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content at www.pearsonplaces.com.au.

PearsonDigital

Professional Learning,
Training and Development

Did you know that Pearson also offers teachers a diverse
range of training and development product-linked learning
programs? We are dedicated to supporting your
implementation of Pearson Mathematics, but it doesn't
stop there.

Our courses align closely with Pearson Mathematics Second
Edition and offer an in-depth learning experience,
combining both practical and theoretical elements, enabling
you to implement the resource effectively in your
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Find out more about our product-linked learning,
workshops, courses and conferences at Pearson Academy
www.pearsonacademy.com.au.

All kinds of learning for all kinds of people,
delivered in a personal style.
Because wherever learning flourishes, so do people.
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*: mathematics

Pearson Mathematics Second Edition is a compelling
research-based series, written by experienced and
practising Australian teachers with the support of
Australia’s leading mathematics education experts.

It has been specifically designed to scaffold students’
fluency development, conceptual understanding,
reasoning and problem-solving skills.




supporting all learners

Differentiation

Pearson Mathematics Second Edition has been written and designed for the needs of the full ability spectrum

of students in Australian classrooms.

Expanding brackets

Navigator
1,2,8,4,5,6,7,10,12,13,16, 2(a,b),4,5,6,7,8,9,10,12,13, 2(a, b), 4 (a), 5 (a), 6 (a), 7 (@), 8,
19,22 14,16, 19, 20, 21, 22 9,10, 11, 14, 15, 16, 17, 18, 19,

20, 21, 22,23

Challenge 4

Recall—Each chapter begins with a review of assumed
and necessary knowledge for the chapter. For students
needing extra revision, Recall Worksheets are available
for each Recall question, with explanations to refresh
understanding and exercises to practise skills.

Exercises—All Exercises include questions according
to the Australian Curriculum Proficiency Strands:
Fluency, Understanding and Reasoning. They have
been carefully paced to help students build skills,
develop deep conceptual understanding and apply
learning. Every Exercise also has ‘Open-ended’
questions to encourage students’ creative thinking
and ability to communicate mathematics effectively.

Navigator—Three optional graded pathways
through every Exercise, with every question rated
as Foundation, Standard or Advanced level.

Challenge—Every chapter includes a full page Challenge
section for early finishers and advanced students.

Regular revision and reinforcement

Pearson Mathematics Second Edition has a broad range of cumulative and chapter-based revision.

Half-time 3

Chapter review

Mixed review

Half-time—A mid-chapter review of chapter
content so far.

Chapter review—An end-of-chapter thorough review
of chapter content.

Mixed review—Cumulative revision that mixes content
from previous chapters.
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Encouraging mnquiry

and problem solving

Investigation Exploration Spreadsheet

These are scaffolded to be accessible to all learners C[I’ld CAS
and structured following a 5e+ format.

Pearson Mathematics Second Edition
understands the importance placed on students

Investig'(:[tion developing technological literacy. Explorations
with CAS technology and spreadsheet software
allow students to learn and practice their

. technical proficiency, while also helping to
ngage .
develop students’ deeper understanding

of the mathematical concepts covered.

Exploration Spreadsheet

Problem solving,

Exploration CAS

Exploration Coding

PU.ZZ].eS OIl’ld GC{meS Algorithmic thinking is an increasingly relevant
component of mathematics education for the
These are located throughout every chapter 21st century. Algorithmic thinking and coding tasks
and give students fun opportunities to develop encourage learners to understand and develop
their problem-solving skills and logical reasoning. reasoning skills with computational procedures,

algorithms and logical problem-solving, exploring a
coding environment within a mathematical context.

Exploration Coding
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Real-life contexits

and engagement

Exploration Task and STEM

Home Page

Practical contexts provide useful learning Anticipate the ‘Why learn this?' question and
opportunities and natural pathways into interesting, provide a motivating entry into every new
relevant mathematics. chapter topic, including discussion-provoking
Exploration tasks are rich tasks that encourage Forum questions.

student engagement, questioning and creative
thinking. STEM activities allow students to explore
topics related to Science, Technology, Engineering
and Design with a Mathematics perspective.

Algebra

The humbile soap bubbie

Exploration Task

Exploration STEM

Pearson Mathematics Second Edition has been designed to capture students’ interest,
with the incorporation of Maths 4 Real, Gamespace and more.

Scenarios that help students make Skill consolidation and reinforcement wrapped up

connections with mathematics in the real world. in fun and quirky scenarios, including multi-player
maths board games and solve-the-riddle,
find-the-clue tasks and games.
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Integers
and indices

How low can you go? Humans have
explored much of the land areas of our
planet, but have seen very little of the
vast depths of Earth’s oceans.

The highest point on the Earth’s surface is even military submarines usudlly travel no
the summit of Mt Everest, a height of 8848 m deeper than -500 m. Below these depths, an
above sea level (+8848 m). The lowest point amozing underwater world is waiting

on Earth is the bottom of the Maricma Trench, to be explored.
in the Pacific Ocean. It is believed to reach at
least 10994 m below sea level (-10994 m).

In 1960, naval lieutenont Don Walsh ond Forum

engineer Jacques Piccard made the first Have you ever been in negative
expedition to the bottom of the trench. They temperatures? If you have, where
reached a depth of -10916 m. When they were you?

resurfaced, the windows of their submersible
were cracked from the pressure of the water.
Because of the dangers of high pressures,
much of the Earth’s oceans have only been
explored to a depth of -300 m. Only a few
submersibles con go beyond -3000 m, and

If you were able to pick up Mt Everest
and place it in the Mariona Trench, it
would be completely covered by water.
How much water would there be between
the top of Mt Everest and sea level?

Why learn this?

Positive numbers are only half the story! You need to be able to work with numbers that cre
less tham zero—the negative side of the number line. Negative numbers are used to show
actions that are opposite to positives, such as a move backwards instead of forwards, or

a fall in price instead of a rise.

Indices (also called powers or exponents) provide a convenient way to write and work
with very large numbers. Having rules for working with indices helps make calculations
more efficient.

After completing this chapter you will be able to:

e use directed numbers (integers) in everyday situations

e do the four operations (+, —, X, +) on directed numbers

e use anumber line to help with directed number calculations

e apply the order of operations rules to directed number calculations

e understand and use index notation

o work efficiently with index notation by applying the appropricte rules.

1 Integers and indices
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Recall

Prepare for this chapter by trying the following questions. If you have difficulty with a

question, go to Pearson Places and download the Recall Worksheet.

1 To answer the following, it may help to draw a diagram.

(@) At7 am on a winter morning, the temperature was 4 °C. At midday, the temperature
was 13 °C. By midnight it had dropped to -2 °C.

(i) By how many degrees did the temperature increase, from 7 am to midday?
(i) By how many degrees did the temperature decrease, from midday to midnight?

(i) What was the difference between the temperature at 7 am and the temperature
at midnight?
(b) A city building has 5 storeys above the ground floor and 2 basement levels below
the ground floor.

(i) Jade parked her car in the 2nd basement level, got in the lift and moved up
5 floors. At which floor did she get out?

(i) Erin got in the lift on the 4th floor. She went down 5 floors, then up 2 floors.
At which floor did she get out?

Write the value of the following. @ 2° (b) 3* (c) 52
(d) 10° () /36 M /49 (9) /o4 (h) %8

Imagine that you are standing at -4 on a large number line. Which number would you land
on if you walked:

(@) 7 places to the right (b) 5 places to the left?

Calculate: (@ 2x8 (b) 7%x9 (c) 38x6 (d) 15x19
(e) 18+3 (f) 54+9 (9) 324 +3 (h) 616 +4

Calculate: (@ (8+4)+(85+5) (b) 6x8+2x3 () 50-5%x2+3

Use a factor tree to find the prime factors of the following, then write each number as
a product of its prime factors in index form.

(@) 24 (o) 36 (©) 120
Find the value of the following. (@) 4%2+3? (b) 22+ 52 (c) 82-62
d) 9°-32 ) 52 x2* M 3°>x5x7 (@ 9°+3? (h) 23x7+22

Exploration Task

You can download this activity from the eBook or the Pearson Places website. CEEEE—
. 2
Comparing powers
In this activity, you will explore what can make numbers raised to powers DANGER
greater or smaller. POWER
—
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Integers review

A positive (+) or a negative (-) sign is used to show the direction of a number.

Some words associated with negative numbers are: down, loss, below, decrease,
lose, withdrawal. Some words associated with positive numbers are: up, profit, above,
increase, gain, deposit.

For example, a deposit of $50 il’:ltO . e s

your bank account could be written $500

as +50, and a withdrawal of $180 17.Juy  ATM Withdrawal -$180 $320

could be written as -180. 20July  Birthday money from Mum +850  $370

What is an integer? AR

The integers are all of the positive whole numbers 1, 2, 3, ..., the negative whole numbers
-1,-2,-3, ..., and zero. (The use of “...” in mathematics shows that the sequence of numbers
continues forever.) Positive and negative integers are also called directed numbers.

Integers can be represented on a number line:

The numbers on a number line get larger in value as you move from left to right.

If a number has no sign in front of it, assume it is positive. 4 = +4

From the number line above, you can write the statement +4 > -8.You could put this in words
as‘positive 4 is greater than negative 8'.You could also write the statement -3 < +1, which is

the same as saying’negative three is less than positive one’. Number lines can also be written
vertically, with the positive numbers above the negative ones. A thermometer is an example
of a vertical number line.

g
8
z
8
8
H
s

Adding and subtracting integers

Adding and subtracting positive integers is the straightforward addition you have been doing
for years.

To add a positive integer, imagine moving that many places to the right on the number line ALy
(or upwards on a vertical number line), in the positive direction.

To subtract a positive integer, imagine moving that many places to the left on the number line
(or downwards on a vertical number line), in the negative direction.

subtract a positive add a positive

Adding a negative integer is the opposite of adding a positive one. It means you move in the
negative direction, to the left on the number line (or downwards on a vertical number line).
You can see that this is the same movement as subtracting a positive integer.

Subtracting a negative integer is the opposite of subtracting a positive one. It means you move in
the positive direction, to the right on the number line (or upwards on a vertical number line).

add a negative subtract a negative

1 Integers and indices



Simplifying addition

When adding and subtracting integers, brackets are often placed around the second number
and its sign, to separate it from the addition or subtraction symbol; for example, +5 + (+9) or

+7 — (+3). However, as you can write a positive integer without the + sign in front, you can drop
the positive signs in front of the numbers, remove the brackets, and simply write 5+ 9 or 7 - 3.

You can see from the previous number lines that subtracting a negative integer is the same as
adding the positive integer. This means that you could write 8 — (-2) as 8 + 2.

You can also see that adding a negative integer is the same as subtracting the positive integer.
This means you could write 4 + (-10) as 4 — 10.
+ (+) and — (-) can be replaced with + — (+) and + (-) can be replaced with —
You could also say:

When the two signs are the same, add. When the two signs are different, subtract.

Worked example 1

Simplify the following by writing a single symbol between the two numbers, then calculate

the answer.
(@) -4+ (+11) (b) -9+ (+3) (c) +2—(+8) (d) -5-(+11)
Thinking Working
(@ 1 Simplify the addition by writing (a) -4+ (1)
positive integers without their signs, =-4+1

and removing the brackets.

2 Imagine (or draw) a number line. =V
Start at the first number (-4), then
move the number of places indicated
by the second number (11) in the
positive direction (to the right).
Write your answer.

(b) 1 Simplify the addition by writing (b) -9+ (+3)
positive integers without their signs, =-9+3
and removing the brackets.

2 Imagine (or draw) a number line. =-6
Start at the first number (-9), then
move the number of places indicated
by the second number (3) in the
positive direction (to the right).
Write your answer.

6 PEARSON mathematics 8 2ND EDITION



() 1 Simplify the subtraction by writing (c) +2-(+5)
positive integers without their signs, =2-8&
and removing the brackets.

2 Imagine (or draw) a number line. =-6
Start at the first number (2), then
move the number of places indicated
by the second number (8) in the
negative direction (to the left).
Write your answer.

(d) 1 Simplify the subtraction by writing (d)  -5—-(+1)
positive integers without their signs, =-5-11
and removing the brackets.

2 Imagine (or draw) a number line. =-16
Start at the first number (-5), then
move the number of places indicated
by the second number (11) in the
negative direction (to the left).
Write your answer.

Worked example 2

Simplify the following by writing a single symbol between the two numbers, then calculate
the answer.

@ +9+(-7) (b) -12+(-1) (€) +4-(-6) d -5-(-7)

Thinking Working

(@ 1 Remove the brackets and write a (a) +9+(-7)
single subtraction symbol between =9-7
the numbers. Write positive integers
without their signs.

2 Complete this straightforward =2
subtraction. Write your answer.

(b) 1 Remove the brackets and write a (b) 12+ (-1)
single subtraction symbol between =-12 -1
the numbers. Write positive integers
without their signs.

2 Imagine (or draw) a number line. =-13

Start at the first number (-12), then
move the number of places indicated
by the second number (1) in the
negative direction (to the left).
Write your answer.

(c) 1 Remove the brackets and write a (c) +4-(-9)
single addition symbol between the =4+6
numbers. Write positive integers
without their signs.

2 Complete this straightforward addition. =10

1 Integers and indices @ 7
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Answers
p. 616

(d) 1 Remove the brackets and write a (d) -5-(7)

single addition symbol between the =-5+7
numbers. Write positive integers
without their signs.

2 Imagine (or draw) a number line. =)

Start at the first number (-5), then
move the number of places indicated
by the second number (7) in the
positive direction (to the right). Write
your answer.

Using number line symmetry

The number line is symmetrical about zero. A positive number is the same distance from zero
as its negative opposite; for example, negative 6 is the same distance from zero as positive 6.
This can be useful when adding integers, especially large ones.

For example, if you show -17 + 11 on a number line, it is the mirror image of showing 17 —11.

17 + 11 17 - 11
YT YT YY) YV Y Y Y Y Y Y Y Y YV

46 -14 12 10 8 6 -4 -2 0 2 4 6 8 10 12 14 16

So, to calculate -97 + 64, you could simply do 97 — 64, then change the sign of the answer.
97 -64=33 -97 + 64 =-33

Similarly, to calculate -5 — 9, you could consider the mirror image situation: 5 + 9.

-5-9 5+9

-6 14 -12 10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 16

So, to calculate -53 — 49, you could simply do 53 + 49, and change the sign of the answer.

53+49=102 -53-49=-102
Navigator
1 (columns 1-3), 2, 3 (columns 1-3), 1 (columns 3-4), 3 (columns 3-4), 1 (columns 3-4), 3 (columns 3-4),
4,5,6,8,9,10,13, 15,17 4,5(row 2),6,7,8,10,11,14,15, 4,5(row2),6,7,8,10, 11,12, 14,
16,17 15, 16, 18, 19
Fluency

1 Simplify the following by writing a single symbol between the two numbers, then
calculate the answer.

(@ +4++9) (b) -7+ (+5) () +5+(+3) (d) +2—(+6)
(e) +10—(+13) (f -3+(8) (9 +12 + (+6) (h) -1-(+9)
@i -15+(+8) @ +8-(9 (k) -8—(+13) H -19+(+11)
(m) +16 — (+9) (n) -14+ (+7) (0) -4—(+22) (p) -17+(+23)
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2 Use your calculator to evaluate the following.

(@ -3+-5 (b) 22-12 (c) 13+-29
(d) 84+12 (e) 39++6 (fH -46--12
(@ -52+-16+12 (h) 22-13+6 (i) 46—-+24+-13--20
3 Simplify the following by writing a single symbol between the two numbers, then m
calculate the answer.
(@) +5+(-4) (b) +7+(-9) () +5—(-11) (d) -7-(-6)
(€ -4-(-9) () -3-(+8) (@ -14-(+3) (h) +12—(-8)
(i) +19 - (+13) () 0-(3) (k) -8—(-16) 0 +15+(-22)
(m) -11—-(-7) (n) -13+(-9) (0) +25+(-31) (p) -27—(-16)

4 Write a negative or a positive integer to describe the following situations.
(@) 350 m above sea level
(b) aloss of $4800
(c) rewinding 6 seconds of an audio recording
(d) depositing $73 into your bank account
(e) 2levels below the ground floor of a building
() 19 metres under water

(9) a company profit of $10 750

(h) skipping 34 minutes of a TV episode
() withdrawing $200 from your bank account
() aplane flying at an altitude of 8100 metres

5 Use the symbols greater than (>) or less than (<) between the following pairs of integers
to show their relationship. A number line may be useful.

(@ +2__+6 by -3_+1 (c) 5_-4 d -1__-3
() +5__-10 f -6__-8 (9) +16 __-16 (h) -33 _-12
6 Write the following in descending order (largest to smallest).
(@ +4,0,-7,+11, -2 (b) -23,1,0,-9,+7
(c) -3,4,0,11,-15,1 (d) -5,8,19,-43,-2,6
(e) 14,-72,5,26,-1,-38 (f 32,-19,0,17,-56, 4
7 Calculate:
(@ 2+7-5 (b) -3+10-5 (c) -6+4-8 (d) -15+9+8
() 11+14-23 M -7-8-(-9) (@ 4+5-(-D) h) -6+(-9) -9

1 Integers and indices
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Understanding
8 (a) Copy the diagram’s vertical line and

label it according to the following %

information.
A bird is 24 metres above the water.

A scuba diver is 17 metres below the
surface.

The wreck of a ship is 31 metres
below the diver.

A dolphin is just on the surface
of the water.

(b) Use your diagram to find out:

(i) the distance between the bird
and the diver

(i) the distance between the wreck
and the dolphin.

9 Ahmed has saved $110 to buy a new bicycle, but the price is $200. Ahmed'’s parents lend

him the rest of the money, to be repaid later at $15 per month.

(a) Write an integer expression to show how much Ahmed needs to borrow from his
parents.

(b) Complete and extend the following table to find how long it would take Ahmed
to repay his loan.

Month Initially After 1 month After 2 months | After 3 months

Money owing

10 The maximum temperatures and minimum temperatures recorded during a week in June

on Mount Kosciuszko are shown in this table.

Day Monday | Tuesday | Wednesday |Thursday| Friday |Saturday| Sunday
Maximum (°C) 11 13 8 6 9 12 13
Minimum (°C) -3 -1 -7 -5 -4 -1 0

(@ On which day was the lowest minimum recorded?

(b) On which day was the highest minimum recorded?

(c) What was the difference between the maximum and the minimum temperatures on:
(i) Thursday (i) Friday?

(d) On which day was the difference between the maximum and the minimum
temperatures the greatest?

PEARSON mathematics 8 2ND EDITION



11 On Monday, Rachel withdrew $120 from her bank account at an ATM. On Tuesday, she
used her bankcard to pay $87 for her shopping from the same account. On Thursday, her
employer deposited her salary of $243 into the account, and her mum also deposited $50
for her birthday. On Friday, Rachel used the account to pay a $109 bill online.

(@) Write one long integer calculation that shows each of the events mentioned above as
an addition or a subtraction. (Hint: Begin by writing the $120 withdrawal as -120.)

(b) Complete your calculation to find the following.
(i) Did Rachel have more or less money in her account by the end of the week?
(i) How much more or less?

12 Puerto RicoTrench is the deepest trench
on the floor of the Atlantic Ocean.
The bottom of the trench is 8605 metres
below sea level. Mount McKinley is the
highest mountain in North America.
It is 6194 metres above sea level. If
Mount McKinley could be picked up
and dropped into the Puerto Rico
Trench, what depth of water would be
between the top of the mountain and
sea level?

Drawing a diagram :
could help with |
Question 12. :

/

Reasoning

13 Using the number lines on page 5, find the number you would have to add to each of the
following to get an answer of +5.

(@ 0 (b) -3 (c) -12 (d) -10 (e) +6 f +16 (9) -9

14 A magic square is one for which the numbers in each row, column and diagonal add up
to the same ‘magic’ total.

Complete the following magic squares, by first working out the magic total.

@1 2 Ol e 18
3 2 8
0 0| -8
12 2 | 12

15 Calculate the following by considering the “mirror image” of each on the opposite side of
the number line.

(@) -27+14 (b) -59 + 36 (c) -87+62
(d) -31-29 (e) -68—43 ® -75-58
(@) -47 + (-62) (h) -71 - (-26) i) -96—(+31)

1 Integers and indices 11



16 (a) Complete the following calculations.
i) -2+3 (i) -5+11 (i) -8+17 (iv) -21+34

(b) Now, reverse the order of the two numbers in the above additions, and calculate the
resulting subtractions (e.g. -4 + 6 becomes 6 + -4, or 6 — 4).

(c) What do you notice? Comment on your observation.

(d) What is the name for the property of numbers that makes it possible to add them or
multiply them in any order?

(e) Use your observation from part (c) to calculate the following.
(i) -34+45 (i) -53 +69 (iii) -72+99 (iv) -98+113
Open-ended

17 The thermometer at the weather station on Mount Wellington reads -4 °C at 5 am one day

in July. By 2 pm, the temperature has reached the day’s maximum of 9 °C. Suggest what
the thermometer reading might have been at:

(@ 8:30 am (b) midday.
18 List three integers that give a negative answer when added to -17.

19 List three integers that give a positive answer when subtracted from -17.

Problem solving

Strategy options

e Guess and check.
A B C D E e Work backwards.
Max: 2°C Max: 0°C Max: -4°C || Max: -3°C || Max: 13°C

Min: -3°C Min: -4°C Min: -9°C Min: -7°C Min: 2°C

12 PEARSON mathematics 8 2ND EDITION



Investigation

Walking the plank

Equipment required: 1 large number line from -5 to +5
(optional), 1 die marked with +3, +2, +1, -1, -2, -3 and
1 die marked with + +, + —, — —

You have been captured by a gang of pirates who plan
to make you walk the plank. However, the pirate captain
decides to give you a chance to save yourself. The plank
is marked as shown below.

sharks boat

01 2 838 4 5

The pirate captain has two dice: one with the sides
marked +, +, +, —, —, — (called the’operations die’), and
one marked -3, -2, -1, +1, +2, +3 (called the’number die”).
The captain places you at point 0 and rolls the dice.

Depending on the roll of the dice, you'll have to either
move forwards or backwards, according to the following
instructions.

e If the operations die shows a‘+’, you turn to face
the boat (the positive end of the number line).

e Ifit shows a’—’, you face the sharks (the negative end).

e If the number die shows a positive number, you
walk forwards that number of steps in the direction
you are facing.

e If it shows a negative number, you walk backwards
that number of steps.

For example, if the captain rolls (-) (+1), you face the
sharks and walk forward one step to -1. If the captain
rolls (-) (-1), you face the sharks and walk backwards
one step to +1.

The captain keeps rolling and you keep moving until you
move past +5 or -5. If you go past +5, you are safely back
on the boat, but if you go past -5, you join the sharks.

The Big Question

Is this game fair? How many moves will it take to save you?

Engage
1 Copy the diagram of the plank. Starting at 0, use it to

find where you would be if the pirate captain rolled
(+) (-3), followed by (-) (-2).

2 Return to 0. Roll the two dice again, and move as
they tell you. Keep rolling and moving until you are
either with the sharks or back on the boat. Keep track
of how many moves it takes.

Explore

3 (a) A’fair game’means that both you and the
captain have an equal chance of winning. To
decide if the game is fair, make a list of all the
possible outcomes of rolling the dice.

(b) To find out a reasonable number of moves in
which you could expect to get a result (sharks
or boat), you will need to play the game several
times. (Take turns being the pirate captain
and the“victim’!)

Strategy options

e Make a table.

e Actitout.  ee———
(
|l challenge
i I youtoan
EXplaln integer duel! l/
4 (a) What is the minimum ' -——————-

number of moves possible
that would bring you to safety?

(b) What was the largest number of moves
you needed to complete a game?

Elaborate

5 Complete the following to answer the Big Question.

(@) State whether you and the captain have an equal
chance of winning, and explain how you decided.

(b) What is a‘reasonable’ number of moves needed
to complete the game? How did you decide this?

(c) How often would you expect to get aresultin the
‘reasonable’ number of moves you have chosen?

6 Imagine you are teetering on the edge of the plank
at -5. Show how it is possible to still be on -5 after
four different rolls of the dice.

Evaluate

7 How confident are you in the answer you gave for a
‘reasonable number of moves’? What could you do
to become more confident?

8 Did playing this game help you get better at adding
and subtracting integers? Could it be useful for
someone new to the topic? Explain your answer.

Extend

9 How would you expect your ‘reasonable number of
moves’to change if the plank extended from -8 to
+8? Make a prediction and then test it by playing
the game.

1 Integers and indices
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Integer
multiplication

You are probably familiar with multiplying positive numbers. For example:
+4 x +5 = +20 can be written simply as 4 x 5 =20

What happens when one number is negative? To help you understand this situation, imagine
that you owe a friend $5. You could write this as -5. If you owe 4 friends $5 each, you owe

4 lots of -5, which you can write as -5 + -5 + -5 + -5 = -20. If you paid them back, you would
have $20 less than you did before.

You can write this as:

4 x -5=-20, or
-5x4=-20

Multiplying a positive number by a negative number gives a negative result.

What happens when both of the numbers being multiplied are negative? Consider the
following number pattern.

3x-5=-15
2x-5=-10
1x-5=-5
0x-5=0
-1x-5=7

The numbers on the right-hand side of the equals symbol are increasing by 5.You need to
replace the ? with +5 to continue the pattern.

-1x-5=+5
-2x-5=+10
-3 x -5=+15 and so on.

Multiplying a negative number by another negative number gives a positive result.

Using a number line

You can use a number line to demonstrate integer multiplication, if you think of multiplication
as repeated addition.

4%x2=8 4x-2=-8
< } } } } } } } } } > < f f } } } } } } } >
0 2 4 6 8 -8 -6 -4 -2 0
adding 4 lots of 2 adding 4 lots of -2
4x2=-8 -4x-2=8
< } } } } } } } } f > < f f } } } } } } } >
-8 -6 -4 -2 0 0 2 4 6 8
subtracting 4 lots of 2 subtracting 4 lots of -2

(Subtracting a negative is the same as adding a positive.)

Multiplying two numbers with like signs gives a positive answer.
Multiplying two numbers with non-like signs gives a negative answer.
This can be summarised as:

() X () = ()
) X (=)=

Tz‘\
~— —
X X
R
+

~— —
I
TA
~— —

PEARSON mathematics 8 2ND EDITION



Worked example 3

Calculate:

(@ -5x-7 (b) -6 x+9
Thinking Working

(@ Do the multiplication as though both (a) Bx-7=35

numbers are positive (5 x 7 = 35), then
write the sign of the answer (— X —=+).
If the final answer is positive you can
leave out the + sign.

(b) Do the multiplication as though both (b) -6x+9=-54
numbers are positive (6 X 9 = 54), then
write the sign of the answer (— X +=-).

When finding the product of more than two numbers, just repeat this same process,
as shown below.

Worked example 4

Calculate: +4 x -3 x -1

Thinking Working
1 Multiply the first two numbers, placing +4 X -3 X -1
the correct sign in front of the answer. =-12X -1

(Here, + x —=-)
2 Multiply the product of the first =12

two numbers by the third number, again
ensuring the correct sign is in front of
the answer. (Here, — x — =+, so you can
leave the sign off the final answer.)

Multiplying a number by 1 does not change the size of a number. In a similar way, multiplying
by -1 also does not change the size of a number. However, multiplying by -1 does change the
sign of the number, as shown above.

Squaring integers—the difference between (-3)2 and -32
To’square’a number, you multiply it by itself; for example, 52 =5 x 5 = 25.

When you square a negative number, you need to place brackets around the number and
the sign to avoid confusion.

(-3)? is read as ‘the square of -3'.
(-3)>=-3x-3=+9

-32is different from (-3)°. Because it doesn’t have brackets, -32 is read as ‘the negative of
3 squared’. -3%=-(3 x 3) = -9

1 Integers and indices ' 15
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i) Integer multiplication

Navigator

1,2, 3, 4,5 (a-c), 6 (a—d),
7 (a—c), 8, 9 (a—d), 10, 13

Answers
p. 617

1 (columns 2-3), 2 (columns 2-3), 1 (columns 3-4), 2 (columns 2-3),
3,4,5(@f),6,7,8,9,10, 11,12, 4,5(d-h),6,7,8,9,10,11,12,14

13
Fluency
m 1 Calculate:

(a) +6 x+5 (b) +7 x+3 (c) +11x+7 (d) +6 x+9

e) +8x -5 M +12x-2 (@ +9x-3 (h) +5x -7

() -2x+4 () -2x+8 (K) -5x+5 () -4x+4

(m) -6 X -5 (n) -2x-4 (0) -3x-2 (p) -5x-3

(@ -12x5 (n 7x-20 (s) 9x-10 M -11x-12

m 2 Calculate:

(@ -2x-4x3 (b) -1x3x-4 (c) 3x-bx-1

(d) 4x5x%x-2 (e) -9x1x2 f 8x-1x3

(9) -2x-5x-5 (h) -5x-2x-2 () -8x-1x-4

() -3x-3x-3 (k) -2x-2x-2 () -10x-10x-10

3 Copy and complete by following the pattern.

(@ 3x2=6 (b) -2x3=-6 () -2x-2=4
3x1=3 2x2=-4 2x-1=2
3x0=0 2x1=-2 -2x0=0
3x-1=____ 2x0=____ 2x1=__
3x-2=____ 2x-1=___ 2Xx2=__
3x-3=___ 2X-2=__ 2x3=__

4 (a) 2x-2x2x-2equals:
A -16 B 0 C 38 D 16

(b) 4 x-3x-3x2equals:

A -72 B -12 c 12 D 72

5 Find the value of the unknown number, using your knowledge of multiplication.

(@) +4x?=+12

(d) -(10x?)=+30

(@) ?x+7=-(-56)
6 Calculate:

(@ (-6)*

(&) 2x(-5)

0 (-27x(-2)?

PEARSON mathematics 8 2ND EDITION

(b) +2x?=8
(e) -4x7?=(+24)
(h) -(?x+8)=-(-72)

(b) -6 (© (-10)*
f -5*x-3 (@ 4x-102
i) -2>x(-5) (k) -32x -3

(c) -3x?=+15
M -6x?)=-36

@) -10?
(h) (-10)>x -7
0 (-8)*x-27



Understanding
7 Evaluate the following expressions using the valuesx=-2, y=+3,a=+1 and b=0.
(@) xy (b) ab (c) Say (d) x—ab (e) axy () ax+by

8 An electronic goods store is trying to sell old DVD and CD players.
To clear this stock, they are selling them below“cost price’ (the price
the store bought them for).

DVD player: cost price $26, sale price $19
CD player: cost price $15, sale price $9

For the following questions, write your answers as negative integers.

(@) Find the difference between the cost price and sale price,
to calculate the loss the store will make on:

(i) a DVD player (i) a CD player.
(b) The store sold 23 DVD players. Calculate the loss made.
(c) The store sold 19 CD players. Calculate the loss made.
(d) Calculate the total loss made by the store on these goods.

9 In the card game ‘Krummy’, each player’s final score is found by counting the number
of cards of each suit, and giving points as shown in the table.

Card Score

¥ Hearts -5 points each
4 Diamonds | -3 points each
o Clubs +2 points each
A Spades +4 points each

Find the score of a player who finishes with these cards.

(@) 3 diamonds (b) 7 hearts
(c) 5 hearts, 6 clubs (d) 6 diamonds, 9 spades
(e) 4 hearts, 5 clubs, 3 spades (f) 3 hearts, 3 diamonds, 8 clubs
(g) 6 hearts, 2 diamonds, 4 spades (h) 4 hearts, 4 diamonds, 5 clubs, 3 spades
Reasoning
10 (a) Calculate the following.
(i) -1x-1 (i) -Ix-1x-1
(i) -1x-1x-1x-1 (iv) -Ix-1x-1x-1x-1
v) -Ix-1x-1x-1x-1x-1 (vi) -IX-1Tx-1x-1Tx-1x-1x-1

(b) Copy and complete.

In a multiplication that contains directed numbers, the answer is positive if there
is an number of negative values. The answer is negative if thereisan _____
number of negative values.

(c) Use the above result to find the value of the following.
(i) eighty-six -1s multiplied together (i) ninety-nine -1s multiplied together
(i) (-1)77 (iv) (-1

1 Integers and indices
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11 Write the following in expanded form, then use your result from Question 10(b) to find
the value of them. (Hint: The expanded form of (-4)® is -4 x -4 x -4.)

@ (-4)° (b) (-3)* (€ (-2)° (d) -(-6)?

12 Hong pays her energy bills by direct
debit’. An amount is automatically
taken out of her bank account each
month by the energy suppliers. Hong
believes this method of payment is
better than receiving a large bill every
3 months.

Each month, $25 for gas and $35 for
electricity is’debited’ from Hong's
account.

(a) Calculate the amount that will be
debited after 3 months for (i) gas
and (ji) electricity. Write your
answers as negative integers.

(b) Hong receives a statement from her gas and electricity companies after 3 months,
telling her the cost of the energy she has actually used.

Her statements are as follows: Gas $93, Electricity $102.

(i) Calculate the difference between the amounts on Hong’s statements and your
answers to part (a).

(i) Should Hong adjust her monthly direct debit amounts for her gas or electricity
bills? Give reasons for your answer.

Open-ended
13 Copy and complete. Give at least three different answers.
X X =-24

14 Kemabhl is playing the card game Krummy (see Question 9). At the end of a round,
Kemahl has -22 points and cards from three of the four suits in his hand. What could
the cards be? Give two possible combinations, stating the number of cards of each suit.

The 1 dilemma

Draw a 3 x 3 grid like the grid shown. Then, crrcnge
five 1s ond four -1s in the grid so that the product of
every row, column ond diagonal is 1.

18 PEARSON mathematics 8 2ND EDITION



Integer division

Division is the inverse operation to multiplication.
If you know that 4 x 3 =12, you also know that 12 + 3 =4, and 12 + 4 = 3.
Similarly, if you know that -2 x 3 = -6, you also know that -6 + -2=3, and -6 + 3 =-2.

The rules that apply to multiplying negative numbers also apply to dividing negative
numbers.

Dividing two numbers with ‘like” (same) signs gives a positive answer.

#)+(#)=() O+ =)
Dividing two numbers with ‘non-like” (different) signs gives a negative answer.
#)+()=0) O +®H=0)

Worked example 5

Calculate:
@ -56+-7 (b) 20 + -4
Thinking Working

(@) Do the division as though both numbers  (2) -56 +-7=8
are positive (56 + 7 = 8), then put the sign
of the answer (—+ — =+). If an answer is
positive, leave out the “+’ sign.

(b) Do the division as though both numbers (b)) 20 +-4=-5
are positive (20 +4 =5), then put the sign
of the answer (++—=-).

Division calculations can also be written as fractions. For example, -60 + 4 can be written as

%. In this case, as the result of the division will be negative, you can write the sign in front of

the fraction: —64—0. This is also the case if the denominator is the negative number: ég = —%.

1 Integers and indices



Integer division

Navigator

1 (columns 1-2), 2 (columns 1-2), 1 (columns 2-3), 2 (columns 2-3), 1 (columns 3-4), 2 (columns 3-4),
P. 3, 4 (a—d), 5, 6 (a—c), 8, 10, 12, 15 3, 4 (a-d), 5, 6 (a—c), 8,9, 10, 11, 4 (e-f),6(d-), 7,9, 11,13, 14,15,

12, 13,15, 16 16
Fluency
m 1 Calculate:
@ 9+-3 b) 6+-2 (©) 20+-5 (d) 21+ -7
€) -8+4 ® -30+5 @ 54+6 (h) -32+4
@) -12+-3 ) -18+-2 (k) -49 + -7 () -48+-8
(m) -63 + -9 (n) 45+ -5 ©) -16+4 ®) 70+ -7
(@ -240+8 M -600+6 (s) 240+ -12 ® -2300= -10
2 Calculate the following.
48 -77 -65 120
@ = (o) = © — @ =
52 -93 -84 -96
2< 2 o= h =22
() > () B (@) 1 (h) 1
~ 90 2 100 -360 -240
s - k) =22~ y ==
i) 3 0 5 ) 10 U] "0
3 (a) -28 equals:
-4
A -32 B -24 c -7 D 7
(b) 162 + -3 equals:
A -159 B -54 C 54 D 159
4 Evaluate the following.
25 56 20 22
(@) = (b) ) (©) > (d) 5.9
46 + -2 99 + -11
© O 55
Understanding

5 Without evaluating, decide whether the answers to the following will be positive
or negative.

9x%x-11x3 (b) 5x-10x2x -4 ©) 6X12x-2x%x-4

-15x -5 -10x -2x-3 8x-2x-7

(a)

6 Evaluate the following expressions, given thata =12, b =15 and c=-3.
(@ a+c (b) 2a+c () b+c (d) 4c+a
(e) 2b+2c f 2a-b+c
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7

10

11

12

Evaluate the following expressions, given that x = -8 and y = 4.

£y Sx-y Sy
(@) 3 (b) 5 (©) 5

Use your calculator to find the unknown value “?’. Each number in the pyramid is the
division of the two numbers above it. The first division has been done already:
3072 + -64 = -48.

3072 | -64 8 2

-48

?

A department store has 4 floors below the ground floor and 11 floors above it. A shopper
on the top level takes a lift to the bottom level, stopping every 3 floors to look around.

