?

(b) Inwhich 10-year period did the Australian population increase by the greatest percentage?
What was this percentage, correct to 2 decimal places?

(c) Assuming that the population from 1980 until 2020 increased at this maximum 10-year
percentage rate, what would the population have been in 2020?

(d) The minimum 10-year percentage rate in this time period was 11.57%. Given that the
population from 1980 until 2020 increased at this minimum 10-year percentage rate, what
would the population have been in 2020?

2 The following table shows the life expectancy for Australians in the time period 1950-2020.

Year Life expectancy (years)
1950 68.77
1960 70.61
1970 71.21
1980 74.19
1990 76.79
2000 79.44
2010 81.83
2020 83.50

(a) Inwhich 10-year period did Australian life expectancy increase the most? By how
many years did it increase?

(b) Inwhich 10-year period did Australian life expectancy increase by the greatest percentage?
What was this percentage, correct to 2 decimal places?
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(c) Assuming that life expectancy from 1980 until 2020 increased at this maximum 10-year
percentage rate, what would the life expectancy have been in 2020?

(d) The minimum 10-year percentage rate in this time period was 0.85%. Given that life
expectancy from 1980 until 2020 increased at this minimum 10-year percentage rate, what
would the life expectancy have been in 2020?

3 The following table shows the quantity of CO, (carbon dioxide) released into the atmosphere in
Australia, recorded on a per capita basis. This means that the total amount is divided by the
population at the time to give a more realistic figure about the quantity involved.

Year Metric tons pf co,
(per capita)
1994 15.69
1999 17.63
2004 18.17
2009 18.22
2014 15.83
2019 15.24

(a) What is different about these figures compared to the previous two tables?

(b) Given that the percentage change from 2014 to 2019 is repeated in the next five-year
period, what would the predicted figure be for 2024?

(c) Ifthe change in CO, emissions that occurred from 1994 to 1999 had been repeated each
five years, what would the figure have been in 2019?

(d) What is the percentage difference between this predicted figure and the actual figure
recorded?

4 The following graph shows the Australian unemployment rate for the period 2000-2021.
Australian unemployment rate (%)
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(a) Describe the trends you can see in this graph.

(b) When a graph or a table of data represents percentages, care needs to be taken in describing
any changes that are seen. In 2000, the unemployment rate was 6.28%, and in 2001, it was
6.74%. This can be described as a rise of 0.46 percentage points, but the actual percentage
change is different. What is the actual percentage change between the two figures?

(c) When did the biggest upturn in unemployment occur?

(d) When did the biggest downturn in unemployment occur?
SC 3 | can explain income tax and calculate taxation

T Use the following tax table to determine the tax payable on each of the following annual

incomes.
Income Rate Tax payable
$0-$18 200 0% Nil
$18 201-$45 000 19% 19 c for each $1 over $18 200
$45 001-$120 000 32.5% $5092 plus 32.5 c for each $1 over $45 000
$120 001-$180 000 37% $29 467 plus 37 c for each $1 over $120 000
$180 000 and over 45% $51 667 plus 45 c for each $1 over $180 000

Based on data from © Australian Taxation Office for the Commonwealth of Australia
(a) $19850 (b) $42750 (c) $82900 (d) $128000

2 Determine the percentage of total income paid in income tax by a person who earns each of the
following annual incomes. Give your answers correct to 1 decimal place.

(a) $33280 (b) $88765 (c) $156745 (d) $220345

3 Some people think that a flat rate of taxation for everyone would be fairer. Determine the
amount of tax that would need to be paid on each of the following annual incomes if there was a
17.5% flat rate of taxation.

(a) $33280 (b) $88765 (c) $156745 (d) $220345
(e) Which end of the income scale benefits from such a scheme?
4 Afamily has two working-age members.

(a) Determine the income tax payable if only one of the members works and has an annual
income of $160 000.

(b) Determine the income tax payable if both members work and each earns $80 000.

(c) Why is there a difference in these two amounts of tax when the annual income is the same?
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TOPIC REVIEW

Multiple choice WETEE Page 620
1 The percentage increase when 75 is increased to 100 is:
A 25% B 30% C 33%% D 133%
2 The percentage decrease when 480 falls to 360 is:
A -133% B -120% cC 25% D 75%
3 Audrey’s hourly rate of pay increases by $1.20 per hour on her birthday. If her original hourly rate was
$18.25 then the increase is closest to:
A 1.2% B 6.58% c 12% D 17.05%
4 A soft drink was previously sold in a can with capacity 375 mL. The can is downsized by 5%. The new can
has capacity:
A 1875mL B  356.25mL Cc 370mL D 39375mL
5 Which of the following is a correct calculation for determining the new value of a house with an initial
value of $955000 that increases in value by 7.5%?
A 955000x1.075 B 955000x£ C 955000><m D 955000 x100
100 7.5
6 The price of petrol is known to fluctuate wildly. The price per litre on the Monday of each week over one
month was:
Week 1: $1.79/L Week 2: $2.25/L Week 3: $1.99/L Week 4: $1.83/L
The average change from week to week is closest to:
A 1% increase B 2% increase C  3%increase D 4% increase
7 A price rose 17%% and became $2150. To the nearest dollar, the original price was:
A $38 B $1770 c %1827 D $2530
8 Ashirt has a full price of $99.99. In the first week of a sale the price is reduced by 10%. In the second week
it is reduced by a further 10%. The marked price of the shirt is now:
A $19.99 B $79.99 C $80.99 D $89.99
9 A plumber charges $616 for a job. The price includes GST, which is charged at a rate of 10%. The amount
of GST included is:
A $56 B  $61.60 C  $554.40 D $560
10 A retail store pays $500 for an article, applies a mark-up of 35%, then adds the 10% GST and advertises it
for sale. The price set is:
A $550 B  $675 c §725 D $742.50
11 An item advertised for $750 is reduced by 15%. The reduced price includes the GST payable (10%). How

much GST is payable on this reduced price?

A $56.25 B $63.75 C $68.18 D $75
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12 According to real estate data, the median house price in a Victorian regional city in June 2022 was
$752500, representing 13.92% growth over a 12-month period. The median house price in the same city
12 months ago was closest to:

A 5647752 B $660100 C $676800 D $857250
13 A school has an enrolment of 950. Two years ago it was 770. The annual increase is closest to:
A 9% B 12% cC 18% D 23%

14 The population of a small town experienced growth rates over a three-year period of 2%, 1.5% and 2.3%.
At the start of this period the population was 10 950. At the end of this time, the population is closest to:

A 11337 B 11421 C 11585 D 11597

15 Jackson has an annual income of $147 250. This puts him in the tax bracket where he must pay $29 467
plus 37 c for each $1 over $120 000. His tax liability is closest to:

A $10082.50 B  $25015.50 C  $39549.50 D $54482.50

16 In a particular country, tax is payable at a flat rate of 17.5% for the first $75 000 and then a flat rate of
22.5% for any additional income. Which of the following best represents the tax payable on an income of
$120 000?

A $10125 B $13125 C $23250 D $27000
17 Based on a flat tax rate of 18% Erica paid $23 140 in tax. How much had she earned?
A $27305 B $64792 C $128556 D $416520

Short answer
1 A house was purchased for $785 600 and sold some years later for $905 400.

(a) What was the profit in dollar terms?
(b) The real estate agent charged a fee of 1.9% of the sale price. How many dollars did this amount to?

(c) Takinginto account this fee, what percentage profit was made on the sale? Give your answer correct
to 2 decimal places.

2 Julian needs to purchase a new laptop computer. The model he wants has a sale price of $1599. This
includes the GST of 10%. What is the amount (exclusive of GST) that the retailer earns for this purchase?