(@) Draw a diagram to represent the situation, clearly showing the lift and floor numbers.
(b) How many times will the shopper stop on the way to the lowest floor?
(c) List the floor numbers the shopper stops at.

A group of 6 people loses $240 trying to win a lottery. Write each person’s share of the loss
as a negative integer.

A submersible begins at the
ocean surface and is lowered

6 metres every minute. If the
ocean is 96 metres deep in this
area, calculate:

(@) the time taken for the
submersible to reach the
ocean floor

(b) the time taken to rise back to
the surface if the submersible
rises at a rate of 2 metres
per minute.

The temperature falls from 24 °C

to -4 °C between the hours of 7 pm and
2 am one night in the desert. Find the
average hourly temperature change by
dividing the overall change by the
number of hours. Write your answer

as a negative integer.

1 Integers and indices
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Reasoning

13 Beau has bought a home theatre system and some new furniture from a store offering a
‘buy now, pay later’scheme. The total cost of the home theatre system and furniture was
$8600. Beau plans to pay $200 every month.

BUY NOW
PAY IN
12 MONTHS!

E:it, =ﬂl r .
$49Q coo
In MyChoce Standard fobeic

Tevol cwordabie v

ot 199

(@ How many months will it take Beau to pay off his debt?
(b) How many years and months is this?

(c) After 1 year, the store sends Beau a statement showing how much he still owes.
Write a negative integer to show this amount.

14 You are playing a game that involves rolling two dice with unusual numbers on each face.

The six faces of the green die show: +24 -36 +12 -48 -60 +72
The six faces of the blue die show: -1 +2 -3 +4 -6 +12

To find out the score for your dice roll, you need to divide the value showing on the green
die by the value showing on the blue die.

Make a list, in order from smallest to largest, of all the possible scores you can get.

Open-ended
15 Write three numbers that give a negative integer when divided by 8.
16 [J+[1>-1

Write different integers from the following list in each box to make the above statement
true. Make at least three different true statements. (Remember, *>" means ‘is greater than’.)

-2,3,-4,5,6,-7,-8
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While cruising the outer galaxy, you are
captured by three scary looking aliens who
bring you to their home planet, Zush.

They place you in a vat of freezing liquid,
which is at -20°C. If it gets to -40°C you will
be frozen alive.

The aliens challenge you to an ‘integers
duel’ to decide your fate. You have no choice
but to accept.

EQUipMENT required:

2 players, 1 counter (or something to use as a marker),
1 die, 1 coin

e -40°C

PEARSON mathematics 8 2ND EDITION

HOW TO ALAay:
Place the counter on the thermometer at -20°C.

Decide who will be the victim (the person in the vat)
and who will be the alien.

Roll the die to decide who goes first (higher number first).

On your turn:

Toss the coin to find the operation.
¢ [f the coin shows heads, add (+).
¢ [f the coin shows tails, subtract (—).

To find the number that you will add or subtract,
roll the die.

Find the number you have rolled in the following table.

-30°C



Die |[Choose from Die |Choose from
roll |these numbers roll |these numbers
B 25 0,6, -2

2,1,-6 ’1,—3,—6

B (3,0 -4

15,1, 4

e Choose any two numbers from the list next to your
roll and find their product (multiply them together).

¢ [f your coin shows heads, add this amount
(the product) to the number your marker is on.
If your coin shows tails, subtract it from the
number your marker is on.

e When you have calculated the answer, move the marker
up or down the temperature scale to this number.

SaUle move:

‘Alien’ player goes first and the coin toss shows
heads, so they will add. Alien rolls a ﬁ and
chooses -4 and 3 from the list in the table.

-4 x3=-12
-20 + (-12) = -32
They move the counter from -20°C to -32°C.

HOW TO Win:

The victim wins if they move the counter
up to or beyond 0°C.

The alien wins if they move the counter
to or beyond -40°C.

-20°C -10°C

 E—

0°C

25
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10

Simplify the following by writing a single symbol between the two numbers, then
calculate the answer.

(@ 9-(+6) (b) 14— (+21) (©) -9-(+8) (d) -31-(+27)
(e) -8+ (-8) ) -14 + (-20) (9) 7-(-10) (h) -35-(-21)
Calculate:

(@) -4x6 (b) -7x-8 (c) 10x-14 (d) -2x-12
() (-3) M -5 @ -2° (h) (-4)°

The temperature at 6 am on a cold winter’s
morning in Moscow was -11 °C. By midday, the
temperature had risen to 3 °C. By 6 pm, the
temperature had dropped to -5 °C.

(@) Write the increase in temperature from 6 am
to midday as a positive integer.

(b) Write the decrease in temperature from
midday to 6 pm as a negative integer.

Calculate:

(@) -40+-8 (b) -63+7 (c) 55+-11 d) -7+-1

@ =2 o -2 @ =2 0 =3

Write the following sets of integers in ascending order (smallest to largest).

(@ -37,7,-30,0,-3,3 (b) 54,-20, -1, -5, -40

Calculate the following.

(@) -3+4 (b) -9+7 (c) 4-5 d) -8-6

() +4—-(2)+(-5) () -7+(-8)—(-10) (9 -9+5-7 (h) 18-25+11

Maya spent $5 every week buying a lottery ticket. After 16 weeks, she won a $50 prize.
(@) How much had Maya spent on tickets at the end of the 16-week period?

(b) Write the overall amount Maya had gained or lost at the end of the same period as a
positive or a negative integer.

Write an integer to represent each of the following situations.
(@) a withdrawal of $120 from a bank account
(b) an increase of 7 cm in the height of a child

Four friends each invested $30 000 to start up a business. At the end of 1 year, the business
made a profit of $80 000.

(@) What was the share of the profit for each friend?

(b) Considering their initial investment, write the overall profit or loss made by each
friend as a positive or a negative number.

Calculate the following by considering the ‘mirror image’of the calculation on the positive
side of the number line.

@ -67+45 (b) -83 +57 (c) -39 — (+24) (d) -19 - (-31)

PEARSON mathematics 8 2ND EDITION



Combined

operations
with integers

The order of operations for working with negative integers is the same as the order you use
when working with positive integers.

The order of operations rules are:

¢ do any calculation inside brackets first

e then find the value of any numbers in index form (powers and roots)

e then do division and multiplication in the order they appear, moving from left to right

e then do addition and subtraction in the order they appear, moving from left to right.

Worked example 6

Find the value of:

@ -7x4+-2x-1 b) 3% (-2+-6)—4
Thinking Working
(@) As there is only multiplication and (a) -7XxX4+-2x-1
division involved, work from left =-28+ -2 X -1
to right. =14 x -1
=-14
(b) 1 Find the value of what's inside (b) -2x(-2+-0)—-4
the brackets first. If the answer is =-5X(-&) -4

negative, keep it inside the brackets
to avoid confusion.

2 Do multiplication and division as you =24-4
move from left to right.

3 Do subtraction and addition as you =20
move from left to right.

Using the negative sign

The negative sign (—) can be used to indicate subtraction and also to indicate a negative
number. To avoid any confusion, make sure you indicate a negative number by placing
brackets around the number and the sign wherever necessary. This is very important when
applying the order of operations, as any powers must be calculated before subtracting or
adding, and squaring a negative number will change its sign.

For example: 5+ (-4 =5+16 5-42=5-16
= 21 = —11

1 Integers and indices
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Worked example 7 WE.7

Find the value of:

@@ 6-3%+7x-2 (0) 9+ (-4)*> % (7-2)
Thinking Working
(@ 1 As there are no calculations in (a) 6-3"+7x-2
brackets, calculate indices first. =0-9+7X%X-2
2 Next, multiply and divide from left =6-9+-14
to right.
3 Simplify any addition or subtraction =6-9-14
of directed numbers. Do them from =-3-14
left to right. =-17
(b) 1 Do the calculation in brackets first. (b) 9+ (-4)°x(7-2)
=9+ (-4)?x5
2 Find the value of numbers in index =9+16%x5
form.
3 Next, multiply and divide from left =9+ 80
to right.
4 Do addition and subtraction from left =89
to right.

Calculators and integers

To show a negative number on the calculator, press the m key before entering the

number. On some calculators, the key looks like this: . Pressing this key repeatedly
changes the sign of an entered number from positive to negative and back again.

You should also locate and know how to use the ‘open bracket” and ‘close bracket” keys,

.. and .., the ‘square root’ key, , and the “square” key, . If your
calculator does not have a ‘square” key like this, press n

Almost all calculators have the order of operations built into them, so you can enter the
numbers and operations as they are written on the page. Make sure you enter brackets in
the correct positions.
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IR Combined operations
with Iintegers

Navigator
1, 2 (rows 1-2), 3 (a—d), 6, 2 (rows 1-2), 3 (a—d), 4 (a—d), 2 (rows 3-4), 3 (e-), 4,5 (b), 8, 9, Answers
9 (a-b), 12, 13 5(a), 6,7,8,9,10, 12, 13 10, 11, 12, 13

Equipment required: calculator for Questions 3, 4, 12

Fluency
1 By completing the steps, find the value of:

@ 58 5x2-18e2 ® oix2rFxrn
-0 O -« IO
- O ~s[J [
= [
2 Find the value of: m

(@) 45+-9x-2 (b) -32+-8x5 (c) 56 +-7+-2
(d) 4+ (6x-3)-2 (€) -2+ (-64 +-8) ® -5x(-7-4)
@ 7+(14+-2)-3 (h) 44+ (-12+1) () (-6x5)+(-24 + -6)
0) (-8+2)x(4-10) k) (12%-3)+(-2-2) ) (-5x-9)—(7-10)
3 Find the value of the following.You may like to use a calculator to check your answers. WE.7
@@ 20-52+10+-2 (b) 7+ (-4)*%x(3-5)
(€) 30+-6x5+5° (d) 5x8+-2+(-8)
€ (7-10)x (20 + ./4) M (18-./16)x-2+4
(@) 100 -5 % (1~3) (h) (/81 -4/36) % (-10)°
(i l§-2—3x—6 0 F=2Dx 344
4 Find the value of the following. You may like to use a calculator to check your answers.
(@ 81+ (9-18)+ (16 —-25) (b) -27 — (42-91)+17
(©) 40+ (3 -8)+7> (d) -19+10x -3+ (-8)%
) (-37+21)>-./169 H -14x(-6)>+-2
(@ -(27-42)*+-5 (h) (57-4%)x-3-21
() -18x-5+32-54 () -18x-5+(3%—54)
5 (a) The expression -4 — (2 x -3) + 6 equals:
A -2 B -12 c 8 D 24
(b) 5+ 6x (-3) + (-4)% is equal to:
A 3 B -17 c -29 D -49

1 Integers and indices
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Understanding

6 Chen has $250 in his Chen Bank Statement
bank account at the start STATEMENT PERIOD: 1/10/16-30/10/16
of the month. Over the Account Transactions
month he makes the - - - -
following transactions Transaction Details Withdrawal Deposit Balance
as shown. Opening balance $250.00
Answer the questions ekl $50.00

. $50.00
below using numbers, $50.00
brackets (1f' necessary), Week 2 $80.00
and operation symbols $80.00
(X, +, +, —) to write Week 3 $100.00
expressions that show Week 4 $80.00  $100.00
how to calculate Closing Balance
the amount.

(@) How much did Chen have in his account at the end of Week 1?
(b) How much did Chen have in his account at the end of Week 3?

(c) During the month, Chen got a letter from his bank saying he had‘overdrawn’on his
account—he now owed money to the bank! After which withdrawal did Chen receive
this letter? How much did he owe the bank?

(d) What was Chen’s final closing balance at the end of Week 4?

7 A company made a profit of $3 million per month for 7 months, then lost $9 million per
month for 5 months. What was their result for the year?

8 Taylor places some water at 24 °C in the freezer. The freezer is able to lower the water’s
temperature by 4 °C per hour. What will be the temperature of the water after:

(@ 3hours (b) 6hours (c) 7hours (d) 10 hours?

9 To play one round of golf you play the 18 holes of a course. For each hole, it is expected
a player will take a certain number of shots to get the ball in the hole. This is called ‘par’
for the hole and it is given a score of zero. If you take one, two or three shots less than par,
or ‘under par’, you score -1, -2 or -3, respectively. If you take one, two or three shots more
than par, or “over par’, you score +1, +2 or +3, respectively.

Polly plays a round of golf at a course
where ‘par’ for the whole course is
72 shots. Polly has the following
results on her round.

® 4 holes at 1 under par
* 1 hole at 2 under par
¢ 5 holes at par

® 7 holes at 1 over par
* 1 hole at 10 over par.
(a) Write a single calculation that Polly can use to find her finishing score.
(b) () What was Polly’s finishing score?

(i) How many shots over or under par for the course is this?

() () Polly has a handicap of 14, which means that 14 is subtracted from her finishing
score to find her official score. What was Polly’s official score, taking into account
her handicap?

(i) How many shots over or under par for the course is this?
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Reasoning
10 (a) Find the value of the following.
) 19-7-15+14 (i) 19-(7-15)+14 . .

/
| . : |

(b) Explain why having the brackets in the second part gives you a very different answer | gr?de;ﬁzgﬂzulszi?r;fwnh |
from the first part. | brackets and compare your |
| . |

11 Two of the following contain a pair of brackets that is unnecessary. Find them and rewrite 1 answers !

the calculation without them, checking that you still get the same answer.

(@ 8+(16-23)-9=-8 (b) 14— (8-19)-10=15
(©) (11x-8)+ (24 +-2)=-100 d G-2)x4-3-7)=16
Open-ended

12 (a) Use your calculator to find the value of (-15 +11) x -2 + (-4)%, and write your answer.
(b) Re-enter the expression into your calculator, leaving out all of the brackets.

(c) Explain how your calculator gave you two different answers, given that it follows the
rules for the order of operations.

13 Copy and complete. (Different answers are possible.)
B3-(C____+__ )=5

Puzzle

Start with Multiply Double Divide Subtract Add Multiply
4 by 7 it by -8 10 3 by 2

Stort with Cube Divide Add Multiply Add Add
3 it by 9 6 by 4 20 10

Start with Add Multiply Subtract Divide Square Add
10 17 by 2 -10 by -8 it 6

1 Integers and indices ‘
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{ i)

How cold can things get? The lowest temperature ever recorded
on Earth was -89 °C at the Russian research station Vostok in
Antarctica. The lowest temperature in the northern hemisphere,
recorded in Oimekon, Siberia, was a mere -78°C.

The average Antarctic temperatures for different 3 A United Nations report predicted that rising levels
seasons are shown in the following table. of greenhouse gases in the atmosphere will cause
Inland Coastal the average global surface temperature to rise between

w temperature (°C) | temperature (°C) 1°C and 6°C by the end of the century. How would

Jre— 53 9 this affect Antarctic temperatures? For each season,

- show what would happen to the average inland

W”?ter -60 — temperatures if the temperature rose by:

Spring 48 8 @ 1°C  (b) 6°C

Summer -32 -2

4 | ook at the following table of temperatures.

At these sorts of temperatures, it becomes painful to z
. . . Temperature (°C) | Temperature fact
breathe because the moisture on the tiny hairs inside

your nose freezes instantly. However, other parts of +5600 Temperature at the Sun’s surface
the universe can get even colder. The coldest places +1064 Gold melts
in the Solar System are the bottom of the craters at +100 Boiling point of water (at sea level)
the south pole of the Moon. Here, the temperature has +57 Highest recorded temperature
been measured at -240°C. Parts of deep space, at -270°C, on Earth
have the lowest temperature of anything in nature.
+37 Human body temperature
1 How much warmer is: 0 Water freezes
(a) the lowest temperature ever recorded in the 37 Car antifreeze freezes
northern hemisphere, gompareo! to the lowest -89 Lowest recorded temperature
temperature recorded in Antarctica”? on Earth
(b) the average winter inland temperature in 27315 e
Antarctica, compared to the temperature at
the bottom of the craters at the south pole Find the difference between:

of the Moon?
(a) human body temperature and the temperature
2 What is the difference between the average coastal at which car antifreeze freezes

and inland temperatures in Antarctica in:
P (b) the temperatures of the Sun’s surface

(@ autumn (b) winter (c) spring (d) summer? and absolute zero
What is the ‘ultimate’ cool? For centuries, scientists (c) the temperatures at which
have been interested in finding the lowest temperature gold melts and water freezes

possible. In early 2001, scientists at the Australian
National University produced the coldest known
substance for the first time in Australia. It was a
super-cold cloud of atoms reaching very close to
-273°C.To create the cloud, the temperature of one Rese al’Ch
million atoms was lowered using laser beams.

(d) the highest and lowest
temperatures recorded on Earth. \

Present a report on other temperature scales,
such as the Fahrenheit and Kelvin scales.
Describe how to convert these to degrees Celsius.
Explain why -273.15°C is called absolute zero.

Theoretically, the coldest temperature possible is
-273.15°C, which is also called ‘absolute zero’ on

the Kelvin temperature scale. This is where atoms
reach their lowest possible level of movement. The
Australian scientists didn’t quite get there: they were
about 100 billionths of a degree above absolute zero.
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Multiplying and
dividing numbers
in index form

Index form
To square a number, you multiply it by itself.
To cube a number, you multiply it by itself, then multiply it by itself again.

For example: ‘4 squared’ =4 x 4 4 cubed’ =4 x4 x4
=42 =43

There is a shorthand way of writing the multiplication. It can be used for any number of times
that the number is multiplied by itself. A smaller number, called the index (or power, or

exponent), is written to the top right of the number. The index tells you how many times the
number (called the base) appears in the multiplication; for example, 4° =4 x 4 x 4 x 4 x 4 x 4.

Numbers written in this way are said to be written in index form. The plural of index is indices.

index or power or exponent

o~ 43 = 4x4x4 = 64
base
S | —
index form expanded form

Two or more different base numbers must be written individually as numbers in index form,
as shown in part (b) of the following example.

Worked example 8

Write the following in index form.

(@ 7x7x7x7 (b) 2x2x2x5x%x5

Thinking Working

(@) Count the number of times the base (a) 7X7xX7x7
appears in the string of multiplications =74

and use this number as the index. (Here,
there are four 7s multiplied together,
so 4 is the index.)

(b) Count the number of times each base (b) 2x2x2xb5x5
appears in the string of multiplications =2°x5°
and use these numbers as the index of
each base. (Here, you have the product
of three 2s and two 5s.)
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Expanded form

Numbers in index form can be written in expanded form by writing a string of multiplications
equal to the number of the index. Index numbers with different bases must be treated separately.

Worked example 9

Write the following in expanded form.

(@) & (b) 3% x4
Thinking Working
(@ Use the index to find the number of (a) 8&°

times the base will appear in the string =O6XEXEXHEXE

of multiplications. (Here, an index of 5
means there are five 8s multiplied

together.)
(b) Use the index of each base to find the (b) 32 x 49
number of times each base will appear =3X3EIX4AX4X4

in the string of multiplications. (Here, the
index of 3 is 2 and the index of 4 is 3, so

you have two 3s and three 4s multiplied
together.)

Indices on the calculator

You can use your calculator to find the value of numbers expressed in index form. Your
calculator should have a key that looks like “ or . These keys both work in the same
way. For example, to find 6 you would enter n n n -, or n
D o et 1296,

Multiplying index numbers

How can you calculate 23 x 2°?

Method 1

Evaluate each part separately and find the product. Remember that to evaluate a number
or an expression means to calculate its value.

23=8and 2°=32

23%x2°=8x%x32
=256
Method 2

Write each index number in expanded form, then find the product.

2Px D =2X2IX2X2X2X2X2X?2
=256
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Developing a rule for multiplying index numbers

Complete the following table by writing the product of the numbers in the first column, first
in expanded form, then as a single number in index form.

Product In expanded form As an index number
3% x 34
43 x 4*
7> %7
112 x 112
20°x 20°
6°x 6

For each row of your completed table, look closely at the index numbers in the first and
third columns.

Can you see a pattern, or connection, between the numbers? Describe it. (Remember that
7=7'and 6=6")

Did you notice that the index of the final product is equal to the sum of the indices of the
numbers being multiplied?

32x 34 43 x 44
—32+4 —46+4
=36 =47

This pattern can be stated as a rule:

When multiplying numbers in index form with the same base,
keep the base and add the indices.

If the numbers do not have the same base, the indices cannot be added. For example, 2% %34
cannot be written more simply in index form.

Worked example 10

Simplify the following.
(@) 3"x3° (b) 2°x3°x2%x3°
Thinking Working
(@) Are the bases the same? (a) 3" x3°
_=z7+5
If yes, keep the base and add the indices. - 512
=3
(b) Are the bases the same? (b) 22 % 3% x 2% x 3%

=29 x 2% x 3% x 3
:25+4X55+6

=27x3"

If not, group the numbers that have
the same base and add their indices.
Write the answer as a product of the

index numbers with different bases.
.|
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Odd and even powers

Recall that multiplying two negative numbers gives a positive product, and multiplying
a positive and a negative number gives a negative product. Consider these powers of -2,
written in expanded form and multiplied together:

(-2%=-2x-2=4
(-2P=-2x-2%x-2=-8

(-2 =-2x-2x-2x-2=16
(-2°=-2x-2X-2x-2%x-2=-32

Can you see a pattern here? Will (-2)° be a positive or a negative number? What about (-2)”?

Negative numbers raised to an even power give a positive result.

Negative numbers raised to an odd power give a negative result.

Worked example 11

Simplify, if possible, then evaluate the following.

(@ (-3)>x(-3)° (b) -72x (-4)* (c) -22x-2°
Thinking Working
(@) 1 Are the bases the same? (Yes.) (a) (-3)?x(-3)°
2 Ifyes, simplify by keeping the base =(-3)°
(-3) and adding the indices.
3 Find the value of the product in index =-243

form, noting that the power is an odd
number, so the answer will be
negative.

(b) 1 Are the bases the same? (No.)

2 If not, evaluate each index number
separately. (Note here that the value
of one will be negative, -72 and one
will be positive, (-4)*.)

3 Find the value of the final product.

(b) 7x (-4
= -49 X 256

=-12544

(c) 1 Are the bases the same? (Yes.)

2 If yes, simplify by keeping the base
(2) and adding the indices. Note that
multiplying the two negative signs in
front of the bases will give a positive
answer.

3 Find the value of the index number.

(c) -22x-2°

= +27

=125

Dividing index numbers

How can you calculate 5° + 5°? As you saw for multiplying index numbers, there are two

methods you can use.

1 Integers and indices
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Method 1

Evaluate each number separately and find the quotient using a calculator:

58 + 55 =390625 + 3125
=125

Method 2

Write each number in expanded form, then divide by cancelling common factors before

simplifying the indices:
Bx Bx'Fx'5x Bx5x5%5
1BXBXBX B X B

=5x5x5
1

58+5° =

=5
=125

Notice that the division of numbers with the same base in index form also has a pattern:

58+59=55"°
=5

When dividing numbers with the same base in index form,

keep the base and subtract the indices.

Worked example 12

Simplify the following.
(@ 37 +3* () 2" x5% = (27 x 5%)
Thinking Working
(@) Are the bases the same? (Yes.) (a) 3%+3"
If yes, write the base (3) and subtract z g: -

the indices.

(b) 1 Are the bases the same? (No.)

If not, rewrite the division as a
fraction.

Subtract the indices of numbers with
the same base.

2 Write the answer as a product of
index numbers with different bases.

(b) (2" x5%+ (22 x5%)
_ 211 X 54
29 %55
_ =9y 54-3

=2°%x5

The difference between ‘simplify’ and ‘evaluate’

To simplify an expression involving index numbers, apply the rules for multiplying and
dividing them, writing it in a simpler form. Note that examples 10 and 12 asked for
expressions to be simplified. The answer was given in index form—its actual value was

not calculated.

To evaluate an expression involving index numbers, find the value of the answer as an actual
number. Example 11 asked for expressions to be simplified first, then evaluated. The answer
was given as a number.
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X Multiplying and dividing

numbers in index form

Navigator

1,2 (rows 1-3), 3 (rows 1-2), 1 (column 2), 2 (rows 2—4), 1 (column 2), 2 (rows 3-4),
4 (row 1), 5 (rows 1-3), 6, 7, 8, 3 (rows 3-4), 4, 5 (rows 2-4), 3 (rows 3-4), 4, 5 (rows 3-5), P.

10, 14, 15 (a-b), 17 6,7,8(a-c),9,10,11,12 (row 1), 6,8, 11,12, 13, 14, 15, 16,

13, 14, 15, 18, 20 18, 19, 20

Equipment required: calculator may be used for Questions 4, 9, 10, 13, 15 (c), 19

Fluency
1 Write the following in index form. m
(@ 2x2x2x2 (b) 4x4x4x4dx4x4x4
(c) 8x8X8X8XxEXEX8x8 (d 1TTx1TTx1TTx11Tx11x11
(e) 13x13x13x13x13x13 ) IXIXIXIXIXIXIXIXI
(g) 5X5Xx5x5x6Xx6x%x6 (h) 2x2x2%x3x%x3
() 4x4x4x4x10x10%x10x10 () 7X7X7X7X7x8xXx8x8Xx88xXx8x8
(k) 2Xx2X2%x3%x3Xx3x3%x5x%x5 () 1TxT1Tx11x13x13x13x13x13x13
(M 6X6X6X6XT7TXT7TXT7XIX9 (n) 12x14x14x14
2 Write the following in expanded form. m
@ 5 ®) 4° @ 7 o —
d) 9° e) 10* M 37 | that 3is the |
| same as 3", |
(@) 2°x5% (h) 3" x11° Q) 9°x7° D Wi
() 2x4°x6* (k) 3*x7>x12 ) 9P x11x17?
3 Simplify the following. m
(@) 5°x5° (b) 3’7x3 (€) 6*x6

(d) 4°x4? ) 9°x97 M 17°x17° '\-_/\
(@ 63*x 6312 (h) 43x5%2x4°%x5% () 2"x63x23x6 1 L

() 7Px8'x7x8 (K 11°x9°x11°x9° () 10" x38x10x 3’

Simplify, if possible, then evaluate the following. m
(@) (-2*x(-2) (b) (-6)"x (-6)° © (-3)*x(-3y (d (-7 x(-7)

(e) -5*x33 M (-2)%x -4? (@) -6°x(-8)* (h) -7>x -9?

Simplify the following.

@ 74+7? (b) 37 +3* (©) 28+2° m
(d) 13*+132 e 17°+178 ) 25%+25°

@ (-2°+(-2)° () (-4)*x (-4)° M) (-6)°+(-6)°

() (3*x2%+(32x2% K) (6°x4%) +(6°x4?% ) (9% 13% + (97 x13%

m) 62 x 7% +7° (n) (112x 8% + (11 x 8) 0) (27x3°x4%) +(2°x4)
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Understanding

6 (a) Inindexform4x4x4x4x4x4is:

A 24 B 6 c 4° 1024
(b) In expanded form 3 is:

A 3x5 B 3x3x3x3 C 5x5x%5 3X3X3x3%3
(¢) The value of 7° is:

A 35 B 2401 C 16807 78125
(d) The value of -5% is:

A -625 B -20 C 20 625

7 Copy and complete the following table.
Words Index form Expanded form Value
49

6X6XH6XbHX6

Eleven to the power of six

8 Evaluate the following expressions, given that x =2 and y = -4.

@ x*xy
@ ¥ x P

(b) x>xy?

€ 6xx*+4

© x*xx%xy?
M (6*+12)xy>+-2

9 A scientist studying a population of insects finds that the population doubles every week.

If the scientist begins with 50 insects, at the end of 1 week there will be 50 x 2 =100
insects. At the end of 2 weeks, the population will be:

Week 1 population x 2

=100 x 2

=(5B0x2)x2
=50 x 22 insects.

(@) Use index notation to write how many insects there will be after:

(i) 3 weeks

(b) Evaluate each of your

answers in the previous part
to find the actual number of
insects after each period.

10 (@) Complete the table of powers of 5.

(i) 5 weeks

FF

(iii) 8 weeks.

(-5

(-5?

(-5)°

(-5)*

(-5)°

(-5)° | (-5)7

(-5)°

(-5)°

(_5)10

(_5) 12

-5

25

-125

(b) What is the pattern?

(c) How can you predict whether the answer is positive or negative?
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11 The Wimbledon tennis championship
consists of 7 rounds of matches:
Rounds 1, 2, 3 and 4, the quarterfinals,
the semifinals and the final. Half
the players (the losers of their
matches) leave the competition after
each round, so that there are only
2 players remaining in the final.

(a) Starting at the final and working
back through each round, write the
number of players playing in each
round as a number in index form.

(b) How many players are there at the start of the championship?

12 Simplify the multiplications first, then the divisions, then evaluate the following.

82 x 83 5% x 54 118x 15
(@) o (b) : (©) 19

(-4)2x (-4)° (-3)3x(-3)? (-2)°x (-2)°
d) LX) g) ) X (o) o) X2)
(d) ) ) 3 (f) By

13 (a) Evaluate each index number separately, then find the product or quotient.
(i) 4°x43 (i) 7°+ 7>
(i) (9> x 9% +9* (iv) (5°x5%+(5*x5%

(b) Repeat the first part, this time using the rules for multiplying and/or dividing index
numbers to simplify, then evaluate the result.

(c) Which process is more efficient—the first method or the second?

Reasoning

14 (a) Write the value of each of the following.
@M 1° (i) 17 i) 1%°
(iv) 0% (v) 0% (vi) oM

(b) What conclusions can you draw from this about:
(i) powers of 1 (i) powers of 0?
15 (a) State whether the value of the following will be positive or negative.
M (-4° (i) -4° (i) (-6)° (iv) -6°
(b) Explain how brackets may affect the signs of the answers for part (a).
(c) Find the value of the following.
(i) -3°x4? (i) (-2)*x (-3)? (iii) -2°x -57
(iv) (-4)°x (-5 ) -2°x (2% (vi) -2°x (-2)*

1 Integers and indices
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16 Bacteria A splits into two after every
20 minutes and Bacteria B splits into
two after every 40 minutes.

(@) Complete the following bacteria population table.

Time (min) Number of Bacteria A Number of Bacteria B
0 1 1

20

40

60

80

100
120
140

(b) What will be the population of each after 3 hours?
(c) How many more of Bacteria A than Bacteria B will there be after 3 hours?

(d) If Bacteria A was competing for food and space with Bacteria B, which bacteria would
be the winner? Give a reason for your answer.

Open-ended

17 Write one example of each of the following that has a value between 20 and 100.
(@) anumber that is a power of 2
(b) a number that is a power of 3

(c) a number that is a power of 4 and a power of 2
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18 Here is some of Joel’s homework on index numbers. He only has one question correct.

Write the value of the following index numbers.

1 4b=04 4 72=14
2 3%=09 5 5*=20
3 25=10 6 9'=9

(@) How do you think Joel obtained his answers?

(b) Which question did he‘accidentally’ get correct? Why was this?

(c) What would you tell Joel to help him have a better understanding of index numbers?

19 Hayden and Tao were arguing about the solution to 3% x 3% + 3% x 3%, Hayden said it was

2 x 3% and Tao said it was 18°. Who was correct, and why?

20 (a) Write a division between any two of the eight expressions below, so that the answer

is 2.

102,23 42,2°,43 2 x 52,2 x 32, 62

(b) Write two more divisions that have an answer of 2, using two different pairs of the

above expressions.

Exponent

Add/Subtract

3

8

2

8+36=44

5

44 - 1024 =-980

O || [0 | O | WD

—
o
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Investigation

Cyclic powers

Equipment required: calculator

Do you recognise the sequence of numbers 2, 4, 6, 8, 10,
12,14, 16, 18, 20, ...? They are the multiples of 2 (the
even numbers). If you look at the last digit of each
number, you can see a repeating, or cyclic, pattern:
2,4,6,80,2,4,6,8,0, ...

The multiples of 5 form this sequence: 5, 10, 15, 20,
25, 30, ... Here, the last digits form a shorter repeating
pattern: 5,0,5,0,5,0, ...

In this investigation you will look for patterns in the
sequences of powers.

The Big Question

Do sequences of powers contain patterns? Can you
use these patterns to make predictions?

Engage

Here are the powers of 2.
2l=2 (2

22=4 (2x2)

=8 (2x2x2)
24=16 (2%x2x2x2)
=32 (2x2x2x2x2)

You can write the powers as a sequence: 2, 4, 8, 16, 32, ...

The next number in the sequence is found by multiplying
the previous number by 2. Notice that the numbers in
this sequence get very big very quickly.

1 (a) Write the first 5 powers of 2 listed above, then
calculate the next 5 numbers in the sequence.
(Your calculator should have a key with a symbol
such as ” that calculates powers.)

(b) Write the last digit in each of the 10 numbers.
Can you see a pattern? If not, calculate more
powers until the pattern becomes clear. Predict
what the last digit of 21¢ will be, then calculate it
to check your prediction.

2 How many numbers are there in one’cycle’ of the
pattern? (That is, how many numbers does the
pattern go through before beginning again?) What
power of 2 will begin the fifth cycle of the pattern?

PEARSON mathematics 8 2ND EDITION

Explore

3 Are there patterns in the sequences of other powers?
Write the sequences of the powers of 3, 4, 5, 6, 7, 8
and 9. Write any patterns formed by the last digits of
the numbers in the sequence.

Strategy options (T T T T T T N\
(orsome rumbers, )
e Guess and check. : you might find a |
I pattern for more :
'\ than just the last digit! |
AN

e Look for a pattern. -—< =

e Make a table.

Explain
4 (a) For each sequence of powers, =

describe any patterns you found
in the last digits.

(b) The patterns vary in the

number of digits that appear before
the pattern begins again, or‘cycles’.
How many digits in:

(i) the shortest cycle

(i) the longest cycle?

5 Can you explain why some patterns have short
cycles and some have long cycles? Think about
the multiplications done to generate each number
in the sequence of powers.

Elaborate

6 Use your pattern to predict the last digits of the 23rd
and 39th powers of each of the numbers from 2 to 9.
Explain how you arrived at your prediction. (You can
try to check your predictions, but your calculator
may struggle with some of the bigger numbers!)

7 What is unusual about the sequences of powers for
1and 10?

Evalucate

8 Approximately how many numbers did you need to
write before you saw a pattern in the sequence? Did
you get better at seeing patterns as you went along?

Extend

9 Some numbers, such as 16, 81, 256 and 729, appear
in more than one sequence of powers. What are
the connections between these numbers and the
sequences that they appear in?



Powers of powers,
products and
quotients

Raising a number in index form to a power

Consider (7%)°. This is 72 multiplied by itself three times (that is, multiplied so that it appears
in the multiplication three times).You can write this as follows.

(7P =T xT)x(Tx7)x (7% 7) or: (7P =7>x7?x7?
=76 :7(2+2+2)
=70

Notice that 2 x 3 equals 6. So, you can simplify by multiplying the indices together:
(72)3 — 7(2 X 3)
=7

When raising a number in index form to a power, keep the base and multiply the indices;
e.g. (3h)% =312

Worked example 13

Simplify (2%)°
Thinking Working
Keep the base and multiply the indices. (2%)°

— 25 X5

— o5

Raising a product to a power
How could you calculate (4 x 7)%?
You could find the product in brackets first, then raise it to the power:

(4 x7)%=(28)°
=21952

Or, you could raise each factor in the product to the power.You can show this by writing the
expression in expanded form first: (4 x 7P =(@Ax7)X4x7)X(4x7)

=4x4x4x7xT7Tx7

=4 %7

=64 x343

=21952

If a product of factors in brackets has been raised to a power, then each factor in the
brackets is raised to that power.

e.g. (3x5)t=3%x54

1 Integers and indices
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Raising a quotient to a power

3
What does (%) simplify to? It has a base of % and an index of 3.

3)-2323
5 5x5x%x5

B2
5 53

Each number in the brackets has been raised to the power of 3.

If a quotient in brackets has been raised to a power, then each number in the brackets is

raised to that power.
3P _3°
5 () -5

Worked example 14

Expand the brackets in the following.

2
@ (2x3)* (b) @)
Thinking Working
(@) Raise every factor in the brackets to the (a) (2x3)*
power outside the brackets. =2%xz*
. . 5)2
(b) Raise every number in the brackets (b) (—)
to the power outside the brackets. v
_5°
72

The zero power

To simplify 5% + 5, you can use two methods.

Method 1

Use the rule for dividing index numbers, which is to keep the base and subtract the indices.

53+53 =5(3—3)
=50
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Method 2

Write in expanded form and cancel common factors.

53 BxXEXH _

52+53=2 = =
53 HFXFX5F

(Don't forget that any number divided by itself is 1.)
From Method 1, you can see that 5° + 5° = 5

From Method 2, you can see that 5° + 5% =1
Therefore, 5° = 1.

4
Try this with 2—4. Do you get 8°=1?

Any number raised to the power of zero equals one.

(The exception is zero itself: 0° is undefined.)

) Powers of powers,

products and quotients

Navigator

1, 2 (columns 1-2), 3 (row 1), 4,
5, 7 (column 1), 8, 11, 13 (a-b),
14,19

1, 2 (columns 2-3), 3 (row 2), 4,
5, 6, 7 (columns 2-3), 8, 9, 11,
12 (row 1), 13 (a-d), 14, 16, 19

1, 2 (columns 3-4), 3 (row 2), 4,
5, 6, 7 (columns 3-4), 8, 9, 10,
12, 13 (c-f), 15, 16, 17, 18

Answers
p. 620

Equipment required: calculator for Questions 11, 17

Fluency
1 Simplify the following.
(a) (997 (b) (147)° (© (6%°
() (4%’ M 2’ @ @%
2 Expand the brackets in the following.
(@) (4x3) (b) (2x5)° (© (3x2y
€ (7x10)° ® Bx9)! (@ (2x3x1)°

W ()

@ (i)

o (5)
o ()

o )
L)

3 Evaluate the following.

0 0 5 0 1 0
@ 7 (b) 20 (©) (6) (d) (-35
M 3x5° (@ 2%2x6° (h) -3° (i) -6x5°

(d) (10°°
h) (7%?