3 A 12-pack of 300 mL of soft drink is purchased for $10.
(a) How much GST will the retailer pay the government for this purchase?

(b) The pack is broken up into individual bottles and sold by the local sporting club at a mark-up of 60%.
What is the price charged, to the nearest 5 cents, for each bottle?

(c) Ifiinstead of this price the club actually charges $1.50 per bottle, what percentage mark-up would
this represent?

4 Calculate the discount percentage, correct to 2 decimal places, on the following sale items.
(a) ATV discounted from $3999 to $3569
(b) Ashirt discounted by $17.50 from the original price of $124.99
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5 The local golf club indicates that all membership categories will have a 3.5% increase for the following
year. The table indicates the current fees.

Category Adult Junior Sub-Junior 5-day Adult
Annual fee $2590 $1420 $250 $2000

Rewrite the table showing the new fees, rounding to the nearest $5 if necessary.

6 The following prices do not include the GST (10%). In each case, state, to the nearest cent, the price after
GST is included.

(a) A motor car purchased for $45 990
(b) ATV purchased for $3549
(c) A bar of chocolate purchased for $3.50

7 Calculate the percentage change in each of the following situations. Give your answers correct to
2 decimal places.

(a) 290isincreased to 310 (b) 92.3isincreased to 96.5
(c) 410is decreased to 375 (d) 116.7 is decreased to 101.8

8 Over the course of 3 days the price of 1 litre of petrol rose from its starting price of $1.86 per litre by
5 cents per litre on the second day and by 7 cents per litre on the third day.

(a) After the rise on the third day what was the price of petrol?

(b) By what percentage has the price risen in this time period? State your answer correct to 2 decimal
places.

(c) On day four the price is reduced to its starting point, $1.86 per litre. What percentage reduction does
this represent? State your answer correct to 2 decimal places.

(d) Why aren't the two percentage changes the same?
9 The following prices already include the GST cost. Determine the pre-GST cost.
(a) A book with a sale price of $47.85
(b) A drink with a sale price of $4.07
(c) A camper trailer with a sale price of $27 995

10 Consider the following diagram, showing two rectangles.

7 em 9cm

5cm B —— 7 cm

(a) Starting from the left-hand rectangle, express the change in perimeter going to the
right-hand rectangle.

(b) Starting from the left-hand rectangle, express the change in area going to the right-hand rectangle.
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11 A painting purchased for $14 500 is sold later for $22 300.
(a) Determine the dollar value of the increase in value.

(b) State the percentage increase in value. Give your answer correct to 2 decimal places.

(c) The person who sold the painting had to pay a 7%% sales commission, which is taken out of the sale
price. How much did the seller receive?
(d) What was the percentage profit made on the sale? Give your answer correct to 2 decimal places.
12 Complete the following calculations.

(a) Zacearns $21.70 per hour in his part-time job. He is entitled to a 2.95% pay rise. To the nearest cent,
what will his new hourly rate be?

(b) Min-Woo is employed on a casual basis. His wage one week was $425.75. The next week he worked
11% fewer hours. Assuming the same rate of pay, what will be his wage this week?

(c) Dinersin some states of the United States are expected to add a tip of 9% to the total of the bill. If
the bill states a total of $74.90, what is the expected payment?

13 Calculate the single percentage change represented by each of the following sequences of changes.
(a) Anincrease of 7%, followed by a decrease of 4%, followed by an increase of 3%.
(b) An increase of 3%, followed by a decrease of 4%, followed by an increase of 7%.
(c) A decrease of 4%, followed by an increase of 7%, followed by an increase of 3%.
(d) What point does this illustrate?

14 Zander wants to buy a new television. He has seen the model he wants advertised in sales at three
different retailers. The offers he has seen are:

Retailer A: List price of $3990 with a 12% discount
Retailer B: A fixed price of $3450
Retailer C: A pre-GST price of $4100 with a 25% discount applied before GST is added

Calculate the price in each retail store and place the retailers in order from the cheapest to the most
expensive.

Extended response
1 The following table shows the applicable tax rates for the financial year 2023-2024.

Income Rate Tax payable

$0-18 200 0% Nil

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

$45 000-$120 000 32.5% $5092 plus 32.5 c for each $1 over $45 000
$120 001-$180 000 37% $29 467 plus 37 c for each $1 over $120 000
$180 000 and over 45% $51 667 plus 45 c for each $1 over $180 000

Based on data from © Australian Taxation Office for the Commonwealth of Australia
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(a) Calculate the tax payable on an income of exactly $45 000.

(b) Explain how you can identify the tax payable on an income of $120 000 from the table.

(c) Calculate the percentage of tax paid on an annual income of $100 000, correct to 2 decimal places.
(d) What is the weekly income of Erica, who earns $118 000 annually? Round this to the nearest dollar.

(e) Compare the tax payable on Erica’s current salary to that payable after she receives a pay increase of
$75 per week.

(f)  Why do you think a taxation system like this is called a ‘progressive’ tax system?

2 The following table shows the tax rates that apply to foreign residents for the tax year 2023-2024.

Income Tax payable

$0-$120 000 32.5 cfor each $1

$120 001-5180 000 $39 000 plus 37 c for each $1 over $120 000
$180 001 and over $61 200 plus 45 c for each $1 over $180 000

(a) Johsiis a foreign resident who earns $65 450 in the financial year. How much tax will he pay?

(b) Christiaan earns $132 150 in his job, but has paid $40 000 in instalment payments to the tax office.
How much more does he owe?

(c) Ciaran earns $193 000. What percentage of his earnings does he end up paying in tax?

3 The following table shows the life expectancy from birth for New Zealand Male life
males in the time period 1950-1952 to 2017-2019. Year expectancy
(years)

(a) Inwhich time period did the New Zealand male life expectancy

increase by the greatest number of years? What was this number? 1950-1952 67.2

(b) In which time period did the male life expectancy fall? 1955-1957 68

(c) Inwhich time period did the New Zealand male life expectancy 1960-1962 684

increase by the greatest percentage? What was this percentage, 1965-1967 68.2
correct to 2 decimal places? 1970-1972 68.5
(d) If the life expectancy from 1950-1952 until 2017-2019 increased 1975-1977 69

at this maximum percentage rate, what would the life expectancy

have been in 2017-2019? 1980-1982 704

1985-1987 71.1

1990-1992 72.9

1995-1997 74.4

2000-2002 76.3

2005-2007 78

2012-2014 79.5

2017-2019 80

Based on data from © Stats NZ
Tatauranga Aotearoa
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Why learn this?

Understanding how to expand, simplify and factorise
algebraic expressions using the distributive law is a
fundamental skill in algebra. These skills are an important
foundation for further studies in more complex areas of
mathematics, engineering, economics, the sciences, and
where algebra is used to model and solve real-world
problems.
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RECALL

| can write expressions from words

1

1

1

1

1

IIEIES Page 570

Rewrite each of the following sentences using mathematical symbols.
(a) Eleven plus n is equal to sixteen.

(b) Fourteen is subtracted from m and the result is nine.

(c) xisequal to the difference between y and ten.

(d) The product of five and n is equal to forty-five.

(e) The sum of three and nineteen is divided by g to give a result of seven and one-third.

| can apply the order of operations to calculate the value of an expression

Evaluate the following.
(a) (104)+(2+13) (b) 4x83x9 () 2113-18=+6
(d) 12+-(15-9)x5 () 22-28+4x3+4

| can identify terms and coefficients in expressions and equations

Identify the number of terms for each expression.
(a) 6x—3yhas___ terms.
(b) 9x—-3x+2y—-20has____ terms.
(c) Thereare _____termsin the expression a — b + 4.
Choose the correct answer.
(a) 5a-3b+4is:
A aterm B an expression C anequation D aconstant
(b) The coefficient of y in the expression 10 + 5x — 4y is:
A -4 B 4 c 5 D 10

| can identify the highest common numerical factor

Determine the HCF of each of the following pairs of numbers.