(d) 4x7)*
(h) (4x5x6)

0 (3)

) (1—15)2

(e) (-0.5234)°

Q) 3x(-6)°

1

Integers and indices
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4 (@) (597 simplifies to:

A 58 B 5 c 5°
(b) (4x3) simplifies to:
A1l B 2 c 7
5 What is (2%)? x 23 equal to?
A & B 2° c 2

D 512

D 12

D 235

6 State whether the following equations are true (T) or false (F). If false, where possible state

the correct answer in index form.
@ (3+4)y>=3%+42 (b) (12 -8)>=4?
@ (-4°x(-2°=8 @ (5)2x(2)3=10°

Understanding

————

: Simplify the numerators

| and denominators first,

| then look to cancel

Leave your answers in index form (do not evaluate).

:\i(immon factors. (@) (82x73)? (b) (%)3 © (2 ><24)5
) 34 % 47 37 x 40 (7% 8)4

© s O e 9 =5

~ L (43 x5)* v oxndix(IY aa (3 4
0 G 0 @x3x(3] w0 (3 x(

e.g. 157 = (5 x 3)%.
(@ 10° (b) 21°

(c) 352 (d) 45*

(©) (-3)*+(6)°=(-18)
M 87 +8'=8"

7 Use a combination of the rules for working with index numbers to simplify the following.

(5%)?
(d) Ty

h (8x9x10)3
(9 x 8)3

o (3

(

8 Write the following as the product of two or three prime factors, raised to a single power;

e) 70° ® 777

9 Write the following as the product of two or more prime factors in index form. The index

of each prime factor may be different; e.g. 24 = 2% x 3.
(@ 36 (b) 48 (c) 63 (d) 72

(e) 75 (f) 84

10 Evaluate the following without a calculator by writing the numerators and denominators

as products of prime factors, then simplifying.

9x14
15 x 21

12 x 18
27 x24

45 x 21
35 % 36

(@) (b)

(c)

54 x 60

d
(@) 48 x 33

11 (a) By trial and error, find the largest number that is a power of 2 and that will fit on a

10-digit calculator display.

(b) Find the largest power of 9 that will fit on a 10-digit calculator display.

12 Pronumerals are the symbols used to represent unknown numbers. You can apply the
rules for working with index numbers to pronumerals. Use one of the index number rules

you have learnt in this section to simplify the following.

o (5)

@ 5p°

@ (@) © ()°

o 2]

(e) (20)°
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Reasoning

13 Use the appropriate index law to find the value of x in each of the following.

@ 102 +10°=10" ) (5%)°=5" ©) (69%=6%
74><79f_1 © @521 0 (56)xx(5x)2:54

(@ 711 312 54

14 Kelvin and Terry were given the following question as part of their indices homework.

3 % 25)2
Evaluate: (3 X2 )
32x23
Here is Kelvin’s working: Here is Terry’s working:
(55 X 25)2 (55 X 25j2

32 x 22 32x 23
_ (27x52)2 = (3x22)?

9x8 = (3% 4)2
_ 729 X 1024 — 122

81 x 64 — 144
_ 746496

5184
=144

‘Wow’, said Kelvin. “‘We both got the same answer but your working doesn’t look as
complicated as mine’. ‘No’, said Terry. “And I didn’t have to use my calculator either!”

(@) How is Terry’s method different from Kelvin’s?

(b) Both answered the question correctly, but who did it more efficiently? Give a reason
for your choice.

15 Write the following numbers as index numbers raised to a second index; for example,
64 = (2%)°.

(@ 16 (b) 81 (c) 625
(d) 729 (e) 256 (f) 1000000
Open-ended

16 Find two or three ways of writing the following as a product of two or three factors, raised
to a single power.

() 24° (b) 36° (c) 48 (d) 80
17 1000 can be written as 10°, or as 5° x 2°. Find at least two different ways of writing 625 000
using indices.

18 Write three different sets of values for m and n so that (a")" simplifies to a?,

19 The index laws are sometimes used incorrectly. Below is a set of calculations that look
reasonable, but are actually incorrect.

In each case, explain the mistake and give the correct answer. Explain why your answer
is correct.

.7..9—75

(a) * x 3" =3° (b) -

(c) (B%)*=52"=5'° (d) 13 x 4° =1

1 Integers and indices
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10

11

12
13

14
15

Challenge 1 _

The mean of -5, -3, 0, 4 and 9 is:

A -1 B 1 c 32 D 43

5 4

Reece bought a new table for $100. He then changed his mind and sold it for $110.
He changed his mind again and bought it back for $130, then sold it again for $150.
What overall profit or loss did Reece make?

A $30 loss B $10 loss C $20 profit D $30 profit

Three consecutive numbers are such that twice the greatest added to three times the least
is -31. Find the numbers.

My father is 30 years older than I am, and my mother is 24 years older than I am. How old
was [ when my father’s age was double my mother’s? Explain your answer.

If x¥ = 64, find all the possible pairs of values for x and y.

(@) By writing 215 35 (2%)° and 3" as (32)?, find out whether 2'° > 319 is a true or a false
statement. Do not use a calculator.

(b) Use the same method to decide which is larger, 227 or 318,

If the numbers a = 289 b= 3% and ¢ = 5% are written in ascending order, then what order
do they appear in?

A abc B acb C bca D ¢ab
What is the value of (-1)° - (-1)*?

A1l B 0 c -1 D -2

23 x 22 x 3% x 3% is equal to:

A 6 B 6° C 36 D 36"
If 10— 10 = 99990, then x is equal to:

A 4 B 5 C 6 D 9

82.
The value of = is:
28

B 1 c 2 D 4

o ;
If y* = 256, find all the possible whole number pairs of values for x and y.

If x = -3, which of the following expressions has the largest value?

A -3 B (x-3) C (@+3) D ¥+3
What is the last digit in the number represented by 43272

What is the last digit in the number represented by 320042

PEARSON mathematics 8 2ND EDITION



Chapter review

Maths literacy
base exponent integers simplify
cube index negative square
evaluate index form positive
expanded form indices power

Copy and complete the following using the words and phrases from this list, where
appropriate. A word or phrase may be used more than once.

1 The are all of the positive and negative whole numbers, and zero, which is
neither positive nor negative.

Two negative numbers multiplytogivea __ result.
A__ number divided by a positive number gives a negative result.

53iswrittenin____ while 5 x5 x5 is written in

6’ isread as ‘sixtothe ____ of 7',
The number that is raised to a power is called the

Other names for‘power’ are and

The addition of two negative numbers will always givea___ answer.

To__ meansto find a value by doing a calculation.

o © 00 N o o~ DN

-t

Any number (except zero) raisedtothe ___ of zero is equal to 1.

-t
-t

Whenyou__ an expression, you do not need to calculate an actual value.

Fluency
1 Write a positive or a negative integer to represent each of the following. m
(@) The bottom of a lake is 23 metres below sea level.
(b) A business made a profit of $840 000.
(c) You deposit $350 into your bank account.

(d) The value of a share in a mining company rose by $4.

2 Place the following in ascending order. m
(@ -6,9,14,-23,0 (b) 8 -15,5,-7,-2 (c) 34,-11,0,6,12

3 Calculate: m
(@ -3+ (+10) (b) 7—-(+9) (c) -5—-(+6) (d) -11+ (+4)
(€) 8+(-5) ) -13+(-11) (@ 2-(-18) (h) -12-(-4)

4 Calculate: m
(@ 4+7-9 b) -2+5-1 () -15+23-8
(d) 6+ (-3)—(+10) (e) -7—-(-8)+3 H 5-(-14)-20

1 Integers and indices @



5 Find the following products.

(@ -14x2 ) 4% -5 (€) -6x-6 (d) -7 x-12
(e) 15x-9 H -22x8 (9 -60x30 (h) -28x-200
M (-6 M -7 (k) -2%x3? ) (47x(1)?

6 Find the following quotients. m
(8) -36+3 (b) 55+ -11 (©) % (@ -27+3
(e) 66+-11 0 -971 (@ 72+-9 (h) -45+ -5
(i) '—29 () 440+-10 (K) -320+8 0 __Z§

7 Evaluate the following expressions. m
@ 45+9x-2—4 (b) 46 + (-6 x7) +20+ -5
() -9x-5-3x4+2 (d) -8+ (-18)+-3-4x-4
€ -4+ (-6)>+9 ) -7x-8-=52+(-10)

8 Write the following in index form and find the value of each. m
(@ 9xXx9Ix9%x9x%x9 (b) 6X6X6X6X6X6X6
(€) 3x3x3x3x4x4x4x4x4 (d) 8x8x10x10x10

9 Write the following in expanded form. m
(@) 2%x5° (b) 13%x8° (c) 4°x7>x9° (d) 6°x10%x17

10 Simplify the following. m
(@) 7°x 7 (b) 3°x 32 (c) 5°x 57 (d) 22x2°
) 3°x20x33x2% (f) 42x7Px43x7 (g 5°x22x23x5* (h) Px11°x7x11
11 Simplify the following. m

(@ 5°+52 (b) -7-; ) 11°+11° (d) %2
@ (°x4)+@Ex2) ) 7735 o @ &x5)+@x5 (M) 23(9—291——"1;33

12 Evaluate the following.
(a:ai:; B (b) -3* (© (-5° m
(d) -1 (e) -4%x(-3) M (-2*x(-3)*
Simplify, th | he following.

: (al)m ééf)zt o uate(tb)e(;gmg () 3 (@ @Y m
(e) 2° 0 6x3° © Z—Z () 5-1—2

14 Expand the brackets.
(@ @4x11)°® (b) (8x9) ) (3x5) @) (7x10)*

@ (3) o 3 o () w (5)
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Understanding

15

16

17

18

19

20

The minimum overnight temperatures for

1 week at Mt Hotham were -2°C, -3°C, 1°C,
2°C, -3°C, -2°C, 0 °C. Find the mean minimum
overnight temperature for the week. (The mean
is found by adding all values, then dividing the
result by the number of values.)

In the game called Count’Em Up, red tokens are
worth 5 points, black tokens are worth -3 points
and white tokens are worth -1 point. Calculate
the total point score at the end of a round for
each of the following players.

Ava: 2 red, 3 black and 1 white
Georgia: 3 red, 4 black and 2 white
Rose: 3 red, 5 black and 4 white
Wei: 2 red, 5 black and 2 white

A scientist is observing the behaviour of bacterial cells. She finds that each cell divides in
two every 24 hours.

(a) If the scientist isolates a single cell in a dish, complete the following table to show how
many cells there will be after a certain number of days.

Time (number of days) 0 1 2 3 4

Number of cells 1

(b) Extend the pattern in your table to find how many cells there will be after 1 week.
(c) Write the’Number of cells’row of the table as a series of index numbers.
(d) Use the pattern to find how many cells there will be after 2 weeks.

Three friends invest a total of $270 in a lottery (they put in $90 each). If they collect prizes
worth a total of:

(@) $60, find the loss for each friend
(b) $300, find the profit for each friend
(c) $28500, find the profit for each friend.

An ice-cube tray filled with water at a temperature of 21 °C is put in the freezer, where it
takes 3 hours to freeze solid at 0 °C. What is the average hourly drop in temperature?

Choose the best answer.

@ 5°x23is the same as:

A 10° B (5x2)° c 10° D bothBand and C
(b) 7°x 7°is the same as:
A 49° B 712 C both A and and B D 4912

1 Integers and indices @




21 Simplify if possible, then evaluate: m

3)’ 80 (-6)° 2Y°
@ (2) ) (8) @ O @ (-2
(-3)° (-5)° (2 n 3%
(e) (3)% U] (5)% (9 (2 (h) (3)T
N 23x 24 . 105x10 34x42x32x4 13 (3)?
0 =% 0 “ (3x4)3 0 (i) X(E)

22 Evaluate the following without using a calculator by writing the numbers as products of m
prime factors and simplifying the calculation.

(@) 25 x12 (b) 102 x 45 ©) 9x7
15x 18 212x 25 104 % 21
Reasoning
23 Calculate the value of x in the following equations. m
(@ 15"+ 15" =15 (b) 1212+ 12"=12" (c) 34" +3410=1

24 16 can be written as (2%)°. Rewrite the following as an index number raised to a second m
index, using the base given in brackets.

(@ 362 (6) (b) 128* (2) (©) (1000%)? (10) (d) 49007 (70)
25 (a) Find the magic sum for the following 4 x 4 magic square. m
2 | -20
(b) Complete the magic square.
(c) Make a new 4 x 4 magic square by dividing each number in 18 ©
the completed square by -2. What is the magic sum of this 5 .
magic square?
10 | 12| -4

(d) Make another new 4 x 4 magic square by multiplying each
number in the original magic square by -2. What is the magic
sum of this magic square?

26 Vanis organising a table tennis tournament for the local clubs in his area. The tournament m
will have 3 rounds, then the semifinals, then the final. The losers in each round leave the
competition. How many players will Van need to invite to compete in round 1 in order to
end up with 2 players in the final?

27 Insert brackets where necessary to make the following statements true. m
(@ -3-4x-2=14 (b) 2+-3x4+-2=-6
() 16 +-44+3x-2+1=-7 d) 4+-3x-2+-6x-1+5=0
(e) 2-3+6x3+2x-1-6=-37 f 24+-2+-3+4x-2-5=-24
28 State whether the following are true (T) or false (F). m
(@ 5°x5%=5° (b) 83x8*x8°>8"x8* © 17+17+17+17=17*
(@ (3°°=@%° (€) (4+6)*=(10%’ (0 (4+3)?=47+5
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Numeracy practice 1

Non-calculator

1

Two numbers added together equal -5.The same two numbers multiply together to give -24.

What are the two numbers?

You have $5 in your pocket.You owe a friend $8, and another friend owes you $12.
If everyone pays what they owe, how much money do you have now?

Which of the following is equal to 9% x 3°?
A 9x2x3x%x3 B 3x3x3x3x3
C 3x3%x3x3x3x3x%x3 D 27°

Dora is making this flower pattern, made of an increasing number of shapes.

00, o ) o o
& HBE BB
(Y

Q

o

)
>
<

&y i
B I

ay

X

(@) Complete the table to show the number of flowers she needs for each shape in
her pattern.

Shape 1 2 3 4 5

Number of flowers

(b) What sequence of numbers does the second row of the table form?

(c) How many flowers would she need for Shape 10?

Calculator allowed
5 (-2)>=9is equal to:

6 A microwave oven can heat a frozen meal by 10 °C every minute. A meal taken out of a
freezer is at -20 °C. How many minutes should the meal be heated to be at 50 °C when

A -13 B -5 Cc 5 D 13

served?

7 If A3 = B% = (C® =64, then what are the values of A, B and C?

8 Which of the following is not equal to »/4096?

28

> B (257 C 2048 D 43
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Diamonds lose their glitter.

The 2008-09 global financial crisis badly
affected Botswana's dicmond industry.

Botswana is a small country in Africa that
produces a large number of diomonds.

Diamonds are the main source of income for Forum

the country, making up 70% of the total value Why were the fall in exports and loss
of Botswecmar's eXpOI’tS. In the globa]. fincmcial of income Ieported usmg percentages
crisis of 2008-09, a decrease in demand instead of dollar amounts?

caused Botswana's diamond exports to drop
by 90%. This, along with a drop in other
mineral exports, caused a loss of 50% of the
country’s income. Botswana's government

How can a drop in the export of just one
product (dicamonds) have such a large
effect on the economy of the whole

was forced to ask for a $1.5 billion loan from country?

the African Development Bank to pay for How might the drop in dicmond exports
imported food, fuel and other basic needs. atfect the people and communities in
By the second half of 2009, the demand Botswamar?

for diamonds was starting to rise again.
Some mines that had been closed were
opened again ond production gradually
returned to previous levels.

Why learn this?

Imagine you need to work out which discounted jacket is the best deal, or how much profit
you made by selling your skateboard on the internet. You need good skills in fractions,
decimals and percentages. These skills are not just important in the world of business and
money. You can use fractions, decimals cnd percentages to analyse and present all kinds of
information. This can help you decide how useful or mecningful the information is.

After completing this chapter you will be able to:
e convert between fractions, decimals and percentages

e identify different types of decimal numbers and use the correct notation for writing them

e calculate with negative fractions ond decimals
e estimate percentages

e write one amount as a percentage of cnother

e find percentages of amounts

e use percentages to calculate increases, decreases, discounts, mark-ups, profit and loss
e solve problems involving fractions, decimals ond percentages.

2 Fractions, decimals and percentages
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Recall

Prepare for this chapter by attempting the following questions. If you have difficulty with a
question, you can download a Recall Worksheet from the eBook or the Pearson Places website.

1 Evaluate the following, writing your answers in simplest form.

2.3 5 1 4 3 4 4
@35 ® &1 © 5%% @ 55
2 Evaluate the following.
(@ 2.6+3.04+53+2101 (b) 5.29-4.831 () 12.7x5
(d) 4.2x3.1 () 3.72+8 () 12.64+0.04

3 Round the following decimals to the number of decimal places shown in brackets.

(@ 2.0335 (2) (b) 3.1884 (2) (©) 2.9096 (3)

(d) 4.08619 (3)

N . . 27 16 56
4 lify the foll fractions. — b) — —
Simplify the following fractions (a) 15 (b) ) (c) N
5 Write the following mixed numbers as improper fractions.
1 2 7
2= b) 4= 3=
(@ 5 (b) 9 () 0
6 Write the following improper fractions as mixed numbers in simplest form.
17 40 95
(@ — (b) 5 © I
7 Evaluate:
(@) 7.08x10 (b) 0.49 x 1000 (c) 0.8x100
(d) 5.21+100 (e) 34.65+10 () 4.037+1000

8 Calculate the following. (a) g of $90 (b) 1-75 of 180 kg

9 Write the following fractions as percentages.

1 3 2
(@) 5 (b) 1 (c) 5
10 Write the following decimals as percentages.
(@) 0.35 (b) 0.9 (c) 0.04

Exploration Task

©) 2 of 200 m
7
d -
@ 75

(d) 1.27

You can download this activity from the eBook or the Pearson
Places website.

1(100%)

Is this right? -

In this activity, you will explore ways to identify mistakes made 3

when trying to convert a ratio into a decimal. What is the best
way to discover mistakes?

16.6% &

10% | %5 [ 10% | 5 | 10%

= |85%

1
12

8.3%| 15 [8.%| 75 |83%| 75 |8.3%| 75 |8.8%
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Working with
fractions and
decimals

Fractions and decimals are used to represent parts of wholes. They are two different ways of
writing a number. To be able to work with decimals and fractions is a useful everyday skill.

Converting decimals to fractions

Decimal numbers use place value to represent the fractional parts of a number.You can use
place value to convert decimals to fractions.

For example, write the number 13.2452 in a place value table, like this.

tens ones tenths hundredths | thousandths | ten-thousandths
1 1 1 1
10 1 : 10 100 7000 10000
1 3 2 4 5 2

From this, 13.2452 can be written in expanded fractional form as
2 4 5 2 2452 T I
13+ =+ —+ ——+ —=— or 13==—= (which lifies to 13
*16" 700 " 1000 * o000 " *1oopp *Nich simplifies to

a common factor of 4).

613

2200 when you cancel

To convert a decimal to a fraction:
¢ use the place value column of the last digit to get the denominator of the fraction
¢ write all the digits of the decimal part in the numerator

¢ simplify the fraction if possible.

Worked example 1

Write 0.384 as a fraction in simplest form.

Thinking Working
L . _ 584
1 The last digit in the decimal is in the 0.284 = o0
thousandths column, so 1000 is the
denominator. Write the other digits
as the numerator.
2 Simplify the fraction. (Here, cancel = 2
common factors of 4 and 2.) 250
- 48
125

2 Fractions, decimals and percentages
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pmmmm oo . Converting fractions to decimals

[

| The division symbol ! ) . .

| tself looks like a fraction. | Afraction has a line or bar, which separates the top number (the numerator) from
)

the bottom number (the denominator). This line can be thought of as division.

So = =1+2, or 1shared between 2. If you perform this division, you get the decimal
equ1valer1t for 1 5 which is 0.5.

You can also use equivalent fractions to convert a fraction to a decimal. Write the
fraction as an equivalent fraction with a denominator that is a multiple of 10, such
as 10 or 100 or 1000.You can then write a decimal number using the digits of the
numerator, with as many decimal places as there are 0s in the denominator.

o1 5x1 5,wh1chcanbewr1ttenas05

2 5%x2 10

To convert a fraction to a decimal, perform the division, e.g. Z =3+4=0.75.

Or, convert to an equivalent fraction with a denominator that is a multiple of 10,

375
=07
8 17100 07>

Some fractions are used so often that it is useful to know the decimal equivalent. If you don’t
already know them, try to learn the following.

Common fractions and their decimal equivalents

1 1 2 1 3 1 1 1 1 1
2 3 3 4 4 5 8 10 100 1000
0.5 0.3 0.6 0.25 0.75 0.2 0.125 0.1 0.01  0.001

Notice that the decimal equivalents for :13 and % have a dot above the decimal digit. This is to
show that the digit is repeated forever; that is, % =0.333... These types of decimals are called
recurring decimals. You will learn more about these in the next section.

To compare quantities expressed as fractions and decimals, you need to change all values to
the same format. It is often easier to convert all values to decimal form.

The easiest way to compare fractions and decimals is to convert the fractions to decimals.

Fractions on a calculator

The key for entering fractions into your calculator will usually look like E To enter a
fraction, you enter E, then enter the numerator and the denominator, using the arrow
keys to move between them. To enter a mixed number, you would usually enter

SHiFT] = ]

On some calculators, the key may look like or .To enter a fraction, such as 2

you would enter B n You may need to press B for the fraction to be

displayed on the screen.To enter a mixed number, such as 43 , youwould enter n
n n The calculator may use symbols such as —, —or _ to separate the

whole numbers, numerator or denominator.

Check that you can work with fractions correctly on your calculator by entering some
additions and subtractions for which you already know the answers. For example, if you
enter g + 1% correctly, the answer of 2% should appear on the screen.
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To convert a mixed number to an improper fraction, you can usually enter the mixed number

followed by Elsllzl and or Sl llgF and @ (You might need to press = tosee

the result.)

You may also notice that pressing the @ key or pressing the key twice will convert
a fraction to its decimal form.

Worked example 2

Arrange the following list in ascending order (smallest to largest) by first converting the
fraction values to decimals.

533
57 =7 a7 069, 0686
85 4
Thinking Working
1 Convert each of the fractions into g =5+ 8=0.625

decimals. (You could use your calculator

for this step, or you could convert themto 2

equivalent fractions with denominators 5

of 10 or 100.) 3
4
o)

2 List the numbers in order from smallest
to largest, by comparing the decimal
digits in each place value column.

6, 0.625, 0.6606, 0.69, 0.75

3 Substitute the fraction values back into
the list.

)

QRIS
IO

. 0.686, 0.69, 2

Rounding decimals

Some decimal numbers have a lot of decimal places. Often you don’t need all of the decimal
places, or it doesn’t make sense to use them. For example, you might calculate that you need
1.697 214 metres of wood for a project. The third decimal digit represents millimetres
(thousandths of a metre). The fourth, fifth and sixth decimal places represent such a tiny
amount that they are impossible to measure accurately and are not necessary. In these cases,
it is better to ‘round’ the number to a certain number of decimal places.

It is important to state how many decimal places a number has been rounded to.You can do
this by using the abbreviation ‘d.p.” or “dec. pl.". You can also say that a rounded number has
been written ‘correct to” a certain number of decimal places.

To round a number to a given number of decimal places, look at the digit to the right
of the digit being rounded. If it is:

* 0,1,2, 3 or4, round down. Keep the digit being rounded the same, and delete the
digits following it;
for example, 1.697 214 rounded to 3 d.p. is 1.697

® 5,6,7, 8or9, round up. Increase the digit being rounded by 1, and delete the digits

following it. If the digit being rounded is 9, then write the zero of 10, and carry the
one across to the next number to the left;

for example, 1.78924 rounded to 2 d.p. is 1.79
24.5999 rounded to 3 d.p. is 24.600

—— e

Remember, if the digit \I
to the right of the digit |
being roundedis5or |
more, round up. If it is :
less than 5, round down.,I
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Working with remainders

Division calculations do not always give whole number answers. On a calculator, remainders
are usually given in decimal form. It is important to understand what the remainder means
for that particular question.

Worked example 3

A length of wood is 21 m long. How many pieces, each 600 mm long, can be cut from this
2

length, and how much will be left over? Ignore any wastage that might occur in cutting.
You may wish to use a calculator.

Thinking Working

1 Write the amounts using the same unit. 2% m = 2500 mm
(In most cases, the smaller unit is more
convenient.)

2 Decide the operation required.”"How 2500 + 6¢p
many’tells you this is a division question. =25+ 6
Do the division. = 4166 6606 667
3 Write the whole number of pieces. 4

4 Multiply the whole number of pieces (4) 4 x 600 = 2400
by the size of each piece (600 mm) and 2500 — 2400 =100
use this to calculate the number of mm
left over.

5 Write the answer. You will get 4 pieces 600 mm long and will
have 100 mm of wood left over.

In the example above, the decimal remainder after the division represents the length of wood
left over after all the pieces of the required length (four 600 mm pieces) have been cut off.
0.166 666 667 of 2500 m is 100 mm.

FRY Working with fractions
and decimals

Navigator

1 (columns 1-3), 2 (column 1), 1 (columns 3-4), 2 (column 2), 1 (columns 3-4), 2 (column 3),
pE6Z2 3,4,5,6,7,9 (columns 1-2),  3,4,5,6,7,8,9 (columns 1-2), 3,4, 5,6, 8, 9 (column 3), 10,
10, 12, 14, 21, 23 10, 11, 12, 13, 14, 15, 19, 20, 11,12, 13,15, 16, 17, 18, 19,

21, 23 20, 22, 24

Equipment required: calculator may be used for Questions 14, 6,9, 12-17, 20
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Fluency

1 Write the following decimals as fractions in simplest form using equivalent fractions m
or your calculator.
(@ 0.8 (b) 0.05 (c) 0.002 (d) 0.0009
(e) 0.14 (f 0.62 (9) 0.31 (h) 0.85
i) 0.711 () 0.684 (k) 0.625 (h 0.128
(m) 0.203 (n) 0.094 (o) 0.1560 (p) 0.7009

2 Arrange the following lists into ascending order (smallest to largest) by converting the m

fraction values to decimals.

2 4 3
2 0399, 2 0382, 3
@ 3 5 a

1 1
101120099, 1 0.07
© 3 1

3

© %, 0555, 058 2,055
> 5

4.3 9
24 93 9078 2932, 22
@ 23,27 10

(i) 4%, 4}1, 4295, 4.199, 4.201

9 9
b) —, =, 0.88,0.89,0.899
(k) 10" 8

21 3
d =03 3,02
()53 8

3

0.291, 0.302, —,
() o

7

OIN
WinN

) 11,12 13 1.029,1.243
538

i) 3%, 3.45, 3.439, 3%, 3.482

3 Use a calculator, if necessary, to answer the following questions. m

(@) Alength of wood is 2.6 m long. How many pieces,
each 40 cm long, can be cut from this length, and

how much wood will be left over?

(b) A bag holds 750 g of flour. How many cups, each
containing 120 g of flour, can be filled from the bag,
and how much will be left over?

(©) A container holds 31 litres of juice. How many 200 mL
cups can be filled from the container, and how much
juice will be left over? (1 litre = 1000 mL)

(d) A bus can carry 52 passengers. If every bus except the
last one is filled to capacity, how many buses will be
needed to transport 650 people, and how many
people will be on the last bus?

Understanding

4 (a) 12 written as a decimal is:

A 0.16 B 158

C 1.625 D 1.63

(b) 2:15 written as a decimal, correct to 2 decimal places, is:

A 034 B 213 C 233 D 234
5 Write the following decimals as mixed numbers in simplest form.
(@ 75 (b) 3.4 (c) 1.25 (d) 5.64
(e) 13.02 (f 27.96 (9) 9.045 (h) 124.706

2 Fractions, decimals and percentages
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10

11

Write the following mixed numbers as decimals, using a calculator where necessary.

7 24 1 7
(@ 5175 (b) 28555 (© 73 (d) 6755
1 3 13 31
(€ 397 0 55 (@) l4g, (h) 24755

For each set of numbers, draw the number line below and indicate the position of each
number with a labelled arrow. (Hint: First, find the value of the smallest interval on the
number line.)

4

11 2
5,13,1=, = =, 08,16, 1=
(a)05325 (b)20865

0 1 2
< >

For each set of numbers, draw the number line below and indicate the position of each
number with a labelled arrow. (You may need to estimate the position of some numbers.)
3 7

1 7 8 6
0.34, 047, 1= b) 1.05, 7, 0.58, =, -
@ % 15 3 ©) 1055 0585

0 1 2

4 N,
) Ll

Use a calculator to convert the fractions to decimal form, then place a > (greater than),
< (less than) or = (equal to) symbol between the pairs of numbers to make the following
statements correct.

18 1 114
0.84 18 b) 2.29 012 0.912 114
@ 0.84 — 77 (b) 2.29 235 (©) — 125
16 18 98
d) 0.64 16 183 118 0.97 98
(@ 0.64 — 5= (@) 23 ® — 9
1 2 )
1 0.3 h) 2 0.23 2 0.67
(9 e — (h) 5 — (i) 3 —

Which of the following fractions is greater than Z and less than g ?

A S B 2 c 2 D
5 5 10

N =

(@) Express each first quantity as a fraction of the second quantity.
Write the fraction in simplest terms.

(i) first quantity 1.5 hours; second quantity 2.4 hours
(i) first quantity 200 m; second quantity 322.5 m
(iii) first quantity 80.6 mL; second quantity 200 mL
(iv) first quantity 20.6 kg; second quantity 12.5 kg

(v) first quantity 18.6 m? second quantity 12m? ____________ -

If you have a fraction with a |
decimal number in it, you can |
sometimes turn the decimal into :
a whole number by multiplying |
it by 10. But remember, you :
I
I
I
]

(vi) first quantity 14.4 g; second quantity 1.5 g

(b) Express each fraction from part (a) as a decimal,
rounding your answers to 3 decimal places where

necessary. must multiply the numerator

and the denominator by the
same number.

S
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12 Mr Scully is out buying materials to build the set for the school play. Calculate how much
he will pay for the following materials. Round your answers to the nearest 5 cents.

(@) 6 lengths of timber, at $8.99 per length
(b) 9.4 metres of canvas, at $11.20 per metre
(c) 5.6 metres of ribbon, at $0.95 per metre

13 The exchange rate between Australian dollars (A$) and United States dollars (US$) varies
every day. On a particular day, A$1 is worth US$0.72. How much are the following
amounts worth in US$?

(@) A$10 (b) A$50 (c) A$100 (d) A$267 (e) A$1845

14 George buys 6 bottles of milk and 3 packets of biscuits from a supermarket. The price of
1 bottle of milk is $2.90 and price of 1 packet of biscuits is $2.45. How much did he pay
in total?

15 The most overdue library book ever was a copy of Febrile Diseases by
Dr J. Currie. The book was borrowed from the University of Cincinnati
Medical Library in 1823 by Mr M. Dodd, and was returned by his great-
grandson in 1968. If the library fine for an overdue book was $18.30 per
year, then how much would his great-grandson have had to pay?
(Luckily, in this case the library did not make Mr Dodd pay the fine!)

16 The largest crab in the world is the giant spider crab, which is
found off the south-eastern coast of Japan. It has a claw span of
2.74 m. If an average person has a width of 36 cm across the waist,
how many people could fit in the claw span of the giant spider crab?

17 The highest wave ever recorded in Australia was 24.9 m, off Macquarie Island. [T \
If the average surfer is 180 cm tall, how many surfers standing on top of one another | tCO”"et'T m?asuffer?ems |
would it take to reach the top of the wave? | [0 cenmmetes s [

Reasoning

18 An insect was climbing a wall 2.7 m high. In the
first 20 minutes the insect started at the bottom
and climbed % of the height of the wall. In the
second 20 minutes it climbed 1 of the remaining
height and in the third 20 minutes it climbed % of
the remaining height.

(@) Calculate the distances climbed in each
20-minute period.

(b) Calculate how far the insect still had to climb
to reach the top of the wall.

(c) Express the distance remaining as a fraction
of the height of the wall.

19 Angela has to fill 50 gift bags by putting an equal amount of lollies in each. She has
4 packets of lollies that weigh 375 g each. Angela knows that the average mass of one lolly
is28¢g.

(a) Explain how Angela can use this information to find how many lollies she can put in
each gift bag.

(b) Use the method you described to find the answer.

(c) About how many lollies will Angela have left over? Explain why this answer may not
be exact.
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20 The force of gravity varies from planet to planet. This means that the weight of an object
will also vary, depending on which planet it is on. Objects on Jupiter weigh 2.6 times their
weight on Earth. Objects on Mars weigh 0.38 times their ‘Earth weight’. Calculate the
weight of a 5 kg bag of potatoes on (a) Jupiter and (b) Mars.

Open-ended

21 Write three fractions with three different denominators that have decimal values between
0.2 and 0.4.

22 Write three decimals, each with a different number of decimal places, that have fraction

9 9
values between 10 and 5

23 Write two fractions equivalent to % .

24 [LEo IS DOING HIS
MATHS HOMEWORK.

HMMM.... WELL, 56 IS BIGGER
THAN 3Y4, SO 5.6 MUST BE 16008 TN 17, Bechuse Y THESE ARE EASY..
BIGGER THAN 3.4, 125 IS BIGGER THAN 17. I THINK...

(@) Explain to Leo why his reasoning is incorrect.

(b) Describe to Leo how to compare two decimal numbers.

Puzzle
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Types of decimals

Terminating decimals
Dividing two whole numbers can give another whole number; for example, 132 =4.

Recall that you can write a division as a fraction. Sometimes, the result of a division is a
decimal number that has a certain number of digits. These are called terminating decimals.
(‘Terminating” means ‘stopping’.)

Examples of terminating decimals: 15—8 =18+5=3.6

——_———————— e —

9 |’ ‘Terminating’ is like the
g =9+8=1.125 : word ‘terminal’ which

| describes an end point.
88 I For example, aircraft
5‘(‘)“(‘) =88+200=0.44 depart from and arrive at

. . . the similarity here?
Non-terminating decimals -
Sometimes, the division of one number by another gives a decimal number that has an infinite
number of digits (so the digits continue forever). These are called non-terminating decimals.

If some or all of the decimal digits follow a repeating pattern, then it is a recurring decimal.
(‘Recurring’ means ‘repeating’.)

|
|
: ‘terminals’. Can you see
I
\

Examples of recurring decimals: % =1+3=0.3333333...

2 o 415=0.266666...

15
11 )
= =11+7=1.571428571...

Writing recurring decimals

To write a recurring decimal:
* write any non-recurring digits, then the digits that form the repeating pattern

* place a dot on top of the first and last digits of the repeating pattern, or draw a dash
across the whole of the repeating pattern. For example, 0.357357357 ... can be written
as 0.357 or0.357.

Using a dot or dash notation is called writing the number in exact decimal form.

Some examples of recurring decimals written in exact decimal form are:

% =1+3=0.333333... and is written as 0.3 or 0.3
% =4 +15=0.266 666 666... and is written as 0.26 or 0.26
;g—‘;g =1547 + 9999 = 0.154 715471 547... and is written as 0.1547 or 0.1547.

2 Fractions, decimals and percentages
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Worked example 4

Use a calculator to write each of the following fractions in exact decimal form.

1 1 1
= b) — =
(@ = (b) e () o
Thinking Working
(@ 1 Use a calculator to do the division. (a) ,17 =1+7=0.142857142
2 Look for the repeating pattern. The repeating pattern is 142 657.
3 Write the answer in exact decimal 1 - 0142857
form by placing a dot above the first g
and last digits in the repeating
pattern.
(b) 1 Use a calculator to do the division. (b) % =1+13=0.076923 076
2 Look for the repeating pattern. The repeating pattern is 076 923.
3  Write the answer in exact decimal 1 - 0076925
form by placing a dot above the first 2
and last digits in the repeating
pattern.
() 1 Use a calculator to do the division. (c) 112 =1+12=0.063 333 323
2 Look for the repeating pattern. The repeating pattern is just 3.
3 Write the answer in exact decimal 1 _ 0083
form by placing a dot above the
repeating digit.

Writing recurring decimals as fractions

Previously, you have converted decimals to fractions by using the place value of the last digit.
Given that a recurring decimal does not have a last digit, a new method is needed for converting
recurring decimals to fractions.

You can write a recurring decimal as a fraction by first creating two expressions with the same
decimal part. The decimal part is eliminated when the two expressions are subtracted.
For example: 2.4444... —0.4444... =2
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Worked example 5

Write the following recurring decimals as fractions.