(a) 20and45 (b) 36and72 (c) 24and36

| can identify all the prime factors of numbers

Complete a factor tree, then express the number as a product of its prime factors in exponent form.

(a) 168 (b) 216
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Use the distributive law to expand
simple algebraic expressions

Learning intention: To be able to use the distributive law to expand simple algebraic expressions

success criteria:

SC 1 |candescribe and illustrate the distributive law using an area model.

SC 2 | can use the distributive law to expand algebraic expressions.

Lesson warm-up

Mental maths

List the different strategies that you can use to solve the following problems.

(a) 25 x 32
(b) 9 x 17
(c) 23 x 46

SC 1 | candescribe and illustrate the distributive law using an area model

The distributive law states that in an expression such as 3(4 + 2), you can either add the numbers in
brackets first, then multiply by 3, or you can multiply 4 and 2 separately by 3, then add the results.
The result is the same. You can understand this by using this example and the area model for

multiplication.

5(10 + 3) is the same as 5 x 13.

5x13=5x%(10+3)
=5xT10+5x%x3
=65

10 3
5%10=50 53
~15
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Worked example

Describing the distributive law and illustrating using the
area model

(a) Use the area model to show the application of the distributive law to 4 x 32.

THINKING WORKING
Break 32 into tens and ones. Draw an area 30 + 2
diagram to show the multiplication.
4 4x30=120 4x2
=8
Write the answer. 4 x32=4(30+2)
=4%x30+4x%x2
=128

(b) Use the area model to show the application of the distributive law to 3(c + 4).

B THINKING WORKING

Break the brackets into its components. Draw c + 4

an area diagram to show the multiplication.
8 3c 3X4=12
Write the answer. 3c+4)=3xc+3x4
=3c+12

SC 2 | can use the distributive law to expand algebraic expressions

The distributive law can be described as: a(b + ¢) = ab + ac

Or, if there are more terms: a(b + ¢ + d) = ab + ac + ad

When you expand, the coefficient is placed first and the variables are arranged in alphabetical order.
For example:

4x(3y +d)=4x x 3y +4x x d
= 12xy + 4dx
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Worked example

Using the distributive law to expand algebraic expressions

Expand each expression using the distributive law.
(a) y(2a-6)
THINKING WORKING

Multiply each of the terms inside the brackets y(2a — 6) =y x 2a — 6y
by the factor outside. =2ay — 6y

(b) —d(5d - 6)
THINKING WORKING

Multiply each of the terms inside the brackets —d(5d — 6) = —d x 5d + (—d) x (=6)
by the factor outside. = —5d° + 6d

Practice IMETEH Page 571

Use the distributive law to expand simple algebraic expressions

SC 1 | candescribe and illustrate the distributive law using an area model

1 Draw a diagram to show how you calculate 22 x 7 (if you can, draw a second method). Discuss
your preferred model with a partner or small group and decide which model your group thinks is
the best.

2 Write the expression represented in this area model diagram.

y + 3

3 Inanew housing estate, each rectangular house block is 32 metres deep. Two blocks next to each
other are 24 m and 27 m wide respectively. Write an expression that could be used to find the
total area of the two blocks.

SC 2 | can use the distributive law to expand algebraic expressions

1 Expand each expression using the distributive law.
(a) 2(x+4) (b) 9(x+1) () -3(x-4)
(d) -=3(2.1-b) (e) 3a(2a-5) (f) —12x(8 - 5x?)
2 Expand the expression m(n + o).
3 Expand each expression. Simplify if possible.
(a) 7(g+5)+3g (b) 3(b-5)+7b (c) 6(x+2)+3(x+7)
(d) 4(b+2)+3ba+1) (e) 4(x—-2)-3x(x-1) (f) —-4(y+2)-3y(5-y)
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Factorise simple algebraic
expressions

Learning intention: To be able to factorise simple algebraic expressions
Success criteria:

SC1 | can factorise algebraic expressions by finding a numerical common factor.
SC 2 | can factorise expressions by finding an algebraic common factor.

SC 3 | can factorise expressions in which the highest common factor is made up of a number and a
variable.

Lesson warm-up

What is common?

B Sort each of the following pictures into groups and justify your groupings.

& < o of M

7 e YA
Awea

SC 1 | can factorise algebraic expressions by finding a numerical common factor

Factorising is the opposite of expanding. An expression is factorised when any common factors have
been taken outside a set of brackets.
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Worked example

Factorising using a numerical common factor

Factorise the expression 6x + 12.
THINKING
Write each term as a product of its prime

factors.

Rewrite the expression in expanded form using
prime factors.

Identify all common prime and variable factors.

State the highest common factor (HCF).

Rewrite the expression, taking the HCF outside
a pair of brackets.

WORKING

6X=2x3xX

12=2x2x3

6X+12=2%x3xx+2%x2x%x3

2X3XX+2%x2x%3

The HCFis2x3 =6

2X3XX+2%x2x%x3

=2x3x(x+2)
=6(x +2)
Write your answer. 6x + 12 =6(x+2)
SC 2 | can factorise expressions by finding an algebraic common factor

A common factor does not need to be restricted to a numerical value. It can also be a variable.

Worked example

Factorising using an algebraic common factor

Factorise the expression 5ab + 3a.

THINKING

Write each term as a product of its prime
factors.

Rewrite the expression in expanded form using
prime factors.

Identify all common prime and variable factors.

State the HCF.

Rewrite the expression, taking the HCF outside
a pair of brackets.

Write the answer.

WORKING

Sab=5xaxb

3a=3xa

S5ab+3a=5xaxb+3xa

S5xaxb+3xa

The HCF is a

S5xaxb+3xa
=ax(5xb+3)
=a(5b + 3)

5ab + 3a = a(5b + 3)
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SC 3 | can factorise expressions in which the highest common factor is made up of a number and
a variable

The highest common factor is not restricted to being just a numerical value or a variable by itself. It
can also be a combination of the two. For example, the highest common factor for 12x — 24x%is 12x,
which is 12x — 24x? = 12x(1 — 2x) in factorised form.

Worked example

Factorising using an algebraic term as the common factor

Factorise the expression 36a’h — 27ab’.

THINKING WORKING
Write each term as a product of its prime 36a°h=2x2x3x3xaxaxh
IR, 27ab*=3x3x3xaxbxb

Rewrite the expression in expanded form  36a’h — 27ab?

using prime factors. =2x2x3x3xaxaxb-3x3x3xaxbxb
B Identify all common prime and variable The HCFis3x 3 x ax b =9ab

factors. State the HCF.

Rewrite the expression, taking the HCF 2x2x3x3xaxaxb-3x3x3xaxbxb

outside a pair of brackets. e T T T

= 9ab(4a - 3b)
Write your answer. 36a’b — 27ab* = 9ab(4a — 3b)
Practice IMETEH Page 571

Factorise simple algebraic expressions
SC 1 | can factorise algebraic expressions by finding a numerical common factor

1 Factorise each expression.
(a) 9x+30 (b) 8x-14 (c) 6x-36 (d) 15x-3
2 Factorise each expression.
(a) 24 -8x (b) 32-12x (c) 18x+4y+10 (d) 26x-13y -39
3 Complete the following sentences.
(a) Infactorised form, 48 — 6x is best represented as
(b) In factorised form, 26b — 13a + 39 is best represented as
4 State the highest common factor for each group of terms.
(a) 12a,24,90q, 36 (b) 9b,12b,72,81
(c) 10c, 100¢, 1000c, 50 (d) 11d,121d, 99, 2200
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SC 2 | can factorise expressions by finding an algebraic common factor

1 Factorise each expression.

(a) 3a+7ab (b) 26a - 15ab (c) 15bc—8c (d) 19cd +11d
2 Factorise each expression.