(8 0.15 (b) 1.4
Thinking Working
(@ 1 Letx=the recurring decimal. (a) x=0.151515... [1]
2 Create a second expression by 100x=15.151515... (2]
multiplying by the power of 10 that
has the same number of zeros as the
number of digits in the repeating
pattern. (Here, multiply by 100.)
3 Subtract the expressions created (2] —-[1:
in the previous steps. 100x =15.151515...
= x= 0.151515...
99x =15
4 Solve the equation that results and i L2
simplify your answer if necessary. =
-2
33
(b) 1 Letx=the recurring decimal. (b) x=124444... [1]
2 Create a second expression by 10x=12.4444... (2]
multiplying by the power of 10 that
has the same number of zeros as the
number of digits in the repeating
pattern.
3 Subtract the expressions created [2]—-[1:
in the previous steps. 10x=12.4444...
= x= 12444...
Ix=1.2
4 Solve the equation that results and x= 12
simplify your answer if necessary. .
(Here, multiply the numerator and _ 1z
denominator by 10 to eliminate the 90
decimal place.) _5% .1
45 45

2 Fractions, decimals and percentages
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Irrational numbers

Some decimals are both non-terminating and non-recurring. They have an infinite number
of digits with no pattern. These decimals cannot be written as fractions, and are called
irrational numbers.

Irrational numbers include special numbers such as © (which you will learn about when you
study circle measurement). Irrational numbers also include the square roots of some numbers
such as?2,3andb (ﬁ, J3 and ﬁ). Square roots that are irrational numbers are called surds.
Because irrational numbers are non-terminating decimals, you can only write an approximate
value for them in decimal form, correct to a certain number of decimal places. The only way

to write the exact value of a surd is to write it in surd form (for example, J2, 3 or J5).

For example: /2 =1.414213562...
=14 (1d.p)
=141 (2d.p)
~1.414214 (6d.p.)
(Note that ‘=" means ‘is approximately equal to’.)

| Decimal number |

N\

| Do the decimal digits go on forever? |

No Yes

| Terminating decimal | | Non-terminating decimal |

| Is there a repeating pattern to the digits? |

No Yes

| Irrational number | | Recurring decimal |

Worked example 6

Use a calculator to express the following as decimals. Classify them as either terminating,
recurring, or irrational.

(@) 12+7 6 = © /50 (d) /156.25
Thinking Working
(@ 1 Use the calculator to perform the (a) 12+7=1714265714...
division.
2 Do the decimal digits seem to go on Recurring

forever? (Yes.) Is there a repeating
pattern to the digits? (Yes, the
repeating pattern is 714 285.) If both
answers are yes, the number is a
recurring decimal.
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5

(b) 1 Use the calculator to perform the (b) ==0.3125
division. e
2 Do the decimal digits seem to go Terminating

on forever? (No.) If there is a definite
number of decimal places, the
number is a terminating decimal.

() 1 Use the calculator to find thevalue of  (¢) /50 =7.071067 &12...
the square root.

2 Do the decimal digits seem to go on Irrational
forever? (Yes.) Is there a repeating
pattern to the digits? (No.) If there is
no repeating pattern, the number is
irrational.

(d) 1 Use the calculator to find the value of ~ (d) ./156.25 =125
the square root.

2 Do the decimal digits seem to go on Terminating
forever? (No.) If there is a definite
number of decimal places, the
number is a terminating decimal.

P Types of decimals

Navigator

1 (columns 1-3), 2 (columns 1-3), 1 (columns 3-4),2 (columns 3-4), 1 (columns 3-4), 2 (columns 3-4),
3 (columns 1-2),4,5,7 (row 1), 8, 3(columns 3-4),5,6,7 (row2),8, 3(columns3-4),5, 6,7 (row 2), 8, P
9,10, 13, 15, 16, 19, 20 10, 12, 13, 14, 15, 16,17, 19,20 11,12, 13, 14,15,17, 18,19, 20

Equipment required: calculator

Fluency
1 Use a calculator to write each of the following fractions in exact decimal form. m
@ 1 (b) 2 © 1 @ 2
6 6 9 9 P - —\
' The repeating pattern !
(e) l 1] é (9) i (h) é : does not always begin at :
11 11 11 13 | the start of the decimal. |
/
N L2 4 7 T
_ = k) — | —_ -
0 15 0 15 ® 15 O
1 5 7 11
(m) 13 (n) 8 (0) 13 (P) 8

2 Fractions, decimals and percentages
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2 Write the following recurring decimals as fractions.

(@ 0.4 (b) 0.1 © 0.2 (d) 0.7
(e) 0.42 @ 0.32 (@ 0.17 (h) 0.24
(i 0.012 () 0.213 (k) 0.332 () 0.224
(m) 0.125 (n) 0.126 (0) 0.3214 (p) 4.1026

Use a calculator to express the following as decimals and classify them as either
terminating, recurring or irrational.

(@) 9+8 (b) % (©) /449 d) /34

5 2 )
© 3 M /584 @ = (h) 22+3
i) 216 i) 15+6 k) /53361 0 %
(m) /342.25 (n) /360 (©©) 35+9 () /96.4
(@) The recurring decimal 4.563 213213 21... written in exact decimal form is:

A 4.56321 B 456321 C 456321 D 456321

(b) The fraction é—g written in exact decimal form is:

A 0.490 B 0.490 Cc 0490 D 0.490

5 Choose the exact decimal form equivalent to the fraction % .

A 04 B 0.04 c 04 D 0.04
6 Which of these is 0.73 converted into a fraction?
7 g 8 c b 7
100 9 99 9
Understanding

7 If you evaluate /2 on a calculator, you get a non-terminating decimal value of

1.414213.... Although you cannot write an exact decimal value, you can state that the
value of /2 lies in between the values of 1.4 and 1.5, and is closer to 1.4.

State the two decimal values that the following lie between, correct to 1 decimal place.
Also state which of the two values is closer to the exact value.

@ /3 ) 5 (€ 12 (d) 20

€ /8 0 7 (@) /47 (h) /68

The diagonal of a square is equal to its side
length multiplied by /2. Luca is strengthening
a large house frame by placing two diagonals
across it, as shown. Using a calculator, find the 2.8m
length of wood Luca needs for the diagonals,
correct to 3 decimal places.

PEARSON mathematics 8 2ND EDITION



——— i ——— —————

/
I The result to Question 11
| Might surprise you!

9 Lily is carrying a full bucket of water. % of the water leaks out. Convert the amount
of water that leaks out into exact decimal form.
10 A shop sells a packet of 11 lollipops for $7.
(@) How much does each lollipop cost? Write your answer in exact decimal form,
then as a price (rounded to the nearest cent).
(b) If you can buy just one lollipop using the coins in your pocket, how much will you pay?
11 Find the fraction equivalent of 0.9.
12 Arrange the following in ascending order.
@ 1 49, ./3,13,09 (&) 05,5, 2, 459, 2
© =, 0.4,./4,036, /11 @ 16,2, J6, =, /16
11 6 16
Reasoning

13 For each set of numbers, draw the number line below and indicate the position of each V’::“,

14

15

16

17

number with a labelled arrow. (You may need to estimate the position of some numbers.)

4
3/

- 11 3
0.6, =, 03, 2
(a) A z

+o
o

<
<

(b) 1.04,04, ‘-;

\ /

L7
, 0.4, %
4 JL
2

For each set of numbers, draw the number line below, and indicate the approximate

position of each number with a labelled arrow.

@ 3, % Z 6, 7

L
+N

A

15 5 40 /¢
Y 11/ Py 1
(b) 55 14 11 >

(@) The value of % is closest to:

A 05 B 0579 C 058
(b) The value of /75 is closest to:
A 8 B 8.66 c 87

(@) What fraction of an hour is a minute?
(b) Convert your answer into exact decimal form.

Mac works in a factory 8 hours each day.

(@) What fraction of a day does he work? Write the answer in simplest form.

(b) Convert your answer into exact decimal form.

(c) Is the answer in the previous part a recurring decimal?

2 Fractions, decimals and percentages
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18 (a) Use a calculator to write % and % as decimals with eight digits after the decimal point.
(b) Add together the two decimal values.
(c) Add the two fraction values together.
(d) Do you get the same answer?
(e) Repeat the first three parts with % and g

() Explain the difference between the fraction and decimal sums.

Open-ended
19 Which is bigger, 0.3 or 0.3? Explain your answer.

20 Write five proper fractions, with varying numbers of digits in both numerator and
denominator, that have only 9s in the denominator. Can you predict the recurring digits
in the decimal equivalent? Check your prediction with your calculator.

Puzzle
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Investigation

Terminating and
recurring decimals

Equipment required: scientific calculator

This investigation focuses on unit fractions. Unit
fractions are fractions with a numerator of 1.

The Big Question

Which decimal equivalents of the unit fractions are
terminating and which are recurring?

Can you predict whether a fraction will produce a
terminating or a recurring decimal?

Engage
1 (@) (i) Convert X toits decimal equivalent by
calculating 1 + 2. Is it a terminating or

a recurring decimal?

(i) Convert 1 to its decimal equivalent by
calculating 1 + 3. Is it a terminating or
a recurring decimal?

(b) 411 is % of % . Find the decimal equivalent of }1 by
calculating 1 + 4. Now, find it another way by
taking the decimal equivalent of % and halving it
(by dividing by 2). How do the decimal digits

1.1, 99
show that4152 27

Explore

2 Investigate the unit fractions
with denominators from 2 to
50. Which ones produce
terminating decimals?
Which ones produce
recurring decimals?

Strategy options

e Guess and check.
e Make a table.
e Look for a pattern.

Explain
3 (a) Collect together all the

| Look carefully
|
|
. |
fractions that produced !
|
|
\

at the factors of
the denominators.

Try breaking them
terminating decimals, down into prime
factors.

together with their decimal
equivalents. Describe any
patterns you can see:

~N

() in the fraction denominators

(ii) in the decimal digits.

(b) Collect together some of the fractions that
produced recurring decimals, together with their
decimal equivalents.

Describe any patterns you can see:
(i) in the fraction denominators
(i) in the decimal digits.
Elaborate

4 (a) Use these patterns to predict a fraction with a
denominator greater than 50 that will produce
a terminating decimal. Write a predicted value
for this decimal. Test your prediction. Were you
correct?

(b) Answer the Big Question by writing a general
rule that enables you to tell whether a fraction
will produce a terminating or a recurring
decimal, just by looking at the denominator.

(c) Using examples, describe how:

(i) you can operate on (add, subtract, multiply
or divide) a recurring decimal to turn it into
another recurring decimal

(i) you can operate on (add, subtract, multiply
or divide) a terminating decimal to turn it
into a recurring decimal.

(d) Is it possible to turn a recurring decimal into
a terminating decimal?

Evaluate

5 (a) Have you found all of the terminating decimals
for the fractions between * and L? How
confident are you of this?

(b) How far into the process of changing fractions
into decimals were you when you began to see
patterns? Were you confident enough to rely on
these patterns to predict the answers or did you
continue to test individual fractions?

Extend

6 Investigate the fraction family of ‘sevenths’

1 2 3 6 . 1 2 3 8
(;, rEs 5), ’nmths’(g, 55 5), or ‘elevenths’

1 2 3 10 : : .
-, =, = ... =) and their decimal equivalents.
(11’11’11’ 11) q

(@) Describe any number patterns you find as you go
from one fraction to the next.

(b) Write the decimal equivalents of fraction pairs
that add to 1; for example, % and g . Describe any
patterns or connections you can see between
the two.
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Negative
fractions
and decimals

Like integers, fractions and decimals can be positive or negative.

Here are some examples of negative fractions or decimals:

M = T R
e Lady O

N : The overnight temperature
| 'l was -5.6°C.
)

~_————— -

[ \
: Interest rates are down |

|
I by g of a per cent. You :
can show this as —%%. :

\
My bank balance is -
-$27.35. | owe the bank! |

Negative fractions and decimals can be located on a number line in much the same way that
you locate positive fractions and decimals.
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Worked example 7 WE.7

Place the following sets of numbers on separate number lines.

@ 2% 31 o1 (b) -2.7,0.4,1.2,-0.9
2" 4" 4 3
Thinking Working
(@ 1 Draw a number line and place zero (a) = ; f f f f >

in the middle. Mark the positive s 2 0 1 2 3

integers at equal intervals, starting
at zero and moving to the right.
Mark the negative integers at equal
intervals, starting at zero and moving
to the left.

2 Locate each of the numbers by first 2
determining whether to move left
or right from zero. Use the marked
integers and the intervals between
them as a guide to where to locate
the numbers.

N =

-~
|
-— o
-
-

(b) 1 Drawanumberline, place zerointhe (b)) : : - : : >
middle and mark the positive and - - -
negative integers at equal intervals,

as before.

2 Locate each of the numbers by first 2.7 09 04 12
determining whether to move left - } , * , } , } N
or right from zero. Use the marked 3 2 A 0 1 2 8

whole numbers and the intervals
between them as a guide to where
to locate the numbers.

Number line symmetry

The number line is symmetrical about zero, which means that a negative number is always
the same distance from zero as the positive number is.

For example: -1.4 is the same distance to the left of zero as 1.4 is to the right of zero.

—Z is the same distance to the left of zero as Z is to the right of zero.

Adding and subtracting negative decimals

The symmetry of the number line can also help you add and subtract negative decimal
numbers. Any calculation on one side of the number line has an equivalent‘mirror image’
calculation on the opposite side.

2 Fractions, decimals and percentages

77



78

Worked example 8

Calculate the following.You might find it helpful to imagine the equivalent ‘mirror image’

calculation on the number line.

(@ -3.7+(-2.8) (b) -4.6 —(-1.9)
Thinking Working
(@ 1 Simplify the addition by writing a (a) -2.7+(-2.8)
single symbol between the two =8, = 242
numbers.
2 Imagine the calculation on the -3.7-28 3.7+28
fr 4N

number line. Imagine the ‘mirror
image’ of this calculation on the
opposite side of the number line.
Notice that the original calculation
moves to the left on the number line
(subtraction), while the mirror image
calculation moves to the right on the
number line (addition).

3 Complete the mirror image’
calculation.

4 The answer to the original calculation
has the opposite sign to the ‘mirror
image’ calculation.

76-5-4-3-2-101234567

37+286=05

=Bl = 248 =05

(b) 1 Simplify the addition by writing a
single symbol between the two
numbers.

2 Imagine the calculation on the
number line. Imagine the ‘mirror
image’ of this calculation on the
opposite side of the number line.
Notice that the original calculation
moves up the number line (addition),
while the mirror image calculation
moves down the number line
(subtraction).

3 Complete the‘mirror image’
calculation.

4 The answer to the original calculation
has the opposite sign to the ‘mirror
image’ calculation.

PEARSON mathematics 8 2ND EDITION
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=-46+19

46419 46-19
iR

46-19=27

4.6+19=-2.7



Adding and subtracting negative fractions

To add and subtract negative fractions, you need to apply the methods you have previously
learnt for adding and subtracting fractions, along with the rules for adding and subtracting
negative numbers.

Worked example 9

Calculate the following, writing your answers in simplest form.

4 1 3 5
24l b) -12+(-2
@ -5+3 © At ( 6)
Thinking Working
(@ 1 Write the fractions as equivalent (a) X + il
) . 5 2
fractions with a common
denominator. _.8 + S
10 10
2 Add the numerators and simplify the =
answer if possible. =5

(b) 1 Simplify the addition by writing (b -1 c (é)
a single symbol between the two & 6
fractions. 3 5

~1a76
2 Write any mixed numbers as
improper fractions. -.7_9
4 ©
3 Write the fractions as equivalent o1 10
fractions with a common =55
. 12 12
denominator.
=2 or —2Z
4  Subtract the numerators and simplify T 12 12

the answer if possible.

Multiplying and dividing negative fractions and decimals
To multiply or divide negative fractions and decimals:

1 Ignore any positive or negative signs, and apply the usual methods for multiplication
and division.

2 Find the sign of the answer by applying the rules for multiplying and dividing integers.
Two ‘like” signs give a positive answer: (+) X (+) or (=) X (-) = (+)

Two different signs give a negative answer: (+) X (-) or (=) X (+) = (-)
Negative numbers on the calculator

To enter a negative fraction or decimal on your calculator you can usually press the m

or key, then enter the fraction or decimal in the usual way.

2 Fractions, decimals and percentages
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Negative fractions
and decimals

Navigator
1 (columns 1-2), 2 (column 1), 1 (columns 2-3), 2 (columns 2-3), 1 (columns 2-3), 2 (columns 3-4),
P. 3 (row 1), 4 (columns 1-2), 3 (rows 2-3), 4 (columns 3-4), 3 (rows 3-4), 4 (columns 3-4),
5(row 1), 7, 8,9, 16 (column 1), 5 (columns 1-3), 6,7,9, 10, 11, 5 (columns 2-4), 6,7, 10, 11, 12,
17, 20 12,14,15,16 (column 2), 17,18, 13,14, 15, 16 (column 2), 18, 19,

19, 21 21,22

Equipment required: calculator for Question 16

Fluency
WE.7 1 Show each of the following sets of numbers on a number line.
1 ,3 1.1 41 1 .2
-3z, -2%, -5, 1= b) -14,-19,04,22 -=, =, -25, 1=
R O © © 5521
(@ -3.6,-2.6,-6.1,1.6 @ -2 -2 211 (M -0.5,005,-52,0.75
5 6 65

@ 2 Calculate the following. It may be useful to imagine the equivalent ‘mirror image’

calculation on the number line.

(@ -05+04 (b) -0.3-0.7 (c) -1.5+(-1.6) (d) -2.4-(-1.3)
©) -7.2+68 ® -5.9-823 (@) -4.6+(-3.9) (h) 52— (-4.3)
(i) 7.61+(-5.92) () 3.47-(-10.98) (k) 0.8-2.34 (H -9.87+11.3
(m) 19.3 -21.27 (n) -31.4+39.2 (0) -26.04 —(-15.97) (p) 13.92 — (-17.64)
m 3 Calculate the following, writing your answers in simplest form.

3 3 1 3 2 5 8 1
@ 11 © 5+(3) © 37 @ -§-(-5)

3 1 7 9 1 1 2.5
@ 2+(-3) ® 5 1 @ () ® 3%
. 2 . 1 1 1
(l) —§+1 (J) —§+3 (k) —15—(—2) (I) 1+(—1:1)

1 51 1 451 1 7 3 5

(m 15 +2 0 -33-23 @ a5-(55) @133

4 Calculate the following, writing your answers in simplest form.

3.1 1.1 5.1 3.1

@ -7%3 ®-3+1 © 323 @35+
1 1,3 L2 5,4

(e) -478 (® g X (@ 6 3 (h) 375
) 2ly 3 ) 32,1 41,43 3.9
(i) -2§><-15 () 2+5 (K) 46><15 () 64 &0
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5 Calculate the following, rounding answers to 2 decimal places where necessary.

(@ -0.4x0.8 b) -0.6+2 € -3x15 d) 2.7+-3
) -0.72+-0.3 ® -12.5x-7.2 @ -1.2+05 (h) 0.05x -7.4
() 14.25%6.3 () 24+-34 (k) 29.5x -11.23 () -562+10.1

6 Copy the following number line. Use arrows to show the locations of the following
fractions. (You may need to estimate the position of some numbers.)

2 4 1111 7

33 276 3

Y

R 23
7 Copy the following number line. Use arrows to show the locations of the following
decimals. (You may need to estimate the position of some numbers.)
-0.7,1.3,-1.1, 0.65, -0.05

<l
<%

-2 -1 0 1 2

8 The number closest to the position indicated by the arrow on the number line is:

A -26 B -14 c -03 D 14

<l
<%

-2 -1 0 1 2

Understanding

9 The following table shows the maximum and minimum temperatures recorded at
Thredbo during 5 days in winter.

Temperature (°C) Mon Tues Wed Thur Fri
Maximum 5.2 -0.8 6.1 3.5 -1.2
Minimum -1.1 -4.3 -1.7 -2.9 -5.6

(@) On which day was the coolest maximum recorded?
(b) On which day was the warmest minimum recorded?

() On which day was the difference between the maximum and minimum
temperatures the greatest?

To find the mean, add up all :
the temperatures and divide |
by how many temperatures |
there are. }

(d) Calculate (i) the mean maximum temperature and (i) the mean minimum
temperature, to 1 decimal place.

10 In the morning, the UV level was 1.17. In the afternoon, the UV level was 7.5.
How much has the UV level increased from morning to afternoon?

11 A drone is flying 28.5 m above the ground. If it rises 11.7 m higher and then descends
18.6 m, how high above the ground is the drone now?

12 A scuba diver swims to a depth of -35.5 m before rising 13.8 m. What is the diver’s
depth now?
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13

14

15

The executives of a bank meet every month to
decide whether to raise or lower interest rates.
Over an 8-month period, they decided to make
these changes to interest rates.

7% %

y Y\ SMART BANK

Increase by 1.2%, no change, increase by Z %,

decrease by 0.8%, decrease by 1}1 %, no change,
decrease by % %, decrease by 0.6%.

(@) Write each of the percentage changes with
a positive or a negative sign to show if it is
an increase or a decrease.

(b) Work out the overall increase or decrease in interest rates at the end of the 8-month
period. Write your answer in (i) fraction form and (i) decimal form, using a negative
sign if necessary.

Write the following in order from smallest to largest: -3, 0, 13—0 ,1.7,-34, —2 ,-09, 1.
Use a number line, if necessary, to help you.

Write the following in order from smallest to largest. Use a number line, if necessary,
to help you. -21,0,-1.8,-2,1.1, 2, -2, 2

16 Use your calculator to evaluate the following. Write answers correct to 3 decimal places.
@) (78.9 % 3.4) — (54.8 x 7.77) (b) (54.9 % 5.6) — (6.2 % 103.7)
(©) (-14.7 +5.8) x (4.3 — 8.25) (d) (56— 72.8) % (-12.3 +17.1)
@ 73 .f5 0 3-2-(5)
(@ (2.3)*=(5.9)° + (1.5) (h) (/6)% = (10.5)* = (1.005)
() (3:8-577-(J8) () (2410 - (53.66)°
Reasoning

17

Chloe receives a statement from her bank every month. The statement is a list of all
the transactions (deposits and withdrawals) made on the account, and the account
balance (how much money is in the account after each transaction). Here is part of
Chloe’s statement:

Date Transaction Balance
1 May $257.89
7 May ATM Withdrawal $180.00 $77.89

12 May Cheque deposit $65.00 $142.89

16 May Shopping paid for by EFTPOS $97.63 $45.26

23 May Insurance, paid by direct debit $58.17 -$12.91

30 May Salary deposit $460.94

(@) Locate the negative number on Chloe’s statement. What is the *-” symbol used to
indicate here?

(b) On 27 May, Chloe went to an ATM and tried to withdraw $50, but the machine would
not give her any money! Why not?

(c) What was the value of Chloe’s salary that was deposited on 30 May?
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18 Peter must practise guitar for at least 2 of an hour each day. Today he practised for

1% hours.

(@ How much extra practice has he done?

(b) Write the answer in minutes.

19 Use a number line to explain why % > 411 but 1 < —1.

4

Open-ended
20 Write three decimal numbers that are greater than -2.1 but less than -1.2.
21 Write three numbers in fraction form that are greater than —g but less than 0.

22 Dan is having trouble with negative decimals. He can add and subtract positive numbers

successfully, but often gets questions with negatives wrong. Here are two questions that
Dan has done incorrectly:

-85+ (-45)=-2.86
-0.7—-(-2.9)=-9.6
(@) Explain the errors that Dan has made.

(b) Give him some tips as to how he can do these types of questions successfully.
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Estimating
percentages

Per cent means ‘for every hundred’or
‘out of a hundred’. The symbol % is used
for per cent. (Notice that this symbol %
even looks a little like a rearranged 100.)
A percentage is a value out of 100.

It can be useful to imagine what
a particular percentage looks like.
For example, you might describe
the painting of this wall as being
about 60% complete.

To estimate a percentage of an amount
you can mentally split the object into
10 parts of 10% each. (Recall that 100% always represents the whole.) If you divide

up the rectangle below like this, you can see that the shaded area is somewhere between 50%
and 60%.

————— I — I — I — I —— —
10% 10% 10% 10% 10% 10% 10% 10% 10% 10%

The shading is a little short of half-way between 50% and 60%. A better estimate of the
shading in the rectangle above would be 53%.

Worked example 10

Which of the following water tanks is approximately:

(@) 50% full (b) 15% full (c) 80% full?
(i) (ii) : g (iV) ﬁ (V) ﬁ

Thinking Working
(@ 1 Isthe percentage required bigger, (a) 50% = half

smaller or equal to a half?

2 50% is half full. Which tank looks Tank (ii) is 50% full.

half full?

(b) 1 Is the percentage required bigger, (b) 15% <50%

smaller or equal to a half?
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2 15% isless than one half, so there are Tank (iii) is 15% full.
two possibilities—tanks (i) and (iii).
Compare them by mentally dividing
them into 10% pieces and counting
how many are full.

(c) 1 Isthe percentage required bigger, (c) &0% >50%
smaller or equal to a half?

2 80% is greater than one-half, so there Tank (v) is 80% full.
are two possibilities—tanks (iv) and
(v). Compare them by mentally
dividing them into 10% pieces
and counting how many are full.

PR Estimating percentages

Navigator
1,2,3 (a-b), 4, 6, 10 1,2,3(),4,5,7,8,9,10,11  3(c),5,7,8,9, 10, 11
Fluency
1 Which of the following bottles of soft drink is approximately: m
(@ 5% full (b) 90% full (c) 80% full (d) 20% full?
Lemonade Cola Soda water Raspberry Creamy soda  Lemon squash

2 Which of the following fuel gauges shows a petrol tank that is approximately:

(@) 40% full (b) 15% full (c) 60% full (d) 75% full?
Gauge 1 Gauge 2
Empty Full Empty Full
Gauge 3 Gauge 4
Empty Full Empty Full
Gauge 5 Gauge 6
Empty Full Empty Full
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3 (a) Approximately what percentage of this rectangle is shaded?

A 10% B 30% C 60% D 80%
(b) Approximately what percentage of the square is shaded?

A 15% B 30%

C 45% D 75%

(c) Approximately what percentage of the circle is shaded?
A 16% B 27%
C 55% D 78%

4 A screen displays the amount of a file being downloaded by gradually filling a rectangular

bar until the download is complete. Which display shows approximately:

(@) 33% downloaded
(c) 82% downloaded

(b) 70% downloaded
(d) 22% downloaded?

( A
| Now downloading file |
. J
Display A
( ~

Now downloading file

1

Display D

™ ( ™
| Now downloading file | Now downloading file
v, \ J
Display B Display C
A ( N
| Now downloading file | | Now downloading file
J \ J
Display E Display F

5 A smartphone has following battery level indicators. What percentage does each image

appear to indicate?

(a)ﬂ =N
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Understanding

6 What percentage of lawn does John still
need to mow? (Assume that the cartoon
shows the complete lawn, and consider
the rectangular area shown.)

7 Describe how full this water dispenser is,
using a percentage value.

8 A mobile phone displays its signal strength as 2 bars out of 5.
What percentage is the signal strength?

Reasoning
9 28% of this circle is shaded.

(@) Draw three similar sized circles, then shade in
your estimate of:

(i) 40% of the circle
(ii) 2 of the circle
(iii) 0.7 of the circle.

(b) Did you find it easier to estimate the percentage, the
decimal or the fraction amount?

Why do you think this was the case?
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Open-ended

10 (a) Draw at least three different shapes and shade 25% of each of them.
(b) Redraw the shapes and shade a different 25% of each in a totally different way.
(c) Redraw the shapes again and this time, shade 65% of each.

11 Helga has worked out the percentage of the areas shaded as follows.

(a) (b)

24% shaded 50% shaded

Explain Helga’s mistake in her calculations for each shape.
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Writing fractions
and decimals as
percentages

Percentages are easy to compare with each other. Also, percentages are often easier than fCTTTTTT T T TS

\

fractions to imagine. Because of this, it is useful to be able to convert fractions and decimals | 1got 37 out of 50 on my |
I maths test! That’s 74%.

! ]

into percentages. Some percentages are used so often that it is useful to know their fraction
or decimal equivalent. If you don’t already know them, try to learn the following.

Fraction 1 1 3 1 2 1 1 1 1 1
2 4 4 3 3 5 10 20 50 100
Decimal 05 025 075 03 0.6 0.2 01 005 002 001

Percentage 50% 25% 75% 33.3% 66.6% 20% 10% 5% 2% 1%

When a fraction has a denominator that is a factor of 100, then you can easily convert it to a
fraction out of 100. This is the same as the percentage.

For example:

X 25 x 20
VR VR
3 75 1 20
= = = = 750 = — =Y - 200
4 100 & 5 100 &
A 4 A 4
X 25 x 20

However, for fractions that have denominators which cannot be easily converted to 100,
you will need to use another method.

To write a fraction or decimal as a percentage, multiply the fraction or decimal by 100%.

There are two methods you can use to multiply a fraction by 100%.You can multiply two
fractions together, as shown in Method 1 of the following example. Or you can convert
the fraction to a decimal, then multiply by 100%, as shown in Method 2 of the example.
Method 1 is a more convenient‘pen and paper’ method, while Method 2 is useful if you
have a calculator.

Multiplying by 100% is equivalent to multiplying by 1, because 100% is the same as one
whole. If you multiply a fraction or a decimal by 100%, the value of the fraction or decimal
is not being changed, it is just being represented in a different way:.
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Worked example 11

Write the following fractions as percentages. Write any answers that are not whole numbers
in both fraction and exact decimal form.

7
(a) é

Method 1: Fraction multiplication

Thinking Working

(@ 1 Multiply the fraction by 100% by = X 100%
writing 100% as an improper &
fraction, then performing a 251@@—0
the multiplication. Simplify the =25 o

multiplication by cancelling
common factors first. (Here, the
common factor is 4.)

Simplify the answer.

- 87%"/0 or &7.5%

(b) 1

Multiply the fraction by 100% by
writing 100% as an improper
fraction, then performing

the multiplication. Simplify the
multiplication by cancelling
common factors first. (Here,

the common factor is 5.)

2 Simplify the answer.

= —X

11_1 % 100%

20 4—9@0/

= 7319 or 7359
3

Method 2: Convert to a decimal, then multiply

Thinking

Working

(a) Convert the fraction to decimal form first,

then multiply the decimal by 100%.

=X 100%
&

=7+ &x%x100%
=0.675 x100%

= 87.5% or &7%%

(b) Convert the fraction to decimal form first,

then multiply the decimal by 100%.

(When working with recurring decimals,
write out a couple of decimal places so

you can place the decimal point in the
correct position.)
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Worked example 12

Write 3% as a percentage.

Method 1: Fraction multiplication

Thinking Working

1 Write the mixed number as an improper 5% X 100%
fraction. Write 100% as an improper
fraction, then multiply the two fractions. 7 5049@7
Simplify the multiplication by cancelling ~ ~ 7 Xk
common factors first. (Here, the common
factor is 2.) = 5?0"/0

2 Simplify the answer. =350%

Method 2: Convert to a decimal, then multiply

Thinking Working
Convert the mixed number or decimal form 51 X 100%
first, then multiply the decimal by 100%. &
=35 X 100%
=350%

Worked example 13

Find the percentage equivalent of each of the following.

(@) 0.8 (b) 1.65 (c) 0.032
Thinking Working
(@) Multiply by 100%. Show this by moving  (a) 0.8 = 0.8 X 100%

the decimal point two places to the right. = 80%

Fill in empty place value columns with

Zeros.

(b) Multiply by 100%. Show this by moving  (b) 1.65 =1.65 X 100%
the decimal point two places to the right. =165%

() Multiply by 100%. Show this by moving  (¢) 0.032 =0.032 X 100%
the decimal point two places to the right. =32%
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Percentage error

When you compare an exact (or true) value with an approximate value that has been rounded,
estimated or measured, the difference between them is often called the’error’. It is useful to
find this error as a percentage error of the exact value, so that you can easily compare the
errors of different values.

For example, the difference between an actual value of 2.0 and an approximate value of 1.5 is
0.5, which is 25% of the actual value. The difference between an actual value of 122.0 and an
approximate value of 121.5 is also 0.5, but in this example it is only 0.4% of the actual value.

The smaller the percentage error, the less significant it is when compared to the actual value.
Use these steps to write a percentage error.

¢ Compare the actual value and the approximate value. Find the error by subtracting one
value from the other, to find the difference between the values.

* Divide the error by the actual value.

¢ Multiply this by 100 to calculate the percentage error and write a % symbol.

Worked example 14

Calculate the percentage error in the following.

(@) actual value = 2.3, approximate value = 2

(b) actual value = 99.65, approximate value = 100

Thinking Working
(@ 1 Find the error by calculating the (a) 25-2=03
difference between the two values. Error = 0.%
2 Divide this error by the actual value. 2—:55 =0.1204...
3 Multiply this by 100 to calculate 0.1204 X 100% = 13.04% (2 d.p.)
the percentage error and write Percentage error = 13.04%
a % symbol. '
(b) 1 Find the error by calculating the (b) 100 — 99.65 = 0.25
difference between the two values. Error = 0.35
2 Divide this error by the actual value. 025 _5o025...
99.65
3 Multiply this by 100 to calculate 0.0035 x 100% = 0.25%
the percentage error and write Percentage error = 0.35% (2 d.p)
a % symbol.
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PRI Writing fractions and
decimals as percentages

Navigator

1 (columns 1-2), 2 (columns 1-2), 1 (columns 3-4), 2 (columns 3-4), 1 (columns 3-4), 2 (columns 3-4),
3 (columns 1-2), 4,6,7,8,9,11, 3(columns3-4),4,5,6,7,10,11, 3 (column 4), 5,6, 7, 10, 11, 12, P.
13, 14,17 (a), 22, 24 12,14,15,16, 17, 20, 22, 23,24, 15,16, 18, 19, 20, 21, 23, 25

25

Equipment required: calculator

Fluency
1 Write the following fractions as percentages. Write any answers that are not whole m
numbers in both fraction and exact decimal form.
9 1 7 19
(@) 100 (b) T () = (@) 0
3 1 3 16
2 2 2 h) =2
() z U] i (@ 5 (h) 3
o1 5 2 1 2
Z < K) = N <
@i 3 0 3 (k) ¢ () 9
32 9 56 14
(m) 20 (n) 1% (o) 30 (p) £y
73 13 55 23
o = 20 ) =2
(C) 30 () %0 (s) 73 (t) %

2 Write the following as percentages. Write any answers that are not whole numbers in m
exact decimal form.

(@) 1}L (b) 1% © 3% (d) 5%
@ 23 M 23 @ 5= (h) 42
0 42 0 51 W 17 0 72
3 Find the percentage equivalent of each of the following. m
(@ 0.9 (b) 0.4 (c) 0.8 (d) 0.6
() 0.17 ® 0.47 (g) 0.82 (h) 0.53
@ 0.051 i) 0.438 (k) 0.007 0 0.342
(m) 9.2 (n) 5.1 (o) 2.02 (p) 9.01
4 (a) The percentage equivalent of 0.7 is:
A 0.07% B 0.70% C 7% D 70%
(b) The percentage equivalent of 3.45 is:
A 0.0345% B 0.345% C 345% D 345%
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5 (a) Which of the following is equivalent to 5%?
A 9% B 18% C 45% D 90%
(b) Which of the following is equivalent to 2%?

A 3% B 12% C 15% D 30%

6 Copy and complete the table of commonly used fractions, decimals and percentages.

Percentage | 5% 20% | 25% 33%% 40% 60% 66%% 80% |100%
. 1 3

Fraction g 1

Decimal 0.1 0.5 1

7 Calculate the percentage error if the actual value is 10 and the approximate value is 11.

Understanding

8 Lou estimated that -~ of the crowd at a rugby match were Broncos supporters. What
percentage is this?

9 After a cyclone destroyed most of the banana crop, the price of bananas rose to 32 times

the original price. What percentage of the old price was this?

10 At the end of the year, Ron was paid a bonus of 2 of his salary. Andrew was paid a bonus

of % of his salary. What percentage of their salar;ﬁ1 did Ron and Andrew each get?

11 In one term, Patrick achieved the following test results in maths.

Measurement 2—8 Algebra 5—8 Geometry 12

15

(@) Convert Patrick’s test results to percentages. Round your answers to the nearest
whole percentage.

(b) In which topic did Patrick achieve his best result?

12 In a Maths class with 24 students, 17 students got a grade of B and 7 got a grade of B+.

(@) What percentage of students got a grade of B?
(b) What percentage of students got a grade of B+?

13 A teacher calculates her students’scores for a test by dividing e Result

the marks obtained by the total marks to get a decimal score.

Part of her mark book appears as follows. Abby 0.675

Find the percentage mark obtained by: Brayden | 0.95

(a) Abby (b) Brayden (c) Ciara Ciara 0.9

(d) Dakota  (e) Elmer (f Felix Dakota 0.55
Elmer 0.425
Felix 0.825

PEARSON mathematics 8 2ND EDITION




14 Rebecca needs to score at least 80% on the theory B ) ‘
. - -
test for her learner’s permit. She knows that the :
test contains 40 questions. What is the minimum
number of questions Rebecca must get correct in
order to receive her learner’s permit?

15 A chemist testing a rock sample found that it contained 0.246 parts of calcium, 0.034 parts
of magnesium and 0.0012 parts of potassium. Find the percentage equivalent of each of
these three decimals.

16 Sam estimates his height to be 164 cm, but his actual height is 162 cm.
(@) Calculate the error.
(b) Calculate the percentage error.

17 For each of these sets of numbers, draw the percentage number line shown and indicate
the position of each number on the line. (You may need to estimate the position of some

numbers.)
2 13 3
25%, =, 0.04, = b) 3%,0.3, =, 349
(@) 25%. 3 20 () 3%, 0.3, 7, 34%
O% 1 1 1 1 1 1 1 1 1 59% 1(?0% N

<4 ' ' ' ' ' ' ' ' '
T T T T T T T T T T T T T T T T T T T L

18 For each of these sets of numbers, draw the number line shown and indicate the position
of each number. (You may need to estimate the position of some numbers.)

11 5 14
120%, 0.8, 52.5%, 1.95, 1+ b) 115%, 1.01, 2, 270%, 14
(@) 120% & 10 (o) 115% 3 270% 52

0 1 2 3
t t t t t t t

Y

<
<

In Question 19,
you can turn decimal

19 An advertisement for a brand of bread claims that it now has20% more fibre!” :‘
i numbers into whole
|
|
|

The nutritional information table on the packaging shows that a 40 g serve of bread
contains 3.4 g of fibre. Before the improvement was made, the same 40 g serving
contained 2.8 g of fibre.

numbers by multiplying
by 10.

\
|
|
|
|
|
|
|
|

/

(a) Write the increase in the amount of fibre as a fraction of the original amount,
in simplest form.

(b) Convert this fraction to a percentage, rounding your answer to 2 decimal places.

(c) Is the bread manufacturer’s claim of “20% more fibre’justified? Explain your answer.
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Reasoning

20 Imogen compared two toy stores to find out the number of customers who bought

goods as a fraction of the total number of customers who entered the store. The results

for the first store in 3 days were 122 123 and 25 The results for the second store were 122

ann’ AN 7
168 336 200" 220 330 400
320 480 °

(@) Calculate the percentage of paying p— '
customers for each day for both —

stores.

(b) Which store had the greater
percentage of paying customers
each day?

() Which store had the greater
percentage over the 3 days?

21 A nutritionist analysing a sample of savoury biscuits obtained the following results.

Nutrient Proportion

Protein 0.133 parts

Dietary fibre 0.03 parts

Sodium 0.0073 parts

Carbohydrate | 0.594 parts (of which 0.005 is sugar)

Fat 0.172 parts (of which 0.084 is saturated)

(a) Calculate the percentage equivalent
of protein, dietary fibre, sodium,
carbohydrate and fat in the sample.

(b) Calculate the percentage equivalent
of the fat content in the sample that
is not made up of saturated fats.

(c) Calculate the percentage equivalent
of the carbohydrate content in the
sample that is not sugar.

(d) A batch is rejected if it is found to
contain greater than 1% sodium.
The next batch analysed was found
to have an extra 0.0052 parts of
sodium compared with the batch
above. Calculate the percentage
equivalent of sodium of this batch
to find if this batch will be accepted.
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22 Seventy-five Year 8 students went on an excursion. Emily and Emma each had to count
the total number of students. Emily counted 76 students but Emma counted 73 students.

(@) Calculate the percentage error made by Emily.
(b) Calculate the percentage error made by Emma.

23 In a cross-country race, a 0.25 portion of the track is flat and straight; the next 0.275
portion of the track is curved uphill; the next 0.225 portion of the track is slightly downbhill;
the next 0.15 portion of the track is straight grassland; and the last 0.1 portion of the track
is flat and straight. What percentage equivalent of the track is:

(@) curved uphill (b) slightly downhill (c) straight grassland?

Open-ended

24 Fill in each box below with one of the digits 0-9 to make the equation correct. Try to find
three different combinations.

0300 =000%

25 Write at least three different fractions that have equivalent percentage values between
68% and 75%. Only one of them can have a denominator of 100.

Puzzle
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10

Estimate the percentage of the jug that
contains cordial. =

Express the following in decimal form.
State whether they are terminating

decimals, recurring decimals, or irrational \
numbers. \
7
15+6 b) —
(@ (b) T
(©) 54 (d) +174.24
() 83+12 ® /75 \

Hasharan is cutting ribbon to wrap around
gift boxes. She has a 4 m roll of ribbon, and
needs 35 cm of ribbon per box.

(@ How many gift boxes will Hasharan
be able to wrap?

(b) What length of ribbon will she have
left over?

Write each of the following fractions and decimals as percentages.
3 71 2
4.56 b) = Cen d) 0.432 1=
(@) (b) i (©) 30 (d) (e z

Write the following recurring decimals in fraction form.
(@) 1.3 (b) 3.226 (¢) 5.1902

Write the following in order from smallest to largest.

5 3 1 217

-2, 45, 5,-0.7, 2,1.099 b) -1.23,0.874, -z, —, J/13
@ -5 5 5 07,5 (b) > 5

Write each of the following in exact decimal form.

@ 2 ® 2 © 3 @ =
Write the following decimals as fractions or as mixed numbers in simplest form.
(a) 0.438 (b) 1.072 (c) 2.0506 (d) 13.7005
Calculate the following.

EEREE NCRCE SCONCES
(e) -7.8+(-5.49) (/) 0.3-(-11.46) (9) -2.6x3.05 (h) 18+-1.2

The fraction of the human body that is water varies between ;—(1) and ;—g . Write this fraction
range as a percentage range.
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Writing
percentages
as fractions
and decimals

When shopping, a ‘50% off’ sale is the same as a half-price sale.

You can write 50% as -%06 or 50 + 100, which is equivalent to the

decimal 0.5 or the fraction %

To write a percentage as a fraction or a decimal:
e divide the value of the percentage by 100

e for a fraction, write the division by 100 in fraction form, then
simplify if possible

e for a decimal, divide by 100. Show this by moving the decimal
point two places to the left.

Worked example 15

Write the following percentages as fractions in simplest form.

(@ 16% (b) 120%
Thinking Working
(@ 1 Divide the value of the percentage (a) 16%
by 100. =16 + 100
2 Write the division as a fraction and ol
simplify if possible. 100
=4
25
(b) 1 Divide the value of the percentage (b)  120%
by 100. =120 + 100
2 Write the division as a fraction and = 120
simplify if possible. 100
© 1
== or =
5 5
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Worked example 16

Write the following ‘fractional percentages’as fractions in simplest form.

1 2
- OO b 6 - OO
(@) a % (b) 3 %
Thinking Working
(@) 1 Divide the value of the percentage (a) T =1 100
by 100 S
y 100.
1100
2 Perform the division (recall that 4717
to divide by a fraction, you must
multiply by its inverse). “1 L
4 100
3  Write the answer, simplifying 1
if possible. ~ 200

(b) 1 Divide the value of the percentage
by 100.

2 Write both values as improper
fractions so that the division can
be performed.

3 Perform the division (recall that
to divide by a fraction, you must
multiply by its inverse).

4  Write the answer, simplifying if
possible.

Worked example 17

(b) 62% =62 +100
3 3

_ 20 100
3
20, 1
3 100
- 20
300
-2
"~ 30

Write the following percentages as fractions in simplest form.

(@) 48.2% (b) 3.75%

Thinking Working

(@ 1 Divide the value of the percentage (a) 46.2% =48.2+100
by 100.

2 Write the division as a fraction, = 46.2
then multiply the numerator and iee
denominator by a power of 10 to _ 482
remove the decimal point. (Here, 1000
multiply by 10.)

S . . 241

3 Simplify th f ble. o

implify the answer if possible 200

(Here, divide by a common
factor of 2.)
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(b) 1 Divide the value of the percentage (b) 3.75% = 3.75 + 100

by 100.

2 Write the division as a fraction, _ D5
then multiply the numerator and oo
denominator by a power of 10 to __2%75
remove the decimal point. (Here, 10000
multiply by 100.)

3 Simplify the answer if possible. S
(Here, divide by a common e
factor of 25, then 5.) _95

&0

Worked example 18

Write the following percentages as decimals.

(@ 23% (b) 171% () 3.49%
Thinking Working
(@) Divide the value of the percentage (a) 23% =23 +100
by 100. Show this by moving the decimal =0.23
point two places to the left.
(b) Divide the value of the percentage (b) 171% =171+100
by 100. Show this by moving the decimal =171
point two places to the left.
(c) Divide the value of the percentage (c) 2.49% =349 +100
by 100. Show this by moving the decimal =0.0349

point two places to the left. Fill in any
empty place value columns with zeros.

Worked example 19

Write the following ‘fractional percentages’as decimals.

@ 1% B 3:%
Thinking Working
(@ 1 Write the fraction value as a (a) 1% =0.5%
decimal value. 2
2 Divide the decimal value by 100. 0.5+100
=0.005

(b) 1 Write the mixed number value as a (b) 5%% = 3.2%

decimal value.

2 Divide the decimal value by 100. 3.2 +100
=0.052
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Answers
p.626

It is important to remember the difference between % % and %

° %% means ‘one half of 1%’. This is one half of 0.01, or 0.005.

° % means ‘one half of the whole’, which is 50%.

PR Writing percentages as
fractions ond decimals

Navigator

1 (columns 1-3), 2 (columns 1-2),

1 (columns 3-4), 2 (columns 3-4),

3 (columns 1-2), 4,5 (row 1), 6,7, 3 (columns 3-4), 4, 5 (rows 2-3),

1 (column 4), 2 (columns 3-4),
3 (columns 3-4), 4 (rows 3-4),

9,10,12, 14,17, 19, 22 (a)

6,7,8,11,13,14,15,16, 17,18, 5 (rows 2-3),6, 7,8, 11, 13, 14,

20, 22, 23

15, 16, 18, 20, 21, 22, 23

Equipment required: calculator may be used for Questions 5, 22(a)

Fluency
1 Write the following percentages as fractions in simplest form.
@ 17% (b) 48% © 9% (d) 65%
(€) 58% 0 76% (@ 117% (h) 129%
() 240% Q) 315% (k) 138% ) 360%
2 Write the following “fractional percentages” as fractions in simplest form.
@ 1% B % © 2% @ 2%
0 % o 2% @ 2% ) 2%
0 2% 0 6% 0 53% 0 8%
3 Write the following percentages as fractions in simplest form.
(@ 8.3% (b) 12.29% (c) 50.5% (d) 62.5%
(e) 2.1% (f 3.4% (@) 0.55% (h) 0.4%
(i) 10.25% () 87.5% (k) 150.2% () 420.5%
4 Write the following percentages as decimals.
(@ 80% (b) 27% (c) 40% (d) 15%
(e) 66% M 92% (@) 3% (h) 5%
(i) 110% () 265% (k) 700% () 304%
(m) 0.5% (n) 7.2% (o) 40.5% (P) 6.25%
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5 Write the following ‘fractional percentages”as decimals. m
@ 1% (b) 1% © L% @ 2%
4 8 10 5
© 2%% 0 102% ©) 37%% h) 18%%
) sl . 52 5, 5
(i) 253 %o 0] 53 %o (k) 29 %o () 236 %o
6 2.8% in its simplest fraction form is:
14 5 28 ¢ T b 22
500 1000 250
7 Z% expressed as a fraction is:
A = B 4 c 3 D 3%
400 100 4 100
8 What are the equivalent decimal and fraction for 13% %?
: 1 s 2 s 1 , 1
A 0.13,13= B 013, = 013, = D 0.0013, —
0.13 33 0315 000313 0003300
9 The decimal equivalent of 500% is:
A 50000 B 5 C 05 D 0.05
Understanding
10 An advertisement states that 86% of dentists recommend using ‘Squeeky Clean’
toothpaste. What fraction of dentists is this?
11 Gina has a 9% % pay rise. What fraction of her salary does this represent?
12 Madison travelled 45% of the journey across Europe from Paris to Istanbul by train.
What is the decimal equivalent of the percentage travelled by train?
13 Jacob received 92.5% on his Australian History test. What is the decimal equivalent
of Jacob’s result?
14 A bouquet of roses contains 40% red roses, 32% pink roses and 28% yellow roses.
What are the fractions of red, pink and yellow roses?
15 A car company introduced a new car which is 710 more fuel efficient than the previous
model. What fraction of fuel efficiency does this represent?
16 An economist predicts that inflation will increase by 0.8% this month. What is the decimal

equivalent of this increase?

2 Fractions, decimals and percentages
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17 In rugby league, bruisings and strains are 30%
of injuries, while more serious injuries such
as fractures are 16% and concussions are 9%.

(@) Write each of these percentages as fractions.

(b) What fraction of the total number of injuries
do bruisings, strains, fractures and concussions
make up altogether?

(c) What fraction of the total number of injuries
are due to other causes?

18 Place the following in ascending order.

2

1 4 5
20%, =, 0.02, = (b) 0.45, 2, 4.5%, -
(a) 20%, 7 : ® = 45%, 3

3 1 1 7
—,0.03,=,33% (d) 0.72, 7=%, 7.2%, =
© 5 0033 33% @ g 725
19 Employment figures show that 28% of
employed people in a suburb are
tradespeople. What fraction of the

employed workforce are tradespeople?

Reasoning

20 One quarter of the 200 Year 8 students surveyed at St Gabriel’s College said that they were
driven to school and 30% said that they arrived by bus. What fraction of students are not
driven to school and do not take the bus?

21 The Burandoc Water Authority is trying to estimate the volume of water available in the
reservoir. At present, it is 85% full. It is estimated that if there is no rain over the next
6 months the volume will be 48 % of capacity. However, if the area receives normal rainfall
during this period, the volume will only decrease by 17% of capacity.

(@) What fraction of the reservoir currently contains water?

(b) What fraction of the reservoir will contain water if there is no rain during the next
6 months?

(c) By what fraction would the water volume be reduced if there is no rain during the next
6 months?

(d) What fraction of the reservoir would remain unfilled if there is a normal amount of rain
during these 6 months?
Open-ended

22 (a) Write at least three fractions with denominators less than 100 that have a percentage
equivalent between 50% and 60%.

(b) Write at least three decimals that have a percentage equivalent between 25% and
26%. Each of the decimals given should have a different number of decimal places.
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23 Mason writes: 5& =3.25%

(@) Explain to Mason the difference between 3}1 and 3.25%.

1 .
(b) Correctly convert 3 h into its percentage form.
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Writing one
amount as a
percentage
of another

In a netball match, Kate scored 17 goals from 23 shots at goal,
while her teammate Mel scored 13 goals from 19 shots at goal.
Who was the more accurate goal shooter? Kate scored more
goals, but she had more shots. Both girls missed 6 of their shots
at goal. What do you think?

Percentages are very useful in these situations. Because
percentage values are always ‘out of 100’, you can easily
compare them.

To write one amount as a percentage of another:

1 make sure both amounts are the same type, or measured
in the same units; convert units if necessary

2 write a fraction with the‘part amount’as the numerator
and the‘whole amount’ as the denominator

3 convert this fraction into a percentage.

Not all calculations of percentage give whole number answers. Remainders can be written
in fraction form, exact decimal form or as rounded decimals, depending on the situation.

b, .
The @ or key on your calculator may be useful for converting between answers
in decimal form and fraction form.

Worked example 20

Express the first amount as a percentage of the second.

Give your answers in (i) fractional and (i) exact decimal form.

(@) 23,40 (b) 35,30
Method 1: Multiply fraction by 100%
Thinking Working
(@ 1 Write a fraction with the firstamount  (a) AZ-%

as the numerator and the second
amount as the denominator.
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Multiply by ? %, simplifying

the multiplication by cancelling
common factors. (Here, the
common factor is 20.)

Perform the simplified multiplication.

Write your answer as a mixed
number (fractional form), and as the
equivalent decimal.

25 X TSQ"/D

A8 1
_15 9

2

= () 57% or (i) 575%

(b) 1

Write a fraction with the first amount
as the numerator and the second
amount as the denominator.

Multiply by 1% %, simplifying the

multiplication by cancelling common
factors. (Here, common factors of 5,
then 2, are cancelled.)

Perform the simplified multiplication.

Write your answer as a mixed
number (fractional form), and as the
equivalent decimal.

= () 116%% or (i) 16.6%

Method 2: Convert to decimal, then multiply by 100%

Thinking Working
(@) 1 Write a fraction with the firstamount  (2) %
as the numerator and the second
amount as the denominator.
2 Convert the fraction to a decimal by =0.575
performing the division. (A calculator
could be used for this step.) Keep all
of the decimal places (do not round
off).
3 Multiply the decimal value by 100%. 0.57% X 100%

Write your answer in decimal form.
Convert any decimal remainder to a

fraction, and write in fractional form.

= (i) 57%% or (il) 57.5%
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(b) 1 Write a fraction with the first amount
as the numerator and the second
amount as the denominator.

2 Convert the fraction to a decimal by
performing the division. (A calculator
could be used for this step.) Keep all
of the decimal places (do not round

off).
3 Multiply the decimal value by 100%.

4  Write your answer in exact decimal
form. Convert any decimal remainder
to a fraction, and write in fractional
form.

=11660...

11666... X 100%

= (i) 116%% or (if) 116.6%

Worked example 21

Express the first amount as a percentage of the second: 40 cents, $5.

Method 1: Multiply fraction

Thinking Working
1 Write both quantities in the smaller unit. 40 cents, 500 cents
2 Write a fraction with the first amount as —A—r-% X 1252&00
the numerator, and the second amount 58 1
as the denominator, multiplied by 1%0%.
3 Simplify by cancelling common factors. 840 1
(Here, divide by 100, then by 5.) == X %"/o
1
= é X ]"/o
T 1
= 80/0

4 Write the answer.

40 cents is 8% of $5.

Method 2: Convert to decimal, then multiply

Thinking

Working

1 Write both quantities in the smaller unit.

2 Write a fraction with the first amount as
the numerator, and the second amount
as the denominator.

3 Convert this fraction to a decimal by
performing the division.

4 Multiply by 100%.

5 Write the answer.

40 cents, 500 cents
40
500

=0.06

= 0.08& X 100%
= 8%

40 cents is &% of $5.
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Writing one cmount as
d percentage of another

Navigator

1 (columns 1-3), 2, 3 (a), 4, 6, 8, 1 (columns 3-4), 2 (column 1), 1 (columns 3-4), 2 (column 2),
10, 11, 15, 20 (a-b), 21,22,23 3 (b), 4,5,6,7,8,9,10,11,12, 3(b),5,6,7,9,10,11,12,13, 14, P.
13,14,15,16,17,19,20,21,22, 15,16,17,18, 19, 20, 21, 22, 23
23

Equipment required: calculator

Fluency

1 Express the first amount as a percentage of the second. Give your answers in (i) fractional m
and (i) exact decimal form.

(@ 13,50 (b) 16,20 (c) 27,45 (d) 42,48
(e) 35,80 (f) 15,18 (9) 54,96 (h) 15,27
(i) 86,54 G 90,70 (k) 72,66 () 26,22

2 Express the first amount as a percentage of the second. Round your answer to 2 decimal m
places where necessary.

(@) 25 cents, $4 (b) 40 m, 2 km e .

() 7mm,2cm (d) 30 seconds, 4 minutes | Remember that units have |
| to be the same, so convert |

(e) 750 g 2.5 kg M 5 days, 4 weeks : bothfvalues to the smaller :
I unit first. |

(@ 80kg 1 tonne (h) 85mL,2L ! /

() 600 mm, 7 m () 50 minutes, 40 hours

3 (a) Which of the following shows how to calculate 17 as a percentage of 30? “
A 1—7><@% B S_OXQ% C ﬁX@% D &x1—7% ./ )

(b) Which of the following is 40 cm as a percentage of 2 m?

30 1 17 1 100 1 100 1 V |‘ ',

A 2% B 5% C 20% D 500%
Understanding
4 Cory received 38 marks out of 40 for a maths test. Find his result as a percentage. j ‘

5 In an election for house captain, Jessica received 324 votes. If 540 students voted,
what percentage of them voted for Jessica?

6 Keira planted 30 small trees in her new garden, but only 19 survived after a year.
What percentage of the new trees survived? (Answer in exact decimal form.)

7 Sam improved his best time for a 200 m sprint by 2 seconds during a training session.
His previous best time was 25 seconds. Write Sam’s improvement as a percentage of
his previous best time.

8 Hamish improved his shot-put throw from 20 m to 23 m. By what percentage of his 20 m
throw did he increase his distance?

9 Lara has a part-time job that pays $160 per week. She receives a pay rise of $24 per week.
Express Lara’s pay rise amount as a percentage of her original pay.
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10

11

12

13

14

15

16

17

18

Smith has read 185 pages of a book of 490 pages. What percentage of the pages has
he read?

Phil saved $250 from his $3500 salary each month to pay for a holiday. What percentage
of his salary has he saved?

During one particular season, Cuong records 18 wins from 27 sets of tennis played.
What percentage of sets played did Cuong win that season? (Answer in fractional
percentage form.)

Harry scores 5 of his team’s 16 goals during a football match. What percentage of his
team’s goals does he score? (Answer in fractional percentage form.)

Adila spends $90 each week on food. If her total income is $400 per week, what
percentage of it is spent on food? (Answer in fractional percentage form.)

According to Guinness World Records, Antonio Gomesdos Santos stood motionless (apart
from involuntary blinking) for approximately 15 hours on 30 July 1988. What percentage
of a day was this? (Answer in decimal form.)

According to Guinness World Records,
the tallest man in reliably recorded
history was Robert Wadlow of Illinois,
USA, whose height was measured to
be 272 cm. If the average male height
today is about 1.8 m, express Robert
Wadlow’s measured height as a
percentage of the average male height.
(Answer in exact decimal form.)

A 30 gram serving of a breakfast cereal
contains 2.5 grams of dietary fibre.
What percentage of the serving of
cereal is this? (Answer in fractional
percentage form.)

A sofa is advertised in a furniture sale catalogue at the discounted price of $699, a saving
of $350. Find the saving as a percentage of the original price of the sofa. Round your
answer to the nearest whole number.

Ruby 3 Seater
in MyChoice Standard fabric
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Reasoning

19 In their basketball game on Friday night, Nathan scored 12 goals from
16 shots, and his teammate Dayo scored 14 goals from 18 shots.

(a) Estimate who is the more accurate scorer, then use percentages to check
your estimate. (The more accurate scorer will have made a greater
percentage of their shots as goals.) Round your answers to 1 decimal
place if necessary.

(b) In their game the following week, Nathan scored 13 goals from 18 shots,
and Dayo scored 11 goals from 14 shots. Add the number of goals and
the number of shots to those of the previous week. Use your total to
calculate a new, two-game percentage for Nathan and for Dayo.

(Again, round your answers to 1 decimal place if necessary.)

(c) Based on your answer to the previous part, who improved their scoring
percentage from one week to the next?

20 Round your answers to the following to 1 decimal place.

(@) Jaime estimates that she spends 2 hours a day online. What percentage
of a day is this?

(b) Jaime also estimates that she spends % of a day sleeping. What percentage

of her waking hours does she spend online?

(c) Jaime does not include the 7 hours that she spends at school as part of her ‘online
time”. Recalculate her ‘online’ time as a percentage of her free time (excluding school
time and sleeping time).

(d) Describe what happens to the value of the percentage as you move from (a) to (b) to
(c). Explain why this happens.

21 Lin won a $500 gift card. She used the gift card to spend $110 on games, $90 on jewellery,
$79 on a pair of sunglasses and $49 on a T-shirt.

(a) What percentage of money did she spend on games and jewellery together?
(b) What percentage of money did she spend on the sunglasses and the T-shirt together?

(c) What percentage of the money remains on the gift card?

Open-ended

22 Write three different amounts of money that when expressed as a percentage of $4 are
greater than 32% and less than 39%.

23 Bella has calculated that she is 89% of her dad’s height (to the nearest whole percentage).
Give three possible pairs of heights for Bella and her dad, if they are both between 1 m
and 2 m tall.

2 Fractions, decimals and percentages
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Problem solving

Strategy options

e Guess and check.
e Solve a simpler problem.

Comets 147 130.6
Mozzies 81 128.4
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Finding a
percentage
of an amount

Being able to find a percentage of an amount is very
useful. Percentages can be written as fractions out of
100, so you can use fraction multiplication to find a
percentage of an amount (Method 1 of the example
below). Alternatively, you can multiply the amount by
the decimal equivalent of the percentage (Method 2 of
example).

The key thing to remember is that, in maths, the word
‘of” can mean multiplication.

To find a percentage of an amount:

1 replace the ‘of’in the expression with X’
2 convert the percentage to a fraction or a decimal
3 perform the multiplication and simplify

your answer.

Fractions are often easier to work with when performing calculations by hand. Decimals are
much quicker if you have a calculator available.

Worked example 22

Find the following, rounding answers to 2 decimal places where necessary.

(@) 12% of $350 (b) 5.2% of 30 kg

Method 1: Fraction multiplication

Thinking Working
(@) 1 Substitute ‘x’ for ‘of’ and omit any (a) 12% of $350
units. =12% x 250
7
2 Write the percentage as a fraction, =12 588

and the amount as an improper AL 1
fraction with a denominator of 1. Qo 7
Simplify the multiplication by - E X7
cancelling common factors. (Here,

divide by 10 and 5, then by 2.)

3 Simplify, then perform the =6x7
multiplication.
4  State your answer, including any units. =942
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Answers
p.627

(b) 1 Substitute X’ for ‘of”. (b) 5.2% of 30 kg
5.2% x 30

2 Write the percentage as a fraction, = =S x 28
and the amount as an improper 26068 1
fraction with a denominator of 1.

Simplify by cancelling common
factors. (Here, divide by 10, then by

4.)
3 Simplify, then perform the =23
multiplication and write the answer. =
o
25
4  Write your answer in the required =156 kg
form with the correct units.
Method 2: Decimal multiplication
Thinking Working
(@ 1 Substitute "X’ for ‘of”. (a) 12% of $350
=12% x 250
2 Write the percentage as a decimal. =0.12 x 250
3 Perform the multiplication and write =$42
the answer.
(b) 1 Substitute “x’ for ‘of’. (b) B5.2% of 20 kg
=5.2% x 30
2 Write the percentage as a decimal. =0.052 x 30
3 Perform the multiplication and write =156 kg

the answer with the correct units.

If the percentage you are finding is less than 100%, then your answer will always be smaller
than the original amount. It is important to check if your answer is reasonable.

PX) Finding a percentage
of an amount

Navigator
1 (columns 1-2), 2, 3,4,5,6,7, 1 (columns2-3),2,3,4,5,6,7, 1 (columns2-3),2 (b),3 (a), 4,5,
8,12, 14,22 8,9,10,11,12,13,14, 15,16, 6,7,8,9,10,11,12,13, 14,15,

17,19, 22 16,17, 18, 19, 20, 21

Equipment required: calculator may be used for Questions 1, 7, 8, 10-21
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Fluency

1 Find the following, rounding answers to 2 decimal places where necessary. m
(@ 6% of $200 (b) 20% of $150 (c) 64% of $50
(d) 80% of $25.50 (e) 75% of $279.95 (H 120% of $35.74
(9) 150% of 30 kg (h) 160% of 25 kg (i) 90% of 4 kg
() 23.2% of 40 min (k) 42.5% of 70 min (h 15.7% of 60 min
(m) 3.4% of 50 L (n) 9.3% of 500 L (o) 0.6% of 3000 L
2 (a) Which of the following shows how to calculate 33% of 70?
A @ X @ X E B ﬁ E C @ X ]@ D E X 1@
1 1 1 100 1 70 1 30 1
(b) Which of the following shows how to find 7% % of 600?
7 _ 600 3 _ 600 15 _ 600
3 (a) Which of the following shows how to calculate 3.5% of 15?
A 35x15 B 35x15 C 0.085x15 D 0.035x0.15
(b) Which of the following shows the calculation for finding 19% of 6000?
A 19 x6000 B 19x60 C 0.19 x 6000 D 0.19x%x6
Understanding

4 Nick got 85% of the questions right in a test containing 80 questions. How many
questions did Nick answer correctly?

5 A 750 gram packet of breakfast cereal is only 20% full. How many grams of cereal are in
the packet?

6 About 65% of the mass of an adult human is water. Ollie weighs 64 kg. How much of ¢ \
Ollie’s mass is water, to the nearest kilogram?

~————

7 In a 45-minute workout, Jim spends 20% of the time warming up. How much time does
he spend warming up?

8 The revised edition of a book has 12% more pages than the previous edition. If the
previous edition had 350 pages, how many pages are in the new edition?

9 A survey of 5500 households reveals that 4 in every 5 regularly sort their rubbish
for recycling.

(@) Write this result as a percentage.

(b) Calculate the number of households that sort their rubbish.
10 The Cancer Council estimates that 2 in 7 cancer deaths are related to tobacco (smoking).

(a) Write this figure as a percentage, rounded to 1 decimal place.

(b) Of 412000 cancer deaths, how many will be related to tobacco?

11 A geologist finds a rock of mass 600 g containing
a substantial amount of gold. She has the rock
analysed and finds that the rock is 19.4% gold.

(@) How many grams of gold are in the rock?

(b) If the current price of gold is $45 per gram,
how much is this gold worth?
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12 Forty-five per cent of the residents in a particular suburb use internet shopping. If the
suburb contains 23 000 people:

(@ how many people use internet shopping
(b) how many people don't use internet shopping?
13 (a) A furniture store advertises a 40% reduction on the price of its beds.

(i) Calculate the dollar value of the percentage reduction on a bed priced at $1800.
(ii) Calculate the new, reduced price of the bed.

(b) The same store advertises a 33% % reduction on the price of sofas.
(i) Calculate the dollar value of the percentage reduction on a sofa priced at $450.
(i) Calculate the new, reduced price of the sofa.

14 The population of a small town increases by 6.5% during the summer holidays. If the town’s
population is normally 1600, by how many does it increase during the summer holidays?

15 The Republic of Banano increases its banana crop by 4.4% one year. If the previous year’s
crop was 4200 tonnes, how many tonnes were produced in the new crop? Answer to
the nearest tonne.

16 A meeting of 700 residents votes on a proposed road closure. If 2.1% of the residents voted
for the closure:

(@ how many residents voted for the closure ‘ S'

(b) what percentage did not vote for the closure
(c) how many residents did not vote for the closure?

17 A 250 mL bottle of fruit juice drink contains 25%
real fruit juice. The rest of the drink is water and
sugar.

(@ What is the volume of real fruit juice in
the bottle?

(b) What is the volume made up by water
and sugar?

Reasoning

18 Aaron is studying dance. 60% of his overall marks for the
subject are allocated to the practical exam, and the remaining
40% is allocated to the theory exam. Aaron scored 84 % in his
practical exam and 77% in the theory exam. Calculate Aaron’s
overall percentage for the subject, correct to 1 decimal place.

19 Kim’s monthly salary is $4500. She spends 25% on house rent,
5% on travel and 12% on groceries.

(@ How much does she spend on house rent?
(b) How much does she spend on travel?

(c) How much money is left with Kim after house rent, travel
and grocery expenses?
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20 A chemical company is planning to increase its production of fertiliser by 20%. At present,
it produces 11 200 litres of fertiliser per week. The Environmental Protection Agency is
concerned that this will increase the company’s waste water output to greater than the

1%% of the volume of the total production that is allowed. At present, waste water is

only g% of the volume of the total production. The company claims that with new

production procedures, the total waste water produced will only be 168 litres per week.

(@ (i) Calculate the amount of fertiliser represented by the 20% increase in production.
(ii) Calculate the total amount of fertiliser that will be produced after the increase.

(b) Calculate the amount of waste water that is produced at present.

(c) Calculate the maximum amount of waste water that is allowed.

(d) What percentage of the total production does the company claim the waste water
will be?

(e) Is the chemical company’s planned increase in its waste water production more than
is allowed?
Open-ended
21 There are 60 books on Naomi’s bookshelf.

(@) Naomi says that 21% of her books are recipe books. Explain why this is not an
accurate statement.

(b) Find at least three percentage values that are possible for the percentage of
recipe books.

22 TwoYear 8 classes each have 25 students. In one class, 20% of the students play basketball.
In the other class, 20 of the students play basketball.

(@) Which of the two classes has more basketball players?
(b) Explain how 20% of the students’ is different from ‘20 students’.

Problem solving

Strategy options
e Solve a simpler problem.

e Break problem into manageable parts.
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Alice was doing her homework while checking

Facebook, messaging her friends and Googling
for an English assignment. She fell asleep while
waiting for one of her friends to reply ...

She awoke in a strange land full of question marks,
numbers and equations floating in the air.

I'm late!

A well-dressed rabbit went bounding by,
muttering, ‘I’'m late, I’m late! How late you ask?
I’m 20% of a minute late for the dentist!’

A kangaroo in a bow tie bounced past, crying,
‘’m later, I'm later, 15% of an hour late for
my barbecue!’

‘How strange’, thought Alice.

Then she noticed a snail sliding along, whispering,
‘Pve just travelled 6 mm. That’s 5% of my journey.’

PEARSON mathematics 8 2ND EDITION

(@) How late was the rabbit for the dentist (in seconds)?
(b) How late was the kangaroo for the barbecue
(in minutes)?

(c) How much further does the snail have to travel?

The pool of tears

Alice wandered until she saw an old dog sobbing
in the far distance. He had forgotten where he had
buried a favourite object and his tears had formed
a large lake.

To find the lost object and the magic word to
return it, Alice has to step on the stones in the
correct order and collect the letters on each path
she takes. At each stone, Alice must follow the
path to the stone that has the largest number.
Begin at START and find the path Alice must take.

(@) What object has the dog lost?
(b) What is the magic word that will return the object?



A fraction of her size

Alice stumbled upon some tiny muffins with

‘eat me’ written on them, and some little glass
bottles with the words ‘drink me’ inscribed on
them. ‘Hmmm,’ she thought, ‘I am a little hungry,’
and nibbled one of the muffins. She started
shrinking ...

(@) If Alice was originally 150 cm tall and shrank
to 120 cm tall, by what percentage of her original
size did the muffin make her shrink?

Alice didn’t like her new, smaller height,
so she sipped one of the drinks ...

(b) She grew from 120 cm to 300 cm! By what
percentage did she increase in size?

(c) By what percentage of her current enlarged
size does Alice need to decrease to return
to her original size?

‘Convince us, or else!’

Alice found herself in a mathematical court room,
with a jury of birds and a walrus as the judge.
Little fractions kept nipping Alice’s head.

The judge declared, ‘Unless you can convince the
jury of the following mathematical statements,
we will simply have to keep you in Numberland
forever’.

Alice must convince the jury that the following
statements are true.

(@) 0.2% = 0.002

(b) If I have 50 tarts and | gain another 100 tarts,
then | have 200% extra.

How could Alice explain these statements to the jury?
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Increasing or
decreasing by a
given percentage

Calculating a percentage increase or decrease

A percentage can be used to represent a change in a quantity.You can calculate the result of a
percentage increase or decrease by using the fact that the original amount represents 100%,
which has a decimal equivalent of 1.0.

To increase or decrease an amount by a given percentage:
1 add the percentage to, or subtract it from, 100%, then write it as a decimal scale factor

2 multiply this decimal by the amount to be increased or decreased.

Worked example 23

Increase or decrease the following amounts by the given percentages. Give answers in
decimal form, rounding to 2 decimal places where necessary.

(@) Increase $2700 by 22%. (b) Decrease 163 kg by 45%.
Thinking Working
(@ 1 Add the percentage increase to (a) 100% + 22%
100%. Write this new percentage =122%
as a decimal scale factor. =122
2 Multiply the scale factor by the 1.22 x 2700
original amount to find the new
amount.
3  Write the answer. = $3294
(b) 1 Subtract the percentage decrease from (b))  100% —45%
100%. Write this new percentage as =55%
a decimal scale factor. =055
2 Multiply the scale factor by the 0.55 x 163
original amount to find the new
amount.
3  Write the answer. = 89.65 kg

Expressing an increase or a decrease as a percentage

Often, an increase or a decrease is described as the percentage change of an original amount.
To calculate this, express the amount of increase or decrease as a fraction of the original
amount, and convert it to a percentage.
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Worked example 24

Tori earns $950 per week as an electrician. She receives a pay increase of $32 per week.
Write Tori’s pay increase as a percentage of her original pay, correct to 1 decimal place.

Thinking Working

1 Write the amount of the increase as a % X 100%
fraction of the original amount.

2 Convert the fraction to a percentage, =0.03365... x100%
rounding to the specified number of =24% (1d.p.)

decimal places.

PX) Increasing or decreasing
by a given percentage
Navigator

1,2,3,4,5,7 (a), 9 (a), 14 (a), 16 1(a=b),2,3,4,5,6,7,8,9 (a-b), 1(c-d),2,3,4,5,6,7,8,9,10,
10, 12 (a), 13, 14, 15, 16 11,12, 13, 14, 15, 16 .

Equipment required: calculator

Fluency

1 Increase or decrease the following amounts by the given percentages. Give answers in m
decimal form, rounding to 2 decimal places where necessary.

(@) Increase 1500 by: (i) 15% (i) 25% (i) 45% (iv) 120%
(b) Decrease 2200 by: (i) 10% (i) 40% (i) 66% (iv) 95%
() Increase $83.75by: () 23% (i) 340% (i) 3.5% (iv) 3% %
(d) Decrease 5.2 km by: (i) 6% (i) 74% (iii) 2.8% (iv) 12 %

2 (a) Georgia earns $1253 per week working as a designer. She receives a pay increase of m
$49 per week. Write Georgia’s pay increase as a percentage of her original pay, correct
to 1 decimal place.