(a) 12b+13b? (b) 13b*>-21b

(c) 15a*-7ab +2a (d) 27a*-7ab + 11ab’

3 Complete the following sentences.
(a) In factorised form, 15b — 13ab + 7ab? is best represented as
(b) In factorised form, 26a”h? + 15ab — 13b” is best represented by
4 Express the answers to the following in factorised form.
(a) Aregular hexagon has a side length of (5x — 2) cm. Calculate its perimeter.
(b) A rectangle has side lengths (5x + 2) cm and (7 — 3x) cm. Calculate its perimeter.
(c) A rectangle has a width of x cm and a length three times the width, less 1 cm. Calculate its

perimeter.

SC 3 | can factorise expressions in which the highest common factor is made up of a number and
a variable

1 Factorise each expression.
(a) 27ab -3b (b) 24a*b - 16a (c) 16abc + 22bc (d) 15abc? + 10a’be
2 Factorise each expression.

(a) 14a®b + 7a*b® - 21a°b? (b) 24ab’c® - 16a*b’c? + 30a°b3c?

3 State the highest common factor for each group of terms.
(a) 7abe, 14abc?, 21ab’c, 28a’be (b) 26a’bc, 4a*b*c, 50abc?, 52ab*c?
(c) 2(a-b),3a(a-b),5b(a-b) (d) -2(2a +5),3(2a + 5), 5(2a + 5)

4 Factorise each expression.
(a) 7a(3a+2)-4(3a+2) (b) 6a(4b —2)—5(4b - 2)

5 On arecent algebra topic test, Esther and Mei-Lin were asked to factorise the expression —4a — 12.
(a) Esther wrote —2(2a + 6) as her answer. What do you think about her answer?
(b) Mei-Lin wrote 4(a — 3) as her answer. What do you think about her answer?

(c) Inyour opinion, which student should receive more marks?
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Simplify algebraic expressions
involving multiple operations

Learning intention: To be able to simplify algebraic expressions involving multiple operations
Success criteria:

SC1 | cansimplify algebraic expressions involving addition, subtraction and multiplication.
SC 2 | can simplify algebraic expressions involving division and fractions.

SC 3 | can apply the order of operations to simplify algebraic expressions involving mixed
operations and brackets.

Lesson warm-up

What are like terms?

Decide whether each pair of terms are like or unlike.

2x 2xy abe 2x° a
—2x 5x 4bca x%y 15a

Write a definition of like terms.

SC1 | cansimplify algebraic expressions involving addition, subtraction and multiplication

Many algebraic expressions can be simplified by adding and subtracting like terms, which are terms
that have the same variable parts.

Worked example

Adding and subtracting like terms after expanding brackets

Expand and simplify the expression 5(a + 4) — 3(a + 2).

THINKING WORKING

Expand both sets of brackets, taking care with 5(a+4)-3(@+2)=5a+20-3a-6
subtraction.

Now complete the working by collecting like =5a-3a+20-6

terms. =2a+ 14

You should notice that the final expression could have been factorised to 2(a + 7), but the question
did not ask you to give the answer in factorised form.

SC 2 | can simplify algebraic expressions involving division and fractions

Algebraic fractions are dealt with in the same way as numerical fractions. Addition and subtraction
require the use of a common denominator, while multiplication is the simplest of the four operations.
Division involves multiplication by the inverse of the second term.
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Worked example

Adding algebraic fractions

Simplify 574+37a

THINKING WORKING

Identify the lowest common multiple of the two The lowest common denominator is 28.
denominators.

Rewrite the expression so that each term uses 54 3a 5ax7 3ax4
this common denominator. T+7= 4x7 N 7x4
35a 12a
= — —
28 28
Now simplify the expression. Sq 3a 47a
S
4 7 28

Worked example

Multiplying algebraic fractions

... 3a 8ab

Simplify =——x——

plify 7-x=3

THINKING WORKING
Write the expression, looking for any factors 3a 8ab
that can be cancelled. S
Then multiply the numerators together and a 81 84°
multiply the denominators together. Tx?:T

SC 3 | can apply the order of operations to simplify algebraic expressions involving mixed
operations and brackets

The order of operations is a term that describes the order in which operations should be completed
in a complicated expression. It can be expressed in many ways. One such way can be seen in the
following steps.

1 Brackets

2 Exponents

3 Multiplications and divisions, as you come to them
4 Additions and subtractions, as you come to them

You are familiar with numerical examples. The same process applies to algebraic expressions.

The process for division of algebraic fractions follows the same process as for numerical calculations.
Change the division to a multiply and flip the second fraction to give its inverse.
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Worked example

Using the order of operations to simplify algebraic expressions

Simplify the expression 3(x —4) —6xx 3+ 9
THINKING

Identify the first operation to do and complete it.

Identify the next operation to do and complete it.

Identify the next operation to do and complete it.

Simplify the expression by collecting like terms as
a final step.

WORKING

The first operation is brackets.
3(x—4)-6xx3+9=3x-12-6xx3=+9
The next operation is multiplication.
3x-12-6x%x3+9=3x-12-18x+9
The next operation is division.
3x-12-18x+9=3x—-12 - 2x

3x-12-2x=x-12

Practice

IWEEE pages72

Simplify algebraic expressions involving multiple operations

SC1 | cansimplify algebraic expressions involving addition, subtraction and multiplication

1 Expand and simplify each expression.
(a) 7(a+2)+4(a-3)
() 7(2a+1)+5(3a-4)

2 Expand and simplify each expression.
(a) 2a(a+2)+aB3a-1)
(c) 7a(2a —3b)—-4b(3a — 2b)

3 Complete the following sentences.

(b) 8(a-3)+5(a+2)
(d) 6(1 —4a)-3(2 -5a)

(b) 6a(a+ b) + 5b(3a + 2b)
(d) 9ab(3a — 2b) — 3ab(5a + 6b)

(a) When expanded and simplified, —2y(3y — a) + 3y(5a — 2y) gives
(b) When expanded and simplified, 6ab(b — 3a) — 4b(3a — 2ab) gives

4 Complete the following.

(a) Arectangle has side lengths (a + 2b) m and (3a — b) m. Write an expression for this area and

expand and simplify it.

(b) Acircle has radius (2a — b) m. Write an expression for its area and expand and simplify it.

SC 2 | can simplify algebraic expressions involving division and fractions

1 Simplify each expression.

(a) 22,3 (b) 84_34

+
3 7 5 2
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2 Simplify each expression.

21,2 2
(a) 64, 15ab (b) 14ab 3 (c) 25ab 18cd q) 36a’b’c 7d
sb- 4 9  7ba? 9%  15b° 35d  72abc
3 Simplify each expression.
2 3 2 J2
(a) 64 IZ . 12azb (b) 84 cf | 45a°d
7cd®  49¢°d 26bc*  13bc
31,2 21,2 2 2
(c) 121a b’c 1a’b (d) 110abc*  66a’bc

49d 024 27d> " 36d%

4 Simplify each expression.
3a  5a 4a 2a 4 6 7b 3a

(a) E‘F% (b) %—% (c) E+E (d) 5—?

SC 3 | can apply the order of operations to simplify algebraic expressions involving mixed
operations and brackets

1 Simplify each expression.

(@) 5(x+2)—3xx2+6 (b) 6x—5(—1)+6x°+x

(c) 3a(a-3)+5ala-3)-5a°+5a (d) 24a*+=6a+8(a-2x3a-=a)

2 Simplify each expression.
3x-3

(a) x10x(1-b)+3b(x-2) (b) 15x +3x —4(3 — 2x) + 3(5 — 4x)
© 5x(3—2x)><12b2(1—5x);6(1—5x)
6b 5(3-2x)  2x-3
3 Simplify the expression 6-3x 2(1x5i62)

4 The following terms are defined:

A:5(x - 3)
B:(x—3)°
C: X

x-3
D: -3(x-3)

2x
Simplify each of the following expressions using the stated definitions.

(@) AC m) BC © B_cp
B D A
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TOPIC REVIEW

Multiple choice IEEE Page 621
1
1 Simplifying the expression z—xx@ gives which of the following?
3(x+1) 4
2
A 2x g 2x(x+1) c 2X"+2 D X
12 12 12(x+7) 6
2 Simplifying the expression i_i gives which of the following?
4y y-2
3y-2 -2 3
—=Y=c B 2° c -2 D ——
4y(y-2) 12y 12 4y* -8y
3 The expansion of 4(x — 7) is:
A 4x-7 B 4x-28 C  4x+28 D 32x
4 The most complete factorisation of 24x — 6 is:
A 18x B 2(12x-13) C 3(8x-2) D 6(4x-1)
5 Simplifying the expression §+3Tx gives:
A ax B Ax C 7x D 13%
7 12 12 12
6 Simplifying the expression i+i ives:
p g p 4y y—2 gives:
13y -2 4 12y -2 5 1(y-2)+3(4y)

4y(y-2) ) 4y(y-2) 5y -2
7 Insimplest form, —8a x 3b x (—2c¢) + 5a x 2ab is:
A —48abc+10a’b B  -13abc+10a’b C -7abc+10ab D  48abc +10a’h
8 Insimplest form, 63xy” = (—9xy) x 4yz is:

A 28y B —28xyz C  -28xy*z p 2%
9  Fully factorised, the expression —25y + 60xy + 35x°y is: ¥

A —5y(5-12x—7x%) B —5y(5y + 12x + 7x%)

C  —5y(5+12x—7x%) D 5y(5+12x+ 7x%)

10 When the expression —2x(4 + r) — 5(2r — 8x) is expanded and simplified it becomes:

A -32x-2xr-10r B —32x+2xr—-10r € 32x+2xr-10r D 32x-2xr-10r
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Short answer

1 Draw an area model to illustrate the expression 3 x (5 + a).

2 Write the expression represented by each of the following area models.
(a) 2 y y (b) 5y

3 Expand the following expressions.
(a) 6(2y - 3) (b) 8(a+ b+ 2c¢)
4 Factorise the following expressions.

(a) 3a+6 (b) 15b - 10a

5 Simplify the following expressions.
(@) a+b+2a+2b (b) axb+2ax2b (c) axba-a*+3

6 Simplify the following expressions.

(a) 3(2+5a)-2a (b) 2(2-5a)+3(2+4a)
7 Simplify the following expressions.
a a 2 7 x Yy
248 b) £+L L2
(a) 273 (b) a'b (c) 29

8 Simplify the following expressions.

(a) i+£+i (b) 4(f+1)_3(f+1)
Xy xy 2 5
9 Simplify the following expressions.
(a) 222, 10 (b) 2.3
5 x+2 X x+6
+3 n+5

X

3(n+5) 3n+9

10 Simplify the expression

11 Simplify the following expressions.

2a 1 2a 1 5x 2y
a) —x— b) — + - ) —x—=
@ 3% b) 5+ © 53
12 Simplify the following expressions.
2 3 4
35d 3 4 6
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13 Expand each of the following expressions. Give the answer in simplest form.

(a) —3p(7r-5) (b) 6x(y +2) — 4y(x + 2) () %{16x—§(6x—12)}

14 Consider the following shape.

3a

3a

5a

(a) Write an expression for the perimeter of the shape and simplify it.
(b) Write and expression for the area of the shape and simplify it.

15 Laika draws the following pattern.

bcm

B o

ccm

(a) Write an expression for the total length of the lines after the first three lines have been drawn.
(b) Now write an expression for the total length of lines shown in the diagram.
(c) Finally, write an expression for the total length if a total of 30 straight lines are drawn.

16 The area of a triangle is found by multiplying the base length by the perpendicular height and dividing the
result by 2.

(a) Atriangle has a base length of 8x cm and a perpendicular height of (3x — 7) cm. Write an
unsimplified expression for the area of this triangle.

(b) Expand and simplify this expression.

Extended response

1 The area of a rectangle is found by multiplying the length by the width. A particular rectangle is 12 cm
longer than it is wide.

(a) Write an expression for the area of the rectangle if its width is x cm.

(b) Write an expression in terms of x to calculate the area of the enlarged rectangle if the length is
tripled and the width is halved. Write the answer in expanded form.

(c) Write an expanded expression in terms of x to represent the change in area.

(d) Factorise this answer given in part (c).
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2 Determine the missing dimensions in parts (a)-(c) and then use the diagrams to answer the questions

that follow.

(a) ?

x 30 units?

(d) What is the missing area in the diagram for part (c)?

(b)

X units2

(c) x 3

? 3x2 units?

(e) Write two expressions for the total area of the diagram in part (c), one in factorised form and one in

expanded form.
(f) What law of mathematics does this demonstrate?

3 Complete the following.

(a) Draw an area model showing a square measuring x + 5 by x + 5 and break the square into four
smaller areas. Show the area of each of the four parts on the diagram.

(b) Express the total area of the large square in terms of x in expanded form.

(c) Repeat part (a) and part (b) with a square measuring x — 4 by x — 4.

(d) What do you notice about the coefficient of the x term?

(e) Without drawing diagrams or expanding brackets, write the expansion of each of the following:

(i) (x+6)

(ii)

(x—7)°
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Linear graphs

Recall

64 Plot and identify a linear relationship
using a set of points

6.2 Graph linear relationships with only
one axis intercept

6.3 Investigate linear graphs using technology

6.4 Determine the rule for a linear
relationship or pattern

6.5 Solve linear equations graphically
Topic review

Why learn this?

Linear equations and graphs occur everywhere around
us and help make sense of many of the relationships that
occur throughout the world.

These skills are not just useful in mathematics. They
can be used by scientists for predicting weather patterns,
data trends and drawing conclusions; by engineers to
design many different projects from buildings to
electronic circuitry; and by finance experts to forecast
portfolio and sales growth.
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RECALL

| can plot points on a Cartesian plane

EEE Pages72

1 Plot the following points on a Cartesian plane.
(a) A@2,7) (b) B(-5,4) (c) C3,-4)
(d) D(-6,-1) (e) EG5,0) (f) F(0,-8)

| can use a rule to fill in a table of values

1 Using the given rule, complete the table of values.

(a) y=x+5 (b) y=x—-4
-1 0 1 2 3 X =1 0 1 2 3
y y
() y=8-x (d) y=3x
-1 0 1 2 3 -1 0 1 2 3
y Y

| can substitute values into equations to check the correct solution

1 For each of the following equations, check whether the solution given in the brackets is correct and write
T (true) or F (false).