(b) Jayden earns $67 982 per year working as a legal assistant. He receives a pay increase
of $2850 per year. Write Jayden’s pay increase as a percentage of his original pay,
correct to 1 decimal place.

(c) This month, the Ling family reduced their electricity bill by $15.76 compared to last
month. If last month’s bill was $109.43, calculate the reduction in this month’s bill as
a percentage of the previous bill, correct to 1 decimal place.

(d) This month, the Edwards family used 13 kL (kilolitres) less water than last month. If
they used 190 kL last month, calculate the reduction in this month’s water usage as a
percentage of last month’s usage, correct to 1 decimal place.

3 Which of the following calculations decreases $129.50 by 40%?
A 1295x04 B 1.295x40 C 0.6x1295 D 14x1295
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Understanding

4 Summer’s weekly rent is set to increase by 15%. If she currently pays $750 a week, what
will she pay after the increase?

5 Lastyear, 87 453 people attended the Royal Show. This year, only 79 014 people attended.
Write the drop in attendance as a percentage decrease.

6 Yang earns $834.72 a week working on a building site. His pay increases to $886.70
a week. Write the amount of Yang's pay rise as a percentage increase of his original pay,
correct to 1 decimal place.

7 Sam buys a new sports car for $45000. As soon as he
drives it out of the showroom its value decreases by 12%.

(@) Find the value of the car after it leaves the showroom.

After just 3 years, the value of the car will have decreased
by 35% of its original value.

(b) What will the car be worth in 3 years’ time?

(c) Write the 3-year decrease in value as an average
yearly loss, in dollars per year.

8 Lizzie is a swimmer whose personal best time for her favourite race is 1 min 8.23 s.

(a)

(b)

(c)

9 (a)

(b)

(©)

Write Lizzie’s time in seconds.

Lizzie is aiming to decrease her time by 5%. Use your answer to the previous question
to calculate this decrease as a number of seconds, correct to the nearest hundredth
of a second.

At the state titles, Lizzie lowered her time by 2.65 seconds. Write this improvement
as a percentage of her previous best time, to the nearest whole number.

Margaret purchased a block of land for $385000. A year later land prices had increased
by 9%. What is Margaret’s block of land worth now?

The following year, land prices had risen by 7.5% compared to the previous year.
What is Margaret’s block of land worth now?

Margaret later sold her block of land for $469000. What percentage increase on the
original price is this, to the nearest whole number?

Reasoning
10 At the end of the first week of trading on the sharemarket, shares in Deepak’s company

had increased by 12%. The shares were worth $2.50 each at the beginning of the week.

(a)
(b)

(c)

What was the value of a share at the end of the first week?

By the end of the second week, the share price had decreased by 7% compared to
the start of the week. Calculate the value of one share at the end of the second week.

Calculate the overall increase or decrease at the end of the 2 weeks as a percentage of
the original price of $2.50 per share.

11 The population of the town of Greenhills decreased in 1 year by 4%.The population at the

beginning of the year was 17 000.

(a)
(b)

(c)

Calculate the population at the end of the year.

If the population continues to drop by 4% for the next 2 years, calculate the
population:

(i) at the end of the second year (i) at the end of the third year.

Do the three 4% decreases in population give the same result as one 12% decrease?
Explain why or why not.

PEARSON mathematics 8 2ND EDITION



12 Pheap improves his maths test result by 20%.

(@) If his first result was 27 out of 60 marks, what was his
improved result, if the second test was also out of 60?

(b) If Pheap continues to improve by this percentage with
each test and all tests are out of 60 marks, how many
more tests must he take to achieve over 90%?

13 Melissa is 165 cm tall, and her younger sister Laura is 150 em tall.

150 cm
(@) Calculate Melissa’s height as a percentage increase of Laura’s

height, to the nearest per cent.

(b) Calculate Laura’s height as a percentage decrease of Melissa’s
height, to the nearest per cent.

(c) Explain how the same height difference of 15 cm can produce
these two different answers.

14 The amount of metal ore produced at
a mine is 6900 tonnes per year.

(@) Calculate the reduced amount of ore
mined if production drops by 15%.

(b) If production continues to drop by
15% each year, how many more years
will it be before the amount mined
falls below 4000 tonnes?

(c) At this rate, will the mine ever stop
producing ore? Explain.

Open-ended

15 (a) Calculate the number of people with brown eyes in your class as a percentage of the
whole class.

(b) Calculate the increase in this percentage if one extra brown-eyed person joins the
class.

(c) Repeat the first part for the number of people with non-brown eyes in the class.
(d) Repeat the second part for the people with eyes that aren’t brown in the class.

(e) Were the percentage increases you calculated for the two groups the same? Explain
why or why not.

16 How many centimetres taller would you be if your height increased by 8%? (Answer to
the nearest cm.)
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Investigation

Supermarket specials

Equipment required: calculator (optional), shopping
catalogues (optional)

Many shops, particularly supermarkets, put items ‘on
special” by reducing their price. These‘specials’ are
advertised in different ways, including percentage
discounts, dollar savings and ‘multi-buy’ offers, such as
‘buy two, get the third free’.

The Big Question

Is a‘multi-buy’ deal better than a discounted price?

Engage
1 Imagine you are in the supermarket. Without doing

any calculations, which of the following specials
looks better value to you?

Deal A Tuna: 6 tins for the price of 5
Deal B Tuna: $1.08. Save 22¢ a tin

2 A supermarket is offering a‘buy two, get the third
free’, multi-buy deal on packets of biscuits. The usual
price of the biscuits is $3 per packet.

(@) How much would you pay for the multi-buy deal?
(b) How much do you save in this deal?

(c) Calculate this saving as a percentage of the full
price of the three packets.

(d) If you buy the multi-buy deal, what is the cost of
each packet?

(e) How much do you save, per packet?

() Calculate the saving on one packet as a
percentage of the original price of the packet.

(9) What do you notice?

Explore

3 To investigate the Big Question, choose a product
and its price, and create several different ‘multi-buy’
deals, such as ‘2 for the price of 1" and ‘3 for the price
of 2. For each deal, calculate the amount saved as
both a dollar saving and a percentage saving. You
might like to use a shopping catalogue to get ideas,
or to check the price of an item.
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Strategy options

e Look for a pattern.

e Test all possible combinations.

Explain
4 For each of the ‘multi-buy’ deals you investigated:

(a) give a percentage reduction that the store could
use to advertise an equivalent discount off the
price of a single product

(b) calculate how much the individual price of the
item would need to be reduced by to make it
better value than the multi-buy.

Elaborate

5 Most multi-buy deals give you just 1 product for free,
such as 3 for 2, 4 for 3, 5 for 4 and so on.

(@) As the number of items in a multi-buy deal
increases, what happens to:

(i) the dollar saving
(i) the overall percentage discount?

(b) Explain the difference between your two
answers to the first part.

6 Go back to the tuna deals you considered in the
first question. Which deal is cheaper for buying
6 tins of tuna?

7 Answer the Big Question by summarising your
results from 3-6.

8 Imagine that you are in the supermarket.You see one
brand of corn chips with a discounted price of $1.30
per packet. Another brand of the same sized packet
of corn chips has a regular price of $1.79, but has a
‘3 for 2’ offer. Which special represents better value
for money? Show how you arrived at your answer.

Evalucate

9 Give some reasons as to why stores might offer
‘multi-buy’ deals for certain products, instead of
advertising a percentage or a dollar discount on
individual items.

10 Imagine you are doing the grocery shopping for
yourself or your family. List some pros and cons of
purchasing ‘multi-buy” items. For which types of
item would it be good to buy ‘multi-buy’ specials?



Extend

11 Another common promotion is the‘buy one and get
the second one half-price’.

(@) When would store managers use this type of
promotion?

(b) When might this type of promotion be good
value to you?

(c) Assuming both items are the same price,
what percentage of the original price are you
paying for each of them? Use an example to
demonstrate how you arrived at your answer.

50

Buy one item,
second item
half price

y o -
7 17 171717
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Financial
applications
of percentages

Businesses that sell products to people are called retailers. People buying these products are
called consumers. Retailers either make their own products or purchase them from suppliers.
The cost of buying or manufacturing the products (including things such as the cost of
materials and transport) is called the cost price (CP).

To make a profit, the retailer needs to sell their product at a higher price than the cost price.
This higher price is called the selling price (SP). The amount added onto the cost price to make
the selling price is called the mark-up. It is often calculated as a percentage of the cost price.

If the selling price is less than the cost of the item plus any associated costs (such as transport),
then a loss is made.

As well as adding their mark-up to the cost of a product, a business must also add a
government tax called the Goods and Services Tax (GST), which is an extra 10% of the
selling price.

A business will sometimes offer products at a lower price, or sale price, to make them more
attractive to consumers. This reduction in price is called a discount.

* Cost price (CP): the total cost of making or buying the goods

e Selling price (SP): cost price + mark-up

* Mark-up: amount added to cost price in order to make a profit
* Discount: decrease in the selling price to attract more buyers

e Sale price = (selling price) — (discount amount)

* GST: Goods and Services Tax of 10% added to selling price

e Profit: difference between SP and CF, where SP > CP

* Loss: difference between SP and CP where SP < CP

Calculating discounts and mark-ups

Worked example 25

Calculate the sale price of a $350 stereo discounted by 25%, rounding your answer to the
nearest cent.

Method 1: Find and subtract the discount amount

Thinking Working
1 Calculate the dollar amount of the 25% of $350
current price represented by the =0.25 X 350
discount. =$87.50

2 Subtract the discount amount from the Sale price = $350 — $87.50
original price to find the sale price. =$262.50
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Method 2: Calculate the remaining percentage

Thinking Working
1 Subtract the percentage discount 100% — 25%
from 100%. =75%
2 Find the remaining percentage value of Sale price = 75% of $350
the price. =0.75 x 250
=$262.50

Worked example 26

An electrical goods store determines the selling price of appliances by applying a 68%
mark-up. Calculate the selling price of a toaster bought at a cost price of $23.20.

Method 1: Find and add on the mark-up amount

Thinking Working
1 Calculate the dollar amount of the cost 68% of $23.20
price represented by the mark-up (tothe = 0.66 x 23.20
nearest cent). =$15.78
2 Add the mark-up amount onto the cost SP = CFP + mark-up
price to find the selling price. =$23.20 + $15.7&
=$38.98

Method 2: Calculate the percentage increase

Thinking Working
1 Add the percentage mark-up onto 100%. 100% + ©5% = 166%
2 Calculate this new, increased percentage  SF =1686% x CF
of the cost price, by multiplying by the =168 x23.20
percentage in decimal form. =$38.98

S S S S —

Note from the previous two examples that Method 1 is useful if you need to
know the actual dollar amount of the discount or mark-up, while Method 2 is a

after a mark-up has been added.
Sale price is the price of goods on
sale after they have been discounted.

Calculating the original price

Consumers only see the final price of products after the mark-up has been
added or discounts subtracted. If you know the value of the mark-up or
discount, you can calculate the price of the products before the discount or

/
|
|
|
more direct way of finding the reduced or increased price. | Seling price is the price of the goods
[
|
|
[
\

Make sure you don’t confuse
‘selling price’ (SP) with ‘sale price’.

mark-up was applied. Just reverse the process used to find the selling price. > -
In Method 2 of the example above, you multiply the cost price of a toaster by . tf
the mark-up to find the selling price. If you divide the selling price by the V
mark-up, you arrive back at the cost price. |

x 1.68
$23.20 — = $38.98

Cost <«+————— Selling
price +1.68  price
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In Method 2 of worked example 25, you calculated the sale price by multiplying the original
selling price (often called the ‘marked price’) by the reduced percentage value. If you divide
the sale price by this percentage value, you arrive back at the original price.

x 0.75
$350 —» $262.50

Marked <——— Sale
price +0.75  price

For mark-ups:
X (100% + mark-up %)

Cost price (CP) B ~  Selling price (SP)
+ (100% + mark-up %)

For discounts:
X (100% — discount %)

Marked price ™ Sale price
+ (100% - discount %)

Convert percentages to their decimal forms before multiplying or dividing.

Worked example 27

(@) ‘Great Groceries’ supermarket marks up all of its bakery products by 75%. If the selling
price of a loaf of bread is $3.49, calculate the cost price.

(b) ‘Discount Computers’store is having a 20% sale on all items. Calculate the original
marked price of a hard drive that has been discounted to $135.

Thinking Working

(@ 1 Summarise the question by writing (a) 175% of cost price = $3.49
an equation.

2 Rewrite the equation, replacing the 1.75 X cost price = $3.49
percentage with its decimal value,
and ‘of” with a multiplication symbol.

3 Solve the equation by dividing both Cost price = 3.49 +1.75
sides by the decimal value of the =$1.99
percentage.

(b) 1 Summarise the question by writing (b) &0% of marked price = $135
an equation.

2 Rewrite the equation, replacing the 0.8 X marked price = $135
percentage with its decimal value,
and ‘of” with a multiplication symbol.

3 Solve the equation by dividing both Marked price =135 + 0.6
sides by the decimal value of the =$168.75
percentage.
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Profit and loss

|

The profit or loss made on a sale is the difference between the cost price and the i
selling price. Profit or loss is usually expressed as a percentage of the cost price or the ! you paid. You make a oss

|

|

selling price.

% Profit =

profitin $ . profitin $
T X 100 /0 or S—P

where CP = cost price, SP = selling price.

Replace ‘profit’ with ‘loss” in these formulas to calculate the percentage loss.

Worked example 28

(@) Laura’s wedding dress cost $1450. After her wedding, she sold it for $900.

x 100%

() Calculate the loss Laura made on the dress.

e

You make a profit when you
make money on the price

when you lose money on
the price you paid.

(i) Express the loss as a percentage of the cost price, rounded to the nearest per cent.

(b) Ajay bought a tent for $125 and then resold it online for $139.

(i) How much profit did Ajay make on the tent?

(i) Express Ajay’s profit as a percentage of the selling price, rounded to the nearest

per cent.
Thinking Working
(@) () Findthelossbyfindingthe difference  (a) Loss =CF —SFP
between the cost price (CP) and the = $1450 — $900
selling price (SP). = $550
(i) Write the loss as a fraction of the cost 1%%% X 100%
price, then convert it to a percentage. 387

Round your answer to the nearest
whole number.

(b) ()

(ii)

Find the profit by finding the
difference between the cost price
(CP) and the selling price (SP).

Write the profit as a fraction of the
selling price, then convert it to a
percentage. Round your answer to
the nearest whole number.

(b) Profit = SP —CP
=139 - 125

14

=414

— X 100%

139
=10%

2 Fractions, decimals and percentages
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FAI) Finoncial applications
of percentages

Navigator
1,2,3(a-b), 4,5,6,9,10,11,13, 1 (c-d),2(c~d),3,4,5,6,7,8,9, 1 (c-d),2 (c-d), 3, 4,6, 7, 8, 10,
P 17,21, 29 10,11, 13, 14, 15, 16,17,18,  11,12,14,15, 16,18, 19, 20, 22,

19 (a-b), 21, 22, 26, 28,29, 30 23, 24, 25, 26, 27, 28, 30, 31

Equipment required: calculator

Fluency

m 1 Calculate the sale price of the following items, (CTTTTTTTTTTI T T T S

‘ | , o
rounding your answers to the nearest cent. | When you're working with amounts
| of money, remember to include
|

(@) A $520 surfboard discounted by 20%. | $ signs as well as 2 decimal places
I (cents) in your answer.

(b) A shirt originally priced at $18 discounted by 10%. .__ - )
(c) A $34.50 book discounted by 12.5%. SO

(d) A phone with a marked price of $399.95
discounted by 35%.

m 2 (a) A clothing store determines the selling price
of T-shirts by applying a 53% mark-up.
Calculate the selling price of a T-shirt
bought at a cost price of $15.

(b) A mark-up of 74% applies to all goods at Shelley’s
Shoe Shop. Find the selling price of a pair of “ j i
shoes with a cost price of $25.

(c) Glen adds a mark-up of 60% to the cost price of the wooden toys he makes before
selling them at his market stall. Find the selling price of a toy that cost $12.50 to make.

(d) A computer games store adds a mark-up of 78.5% to the cost price of all of its console
games. Find the selling price of a game that cost the store $30.25.

WE 27 3 (a) Deb’s Designer Dresses has a policy of marking up the cost price of all of its dresses
- by 82%. If the selling price of a dress is $200, calculate the cost price.

(b) Amanda’s music store offers a storewide discount of 15% on all second-hand vinyl
records. Calculate the original marked price of a second-hand vinyl record that has
been discounted to $49.30.

(c) Calculate the cost price of a pair of sunglasses that has been marked up by 76% to a
selling price of $69.95.

(d) Calculate the original marked price of a cricket bat discounted by 30% and on sale for
$169.

m 4 (a) Rosa buys a ticket to a concert for $65, but is unable to go and sells it to a friend
for $39.

(i) Calculate the loss Rosa made on the ticket.
(i) Express the loss as a percentage of the cost price, rounded to the nearest per cent.

(b) Travis bought an old car for $1500 and then resold it for $1950 without spending any
money on it.

(i) How much profit did Travis make on the car?
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(i) Express Travis’profit as a percentage of the selling price, rounded to the nearest
per cent.

5 For each of the following, express the profit or loss as a percentage of the cost price,
rounded to the nearest whole number.

(@) A painting purchased for $750 and sold for $2000.

(b) A book purchased for $45 and sold for $20.

(c) Sporting goods purchased for $320 and sold for $520.
(d) Jewellery purchased for $980 and sold for $1750.

6 An electrical goods retailer buys a washing machine for $580 and applies a standard
mark-up of 70% to all of its goods. The selling price for one of its washing machines is:

A $174 B $406 C $754 D $986

7 A magazine is advertised for 20% off the marked price and you are charged $7.60.
The original marked price of the magazine is closest to:

A $6.10 B $7.80 Cc $9.10 D $9.50

8 A bookstore applies a mark-up of 92% to the cost price of all of its books. The cost price
of a book with a selling price of $35 is closest to:

A $2.80 B $32.20 C §$18.23 D $67.20

9 Calculate (i) the dollar value of the discount and (ji) the discount sale price of
the following items. (Round your answers to the nearest cent.)

(@) A games console originally priced at $379 on sale at a 10% discount.

(b) A suitcase with an original price of $199 discounted by 40%.
(c) A $20 T-shirt discounted by 30%.
(d) A discount of 25% on a $99.95 pair of sunglasses.

10 Sanjay invests $30 000 in the sharemarket only to see his shares
drop in value to $22 000.

(@) Find the amount of Sanjay’s loss.

(b) Find his percentage loss by expressing the loss as a percentage
of the original amount invested.

Understanding

11 In Australia, a Goods and Services Tax (GST) of 10% is added to the price of all products
and services purchased by consumers (except for some basic grocery items).

Calculate (i) the amount of GST and (i) the new, GST-inclusive price of the following items.
(@) a $560 bike (b) a $64 pair of jeans
(¢) a$19 calculator (d) a $2640 television

12 A professional designer charges $90 per hour plus 10% GST. She makes an invoice for
8 hours of work.

(@) What is the total amount charged excluding GST?
(b) What is the total GST charged?
(c) What is the total amount charged including GST?
13 A builder calculates a job will cost $2450 before adding GST. Calculate:
(@) the 10% GST to be added
(b) the final amount (including GST).
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14 Mitchell buys an antique desk for $150. He spends $45 to repair it and sells it for $320.
(@ How much profit did Mitchell make, taking the cost of the repair into account?

(b) Calculate the value of the profit as a percentage of the total cost. (Write your answer
rounded to 1 decimal place.)

15 It costs a furniture company $180 to make a sofa. The cost of transport to the company’s
stores is $7.50 per sofa. The company then sells the sofas for $350.

(@) How much profit does the company make on the sofas, taking transport and
production costs into account?

(b) Express the profit as a percentage of the selling price to 2 decimal places.

16 Lee bought an old motorbike for $2200 and spent $250 repairing it. He then sold it for
$3000.

(@) Calculate how much profit Lee earned, considering the money spent repairing it.
(b) What was the profit as a percentage of the total cost?

17 A designer store applies a 200% mark-up to all of the clothing it sells. What would be the
selling price of a gown that has a cost price of $150?

18 A store purchases a bulk order of 72 photo frames for $324.
(@) Calculate the profit made if the photo frames are sold individually for $7 each.
(b) Calculate the profit as a percentage of the cost price to 2 decimal places.

19 Most of the time, the marked prices you see on goods in shops have the GST already
added. Find the original, pre-GST price of:

(@) a book with a price tag of $32.95 (b) a microwave oven with a price tag of $279
(c) aboat priced at $29999 (d) aT-shirt priced at $39.95.
20 A store takes delivery of a large container with 1000 e

packets of soap which cost the store $2750. The store
policy is to add a 70% mark-up and then add the GST.
Find the selling price of each packet of soap.

Reasoning

> 21 When out shopping, you may have noticed that some percentages are
used more commonly than others, such as 10%, 20%, 25% and 50%.
Explain why these percentage values are used, rather than, for example,
17%, 36% or 42%.

: What are the fraction
| equivalents of the

: percentages in
\\Question 217

~

~

22 Julia makes and sells jars of jam to a local cafe, which then sells the jam to
customers. Julia adds a 70% mark-up to the cost of making the jam before
selling it to the cafe. The cafe adds its own mark-up of 85% to set the price
at which the jam is sold to cafe customers. Express your answers to the
following to the nearest 5 cents.

N

(@) If ajar of jam costs Julia $1.35 to make, at what price does she sell each
jar to the cafe?

(b) At what price does the cafe sell the jam to its customers?

(c) Express the cafe’s selling price of the jam as a percentage of Julia’s initial
cost price, correct to the nearest whole number.
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23 (a) For the following situations, calculate the profit made as a percentage of the cost price,
rounding your answers to 2 decimal places where necessary.

(i) CP=9$45,SP=$54

(i) CP=$360, SP = $504
(iii) CP =$4200, SP = $4350
(iv) CP =$480, SP =$600

(b) Repeat the above question, this time calculating the profit as a percentage of the
selling price.

(c) For each of the situations, compare your answers to the first two parts. Which gives a
higher percentage—calculating profit using the cost price or using the selling price?
Explain your answer.

24 Billy Bob’s Bargain Basement discounts the selling price of its toys by 15%. If the store’s
mark-up on toys is 50% of the cost price, find:

(@) the discounted sale price of a toy that has a cost price of $45
(b) the percentage profit made by the store on the sale of the discounted toy

(c) the decrease in percentage profit made by discounting the sale price of the toy.

~

—— - _

{ “".J‘ _rmmmnm i
(= | .
g | m'ulm*um
o ® 1\ i

25 Tariq sees an item in a bargain store initially marked down by 50% with a sign that says
‘take an extra 20% off’. If, after these two discounts, the price Tariq paid was $11.20, what
was the original price of the item?

26 Martha’s favourite clothing shop is offering a ‘buy two, get the third half price’ offer on
T-shirts. The shop next door is offering 20% off the same brand of T-shirts. If the regular
retail price of the T-shirts in both stores is $19.95, which store is the cheaper place for
Martha to buy three T-shirts? How much would she save, compared to the other store?

2 Fractions, decimals and percentages
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27

28

A number of people together own an earth-moving business. Each person owns a certain
percentage of the business. Profits are divided according to the percentage of the money
they invested. For example, someone investing 7% of the operating capital (the amount
of money needed to run the business) receives 7% of the profits. The operating capital is
$675 000.

(@) Calculate the amount contributed by a person who has invested 7% of the
operating capital.

(b) If the company makes $150 000 yearly profit, how much does the person who invested
7% receive?

(c) If the company continued to make this profit each year, how many years would it be
before the person has received back their investment?

It is very useful to be able to calculate some common percentages in your head. Knowing
their fraction equivalents is very helpful.

(@) Write the fraction equivalents of:
i) 25% (i) 10% (i) 20% (iv) 33% %
(b) Chantal knows that 50% = % When she sees a’50% off’sale sign, she halves the

original price to find the new price. Use your answers to the first part to help Chantal
extend her method so she can calculate 25%, 10%, 20% and 33%% off.

Open-ended

29

30

A sports store is having a sale on all sporting equipment. If a tennis racquet is normally
priced at $299, write three different, common discount percentages and find the sale price
for each.

Many stores, such as
department stores,

40* off

advertise sale items DOWNIA "White Collection’ 85/15
using percentage white duck down and feather quilts
discounts, as seen in S ssomar
this catalogue: ool save §112
s209 $167°°
= :xdush& o gia—
to Myer_

At other times, stores advertise sale items using dollar
discounts as seen in this catalogue:

Why do you think this is? Try to give a couple of
reasons for your answer.

DOWNIA Doutsie Gown Sumeund piiom
was $69.95 save $24.95

Meds Rest

e e
i < =

DENTONS Mo Resr foam pllow
was $94.95 save $40
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ALL CAMERAS

ON THIS SHELF

TAKE AN EXTRA
20% OFF

A SALE! COOL! T CAN ' I c AMER A 9"0?
SAVE SOME MONEY ON

THAT CAMERA I WANT.

% (FF =2
0%

EVERYTHING!

SALE

ON NOW

HEY, YOU GET AN EXTRA
20% OFF THE PRICE!

30% PLUS 20%, THAT'S
50% OFF! SO, IT SHOULD
BE HALF PRICE. (

) $
a2
p&&

g THAT’LL BE
BQL\ $84, THANKS.
5 v

L)
)
& >

The boys think the camera should only cost $75. The shop assistant says the camera now
costs $84. What mistake have the boys made? Explain how the shop assistant calculated

the new price of $84.

The plummeting price

Frida puts a price tag of $45 on a superhero costume
for sale in her foncy-dress store. Unfortunately, there is
little interest in the costume, so she reduces the price
to $27. As the costume still does not sell at the reduced
price, Frida reduces the price again, by the same
percentage as the first reduction.

1 What is the new reduced price of the costume?

2 How many reductions at the same rate would
reduce the price to less tham one-quarter of the
original price?

3 If the initial price was different, would it take the
same number of reductions to do this?

£ Coatumes

—
OH NO, I'LL HAVE TO
g\ DROP THE PRICE AGAIN!
~~

Strategy options

e Break problem into manageable parts.

e Test all possible combinations.

2 Fractions, decimals and percentages
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Exploration Spreadsheet

Equipment required: Microsoft® Excel or similar spreadsheet software. (For Casio ClassPad CAS or TI-Nspire CAS,
you can download instructions from the eBook or the Pearson Places website.)

Sam'’s Skate Shop

A spreadsheet can help businesses keep track of their sales and profits. In this task you will
set up a spreadsheet for Sam, who has just opened a shop selling skateboards, protective |
gear, skate clothing and skating DVDs. :

77

1 Open a new spreadsheet and enter the following details.

A B C D G F G
1 ltem Cost price ($) % mark-up Selling price ($) Profit($) Volume sold Volume profit ($)
| 2 |skateboard 103 65

3 Jeans 35 110
4 Hoodie 20 95
5 Skate shoes 42 125
6 |DVD 8.5 50
7 Helmet 17 76.4

2 To calculate the selling price, enter the formula =B2*(1+(C2/100)) into cell D2.Then select the cells from D2 down
to D7 and Fill Down to copy this formula down the column. Explain how this formula calculates the selling price.
You should refer to the part of the formula that is in brackets.

3 As you are working with money, format the cells in column D to show 2 decimal places. Highlight the column
by selecting D.Then select Format Cells..., select the Number tab and in the Number category enter the Decimal
places as 2.

4 Enter a formula in cell E2 to calculate the dollar profit. Make sure your formula begins with the = symbol.
Copy this formula down the column, and format the cells as in step 3. If you have entered the formula correctly,
your table should look like this.

A B & D E F G

1 |ltem Cost price ($) % mark-up Selling price ($) Profit($) Volume sold Volume profit ($)
_Llskateboard 103 65 169.95 66.95 ]

3 Jeans 35 110 73.50 38.50

4 Hoodie 20 95 39.00 19.00

5 Skate shoes 42 125 94.50 52.50

6 DVD 8.5 50 12.75 4.25

7 Helmet 17 76.4 29.99 12.99

Do not work out the profits and enter them manually, as you will be relying on the use of formulas later on.

5 In one typical week, Sam sold 9 skateboards, 27 pairs of jeans, 42 hoodies, 38 pairs of skate shoes, 86 DVDs and
15 helmets. Enter this information into your spreadsheet under the Volume sold heading. To calculate the profit
made on the volume of each item sold, enter a formula into cell G2 to multiply the profit made on one item by

the volume of that item sold. Format the cells as in step 3. If you have entered the formula correctly, your table
should look like this.

A B C D E : G |
1 Item Cost price ($) % mark-up Selling price ($) Profit($) Volume sold Volume profit ($)
2 Skateboard 103 65 169.95 66.95 9 602.55
3 Jeans 35 110 73.50 38.50 27 1039.50
4 Hoodie 20 95 39.00 19.00 42 798.00
5 Skate shoes 42 125 94.50 52.50 38 1995.00
6 DVD 8.5 50 12.75 4.25 86 365.50
7 Helmet 17 76.4 29.99 12.99 15 194.82

PEARSON mathematics 8 2ND EDITION



6 Find Sam'’s total profit on all the items sold for the

week. Select all of the cells in column G of the table,
plus the empty cell below them. Find the ¥ symbol
(on the far right of the toolbar under the Home tab)
and from the down arrow next to it select Sum. The
total profit will appear at the bottom of the column.

jeans and skate shoes from the original spreadsheet
in 5 before using your spreadsheet to answer the
following questions.

(@) Find the new selling prices of the jeans and skate
shoes after lowering their mark-up by 30%.

(b) How many extra pairs of jeans and shoes will

Answer the following questions by changing the

_ Sam have to sell at this price to make the same
numbers on your spreadsheet and seeing what happens.

volume profit as before?
7 Sam must make a profit of at least $4300 a week to

pay the rent on his shop, to pay his electricity, water
and phone bills, and to pay Will, his casual employee
who works on weekends. By changing the numbers
in the Volume Sold column (but keeping them in
roughly the same proportion as in 5), find a
minimum number of each item that Sam must sell to
make the minimum profit.

Sam sells out of DVDs and will not receive more of
them to sell until next week. How many extra
skateboards would he need to sell to make up for the
loss of DVD profits, assuming he sells the same
number of the other items as in 57

Sam believes that the mark-up on his jeans and
skate shoes is too high, and that he would sell more
at 30% less mark-up. Write the selling price, the
profit, the volume sold and the volume profit for the

Taking it further

10 Insert some extra columns and a formula into your

11

spreadsheet so that you can enter the number of
items in stock at the beginning of the week, and
calculate the number left after the “Volume Sold’
data is entered.

Insert a Discount % column and a Sale Price column
after the Selling Price column. Enter a number of
common discounts (such as 10% or 25%) into the
Discount % column. Enter formulas in these
columns and calculate the sale price.

(@) If Sam has a "20% off everything’ sale, calculate
aminimum combination of items that need to be
sold to get the minimum profit of $4300.

(b) Explain why a 20% discount on the selling price
of an item is not the same as 20% less mark-up.

2 TFractions, decimals and percentages
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Are you wealthy?

Many people aspire to be wealthy. Many of their
choices, such as which career path to follow, are
based on whether they think it will help them to
become wealthier. You might not think of yourself
or your family as particularly wealthy. Here are
some facts to consider.

In 2016, there were 7.42 billion people living
in the world. Of these:

¢ ] in Slived on less than US$1.25 a day.
® nearly 1 in 2 lived on less than US$2.50 a day.
® nearly 4 in 5 lived on less than US$10 a day.
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1 (a) Writel in 5 as:

(i) a fraction  (ii) a percentage.

(b) Repeat the above question for 1 in 2 and 4 in 5.

(c) Why do you think these statistics are reported
using the phrase ‘l in ..." instead of using a
fraction or a percentage?

2 In 2014 the median income of an Australian
household was $998 per week. How many dollars
aday is this?

3 In 2016 the minimum wage (required by law) that
an Australian adult should be paid was $656.90
a week. How many dollars a day is this?

4 In 2016 a single person on the Commonwealth
government's unemployment allowance was
entitled to $263.80 per week. How many dollars
a day is this?

5 Look again at the facts about how much money
people live on, then at your answers to the
previous three questions. If the countries of the
world were listed from richest to poorest, where
do you think Australia might be positioned?
Give some reasons for your answer.

6 If Australia is one of the world’s wealthier countries,
how is it that there are people in Australian
society who are poor, or living in poverty?

7 In 2007, the poorest 40% of the world’s population
received 5% of global income. The richest 20%
received 75% of global income. (Global income can
be thought of as the money received by all of the
people working around the world.)

(o) Rewrite the above statement using fractions.

(b) Which statement do you think has more impact—
the one with fractions or percentages?

The Millennium Development Goals

In 2000, the world’s leaders came together for

a meeting of the United Nations (UN).They agreed
to work towards a set of goals that would make
the world a better and fairer place, known as the
Millennium Development Goals. The first Goal was
to get rid of extreme poverty and hunger, or, more

specifically, to take the number of people living

on less than US$1 per day in 1990, and halve it by
2015. Other Goals included stopping the spread of
diseases such as malaria and AIDS, and ensuring that
all children could complete a primary education.

To achieve the goal of reducing poverty, the UN
suggested that the wealthier countries should give
0.7% of their national income in aid to developing
countries. However, the average amount given by
countries in 2006 was only 0.33%.

8 Write: (a) 0.7% and (b) 0.33% as fractions.

Despite this, the UN reported that in 2005 the
number of people in extreme poverty was 1.4 billion,
down from 1.8 billion in 1990. By 2010, the number

of people living in extreme poverty had fallen to
half the number in 1990, five years ahead of the
scheduled goal.

9 (a) Write the reduction in the number of people
in extreme poverty as a percentage of the
1990 figure.

(b) How many more millions of people were moved
out of extreme poverty by 2010 to achieve the
Millennium Development Goal?

It's not just about money

Poverty is not just about a lack of money or being
unable to buy things such as food, fuel, clothes or
tools. People in poverty often do not get access to
healthcare (such as immunisations) or medical
treatment, so their years of a healthy life are reduced.
Children in poverty are often sent out to work instead
of school. They miss out on an education that would
provide them with the literacy and numeracy skills
they need to get a better paying job.

10 Suggest some ways in which aid money from
richer nations could be used to help move people
out of extreme poverty.

How can I help?

There are many, many organisations devoted to
eliminating the poverty and inequality that exists

in the world, including: the Red Cross, World Vision,
UNICEF and Oxfam. As well as directly helping

those in need, these organisations work to raise

other people’s awareness of the problems that
poverty causes. They suggest ways people can

help, either by donating money, sponsoring a child

or buying products made or grown by people in
poverty. Other organisations, such as Doctors Without
Borders, and Engineers Without Borders, are groups of
professional people who work as volunteers in poorer
countries, in their areas of expertise.

Research

Find out about the other Millennium Development
Goals, and the progress that has been made towards
achieving them.

Find out more about the organisations devoted
to helping people in poverty, and make a list of
practical ways in which you can support them.
Share this list with your class.

Find out some other facts about poverty and
inequality, either within Australia or within
other countries. Create an online advertisement
or campaign to raise awareness of the issues,
and to tell people what they can do to help.
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Challenge 2 _

1 What is the average (the mean) of %, 0.7 and 55%?

23 B 175% c 11 D 575

36 12

A

2 Jasmine bought a large tub of yoghurt. On the first day she ate % of the yoghurt. The next
day she ate % of what was left, and on the third day she ate % of what was left. What
fraction of the yoghurt remained after the third day?

3 What fraction is half-way between 411 and % ?

4 A piece of fabric cost Michael $25. He purchases another piece of similar fabric that is
twice as long and twice as wide as the first piece. How much should this second piece
cost him?

5 Which of the following is the best value deal for a box of chocolates that normally sells for

$5.04?
A save $1.70 B cost price of $3.20, +5%
C discount of 33% % D buy?2, get1 free
6 Write an expression using four 8s and any of the operation symbols (+, —, X, +) that
equals 65.
. 1,01, 1 . . .
7 Find the sum of 5+ * g expressing your answer in decimal form.

8 Michael picks three different digits from the set {1, 2, 3, 4, 5} and forms a mixed number by

placing the digits in the spaces [] % The fractional part of the mixed number must be less

than 1. What is the difference between the largest and the smallest mixed numbers that
can be formed?

A 42 B 4> c 4L p 42
15 10 20 5
9 Suppose that x* means 5o that for example, 5* = % Which of the following statements
are true? x
A 2% +4* =6 B 3*x5*=15* C 7*-3*=4*% D 12*+3*=4*

10 The sum of seven consecutive integers is always:
A odd B amultiple of 7 C amultiple of 3 D even

11 Find the following sum without using a calculator.

1111+1+1+1+1 1+1+1+1+1

27173716732 64 " 128 256 T512 1024 T 2048 T 4096 | 8192

12 One liquid contains 22.5% water, another liquid contains 27% water. A glass is filled with
5 parts of the first liquid and 7 parts of the second liquid. What percentage of the liquid in
the glass is water?
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Chapter review

Maths literacy
cost price (CP) irrational number per cent sale price
discount loss percentage selling price (SP)
exact decimal form mark-up profit surd
Goods and Services Tax (GST) non-terminating decimal recurring decimal terminating decimal

Copy and complete the following using the words and phrases from this list where
appropriate. A word or phrase may be used more than once.