(@) x+5=1 [x=9] (b) 2y=8 [y=4] () 2a+1=4 [a=1]
(d) h-9=12 [b=21] (€) x+5=2x [x=6] (f) ’%1:3 = 14]
2 Use substitution to identify the correct answer for each of the following:
(a) Ifx+10=23, then (b) If2x+1=9,then (0 X 28 _1,then
x=3 x=13 x=23 xX=2 x=3 x=4 x=2 x=12 x=22
| can solve two—step equations
T Solve each of these equations for the given variable.
(a) 3a+3=15 (b) 2b-8=12 (<) §—8:4 (d) pT”:_%

| can write expressions from a sentence

1 Rewrite each of the following sentences using mathematical symbols.
(a) Sixis subtracted from one hundred and the result is ninety-four.
(b) Three times four is equal to twelve.

(c) The sum of eight and y is equal to ten.
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Plot and identify a linear
relationship using a set of points

Learning intention: To be able to plot and identify a linear relationship using a set of points
Success criteria:

SC1 | can use two points to plot a linear relationship.
SC 2 | can use a linear relationship to generate coordinate pairs.

SC 3 |candraw a graph of a linear relationship from a practical context.

Lesson warm-up

Reading age and shoe size Reading age vs shoe size
The reading age and shoe size of a group of 10 students was 14
measured. A graph of the results seems to show that people 12
with larger feet are better readers. What do you think? g 10
o 8
[=
T 6
Q
& 4
2
0

0 2 4 6 8 10 12 14
Shoe size

SC1 | can use two points to plot a linear relationship

A straight line is uniquely defined by any two points that lie on it. Given the rule, substitution can be
used to identify coordinate pairs, which can then be plotted and joined by a straight line.

Worked example

Plotting a linear relationship

Draw a graph for the linear relationship y = 3x — 4 using x-values of —4 and 4.

THINKING WORKING
Substitute each of the given y=3x-4
x-values into the rule to calculate
. Forx = —4: For x = 4:
the y-value, then write the
coordinate pair. y=3x(-4)-4 y=3x4-4
=-12-4 =12-4
=-16 =
(_4r _1 6) (41 8)
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Draw up a set of axes and plot the y

oints on the axes. |

P . L )

Plot the points and join them with || | I 7 | %9
y=3x—-4

a line segment.

. LSRR EE
el

If no domain is given, extend the
segment at each end and attach
arrows. — et

/ (~4,-16)

Check the graph, and determine Forx =0:
the value for the y-intercept by

rue y=3x—4
substituting x = 0.
=3x(0)-4
=-4

The coordinates of the y-intercept are (0, —4).

The intercept is confirmed on the graph.

SC 2 | can use a linear relationship to generate coordinate pairs

Substitution can be used to set up a table of values if the rule for the linear relationship is known. d

Worked example

Creating a table of values for a linear relationship

. . . 3x
For the linear relationship y = complete the table of values shown.

THINKING WORKING

Substitute each 3x—4
x-value intothe Y= 5
equation to
calculate each -3 ~1 0 4 6
of the y-values. y 3x(_3)_4 3x(_1)_4 _3x0-4 _3x4-4 _3x6-4
V= > - > Y= > Y= > Y= >
—9_4 =34 _ 4 _12-4 _18-4
S Do 2 e |2
13 7 =-2 _8 2l
~ T3 S5 2 S22
=—6l =_3l =4 =7
2 2
Complete the e - _1 0 4
table of values. y " 3 > 4
5 35
2 2
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SC 3 | candraw a graph of a linear relationship from a practical context

Many practical situations can be represented by a linear relationship. It is good to be mindful of any
constraints in the relationship, such as whether negative values are valid and how far it makes sense
to extend the graph to be useful in the given context.

Worked example

Graphing in a practical context

Apples cost $4.25/kg. Draw a graph to show the cost of apples up to and including 10 kg.

THINKING WORKING
Calculate endpoints for the graph. 0 kg will cost $0: (0, 0).
10 x 4.25 =425

10 kg will cost $42.50: (10, 42.5).

Choose the mass of apples as the independent Cost (8)

variable for the horizontal axis and the cost as the 45

dependent variable for the vertical axis. 40
35

Use the endpoints to determine the values
required for each axis.

Draw the axes, plot the two calculated points and

join with a straight line segment. y=425¢

15+

I T T T T T
0 2 4 6 8 10
Mass (kg)

Practice ANSWERS Y Y75

SC1 | can use two points to plot a linear relationship

1 Plot two points for each of the following linear relationships using x-values of —3 and 3, then
complete the graph for the relationship.

(a) y=2x+4 (b) y=4x-3 (c) y=-3x+2 (d) y=-5x-1

2 Determine the pair of coordinates used to draw this graph, given that x = —1 and x = 3 were used.

y
16+

121
8+
4+

—é—i—é—é—io/l 2 3 4 5%
41

12+
16+
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3 For each of the following linear relationships, copy and complete the coordinate pairs shown. If
necessary, give your answers in proper fraction or mixed number form.

(a) y=3x4_2:(—3,_)and (5. ) (b) y=3?x—2: (=2, _)and (3,_)
(6) y=2-Z:(-6,_)and(7, ) (d) y=5_42x:(—4,_)and (10, )

4 For each of the following linear relationships, complete the coordinate pairs shown.
(a) y=x-7:(_,-2)and(_,-10) (b) y=2x+4:(__,10)and (_, —4)
() y=2-x:(_,8and(_,-2) (d) y=4-3x:(_,13)and (_, -11)

SC 2 | can use a linear relationship to generate coordinate pairs

1 For each of the following linear relationships, copy and complete the table of values provided. If
necessary, leave the values as proper fractions or mixed numbers.

(a) y=3x-6 (b) y=6-5x
-3 -1 0 4 6 X -5 -2 1 2 5
Y Y
2x -1 5-4x
(c) y=—3— (d) y= >
X -6 -1 0 2 5 X -4 -2 0 1 6
Y y

2 For each of the following linear graphs, copy and complete the table of values given.

(a) y (b) y
14 10
14 10 f
1') 8
10 6 /
8 4
6 2
4
4
5 -4 -3 -2 — 0/ 7 4 5 X
2 )
4
_ -4 - _ 7{0 4 E X /
2 (ay
6
4 8
6 / 10
8 1')
10 14
12 / 16
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(c) J (d) 4
\ 10 10
8 Y
-5 -4 -3 2 - 3\ 4 5% -4 20 4 e\z;\lox
10 \ 10
X -2 | - 0 1 2 X -2 0 2 6 10
Y
3 Consider the following linear graph.
(a) You are asked to complete the following table of y
values. Explain what makes this a difficult task. 5
X -8 | -2 0 5 9 3
y 2
(b) Determine the value of the y-intercept, correct to !
1 decimal place. -10 -8 6 —4 -3 10 2 4 10~
(c) You are now told that the rule for the relationship 2
3x-2 .
isy= — Copy and complete the table of values, °
giving each value correct to 1 decimal place. rd !

4 Describe the change in the y-values for each increase of 1 in the x-values in each of the following
linear relationships.

(a) X -2 -1 0 1 2 (b) X -6 -3 0

10 5 0 | =5 | =10 y | -14| -8 | 2| 4 10
() x | -6 | -4 | -1 3 g8 | (d) y
y |-23|-17| -8 | 4 19 .
5 4 3 2 -0 4 *
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SC 3 | can draw a graph of a linear relationship from a practical context

1 Material costs $8.50 per metre.
(a) Draw a graph showing the cost up to 5 m in length.
(b) Use the graph to find the approximate cost for 3 m.
(c) Use the graph to find the approximate cost for 4.5 m.
(d) Describe a more accurate way to find the answers to (b) and (c) than using the graph.

2 Water is running out of a large water tank that is feeding an irrigation system. The tank initially
held 50000 litres and the irrigation system uses 1500 litres per hour.