1 The word literally means per hundred or “out of a hundred".
2 A decimal such as 2.63 is written in

3 A decimal that has an infinite number of digits after the decimal point is called a

4 Toconvertadecimaltoa_ youmultiply by 100 and add the percentage symbol.

5 The amount added to the cost price of goods before selling them is known as the

6 A number with a defined number of digits after the decimal point is called a

7 An is a non-terminating decimal that cannot be written as
a fraction.
8 AL isappliedto goods by decreasing the marked price by a given percentage.
9 An irrational number written in the form of a square root is called a
10 To make a profit,the __ must be higher than the
Fluency

Equipment required: calculator

1 Write the following decimals as fractions or mixed numbers in simplest form.

(a) 0.58 (b) 0.0124 (c) 2.605
2 Write the following in ascending order.
2 3 3 1 7
=, -—, -0.283,0.26, =, J7 -=, —, 4/2,0.22,-0.26,0.2
(a)910083064f (b)310[0 0.26,0.253
3 Write the following mixed numbers as decimals.
5 3 261
28= b) 15— 53—
@ 255 ® 15 © >3350

4 How many 60 cm lengths of wood can be cut from a 2.5 m long plank? What length of
wood is left over?

5 Use a calculator to express the following numbers in decimal form, then classify them as
terminating decimals, recurring decimals, or irrational numbers.

(@) 53+4 (b) 352 ©) % @ J125 ) /3025
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10

11

12

13

14

15

16

17

18

The fraction %, written in exact decimal form, is:

A 172 B 172 c 172 D 172
Write the following recurring decimals in fraction form.
(@) 0.2 (b) 0.32 (c) 0.32
Calculate the following, giving your answers as mixed numbers in simplest form.
1,3 8 .1 3.5 1
e Z_1= = x -Z 5=
® 2t ®5-15 T @ =3

Calculate the following.
(@) -34+28 (b) 8.6—-10.2 (c) 42x-6.1 (d) 204 +-5
Approximately what percentage of the shape is shaded?

A 20% B 34% C 67% D 75%

Convert the following to percentages. Express any remainders as fractions.
23 6 4 25
9 S o =

(@ 20 (b) z () z (d) 0

Convert the following to percentages.
(@ 0.6 (b) 0.35 (c) 1.12 (d) 0.03

Convert the following to fractions in simplest form.
(@) 65% (b) 154% © 52% (@) 4.7%

Convert the following to decimals.
(a) 80% () 7% () 2.09% @ 6%

Express the first amount as a percentage of the second, giving answers rounded to
2 decimal places if necessary.

(@) 27,30 (b) 35,16 () 4cm,2m (d) 30c, $4.50
Find the following, giving answers rounded to 2 decimal places if necessary.

(8) 35% of 84 m (b) 4%% 0f 2000 kg (©) 7%% of 4500 L
(d) 14% of $48 (e) 0.59% of $4000 (f 9.5% of $90

(@) Increase $450 by (i) 35% and (i) 67.2%.

(b) Decrease $19.95 by (i) 20% and (i) 7.5%.

Round answers to 2 decimal places where necessary.

Calculate:

(@) the sale price of a $90 tennis racquet discounted by 15%

(b) the selling price of a $950 ring that will be marked up by 80%

(c) the original marked price of a pair of sunglasses discounted by 30% to $62.30
(d) the cost price of a dress that has been marked up by 85% to $130.
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19 Kayla bought a concert ticket for $145, but was unable to go, so she sold it for $120.
Calculate Kayla’s profit or loss as a percentage of what she paid for the ticket, correct to
2 decimal places.

Understanding

20 The number of pre-booked tickets for a 1-day cricket match is 62% of the 75 242 tickets
available. How many tickets were pre-booked?

A 4665 B 28592 C 46650 D 121358

21 Michelle made deposits of $210, $25, $45.50 and $66.75 into her bank account during one
month and withdrawals of $35.75, $56.90, $214 and $102.50 during the same period.
Use a negative number to show how much her balance decreased during this period.

22 Franco has a 5 kg bag of nuts that he needs to use to fill smaller 375 g bags.
(@) How many bags can he fill?
(b) What mass of nuts will he have left over?

23 The value of a property increases by 17.5% one year. By what fraction did the property’s
value increase?

24 Approximately 85% of an iceberg lies under water. The average mass of an iceberg is
150 000 tonnes. What mass of the iceberg sits above water?

25 A geography book states that 0.7092 of the Earth’s surface is covered by ocean. Write this
value as a percentage.

26 The total area of Australian desert is 42.556% as large as the Sahara Desert in Africa, which
has an area of 9 000 000 square kilometres. Find the area of Australian desert to the nearest
square kilometre.

27 Tom bought an old car for $3500. He spent $2700 to repair and restore it, then sold it for
$9400.

(a) Calculate the profit Tom made, taking all costs into account.

)
N

(b) Express the profit as a percentage of the selling price, rounding your answer to the
nearest per cent.

28 Tye buys a neighbouring 600 m? property to add to his 27
3000 m? farm. By what percentage has the area of his
farm increased?

3000 m2

600 m?

29 Gao currently earns $600 a week. If he receives a pay rise of 2% %, what will his new
weekly pay be?

30 Arala runs a newsagency. She buys boxes of pens, then sells the pens individually. A box
of 60 pens costs her $17.

(@) To work out what she will sell them for individually, Arala needs to know what she
paid per pen. Calculate the cost of each pen, to the nearest cent.

(b) Arala wants to sell each pen for 25% more than she paid for them. Calculate the price
Arala should sell the pens for.

31 Nazim had 62 friends on his favourite new social media site. One month later, he had 97
friends. Write this increase as a percentage of his initial number of friends. Round your .
answer to 1 decimal place.
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32 The minimum overnight temperatures for one week at Mt Hotham were -2 °C, -3 °C,
-1°C, 2°C, -3°C, -2°C, 0°C. Find the mean minimum overnight temperature for the
week, rounding your answer to 1 decimal place. (The mean is found by adding all values,
then dividing the result by the number of values.)

33 Copy the number line below and place the following percentages on it:
14%, 140%, 4%, 104%, 1%

4 N
< T T T T T T T T T T T T T T T T T T T 7

I
0 100% 200%

Reasoning

34 A certain cheese contains 7%% fat. How much fat is in a 600 gram piece?

35 (a) The decimal value of % is closest to:

A 057 B 0.571 C 0.58 D 0.6

(b) The decimal approximation of /23 is closest to:
A 47 B 4.796 C 48 D 5

36 The combined capacity of all of the dams that supply water to Melbourne is 1810 500 ML m
(Where 1 ML =1000000 L, called ‘one megalitre’). In May 2010, the dams were 33.3% full
of water, higher than the 27.2% recorded on the same day the previous year.

(@ How many ML of water was in the dams in May 20107
(b) How many more ML was present in May 2010 than in May 20097

(c) How many more ML would need to flow into the dams to achieve a capacity of
35% full?

37 A games store applies a mark-up of 80% to the cost price of all of its products, then adds m
10% GST.

(@) Find the final price of a game that had a cost price of $33.25, to the nearest 5 cents.

(b) The GST charged by the store must be given to the government. What is the amount
of GST in the final price of the game?

(c) What profit does the store make on the game, allowing for GST?

(d) The store now discounts the price of the game by 25%. What is the new price of
the game?

() What is the amount of GST in this new price?
() What profit does the store make on the game now, allowing for GST?
38 A packet of 12 chocolate frogs is on sale for $4.75. m
(@ How much does each frog in the packet cost? Write your answer in exact decimal form.
(b) Write the cost of each frog rounded to the nearest cent.
(c) How much extra will you pay if you buy 12 frogs individually at this price?

(d) Where does this ‘extra’amount come from?
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Numeracy practice 2

Non-calculator

1

Calculator allowed
5 At midday during winter in Canberra the temperature was 11.7 °C. At 6 pm, it had

6 There were only 13 students in Jo’s class on Wednesday. The other 7 were absent.

7 Justin bought a multi-bag of chocolate bars. The bag contained 15 chocolate bars and it

8 Maryam scored 28 goals from 40 shots during netball training. What percentage is this?

Jye cuts a pizza into 12 equal slices. He eats 75% of the slices.

How many slices of pizza are left?

A ticket costs $75. A fee of 10% is added to the price. Which calculation will give the new
price?

A 75+10 B 75+0.1 C 75x0.1 D 75x1.1

Vicky bought a house for $400 000. At the end of 1 year, its value had increased by 7%.
At the end of the next year, the value had increased by another 5%. What was Vicky’s
house worth after 2 years?

A skateboard is on sale for 20% off the marked price. If the marked price is $140,
how much is the sale price?

A $102 B $112 Cc $120 D $160

dropped by 5.4 °C. By midnight, the temperature was 15.2 °C cooler than at midday.
What was the temperature at midnight?

A 63°C B -3.5°C C -35°C D -9.8°C

What percentage of Jo’s class was absent?

A 7% B 35% C 54% D 65%

cost $3.70. What is the price of each chocolate bar, correct to the nearest cent?
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Mixed review

Equipment required: calculator

Fluency
1 Calculate the following.
(@ 7-(9 (b) -3+ (-10) (c) -14—-(+8) (d) -21+9
(€) -4x-9 M 7x-3 () -60+15 (h) -%8
2 Write the following decimals as fractions in simplest form.

10

11

(@ 0.36 (b) 0.05 (c) 0.75 (d) 0.002

ATV has been bought for a cost price of $560 by a retailer, who will add a mark-up of 78%
before selling it in the store. Calculate:

(@) the value of the mark-up
(b) the selling price after the mark-up has been applied.
Evaluate the following by simplifying first where possible.

(@) 23x52 (b) 3*x 103 () -4>x5

@) -3x(-2)* ) (5*%x3%+(5x3) M (7*x8Y+(7*x 8%
42%6 82 % 23 - 34t

@ 3 0 =3 0 =

Convert the following fractions to percentages. (Round answers to 2 decimal places
if necessary.)

17 3 5 20
(a 0 (b) : (c) 3 (d) 35

Write the following fractions as recurring decimals using the correct notation.

@ 3 ® © @ 2

Write the following percentages (i) as decimals and (ii) as fractions in simplest form.
(@ 70% (b) 45% (c) 120% (d) 8%

Find the following percentages. (Round answers to 2 decimal places if necessary.)
(@ 20% of $240 (b) 65% of 700 kg (c) 42% of 8.5 m

(d) 3% of 16 seconds (e) 78% of $19.40 () 110% of 400 m

For each of the following, draw a number line from -3 to 3 and indicate the positions of
the numbers (you may need to estimate the positions of some).

(@) % _g, % % (b) 0.7,-1.2,-0.5,2.1,0.02
Which of the following is equivalent to 10*?

A 40 B 100000 C 10000 D 400
Evaluate:

@ -9+2x-5+7 (b) -4+(-3)>+10+5
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12 A pair of sunglasses that has a marked price of $74 will be discounted by 40%. Calculate:

(@) the value of the discount
(b) the sale price after the discount has been applied.
13 Simplify the following, then evaluate.
(@ 6%>x5°x5%*x6' x5 x 6 (b) (7>x 10" x 103 x 7°) + (7> x 52 x 5 x 2?)

39x4x52  (23x5%)0

c) (102x101x10% + (2°%59%x 5% 2 d
(© ( )+ ( ) (d) 50 12X 10570

Understanding

14 Dhanya is studying a group of 30 insects in her science lab. After 1 month, the number of
insects had doubled, giving 30 x 2 (60) insects. After 2 months, the number had doubled
again, giving 30 x 2 x 2, or 30 x 22 insects. After 3 months, there were 30 X 2 x 2 x 2, or
30 x 23 insects. The group continues to double every month.

(@) Show, using a number in index form, how many insects there will be after (i) 6 months
and (i) 12 months.

(b) Evaluate each of your answers to give an actual number of insects after 6 and
12 months.

15 Anice cube tray filled with water at room temperature (20 °C) is placed in a freezer, where
it takes 3 hours to freeze solid (0 °C). What is the average hourly change in temperature?
Give your answer as a negative fraction in simplest form.

16 Show, by evaluating, that (2 x 3)2 =22x32,

17 Ella works in a clothing shop. Her manager has asked her to place the following items on
sale at a 20% discount. Find the sale price for the following.

(@) Jeans, $65 (b) Jacket, $89 (c) T-shirts, $24 (d) Socks, $8.50

Reasoning

18 Casey is keeping track of how many goals she scores in her netball matches. She wants to
steadily improve her accuracy.

Match 1: 10 goals out of 14 shots
Match 2: 15 goals out of 20 shots
Match 3: 13 goals out of 18 shots
Match 4: 12 goals out of 16 shots

Convert each of Casey’s results to a percentage, then use them to rank the matches from
her best performance to her worst. Round the answers to 1 decimal place where necessary.
Would you say that Casey is steadily improving her accuracy?

19 (a) As a decimal, the value of % is closest to:

A 04 B 047 C 048 D 05
(b) As a decimal, the value of /78 is closest to:
A 8 B 8.8 c 89 D 9
20 Ali has performed the following calculation in a maths assignment.
2%+ 3° 4+ 52
=5+9+10
=27

His teacher has marked this as incorrect. Explain to Ali what he has done wrong, and what
he needs to remember when working with numbers in index form.







Algebra

The humble soap bubble may be much
more important than you think.

Bubbles always take the shape of a sphere, The study of bubbles is important to

because a sphere has the smallest possible understand ‘the bends’, a dangerous
surface area for its volume and uses the least medical condition that con happen
energy to be formed. The size of a bubble when undersea divers swim up to the
depends on the pressure inside and outside surface too quickly, causing nitrogen

the bubble, and the surface tension. You can bubbles to form in body tissues.
use algebra to show how the size of the
bubble is related to these factors:

AT Forum
Py = Poyr = T What ingredients are needed to make
a good bubble solution? Why cre they
where necessary?

P,, = the pressure inside the bubble The universe is described by some

Pt = the pressure outside the bubble physicists as existing like a bubble in
a ‘frothy sea’ of bubbles. What do you
think this means? How could you find
r=the radius of the bubble. out more about this?

T = the surface tension

Why learn this?

Algebra gives a symbolic way to describe patterns that can exist in the real world.

For example, algebraic formulas can describe where and when birds migrate, or how
a bridge supports the weight of cars on it, or how oceans move so that tides can be
predicted. Modelling relationships using algebra like this lets you identify patterns and
make predictions from the patterns. This chapter will help you continue to develop your
skills in using and manipulating algebraic expressions.

After completing this chapter you will be able to:

e recognise variables ond form algebraic expressions

e substitute values into algebraic expressions ond formulas cnd then evaluate

e solve simple problems using algebra ond formulcas

e recognise like terms and terms that are not like

e simplify and mamnipulcate algebraic expressions using addition, subtraction, multiplication
and division

e expand algebraic expressions using the distributive low

e factorise algebraic expressions by identiftying the highest common factor (HCF).
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Recall

Prepare for this chapter by attempting the following questions. If you have difficulty with a
question, you can download a Recall Worksheet from the eBook or the Pearson Places website.

1 Write algebraic expressions to represent each of the following.

(a) ten more than x (b) m divided by three

(c) twolotsof ] (d) yless than twenty
2 Calculate:

(a) 6+3x4 (b) 2x-3—-6x%5

() 5x(14-10)+ 10 (d) 5-11+(16-15)x8+2
3 Substitute each of the values of m into the formula [ = 2m + 1 to find [.

(@) m=4 (b) m=-2
4 Answer true (T) or false (F) for each of the following statements.

(@ y=3x—4isan expression (b) 3m is aterm

(c) 2x+ 3 —4ais an equation (d) 7y —10 is an expression

5 Express each number as a product of its prime factors.

@ 18 (b) 28 () 42 (d) 660
6 Write each of the following in index form.

(@ 3x3x3x3 (b) six cubed

(c) fourteen squared (d) five to the power of seven

7 Write these numbers in expanded form, then evaluate.

(@ 9° (b) (-3)* () 10*-2°
8 Write the highest common factor (HCF) of each of the following.
(@) 6and 10 (b) 15 and 55 (¢) 10,30 and 42

Exploration Task

You can download this activity from the eBook or the
Pearson Places website.

Which is larger?

In this activity, you will consider which might
be larger: 4m, or m + 4? Is your answer true for
all values of m?
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Variables and
expressions

The language of algebra

To use algebra to solve problems, you need to understand the language of algebra. In Year 7
you were introduced to many new words and conventions for this.

A variable is an unknown amount in an algebraic expression or equation. Variables are
represented by a letter or a symbol, which is called a pronumeral. For example, the amount
of water used by a Year 8 student in a day is a variable, and it can be represented by a symbol
such as a, x, 0 or .

A term is one ‘item” in an equation or expression. It can be:
® anumber or a variable by itself: -7, x

¢ anumber multiplied by a variable: 12c, 5k

different variables multiplied together: mn, -abc

a variable multiplied by itself a number of times: a°, -b*

the product of a number and several variables: -3xy, 4a°b.

An expression is formed when terms are added or subtracted: 3x + 4y.
An equation joins two expressions with an equals symbol: 3x + 6 = 2x — 4.

A coefficient of a variable is a number that multiplies the variable. The coefficient is written
in front of the variable. It may include a negative sign. For example, 8 is the coefficient of
8x, while -6 is the coefficient of -6y.

Note that the coefficient of a single variable is 1. For example, the coefficient of x is 1.

A constant is a term with no variable. It is a number written by itself. 6 is the constant in
the expression 3x + 6.

Worked example 1

For6a+3b—-4=2ab—c+7

(a) identify whether this is an equation or an expression
(b) write the coefficient of b

(c) write all the terms in the equation or expression

(d) list the variables

(e) write any constants.

Thinking Working
(@) Look for an equals symbol. If there is (a) Itis an equation because it has an
one, it is an equation. If there is not, it is equals symbol.

an expression.

(b) Look for the number in front of the b. (b) 3 is the coefficient of b.
This is the coefficient of b.
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(c) Look for parts of the equation separated  (¢) 6a, 3b, -4, 2ab, -c and 7
by addition, subtraction or equals.
Include the sign that comes before the
term.

(d) Look for the letters or symbols in the (d) a, band c are variables.
equation.

(e) Look for numbers that are by themselves.  (¢) -4 and 7 are constante.

Algebraic conventions

A convention is a rule for how maths is written, so that everyone understands what is
being stated.

¢ A multiplication symbol is not needed between variables and numbers or other variables
(5xb=5b,axdxf=adf).

e Division can be shown as a fraction (3a + b= %a ).

Indices show variables being multiplied by themselves (c x ¢ = ¢?).

Numbers are written before a variable (a x 4 = 4a).

Variables are written in alphabetical order (y X z X x = xyz).

Worked example 2

Rewrite the following using algebraic conventions.

EXmX6Xm=5

Thinking Working

tXMXOXm

1 Replace the division symbol with a -

fraction bar.

2 Rewrite with the numbers in the = OXxXtxmXm

multiplication at the start. g
3 Remove multiplication symbols. = 6‘27 m
. . _ommt
4 Write in alphabetical order. -
2
5 Use indices to show variables being = 62 2

multiplied by themselves.

Note that these steps can be done in any

order.
|
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Worked example 3

Pete has b blue pens and r red pens. Sue has three times as many blue pens as Pete. She has
two fewer red ones than Pete.

(@) Write an expression for the number of pens Pete has altogether.

(b) If Pete has 16 pens to start with, write an equation to show this information.

(c) Write an expression for the number of blue pens Sue has.

(d) Write an expression for the number of red pens Sue has.

(e) If Sue has 28 pens altogether, write an equation to show this information.

(f) If Pete loses four of his pens, write an expression in terms of b and r to show how many

pens Pete has now.

Thinking Working
(@) Identify the variables (b and r) thatneed  (a) b+r
to be used and the operation needed to
be done on them (+).
(b) Equate the expression in the first partto (b)) b+ r=16
the information given.
(c) Decide what needs to be done to the first ~ (¢) 3b
variable (3 x b).
(d) Decide what needs to be done to the (d) r=2

second variable (r — 2).

(e)

Use the information from the previous
two parts to form an expression

(3b + r — 2) and equate to the
information given.

(e) Bb+r—2=28

(f)

Identify what operation needs to be
done on the expression in the first part
and write a new expression.

f) b+r—4
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Variables and expressions

Navigator
1,2, 3, 4,5, 6 (column 1), 7, 1,2,3,6(column?2),7,8(c~d),9, 1,2,3,6(column?2),7,8 (c~d),9,
P. 8 (a-b), 9 (a-b), 12, 18 10, 11, 12, 13, 14, 15, 16,17, 18 10, 11, 12, 13, 14, 15, 16, 17, 18
Fluency

m 1 For each of the following:

(i) identify whether it is an expression or an equation
(i) write the coefficient of b
(iii) write all the terms in the expression or equation
(iv) list the variables
(v) write any constants.
(@ x+3b—-4 (b) -2a+4b—c=5 () 7a—b=3c+a
(d) 3d+4f—-3bd—-3+7b (e) 5¢—3r+5rf=7-3b (f b+f-3bf+8
w 2 Rewrite the following using algebraic conventions.
(@ 4xdxc (b) 2xt+7 (c) kxgx4xk (d) 6+(fxg
Xl

3 Nerida has w watches and r rings. Donna has two times as many watches and two fewer
rings than Nerida.

(@) Write an expression for the number of watches and rings Nerida has altogether.

(b) If Nerida has eight watches and rings to start with, write an equation to show this
information.

(c) Write an expression for the number of watches Donna has.
(d) Write an expression for the number of rings Donna has.
(e) If Donna has 14 watches and rings altogether, write an equation to show this information.

(f) If Nerida loses two of her rings, write an expression in terms of w and r to show how
many watches and rings Nerida has now.

4 (a) The coefficient of x in 6y + 7xy + 5x is:

A 5 B 7 C b5x D oy
(b) The coefficient of xy in 5 + 8xy — 2y + 4x is:

A 2 B 4 C 38 D 8xy
(c¢) The coefficient of a in 5b + 2ab + 6 is:

A 0 B 2 C 5 D 6
(d) The coefficient of x in 4xy — 6y +x + 8 is:

A 0 B 1 C 4 D 6

5 (a) The constant in the expression %xzy -3+ 5y is:

A -3 B ; c 3 D 5
(b) The constant in 3ef + 7efg + 12 + 11ef + 4e is:

A 2 B 7 c 11 D 12
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6 Write the following without division and multiplication symbols or brackets. Do not
simplify your expressions.

(@ x+6 (b) h+9

() 6xa+11 (d) 15+ (3 x71)

(e) 21+ (12x ) (H 4xs+19

Q) 8+~x—u=+6 (hy h+5+4+1

() cxu+=5+9xy () g+(7xc)—gxh+4

(Kl vXz+6—-8=+(fxs) ) 3+(txnN+6xw=+(yX2)
M)dxhxb+(2xr) (n) 6xcxa+(Bxexu)

7 There are a apples and p pears in a fruit dish. There are 5 apples and 4 pears in a second
dish. The total number of pieces of fruit is:

A a+p B bSa+4p C a+bda+p+4p D a+p+9
8 Kim is x years old. Write an algebraic expression for each of the following.

(@) Jane’s age, which is four times Kim'’s age

(b) Irene’s age, which is 5 more than Kim'’s age

(c) Hayley’s age, which is 10 less than twice Kim’s age

(d) the present age of Kim'’s aunt, if her aunt is four times as old as Kim will be 2 years
from now.

9 Andrew has y number of pencils in his pencil case.
(@) Kayla has y + 7 pencils in her pencil case. What does this mean?
(b) Simon has 2y pencils in his pencil case. What does this mean?

(c) Suppose Emily has 2y — 2 pencils in her pencil case. Does she have more
or fewer pencils than Simon?

(d) If Andrew took out 3 pencils from his pencil case, how many would he
have left?

(e) If Andrew gave the 3 pencils to Kayla, how many would she now have?
() If Simon took 3 pencils out of his pencil case, how many would he have left?
(9) If Simon gave the 3 pencils to Emily, how many would she now have?
10 Suppose the number of cups you have is m and the number of glasses you have is 7.
(@ How many cups and glasses do you have altogether?
(b) If you broke 2 glasses and threw them away, how many glasses would you now have?
(c) How many cups and glasses would you now have altogether?
(d) If you then bought another set of 8 cups, how many cups would you have?
(e) How many cups and glasses would you now have altogether?

11 Suppose x is the number of people in Sweats Sports Store at 3:00 pm on a certain
Friday afternoon.

(a) If there are twice as many people at 3:30 pm, write this in terms of x.
(b) If the number of people at 4:00 pm is 3x, what does this mean?

(c) If five people leave the store between 4:00 pm and 4:15 pm, and no one comes in,
write an expression for the number of people in the store at 4:15 pm.

(d) If nine people come into the store and two leave between 4:15 pm and 4:30 pm,
write an expression for the number of people in the store at 4:30 pm.
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Understanding

12 In a glass jar there are some different coloured jelly beans, including g green jelly beans.

(@) There are twice as many red jelly beans as green ones. Write an expression for the

number of red jelly beans in terms of g.

(b) The number of blue jelly beans is five less than the number of green ones. Write an
expression for the number of blue jelly beans in terms of g.

() The number of black jelly beans is four more than the number of green ones. Write an

expression for the number of black jelly beans in terms of g.

13 On a supermarket shelf there are different types of chocolate. There are m types of

milk chocolate.

(@) The number of soft-centred types is one more than twice the number of milk
chocolate types. Write an expression for the number of soft-centred types

in terms of m.

(b) There are three more types of chocolate-nut than soft-centred types. Write an

expression for the number of chocolate-nut types in terms of m.

(c) The number of types of white chocolate is two more than one-third of the amount of
types of milk chocolate. Write an expression for the number of white chocolate types

in terms of m.

14 Lauren takes h hours and m minutes to finish her mathematics project. Tim takes twice as
long as Lauren to complete his project. The time Tim takes in minutes is:

A 2h+2m B 2h+120m C 60h+2m

Reasoning

D 120h+2m

15 Ryan is playing Crazy Maze on his smartphone. He starts with p points. Ryan plays the
game for 45 minutes and every 5 minutes he notes how many points he has. The number

of points he has is shown in the table below.
(@) Atwhat time did Ryan have the most points?

(b) If Ryan stopped playing when he had the
most points, then how many more points
is this than when he started?

(c) At what time did Ryan have the fewest
points?

(d) If Ryan stopped playing when he had the
fewest points, then how many points would
he have lost compared to when he started?

(e) At what times should Ryan have stopped
playing if he wanted to‘break even’ (not gain
and not lose any points)?
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Time Number of points
10:00 pm p
10:05 pm p+2
10:10 pm p+7
10:15 pm p+1
10:20 pm p+4
10:25 pm p
10:30 pm p—4
10:35 pm p
10:40 pm p—10
10:45 pm p-2




16 Suppose e stands for the number of people _
expected to be at a party. The table on the

right shows how many people were at the 6:00 pm e=20
party during the evening. 2:10 pm e- }g
Write a paragraph describing what happened 6: 28 pﬁ 2 : 1
during the evening. 6:25 gm e 10

6:30 pm e—6

7:00 pm e—3
8:00 pm e—13
9:30 pm e—18
11:00 pm e—20

Open-ended

17 Ella has been answering some questions involving algebra, with k representing the
variable in the expression.

(@) What could k represent? (b) In this case, what would 2k represent?

(c) What would k + 4 represent? (d) What would g — 1 represent?

18 (a) Write a question of your own that is similar to Question 3.

(b) Answer the question you have written.

Problem solving

Strategy options

e Work backwards.
e Make a model.

)




Substitution
for variables

Variables in an expression have unknown values. If you want to know the value for an
expression when the variables have certain values, you can replace the variables in the
expression with those values. This process is called substitution.

In the expression 3x + 2y, x and y are variables. Where x =5 and y = 1, the expression can
be evaluated by substituting 5 for x and 1 for y:

Bx+2y=3%(5)+2x(1)
=17

Because the variables can vary, different values for the variable will give different values for the
expression. Where x = -3 and y = 7, the expression can be evaluated by substituting -3 for x
and 7 for y:

3x+2y=3x(-3)+2x(7)
=5

Worked example 4

Evaluate the expression 2b —a for a =3 and b = 10.

Thinking Working
1 Substitute the values for the variables, a=3and b=10
taking care to insert multiplication 2b—a=2x10-23

symbols where necessary.

2 Evaluate. =20-3
=17

When substituting negative numbers, it is useful to place brackets around the number and
its sign.

Worked example 5

Evaluate the expression 2x> — 3y for x = -3 and y = -1.

Thinking Working
1 Substitute the values for the variables, x=-3and y=-1
taking care to place brackets around 25 — By =2 % (-3)? = 3 x (-1)

the negative numbers and to insert
multiplication symbols where necessary.

2 Evaluate. =2X9+3
=15+3
=2

You can use these skills to complete a table of values.
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Worked example 6

Use the rule y = 3x to complete the following table.

X -1 0 2
Y

Thinking Working

1 Substitute each of the x-values into the x=-1, y=3x
rule to find the y-value. =3 X (-1)

2 Complete the table using the y-values
calculated.

Substitution for variables

Navigator

1 (a-0), 2 (column 1), 3 (a-i),

1
5 (column 1), 8, 10, 14 (a), 15 3
5

(columns 1-2), 2 (columns 2-3), 1 (columns 2-3), 2 (columns 2-3),
(columns 1-2), 4 (columns 1-2), 3 (columns 2-3), 4 (columns 2-3), P.
6!

(columns 2-3), 6, 7, 8, 10, 11,  5(columns 2-3),6, 7, 8, 9, 10, 11,
12,14, 15 12,13, 14
Fluency
1 Evaluate the following expressions for a =3 and b = 6. m
(@ a+2b (b) 3a+2b () 2a+5b
(d) ab (e) 3ab (f 10ab-a
(9) 8b—16a (h) 10ab-1b (i) 6b—ab
() 124° k) 2v° ) 4a°
(m) a® - 1° (n) 3a°-2v* (0) 2a°-2b°
2a? as 144q2
(P) 7 (a) 2 () 33
5

) a2-b-1 ) a3+2b2—g @ 32+ L -5

3 Algebra 159



160

2 Evaluate the following expressions for x = -2 and y = -5.

@ x+y (b) 2x + 12y

(d) y—4x (e) 2y —3x

(@ -5y—-3+x (h) 8 —6y+2x

0 y* -+ K 2+’

m 3 Use the rules given to complete the following tables.

(@ y=x-2 (b) y=x-4
x |[-210|-4]-8 x | -5)-3|-2]-7
Yy Yy

(d) y=4x-1 (e) y=2x-4
x| 12|34 x |[-2]01]|2
Yy Yy

(@ y=-6x (h) y=-5x-3
x | -3(-2|-1]-5 x |[-1{0|3]5
Yy Yy

N oy=2 =X _

0 y=3 kK y=35-2
x| 86 [12]20 x |15 9 [12]30
Y Yy

(m)yzx2 (n) y=2x3—1
x| 0123 x |20 |24
Yy Yy

4 Evaluate these expressions for d = -2 and e = 5.

(@) -3de—6

@ X
e

(9)

2.5
d e

() & -3d°
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(b) -5de + 100
40
(e) 7;

12 30
h) =< _2V
(h) i

(k) ¢*—3d°

(©)
(f)
@i
V)

(©)

(f)

(i)

U]

(0)

(c)
(f)

(i)

U]

10x + by
2x =3y
7y —4-4x
_5y2
y=x-9
x |-71-1|-5]-9
y
y=3x+14
x | -4|-7|-20 |11
y
y=3-4x
x |-3|-1|2]|4
y
X
==--1
Y=y
x [12|-4| 8 |-24
Yy
y=x>+3x+1
x| 0|2]4]8
Yy
-8de + 15
¢
d
15_18
e d
2¢° - 3d°




5 Evaluate the following expressions for m =3 and n = -2.

(@)
(d)

(9)

0

2(3m —n) (b) 4n(m—23)
6m(8 —n) (e) 3m(n—2)
m+n (h) 2m+n
3 5
2m+n K 5(m+ 2n)
n 5m

(c) m(6+3n)
() 6n(3m—4)
. 6m—n

0] 1
3(m—4n)

U 4n

6 If u=6and v =8 are substituted into the expression M, then the result is:

25

u

D 32

7 Ifthe values a = -1, b=2 and c = -3 are substituted into the expression ab + bc, then the

A 16 B 20 C
result is:
A -8 B -4 C

8 Ifd =3 and e = -4, then de(d + e) equals:

A

-12 B 84 C

Understanding
9 Boon buys d books at $y each.

10

11

(a)

(b)

(c)

(d)

(e)

Write an expression to show how much
Boon spent.

Write an expression to show how much
Boon received if he sold k books for $m each.

Write an expression to calculate the profit
Boon made.

Ifd=7y=12,k=>5and m =21, find the
profit Boon made.

One book is returned to Boon and the money
refunded, because the book was missing the
last page. Does Boon still make a profit?
Explain why or why not.

Asha has a dollars, Mayoarini has 2b dollars and
Danni has 3¢ dollars.

(a)

(b)

(c)

What is the difference between Danni’s
amount of money and Asha’s amount of
money if Danni has more money than Asha?

-2

12

D 4

G siiis

§ cowronan seveiopmeny [ |

Mayoarini gives her money to Asha. What is the difference now between Danni’s amount
of money and Asha’s amount of money if Asha now has more money than Danni?

How much money is there altogether if a =3, b=>5 and ¢ = 4?

Michael has scored r runs in a cricket game. His friend Ravi has scored 2r — 4 runs.

(@

What is the smallest value that r could be?

(b) Show that Ravi and Michael score the same number of runs if r = 4. Explain.

(c) Ifr>4,did Ravi or Michael score more runs? Explain.

3 Algebra
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Reasoning

12 It takes P3TNl minutes to package biscuits,

where N is the number of biscuits and P is the
number of packing machines.

(@ How much time does it take to package
1500 biscuits if 99 machines are used?

(b) Forty-nine machines are to be used to
package 2200 biscuits in 2 hours.
Show why this is not possible.

(c) Five faulty machines have been repaired so that now there are 54 machines available.
Show whether it is now possible to package the 2200 biscuits in 2 hours.

Open-ended

3M+N

13 Find two different sets of values for the pronumerals M and N so that N gives a

whole number when M and N are substituted and the expression evaluated.

14 Lisa, Anna and Saji each choose an integer between -10 and +10.
Let a represent Lisa’s number, b represent Anna’s number and c represent Saji’s number.
(@) Find one set of possible values for a, b and c if the sum of the three numbers is 0.

(b) Find three different sets of possible values for each girl’s number if the product of the
three numbers is -100 and a, b and ¢ take different values.

15 Find three sets of whole number values for a and b so that a® — 3b2 has a result that is less
than 20.

Expressions

%242 x3 4x -1

3x-4 | x+3 5x-3

5x+1 | 2x-1 2-X

x2
2

x+ 10
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Using formulas

Formulas (or ‘formulae’) are algebraic equations that are used in practical situations.
Formulas can be used to calculate an unknown quantity from other known quantities.

You have already used formulas to find the perimeter and area of simple shapes.

For example, a rectangle with length [ and width w has perimeter P, given by the formula
P =2(I+w) or P =2+ 2w. The rectangle also has area A given by the formula A = lw. By
substituting known values for  and w into these formulas, you can find the unknown
values for the perimeter and area.

Worked example 7 WE.7

The formula F = —9—5§ + 32 is used to convert temperatures in degrees Celsius (C) to

temperatures in degrees Fahrenheit (F). Use this formula to convert 29 degrees Celsius into
degrees Fahrenheit.

Thinking Working

1 Write the formula. [F= %C + 32

2 Substitute the value or values given = Q%‘Q_) 152

(C=29).

3 Evaluate. = 84.2 degrees Fahrenheit
Using formulas

Navigator

1,2,3,4,5,6,8,10,14 (a-b), 16 2,3,4,5,6,7,8,9,10,11,12, 3,4,5,6,7,8,9, 10, 11, 12, 13,

14,15, 16, 17 14, 15,17
Fluency

1 The perimeter of a square can be found using the formula P = 4s, where P is the perimeter
and s is the side length of the square. Use this formula to find the perimeter of a square
with the following side lengths.

(@ 10 metres (b) 5.5 metres (c) 8% metres (d) 205 centimetres

2 A science centre sells tickets that cost $4 for children and $9 for adults. The total ticket
money received by the centre is given by the formula N = 4c + 9a, where ¢ is the number
of child tickets sold and a is the number of adult tickets sold. Find N for:

(@ c=8anda=10 (b) c=12anda=17 (c) c=31anda =83

3 The formula F= %Q + 32 is used to convert temperatures in degrees Celsius (C) to degrees

Fahrenheit (F). Use this formula to convert the following values from degrees Celsius (°C)
to degrees Fahrenheit (°F).

(@ 10°C (b) 5°C (c) 35°C

Answers
p.632

WE.7
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4 The formula C=

SF _9160 converts degrees Fahrenheit (F) to degrees Celsius (C). Find the

value of C when F is:
(@) 32°F (b) 41°F (¢) 50°F

The distance travelled by a moving object travelling at a constant speed can be calculated
using the formula d = st, where

d = distance travelled in metres
s = speed of object in metres per second
t = time in seconds that the object is in motion.