(a) Determine the time taken for the tank to be empty.
(b) Draw a graph showing this linear relationship.
(c) Describe a meaning for each of the axis intercepts of the graph.

(d) Explain why it makes sense to draw this graph only in the first quadrant of the
Cartesian axes.

3 Freyais organising a party at the local hall. There are two parts to the cost: a fixed fee for the hire
and cleaning of the hall, and a cost per person for food and drinks. The graph below shows the
total cost for the party. Cost ($)

(a) Determine the fixed cost for hall hire and cleaning, and 3500 —

explain where the information features on the graph. 4000

(b) Determine the total cost for 10 guests. 2500

(c) Determine the total cost for 30 guests. 2000 —

(d) Determine the cost per person for food and drinks. 1500 —

(e) Write a rule to describe the total cost for the party. 1000

(f) The graph starts at x = 0 and has an arrow on the right-hand 2007

end. Describe the information needed to put appropriate 0 T T T 1
0 10 20 30 40 50

endpoints on the graph. Number of guests

4 Thongchai needed to call a plumber twice in the last couple of months. He used the same
plumber both times. The first job took 3 hours and cost $270, while the second job took 5 hours
and cost $410.

(a) Graph the cost for the plumber against time.
(b) From the graph, estimate the call-out fee charged by the plumber.
(c) Determine the plumber’s hourly rate.

(d) Write a rule that represents the cost for this plumber.
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Graph linear relationships with
only one axis intercept

Learning intention: To be able to graph linear relationships with only one axis intercept
Success criteria:

SC 1 | canrecognise and draw vertical and horizontal graphs.

SC 2 | can recognise and draw graphs that pass through the origin.

Lesson warm-up

How often do you eat pizza each month?
Let’s look at the different graph types using a spreadsheet.

SC1 | can recognise and draw vertical and horizontal graphs

Linear relationships involving both x and y lead to oblique graph lines. If just one variable is involved,
the line will be either a horizontal or a vertical line.

Rules of the form y = a graph as horizontal lines passing through the y-intercept (0, a).

Rules of the form x = a graph as vertical lines passing through the x-intercept (q, 0).

Worked example

Sketching horizontal and vertical linear graphs

Sketch graphs for each of the rules on a set of Cartesian axes.

(a) x=3
THINKING WORKING
Draw a set of Cartesian axes. Yy
5
Locate x = 3 on the x-axis. I AL
Draw a vertical line through the axis point, 3T L=
adding arrows at each end. =
el
33 00 13§ 4 5%
| | (L |
o
e b
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(b) y=-3
THINKING WORKING

Draw a set of Cartesian axes.

Locate y = —3 on the y-axis.

- [\ w
t t t S

Draw a horizontal line through the axis point,
adding arrows at each end.

DY S I I S B
1+
21

2
>

y=-3
41

51

SC 2 | can recognise and draw graphs that pass through the origin

With the exception of vertical lines, linear graphs that pass through the origin (0, 0) can be written in
the form y = mx. The origin is both the x-intercept and the y-intercept.

The value of m gives the gradient, or slope of the line.

If m is positive, the graph slopes upwards from left to right.
If m is negative, the graph slopes downwards from left to right.
If the sign of m is ignored, the larger the size of m, the steeper the graph.

Worked example

Plotting graphs that pass through the origin

Plot each of the following graphs.

(a) y=2x
THINKING WORKING
Determine three coordinate pairs, The coordinates of the origin are (0, 0).
including the origin. For x = —2- Forx = 2:
For ba!ance, choose a.m x-value from y=2x(-2) y=2x2
each side of the y-axis.
=_4 -4
The coordinates of The coordinates of
another point are (-2, —4). another point are (2, 4).
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Draw a set of Cartesian axes.

U‘It<

/

Plot the points.
2,4

N

™

Draw a line through the points.

Label the graph. | fy=ax

ol

|
\S)
|
'S
=
-]

/|

(92}

(b) y=-3x
THINKING WORKING
Determine three coordinate pairs, The coordinates of the origin are (0, 0).
including the origin. For x = —2- For x — 2-
For ba!ance, choose :im x-value from y=-3x(-2) Sy
each side of the y-axis.
=6 =6

The coordinates of The coordinates of

another point are (-2, 6). another point are (2, —6).
Draw a set of Cartesian axes. y
Plot the points. \ 6

(_21 6)\

Draw a line through the points. \ 2
Label the graph. y=-3x

(0,0)

S ""o/"/" SONN

w

L
L —

NI G|
/
—
S
o,
N

122  PEARSON MATHEMATICS 8 3RD EDITION




@ y-=

THINKING

Determine three coordinate pairs,
including the origin.

Choose x-values that give integer
y-values; in this case, multiples of 3.

For balance, choose an x-value from
each side of the y-axis.

Draw a set of Cartesian axes.
Plot the points.
Draw a line through the points.

Label the graph.

WORKING
The coordinates of the origin are (0, 0).
Forx =-3: For x = 3:
2x-3 _2x3
B =
=-2 =2

The coordinates of
another point are (3, 2).

The coordinates of
another point are (-3, —2).

¥
31 r—
all 6,2~
I
_Px
(1) e Ci el
4 -3 2 - 1 2 3 4%

Practice
sc1

1 Forrules of the form x = a:

ANSWERS I Y74

| can recognise and draw vertical and horizontal graphs

(a) sketch and label each of the following on the same set of Cartesian axes:

(i) x=6

(i) x=1

(iii) x=-3 (iv) x=-6

(b) decide whether the line representing x = 0 is the x-axis or the y-axis.

2 Forrules of the formy = a:

(a) sketch and label each of the following on the same set of Cartesian axes:

(i) y=6

(i) y=1

(iii) y=-5 (iv) y=-8

(b) decide whether the line representing y = 0 is the x-axis or the y-axis.

3 Determine the equation for each of the linear relationships shown on the following set of

Cartesian axes.

(@)

O S =)
3 4 4 " 3 =
+ f——t—t

(b) © @]

‘_1’0 —

—6 —A4

ligt
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4 Determine the equation for each of the linear relationships shown on the following set of
Cartesian axes.

—

y
0-
84
6
44

9

108 6 -4 29 2 4 6 8 10F
21

4

6+
g1 (d)

L1904+

5 Determine the equation for each of the following lines.

(a) Avertical line through (5, 6) (b) A vertical line through (-9, —12)
(c) A horizontal line through (7, 2) (d) A horizontal line through (-6, —10)
(e) Avertical line through the origin (0, 0) (f) A horizontal line through the origin (0, 0)

6 Determine the shapes, with dimensions, that are formed by the graphs of the following linear
relationships. Assume a common scale for the two axes.

(a) y=5y=-5x=5x=-5 (b) y=0,y=4,x=0x=38
. . y
7 Consider the following graph. o1
(a) Determine the set of linear relationships that could be used 8-+
to draw the shape shown. 6
(b) Determine the restrictions needed to leave just the line segments 4
shown. 2
10 1 2 3 4 5%
21

SC 2 | can recognise and draw graphs that pass through the origin

1 Plot and label the following linear relationships on the same set of Cartesian axes. Use the values
—4 to 4 on the x-axis.

(a) y=3x (b) y=-4x () y=5x (d) y=-x
2 For each of the following linear relationships:

(a) determine the coordinates for the lowest positive whole number x-value that has an integer
for its y-value

(b) draw and label the graphs of the relationships on the same set of axes.

M y=% i) y-= Gi) y=-% (@) y=-2%
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3 Use digital software to graph each of the four linear relationships.
(a) y=2x,y=-2x,-y=2x, -y =-2x (b) y=5x,y=-5x,—y=>5x —y=-5x
For each set:
(i) determine the pairs of relationships that give the same graph
(ii) describe the transformation needed to fit one pair of equal graphs to the other.

4 Determine any five coordinate pairs, with integer values, that lie on each of the following linear
graphs.

(a) y=7x (b) y=-4x (c) y=10x (d) y=-100x

5 For each of the following conditions, write an example of a linear relationship with a graph that
passes through the origin. Describe what makes the solution correct, so that another student
could assess whether their solution is correct.

(a) A graph steeper than y = —2x, but also with a negative slope

(b) A graph that has no x-intercept

(c) A graph that has no y-intercept

(d) A graph that is steeper than the graph of y = 5x, but also with a positive slope
(e) A graph thatis less steep than y = —2x, but also with a negative slope

(f) A graph thatis less steep thany = g, but also with a positive slope
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Investigate linear graphs
using technology

Learning intention: To be able to detemine the rule for a linear relationship using technology
Success criteria:

SC1 |can determine the rule for a linear relationship using technology.
SC 2 | understand the connection between the y-intercept and the value of b in y = mx + b.

SC 3 | understand the connection between linear relationships in the form y = mx + b and the
slope of the line.

Lesson warm-up

Number sequences

Determine the next number in these sequences.
1 2,468, ..

2 1,2,4,816, ..

And harder sequences?

3 3,7,1531, ..

4 2,2,4,6,10,16, 26, ...

And the hardest of all, determine the next diagram in this sequence.

Hint: it has something to do with numbers and will make sense when you know the answer.
Nd -— '

: l | : I

-

SC1 |can determine the rule for a linear relationship using technology

A spreadsheet, such as Microsoft Excel, can be used to determine the rule for a linear relationship,
given two points. If more than two points are used, and they all line up, the program will write the
rule for the linear relationship. If they don't line up, the software calculates a line of best fit through
the points, then provides the equation.

Since it only takes two coordinate pairs to uniquely define a linear relationship, Excel provides the
rule for the line through the two points.
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Worked example

Using a spreadsheet to determine a linear relationship

Use a spreadsheet to determine the rule for the line that passes through (5, 1) and (10, 6).

THINKING WORKING
Open a new spreadsheet and set up a e
table of values for the two points. 5 1
i AN )
or
X o
e fo A ) B
Highlight the'val'ues and insert a :<>;: .I|;: l:\. i M E
scatterplot with just the dots from the o QR D |
Charts menu. s

A graph will appear as shown, with the y
points plotted.

7
6
If your display has the coordinates the 5
wrong way around, click the ‘Switch 2
3
2

Row/Column’ icon in ‘Data’.

Add a Trendline.

CHART ELEMENTS
Axes

[ Axis Titles
Chart Title
[ DataLabels
] ErrorBars
Gridlines
Legend

[ Trendline

Hover the mouse pointer over the line y
drawn on your graph and right-click.

Choose ‘Format Trendline’.

Scroll down to check ‘Display Equation
on chart’

Now ok g o N
=
|
|
i

The equation will automatically appear on . 7
your graph.

X
0 2 4 6 8 10 12

The equationisy = x — 4.
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SC 2 | understand the connection between the y-intercept and the value of biny =mx + b

The general equation for a straight line (excluding vertical lines) is y = mx + cory = mx + b.
The y-intercept is ¢, with coordinates (0, c).

In some cases, a little work is needed to identify the values of m and c.
3x -4

Fory=

_3x-4
Y=

3 4
=—X——
5 5

Som :g or0.6andc= —g or —0.8.

Worked example

Understanding the role of the constantiny = mx + ¢

Use technology to draw the following lines on the same set of Cartesian axes: y = 2x — 5,y = 2x — 3,
y=2x,y=2x+2,y=2x+5. Explain the effect of the constant term on the graphs.

THINKING WORKING
Use Desmos or a graphing
calculator to draw and label
the graphs.

y=2x+2 y=2x-3 |

Compare the constant term  The constant term becomes the y-intercept for each graph.
with the y-intercept for each

Yy = 2x — 5 has y-intercept: ¢ = -5 at (0, -5).
graph.

Yy = 2x — 3 has y-intercept: ¢ = -3 at (0, —3).
Y = 2x has y-intercept: ¢ = 0 at (0, 0).

Y = 2x + 2 has y-intercept: ¢ = 2 at (0, 2).

Yy = 2x + 5 has y-intercept: ¢ = 5 at (0, 5).

128  PEARSON MATHEMATICS 8 3RD EDITION




SC 3 | understand the connection between lines in the form y = mx + b and the slope of the line

For graphs of equations in the form y = mx + c:

for m < 0, the line has a negative gradient
form =0, the line has a zero gradient
form > 0, the line has a positive gradient.

Worked example

Confirming the function of mintheruley = mx + b

Technology can be used to draw the following lines on the same set of axes:

y=—3x+2,y=—x+2,y=2,y:§+2,y=2x+2
Discuss the features of the graphs, cover the following points.

Describe what is common to each graph.
Determine which graph has a zero gradient. Explain.
Determine which graphs have positive gradients.
Which graph is steepest? Explain.

Determine which graphs have negative gradients.
Which graph is steepest? Explain.

THINKING WORKING
Describe the point of intersection of  All graphs have a y-intercept of 2 at (0, 2).
the graphs.

Identify the horizontal graph line and  The line y = 2 has zero gradient because there is no
explain how the equation caused the  x-term, and hence the y-value does not change.
zero gradient.

Identify the lines that increase from
left to right and explain the relative

steepness in terms of the coefficient  pecause the coefficients of x are positive.
of x.

The lines y :226—+ 2 and y = 2x + 2 have positive gradients

2> %, SO Yy = 2X + 2 is steeper than y =§+2 because the

y-value increases more for each unit of increase in the
x-value.

Identify the lines that decrease from  The lines y = —3x + 2 and y = —x + 2 have negative
left to right and explain the relative gradients because the coefficients of x are negative.
steepness in terms of the coefficient

-3 < -1, =—-3Xx+ 2isst th =—-X+2
of x. < soy is steeper than y

because the y-value decreases more for each unit of
increase in the x-value.
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Practice m Page 576

SC1 |can determine the rule for a linear relationship using technology

1

Use technology to determine the rule for the line that passes through each of the following pairs
of coordinates.

(a) (-1,-3)and(3,5) (b) (-2,-4)and (5,17)

(c) (-5,26)and(1,2) (d) (-4,5)and (4,-11)

Use technology to determine the rule for the line that passes through each of the following pairs
of coordinates. Write the answers to the degree of accuracy shown on the technology.

(a) (=1,-15)and (3, 6) (b) (~2,8)and (4, -2)
(c) (=3,7)and(6,12) (d) (=6,7)and (3, -5)

Determine the equation of the line shown.

y

8-
6
44
2]

4 3 2 1O 1 2 3%
24
_4__\\\
6+
-8+

The following graph was generated using technology.

Using the rule stated on the graph, complete the ™
following coordinate pairs. Give your answers correct
to 4 decimal places.

@ (-2 ) (b) 4___)

[\ (92}
~/®‘<

B I N B I N R R
-1+
y=-0.7778x + 2.6667

-2 \

341
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SC 2 | understand the connection between the y-intercept and the value of biny =mx + b

1

For each of the following linear relationships, state the value of the y-intercept in terms of ¢ from
the general equation y = mx + ¢, and then as a coordinate pair, for each of the following linear
relationships.

(a) y=2x+7 (b) y=-3x-4 (c) y=-5x+6 (d) y=9x-10

Use a spreadsheet for this question. Place x-values in the first column, starting with —3, =2, then
select these two cells and use the Fill Handle (small green square in the bottom-right of the
selected cells)