Calculate the value of d when:
_ _ a1l 411
(@ s=8,t=4 (b)s—4§,t—1E

An elevator of power w kilowatts can lift m kilograms up h metres in a time of ¢ seconds,

as given by the formula t = % If w =20, the time in seconds to lift a group of people of

total mass 400 kilograms up to a height of 50 metres is:
A 20 seconds B 25 seconds C 35 seconds D 40 seconds

The amount C dollars to be paid for some hardware is found from the formula:
C=H+0.5L+0.2S

where H is the cost of a hammer
L is the number of long 50 mm nails bought
S is the number of short 10 mm nails bought.

When the hammer is $32 and there are 110 long nails and 25 short nails, the amount to be
paid is:
A $55.40 B $92.00 C $66.50 D $42.50

Understanding
8 The cost of printing photographs is found by the formula C =2 + 0.2n, where C is the cost

of printing and 7 is the number of photos printed.
(@) Calculate how much Leila has to pay if she wants to print:
(i) 10 photos (ii) 30 photos (iii) 78 photos.

(b) Leila does not want to spend more than $10 printing photos. She calculates that to do
this, she can only print a maximum of 52 photos. Is this correct?

The salespeople who work at Joe’s Motors are paid according to the formula P =250+ 100c,
where P is the total pay for one week (in dollars) and ¢ is the number of cars that they sell
that week.

(@) Warren sells no cars one week. How much money does he earn?
(b) Caitlin sells 5 cars in the same week. How much does she earn?

(c¢) Claudio wants to earn more than $1000 one week. What is the minimum number
of cars he has to sell?
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10 The formula d = 4.9 tells you how far a falling object travels,

11

12

where d is the distance the object falls in metres and ¢ is the time
it falls in seconds.

(@) Suppose a football is dropped from Sydney Tower.
What distance does it fall in 2 seconds?

(b) Divers on the high cliffs in Acapulco, Mexico, usually take
4 seconds to hit the water. Approximately how high are
the cliffs?

(c) Wayne the skydiver always counts out 10 seconds just after
he jumps out of the plane before he opens his parachute.
How far does he fall in this time?

Temperatures can be converted from degrees Celsius (C) to degrees Fahrenheit (F) using
a less accurate but simpler formula than the formula used in Question 3. The formula is
F=2C+30.

(@) Use this formula to convert 10 °C to degrees Fahrenheit.

(b) Compare your answer to the previous part with your answer to Question 3 (a).
(c) Use this formula to convert 5 °C to degrees Fahrenheit.

(d) Compare your answer to the previous part with your answer to Question 3 (b).
(e) Use this formula to convert 35 °C to degrees Fahrenheit.

() Compare your answer to the previous part with your answer to Question 3 (c).

(9) In most parts of Australia, daily minimum temperatures are rarely below 0 °C and
daily maximum temperatures are rarely above 40 °C. For the temperature range from
0°C to 40 °C, how close are the values from the approximate formula F = 2C + 30 to
the values from the exact formula F = g C+32?

The formula for finding how much water goes into a rectangular fish tank is V' = ldw,
where V= the volume of water (in cubic centimetres)
[ = the length (in cm) of the tank
d = the depth (in cm) of the water in the tank
w = the width (in cm) of the tank.

(@) How much water does a tank hold if its
length is 80 cm, its width is 30 cm and
its depth is 20 cm?

(b) How much water would you put in the
tank if you want the water level to be 5 cm
from the top?

() Chun is pumping the water from her smaller
fish tank into her larger one. The smaller tank
is 50 cm long, 20 cm wide and 20 cm deep.
The larger tank is 100 cm long, 50 cm wide
and 40 cm deep. After she’s finished, how
much more water will she need to add to the
large tank to fill it completely?

3 Algebra
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Reasoning

13

14

15

Some scientists are trying find out if the fish population in a lake is decreasing. To estimate
the number of fish in the lake, they catch some fish, count them, tag them and then release
them back into the lake. On later visits, they catch more fish and count how many

have tags and how many do not have tags. The total number of fish F in the lake can

be estimated by F = 2nt — 5, where n is the number of fish caught in one visit and ¢ is

the number of caught fish that have tags.

(@ () On one visit, the scientists catch 12 fish and 7 of these have tags. From this,
what is the estimated total number of fish in the lake?

(i) On the next visit, a month later, the scientists catch 11 fish and 8 of these are
tagged. From this, what is the estimated total number of fish in the lake now?

(b) Based on these two results, is the population of fish in the lake decreasing? Why?

(c) On alater visit, the scientists catch 15 fish and estimate the total in the lake to be 145.
How many of the caught fish had tags?

Banks use the formula I = PRT to calculate simple interest, which is the amount of money
earned by a simple interest investment.

I stands for the simple interest (the amount earned)
P stands for the principal, which is the amount of money invested at the start

R stands for the rate of interest, as a decimal value. Interest rates are usually given as a
percentage per year (‘p.a.’).

T stands for the time that the money is invested, in years.

(@) How much interest would you earn on $100 invested for 1 year with a simple interest
rate of 7% p.a.?

(b) How much interest would you earn on $1000 invested for 5 years with a simple
interest rate of 12% p.a.?

(c) Suppose you have $1000 to invest for 5 years, and you have a choice between two
banks: Aussie Bank and Matilda Bank. Aussie Bank offers a simple interest rate of
11% p.a., but charges a once-only fee of $100. Matilda Bank’s simple interest rate
is 12% p.a., but it charges a once-only fee of $160.

(i) Which bank should you invest your money in?
(i) How much more would you earn with this bank?

(i) Suppose you have $2000 to invest for 5 years. Which bank should you invest your
money in? How much more would you earn with this bank?

The volume V cubic metres of a pyramid of height & metres that has a

rectangular base is given by the formula V = l-%h, where [ is the length

and w is the width of the base. h

(@) A pyramid is 30 metres long, 25 metres wide, and 60 metres high.
What is its volume?

(b) The pyramid is made from stone blocks with a volume of five cubic ! w
metres each. If the pyramid is completely solid, how many blocks
were used to build the pyramid?
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Open-ended

16 The formula A = [w is used to find the area of a rectangle. Given that the area is 20 cm?
and the length /is longer than the width w, find the possible dimensions of two different
rectangles.

17 The volume of a triangular prism is given by

V= %{, here b is the base length, £ is the

perpendicular height of the triangle and H is
the height of the prism. /

Find two different sets of whole-number values for H
b, h and H if V is a whole number between 12 000 7 /
and 25 000, and each of b, h and H is at least 20.

Puzzle
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Investigation

Take your medicine

Equipment required: calculator

It is very important that the amount of medicine
needed by a sick person is calculated correctly. The
correct amount is called the dose or dosage.

Medicine doses for children are usually smaller than
those for adults. There are some formulas that help
doctors to calculate the dose to give children. Here
are two formulas that use a child’s age to decide the
dose they need:

Formula 1

A

21 x N where

X = the child’s dosage in mL
A = the child’s age

N =the usual adult’s dosage in mL

Formula 2
Y = 4xA+20 x N where
100

Y = the child’s dosage in mL
A = the child’s age

N =the usual adult’s dosage in mL

A more accurate way of calculating a child’s dosage uses
the height and weight of the child to compare them to
an average adult. This formula is more commonly used

by health professionals.

Formula 3
0.425 v 1,0.725
7=W X where
240
Z = the child’s dosage in mL
w = the child’s weight
in kilograms
h = the child’s height
in centimetres
N =the usual adult’s dosage
inmL
The Big Question

According to these three dosage formulas, when should
a child be given an adult dose of medicine?

Engage
1 Use Formula 1 to find what fraction of the usual
adult’s dose is needed by someone who is:

(@) 1yearold
(b) 7 years old
(c) 12 years old
(d) 18 years old.

Write your answers as decimal values (round to
2 decimal places).

2 Repeat the first question using Formula 2.
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Explore

3 Use Formula 3 to find what fraction of the usual
adult’s dose is needed by someone who has:

(@) weight 4 kg and height 50 cm
(b) weight 10 kg and height 75 cm
(c) weight 25 kg and height 115 cm.

Write your answers as decimal values (round to
2 decimal places).

| N key on your calculator

: for this question.

4 Substitute the different ages, heights and weights
given in the table below into the three formulas
to find the child dosage amounts for each, with
an adult dose of 50 mL each time.

Age Weight Height
(@ 2 11 kg 88 cm
(b) 6 22 kg 106 cm
(@] 10 35 kg 132 cm
(d) 14 50 kg 156 cm
(e 18 64 kg 170 cm

Strategy options

e Make a table.

e | ook for a pattern.

Explain

5

Consider the dosages you calculated using Formula 1.
Describe how the dosage changes as the child gets
older. Is it a steady increase?

Repeat the previous question, this time considering
the dosages you calculated using Formula 2.

Repeat Question 5, this time considering the
dosages you calculated using Formula 3.

Use your answers to the previous three questions to
answer the Big Question.

Compare the differences in the dosages calculated
by the three different formulas. Comment on any
pattern or trend you can see.

Elaborate

10

11

Children are usually considered to be adults at
age 18. Which formula best agrees with this?

Both Formulas 1 and 2 give answers that are not
sensible when some values are used, so doctors and
nurses should be aware of this.

The formulas have limitations: you need to limit the
values to certain ages.

(@) Describe the limitations of Formula 1. (If you are
unsure, try calculating the dosage for ‘children’
aged 20, 30 and 40 years.)

(b) Describe the limitations of Formula 2 (again, use
dosages for a wide range of ages).

(c) Why do you think Formula 3 is a more
commonly used formula?

Evaluate

12

13

14

Do you think you need to know how to substitute
correctly into these formulas? Why or why not?

Do you think it is important for doctors and nurses
to be able to use formulas correctly? Why or why not?

Which formula would be best for you if you needed
to take some medicine? Explain why.

Extend

15

16

Research some other formulas that are used to find
a child’s dose based on an adult’s dose.

Based on your results above, create your own
formula to quickly estimate a child’s recommended
dose based on an adult’s recommended dose.
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Astronomaical

algebra

Throughout history, mathematicians and
astronomers have tried to predict the
alignment of objects in the night sky.

The most spectacular of these alignments
is a solar eclipse, and algebra is crucial
for making accurate predictions of when
these occur.

A solar eclipse is when the Moon crosses between
the Sun and the Earth, and the Moon's shadow
crosses the surface of the Earth. There will be 224
solar eclipses this century. The longest, at 6 minutes

39 seconds, occurred on 22 July 2009.

Around the year 300 jA, the Greek astronomer
Aristarchus of Samos used eclipses to calculate the
sizes of the Sun and the Moon (relative to the size
of the Earth), and their distances from the Earth.

He was also one of the first people to come up with
the theory that the planets move around the Sun,
not around the Earth. In the year 62, another Greek
astronomer named Heron accurately described the
causes of a lunar eclipse.

PEARSON mathematics 8 2ND EDITION

In 1619, the German astronomer Johannes Kepler
published an important formula that connected the
average distance of the planets from the Sun (the
radius of the orbit, R) to the amount of time for the
planet to make one complete orbit (the period, T).

The formula stated:

3
B, =K, where R = average radius

2
T T = period
K = a constant number

1 Earth's orbit can be said to have an average
radius of 100 astronomical units and a period of
365.25 days. Using these values, find the value
of Kto 2 decimal places.

2 The orbit of Mars has an average radius of 152.4
astronomical units and a period of 686.98 days.
Find the value of K'to 2 decimal places.

3 What do you notice about your answers to the first
two questions?

4 Using your value of X, calculate the period 3
of Saturn using Kepler's modified formula T2 4L
if the average radius of Saturn’s orbit
is 951 astronomical units.
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An important discovery is that the paths of the planets
around the Sun are shaped like an ellipse (a ‘flattened’
circle) rather than a perfect circle. The Sun is not at
the centre of the ellipse. It is at a point called a focus
of the ellipse (every ellipse has two foci). Comets also
travel in elliptical paths around the Sun, but their
ellipse is usually flatter than for a planet.

planet

comet

N/

foci

The eccentricity of an ellipse is a number between 0
and 1 that describes how flat the ellipse is. The flatter
an ellipse, the greater its eccentricity.

The formula for the eccentricity of an ellipse is

a” _bz, where aand b are the minimum and
maximum distances from the centre to the ellipse,
as shown above. ais called the semi-major axis
and b is the semi-minor axis.

5 Find the eccentricity of the following ellipses,
correct to 1 decimal place.

(a) . (b)
A
3cm

If you know the planet’s closest distance to the Sun
P and its furthest distance from the Sun A you can
calculate the eccentricity of its orbit using the
A-P

+P’

formula e=

planet planet

6 Below are the closest and furthest distances
from the Sun of four bodies in our solar system.
Calculate the eccentricity of the orbit for each
one, correct to 1 decimal place.

(a) Earth: P= 147.1 million km, A = 152.1 million km
(b) Mars: P=206.6 million km, A = 249.2 million km
(c) Pluto: P=4435.0 million km, A = 7304.3 million km

(d) Halley's Comet: P~ 89 million km,
A = 5250 million km

Research

Find out more about an astronomer such as
Aristarchus of Samos, Heron, Kepler, Galileo or
Sir Isaac Newton, and how they worked with
algebra. Present your findings to the class.




Simplifying
expressions

Like terms
Algebraic terms that have exactly the same variables are called like terms.

You can simplify algebraic expressions by collecting like terms. To collect like terms, add
their coefficients.

3x and 5x are like terms and can be simplified by adding the coefficients of x.
3x + 5x =8x

For example, see what happens when you add rectangles of the same length, x m, together.
One has a width of 3 m and the other has a width of 5 m.

3
8
3 + 5 P = 5
X
X X
(Area = 3x m?) + (Area = 5x m?) = (Area = 8x m?)
Ifx=4: LHS =3x + 5x RHS =8 x x
=3x4+5x4 =8x4
=12+20 =32
=32
3x and 4y are not like terms (often called ‘non-like’ terms or “unlike” terms) and cannot be

simplified.

Like terms can be simplified by adding their coefficients.

Non-like terms cannot be simplified.

Be careful when there are several variables. To help you identify like terms, always write terms
with more than one variable in alphabetical order.

* 5ab and 2ac are not like terms, as ab # ac. (# means ‘is not equal to”.)
* 3xy and 5xyz are not like terms, as xy # xyz.

e 6x and 442 are not like terms, as x # x>

However:

* 3xy and 5yx are like terms, as 5yx = 5xy.

 11x? and 527 are like terms.

e 3p°* and -5p%¢* are like terms.
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Worked example 8

In each of the following, write whether the pair of terms is like or not like.

(@) 5tand 3t (b) 2xy and 2x () 6m*n and 4mn? (d) 3xy2 and 7y2x
Thinking Working
(@ Do the terms have exactly the same (a) Btand 3t are like terms.

variables?

(Both terms have t as their only variable.)

(b) Do the terms have exactly the same (b) 2xy and 2x are not like terms.
variables?

(The first term has x x y, but the second
term only has x.)

(c) Do the terms have exactly the same (c) 6m°n and 4mn® are not like terms.
variables?

(The first term has m x m x n, while the
second term has m X n x n.)

(d) Do the terms have exactly the same (d) 2xy? and 7y?x are like terms.
variables?

(The first term has x X y X y and the
second term has i X y X x. So the terms
have exactly the same variables, just in
a different order.)

An expression can be simplified by collecting like terms.

Worked example 9

Simplify the following expressions, if possible, then check your answers by substituting the
value for the variables given in brackets.

(@ Sx+3y—x+7y(x=1,y=2) (b) 7x2+4xy+8yx—2x(x=3,y=2)

Thinking Working

(@ 1 Rearrange the expression so thatall  (a) 5x+3y—x+7y
the like terms are grouped together. =bx—x+3y+7y

Remember to keep the sign in front
of each term with that term.

2 Collect like terms. =4x+ 10y
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3 Substitute the given values into both Sx + 3y —x+ 7y

expressions. =bX1+3X2-1+7%2

=5+6-1+14

=24

4% + 10y
=4x1+10%x2
=24
4 Check that both expressions give the As both expressions equal 24, the
same value. simplification is correct.
(b) 1 Rearrange the expression so that all (b)  7x¢ + 4xy + Byx — 2x

the like terms are grouped together. =7 — 2x+ 4xy + Byx
Reorder variables in the terms in =75 — 2x + 4xy + &xy
alphabetical order.

Remember to keep the sign in front
of each term with that term. Note
that 7x% and -2x are not like terms.

2 Collect like terms. 75 — 2x + 12xy
3 Substitute the given values into both 7x% + 4xy + Byx — 2x
expressions. =7XB+AXBIX2+BX2XD—2X3
=03+244+456-06
=129
7x% — 2x + 12xy
=7x32-2X3+12X3X2
=63—-06+72
=12¢
4  Check that both expressions give the As both expressions equal 129, the
same value. simplification is correct.

Simplifying expressions

Navigator

1 (column 1), 2 (columns 1-2), 1 (column 2), 2 (columns 2-3), 1 (column 2), 3 (columns 2-3),
P. 3 (column1),4,5,6,7,8(a),11, 3(column?2),5,6,7,8,9,11,12, 3 (column?2),6,7,8,9, 10, 11,

12,17 13,15, 16, 17 12,18, 14, 15, 16
Fluency
w 1 In each of the following, write whether the pair of terms is like or not like.
(@) 4w and 6w (b) 7u and 7w
(c) 7tand 61 (d) 3eand 5e
(e) 6d and 3de () yxand 33xy
(9) 9xyz and 5xyz (h) 6x and 52xyz
(i) 6xyand 8yx () 2xyzand 4zyx
(k) 4x%y and 7%y () 8xy?and 12yx°
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Simplify the following expressions, if possible.

(@ 6a+11a (b) 15f+6f (¢) 7v—-2v

(d) 5v—8v (e) -7Tw+ 17w (f -12d+ 15d

(9) 7d+8d+9—-3d (h) 9f+5—2f+5f () -3r+6u+10r—9u

() 6m—9n—-13m—-2n (K) 7f+ 8fg—4f—6fg () 8ij+14j—-2ij+6j

Simplify these expressions:

(@) 3hdw + 6hd + 7d —4hd + 8 — 2d (b) 4x+15+6x+ 7xyz —7 — 3xyz

(€) 5% —6y—13x° —dy +2 (d) 7% —y—12¢ -5y +ay

(e) 28ab+ 40+ 30a — 10ab — 6a + 15b (f) 9s+40st+5—100st —5s +15

(@) -9b—4b%+ab—b3+8b—6ab (h) 6a°—8a>—4a—5a—4a°-61

Which of these is a like term for 6y?

A ox B 14y C 6+y D 6

Which of these is a like term for mn?

A 9n B mnp C amn D 8nm

Which of these is a like term for 5xyz?

A 22xy B 2xz C xw+z D o6zxy
Understanding

7 Simplify the following expressions, if possible, then check your answers by substituting m
the value for the variables given in brackets.

(@ 8t+7t+2d+5d d=1,t=23) (b) 40w + 50w + 1000+ 340 (v=2, w=1)
(c) 6a+5b+4a—-3b (a=2,b=1) (d) 18f—5f+6g—3g (f=1g=4)
(e) -6b—8b+10b (b=D5) () -9b—4b+18b b=4)

Answer true (T) or false (F) for each of the following.
(@) These two rules are really the same:

Rule 1:"Take a number and multiply it by three. Take the same number and multiply
it by seven. Then add the two answers together.”

Rule 2:’Take a number and multiply it by ten.”
(b) These two rules are really the same:

Rule 1:Take a number and multiply it by ten. Take another number and multiply it
by five. Then add the two answers together.”

Rule 2: “Take a number and multiply it by fifteen.”
(c) These two rules are really the same:

Rule 1: “Take a number and multiply it by fourteen. Take the same number and
multiply it by ten. Then subtract the second answer from the first.”

Rule 2:"Take a number and multiply it by four.”

9 A store is selling all its books for ¢ dollars and all its vinyl records for d dollars each.

Tom bought eight books and five records. His friend Ayman bought seven books and
six records.

(@) Write an expression for the amount Tom paid for his collection.
(b) Write an expression for the amount Ayman paid for his collection.

(c) Write an expression for the amount they paid altogether. Simplify this expression.
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10 On each birthday, Alysia is given three times as much money as she was given for her
previous birthday. On her first birthday she received d dollars.

(@) Write the expression for the amount

of money Alysia received on her “ A ¥ P y

fourth birthday. i
\RTHOAY

(b) Write an expression for the total amount
of money Alysia received for her first

four birthdays. _ @ : L

(c) How much money did Alysia receive L > : O b 3
altogether for her first four birthdays w
ifd=5?

11 (a) By drawing three rectangles each with a width of 2 cm, show that 2x3 +2x4=2x7.

(b) Substitute iy’ for '2” and rewrite the statement above using algebra.

Reasoning

12 (a) Which of the following expressions cannot be simplified by collecting like terms?
A 5x% +4x B 3x%+ 2 C 2xy+6yx
D 4xy*+5x% E 5Sxy+ay F 4xy—xy

(b) Simplify the remaining expressions. Explain why these expressions can be simplified.
13 Jess has x ten-cent coins and 10x fifty-cent coins.

(@) Write an expression for the total number of coins Jess has.

(b) Ryan has 44x coins. Explain what this means, in terms of the coins that Jess has.

(c) Write an expression for the value of Jess’ coins in dollars.

(d) Can you find the value of Ryan’s coins? Why or why not?

14 A number of coins are placed on a square of a chessboard. Twice as many coins are then
placed on the next square. On the third square, there are twice as many coins stacked as
there are on the second square. This process is continued for six squares.

(a) If x is the number of coins on the first square, how many are stacked on the sixth
square?

(b) How many coins in total are there on the board in these six squares?
(c) If each coin’s value is $v, what is the total value of the coins on the board?
(d) Find a number for x and a number for v that will make the total value of the coins
between $300 and $400.
Open-ended
15 Consider the algebraic expressions a + b, 2a + b, 3a + b.

Find two sets of values for a and b so that the sum of the three expressions is a multiple
of ten.

16 The sequence of terms: x + y, 3x + 2y, 5x + 3y, 7x + 4y, 9x + 5y, ... follows a pattern.

Find two sets of values for x and y so that the sum of the first five terms in this sequence
is a multiple of ten.

17 Lindy was simplifying 7xy — xy and wrote: 7xy — xy =7
(@ What mistake did Lindy make?
(b) Give Lindy a suggestion to help her correct this mistake.
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Half-time 3 @ﬁ@

1 If Michael has n $2 coins and m $1 coins, write an expression for how much money he
has altogether.

2 Simplify:
(@ 7x+10x (b) 14y -9y (c) 3x+2y—x+4y
(d) 4%+ 3xy — 207 + 4x° (e) 10a + 13b —3b — 26a () 4x+2a—3x+ 24>
3 Ifx=3,y=-4andz=5, find:
(@ 3x+2y (b) 2z-3y () 7x+2y—z
(d) 6x° — Y (e) 1Oxy2 +z f 2xyz+ 32
4 Use the rules to complete the following tables.
@ y=3x-4 (b) y=3+2x © y=22"+3
x |20 112 x |-3]-1|1214 x |-1]10]|3]5
y y y

5 The following formulas are often used in mathematics and science.
(@ ForV=IR, find Vwhere I=1.8 and R = 20.
(b) Forv=u+at, find v where u=20,a=1.2 and t =15.
(¢) Fort=a+ (n—1)d, find t where a = 2.6, n =10 and d = -0.4.
(d) Forf= ;}—%{, find f where v =25 and u = 20.

(e) Fors=ut+ %at% find swhere u=3,t=10 and a =9.8.

6 Susan gets a ticket to be served at the deli section of her local supermarket. The number
on her ticket is t. The tickets are given out in consecutive order (1, 2, 3, ...).
(@) John gets the ticket after Susan. Write an expression for the number on John’s ticket.

(b) Jillis the person who is served just before Susan. Write an expression for the number
on Jill’s ticket.

7 Simplify the following expressions.
(@) 4xy+3x—2y+5xy (b) 2x% — 4x — 3xy + 52
(€) 8m?—12m+m*+8m+5 (d) 9pq — qp + 4p°q — 3p*q* + 4pq?
8 For each expression state:
() the number of terms it contains
(i) the coefficient of x

(iii) the constant.

(@ 2x+3 (b) a—5x—4 (©) x+7+4x°
(d) -2x—14xy () 6ax—5-1x f) 3x+4y+6
(@ 4%y -2+x (h) -10—12x 0 7x
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Gamegpace

MABIG TRIGK 1 MAGIG TRIGK 2
Think of a number. Think of a number.
Double it. Double it.
Add the original number. Add 8.
Divide by 3 Multiply by 3.
your answer is the number you started with. Divide by 6.
IMETIER IS ag=d How does this trick work? Let the Subtract your original number.
original number you thought of be X. Now do each of the your answer is 4.

steps on X. Write each step as you go. - . . .
Discover how this works by letting

the number you think of be X and doing each of the
steps on it.
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MAGIG TRIGK 3 MIND READER

Choose any two-digit number 0 m
and add together both the digits.
Subtract the total from your 8
original number. Look up your 16
answer on the chart to find its
magic symbol. Now stare at 24
the symbol and think about it 32
really hard. Can you find your 40
symbol near the page number
on this page? Try it again with 48
a different starting number. 56

Can you work out the secret? 64

Use algebra to show how the trick works.

1

9

| of £
25

33

41

49 %
57

65
(Hint: Any two-digit number can be broken down L =
into tens and units: 42 = 40 + 2. So, if aisthe tens [ 80 S0 |81

digit and b is the units digit, then the two-digit
number can be written as 10a + b.) 88 89

©)

%y
® =0
Sle |@

NS

=

&

X (OB
O | e |e®|=|> | %

>|e|X

=

S
&=

(S| e e|0|x

= =l

S

Ny

I AR ARV PR A RCREN)
O |e|x|e||<|Q|%x|0O|>

D=0
E Q| x|

O

“ .

i 4

MAGIS TRISK 4 BB x4
WEHEN 1S MY - ¥

BIRTHBAY?
Take the month number of your | (MAGIG TRIGK 32

birthday (i.e. Jan. = 1, Feb. = 2 and so on). “‘* BREATE YOUR OWMN

Multiply your number by 4.

| Create your own “When is my birthday?”
Add 14. or “Guess the number” magic algebra trick.

Multiply the result by 25.
Subtract 230.

Add the day number of your birthday,
(e.g. if born on 19 May, add 19).

Subtract 120 from your answer.

the first digit is the month you were born in and
the next two digits are the day you were born on.

MERIEERISNEESH How does this work? Choose m as the month
number and d as the day number to help you find out.




Multiplying
and dividing
algebraic terms

You already know that 5x 6 x2=5x2x6
=60

You can multiply numbers in any order and the answer is always the same. This is because
when you multiply numbers, the grouping or order of multiplication does not change the
result. This is the associative law.

This also works in algebra. You can multiply numbers and variables (algebraic pronumerals)
in any order and the answer is still the same. This means that you can rearrange multiplication
to group numbers and pronumerals separately. Remember, pronumerals are written in
alphabetical order.

S5ax2=5xax?2 2dx3c=2xdx3xc
=5X2Xa =2x3xcxd
=10a = 6¢cd

When multiplying algebraic terms, you should simplify them by
¢ multiplying the numbers
¢ then multiplying the variables (algebraic pronumerals)

* writing variables in alphabetical order, after the numbers.

Worked example 10

Simplify:

(@) 6ax3 (b) bax-2cxbx3
Thinking Working

(@) Multiply the numbers (6 x 3 = 18) (a) ax3=18a

and multiply this product by the
variable (a).

(b) Multiply the numbers (6x-2x3=-30)and (b) 5a X -2¢ X bx 3 =-30abc
multiply this product by the product of the
variables (a X ¢ x b = abc), writing them in
alphabetical order.

When dividing algebraic terms:
e first, write the division as a fraction

¢ then simplify the fraction by dividing both the numerator and the denominator by the
highest common factor (HCF) of the numerator and the denominator

e remember that common factors can be numbers and/or variables.
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Worked example 11

101
Thinking Working
1 Identify the HCF of the numerator and 515
the denominator (HCF =5f).Then divide o X —
the HCF into both the numerator and the 2 L

denominator.

2 Write the simplified expression.

Worked example 12

Simplify: 14ab + 7bc

= Be

Thinking

Working

1 Write as a fraction.

2 Identify the HCF of the numerator and
the denominator (7b). Then divide it into
both the numerator and the denominator.

3 Write the simplified expression.

Multiplying and dividing
dlgebraic terms

Navigator

1 (columns 1-2), 2 (columns 1-2),
3 (columns 1-2), 4, 5, 6, 8, 9 (a-c),

1 (columns 2-3), 2 (columns 2-3),
3 (columns 2-3), 4, 5, 6, 8,9, 10, 3 (columns 2-3), 5, 6, 7, 8, 9, 10,

14ab + Tbe = 2aP
b

C

_ Y145
7¥e

1 (columns 2-3), 2 (columns 2-3),

10 (a—c), 12 11,12, 13 11,12, 13
Fluency
1 Simplify:
(@ 5x3a (b) 6x2a (c) 9gx2
(d) 7x8z (e) 3zx12 f 9px6
(9) 1lexo6f (h) 9m x 8n ) 12jx11k
() 6ghxkx3 (k) 8gh x3x 2k () 6bxb5ehx3
(m) 4 x -5y (n) -3x-7y (o) -2ax -8
(p) 1la x -4b (q) -3rx-6ug (N -7ux8rg
(s) -4jx-2x10k () 10jx-2kx3 (U 8x-ux3vx2

Answers
p.634
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m 2 Simplify:
14a 12b 63e

15f 10x X
@ 5 © T O 15
15ab 24ef . 26ab
ey h <oy
@ =3 h) =~ 0 =3,
N oef K L y  Llef
0 8e ® 28m 0 77f
-22ab -6ab -16e¢f
m) 11ab ™ 3ba (©) -4ef
-9h -7¢ -9i
®) Z5en @ Z7en O Zei
m 3 Simplify:
(@) 20c+5 (b) 40d +4 (c) 12g+6
(d) 60h +10h (e) 18x+27x () 20x+22x
(9) 18cd+9 (h) 56¢d + 8 (i) 30gh=+6
) gh+3g (k) 45gh + 18¢ () 50gh + 16g
(m) 8cd + -4c (n) -50ab + 30a (o) 60cd +-12d
(p) 12ab + -8ba (q) -ij + -6 (n -11ij=-ji
4 The expression 4 x 6x x -2y can be simplified to:
A 8xy B 10xy C 48xy D -48xy
5 -2 x5gx -a simplifies to:
A -Tqa B -10ag C 7q D 10ag
-12mad . ... )
~omd simplifies to:
A A — o 4m b _4a
3 3 3 3
7 -ax-2bx -3¢+ -6bad simplifies to:
A -12a B & C 6cd p -4
d c

Understanding
8 Simplify the product of the terms 3abc, -5d and -4.

9 Two toolboxes are shown. The volume
of each is given by the product of the
length, width and height.

(a) What is the volume of toolbox 1?
(b) What is the volume of toolbox 2? &

(c) Find the volume of each toolboxif 5,

w=4andj=12. o
Toolbox 1 Toolbox 2
(d) How many of the smaller toolbox

will fit inside the larger toolbox?
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Reasoning

10 A necklace is made from 3 strands of gold wire. The shortest strand is x mm long.
Each strand is 1.2 times longer than the previous one.

(@) Write expressions to show the lengths (in mm) of each strand.
(b) Write an expression in terms of x to show the total length (in mm) of gold wire.

(c) If gold wire costs $d per millimetre, write an expression to show the total cost of the
gold used.

(d) 6y small diamonds are added to the necklace and each strand
has the same number of diamonds. Write an expression to
show how many diamonds are inserted in each strand.

(e) If each diamond costs $c, write an expression to show
the total cost of all the diamonds.

() Write an expression to show the total cost of materials
needed to make the necklace if it also needs a fastener,
which costs $f.

(9) Ifx=30,d=5y=4,c=40 and f= 34, find the total cost
of materials needed to make the necklace.

Open-ended

11 Joshua simplified an expression. His work is shown below. Explain the mistake he has made
and write the correct answer.

2k X -2k=k

12 Choose two terms, each containing the variables p and 7, so that the quotient of the two
terms gives a result of -%g. (Remember, the quotient is the result after one term has been
divided by the other.)

13 Choose three terms, each containing the variables m and , so that the product of two
terms divided by the third gives a result of 6mn.

Problem solving

Sale price Number of
per T-shirt T-shirts sold

$10 45
$15 40
$20 35
$25 30
$30 25

$35 20
$40 15 Strategy options

$45 10 e Guess and check.

e Make a table.
e Look for a pattern.
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Expanding
brackets

Expanding is the process of removing brackets, using the distributive law.You have seen
this before with numbers.

For example: 3 x 102 =3 x (100 + 2)
=3x100+3x2
=300+6
=306

The distributive law

L .
Explore visually how the distributive law works with chonging E
numbers. -
o
Go to the eBook or the Pearson Places website to access this -
interactive. )
R —
What is meant by 3(x + 2)?

You can see what this expression means by using x to represent the number of counters in a
cup. This means that x + 2 is the number of counters in the cup plus 2 more.

xX+2

If you have 3(x + 2), this represents 3 lots of (x + 2) or 3 X (x + 2). It can be shown by 3 cups
with x counters in each and 2 more counters with each cup.

U..0..T..

x+2) + x+2) + x+2)

You can rearrange this as 3 cups, each with x counters, and 6 more counters, which will gives
a total of 3x + 6 counters.

vy

Therefore, you can write 3(x + 2) = 3x + 6.

o 6 6 06 0 O
X+ 2 + 2 + 2
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The variables in algebra simply represent unknown numbers, so the distributive law must also
work in algebra.

For example:

3X+2)=3xx+3x2

=3x+6
Expanding brackets —
—)
Explore the distributive law and expanding brackets with A ».
algebra, by showing multiplications as chaonging areas.
Go to the eBook or the Pearson Places website to access this o .

interactive.

Expanding using the distributive law:

a(b+c)=ab+ac and a(b-c)=ab-ac

Worked example 13

Use the distributive law to find 24 x 101.

Thinking Working
1 Write one number in the product as the 24 x 101
sum or difference of two numbers that =24 % (100 +1)
are easy to multiply by (101 =100 + 1).
2 Expand the brackets. =24 %100 + 24 x 1
3 Simplify. =2400 + 24
= 2424

Worked example 14

Expand each of the following expressions.

(@ 5@-2) (b) 2a(a + 3b) (c) -3(a-D)
Thinking Working
(@ 1 Multiply each term in the bracketby  (a) 5(a-2)
the term in front of the bracket. =bXxa—-bHx2
2 Simplify. =5a-10
(b) 1 Multiply each term in the bracket by () mb)
the term in front of the bracket. =2aXa+2ax3b
2 Simplify. =24° + Gab
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() 1 Multiply each term in the bracket (c) —56(3-1)

by the term in front of the bracket, =-3Xa-3X-b
making sure to change signs if
necessary.

2 Simplify. =-3a+ 3b

Expanding and collecting like terms

After an expression is expanded using the distributive law, it may contain like terms.You can
collect like terms and simplify the expression.

Worked example 15

Simplify the following expressions by expanding the brackets and collecting like terms.

(@ 3(r—4)-38r (b) 5(a + 6b) +a(9 —10a)
Thinking Working
(@ 1 Expand all brackets. (a) 3(r—4)-ér
=3r—12—6r
2 Simplify by collecting like terms. =-Br—12
(b) 1 Expand all brackets. (b) BH(a+o6b)+a(9-10a)
=5a+ 30b+ 9a — 102
2 Simplify by collecting like terms. =142+ 30b—104°

Worked example 16

Simplify the following expressions by expanding the brackets and collecting like terms.

(@) 84— (2d+3) (b) 7(a—3b) —5(a+ 3b) (c) 3m(3n —4t) —4n(2m —t)
Thinking Working
(@ 1 Rewrite the expression, insertingal (a) &d— (2d+ 2)
and a multiplication symbol in front =6d—-1x(2d+ 3)
of the brackets.
2 Expand the brackets, taking care to =6d-2d4-3
change signs where needed.
3 Simplify by collecting like terms. =6d-3
(b) 1 Expand all brackets, taking care to (b)  7(a—3b)—5(a+ 3b)
change signs where needed. =7a—-21b—5a—15b
2 Simplify by collecting like terms. =2a—326b
() 1 Expand all brackets, taking care to (c) 2m(dn—4t)—4n(2m—t)
change signs where needed. =9mn—12mt — &mn + 4nt
2 Simplify by collecting like terms. =mn—12mt+ 4nt
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Exponding brackets

Navigator
1 (columns 1-2), 2 (columns 1-2), 1 (columns 2-3), 2 (columns 2-3), 1 (columns 2-3), 2 (column 3),
3 (columns 1-2), 4 (column 1), 3 (columns 2-3), 4 (column 2), 3 (columns 2-3), 4 (column 2),
5 (a-f), 6, 10 (a-b), 13, 15 5 (column 1), 6, 7, 8, 9, 10, 5 (column 2), 7, 8, 9, 10, 11, 12,
11 (a-b), 13, 14, 15 13,14,15
Fluency
1 Use the distributive law to find the following. m
(@ 21x101 (b) 17 x102 (c) 16 x101
(d) 23x98 (e) 41x99 (fl 37x97
(g) 54 x11 (h) 38 x1010 (i) 64x1100
2 Expand the following expressions. m
(@) 5(x+12) (b) 2(s—5) (c) 12(a+5)
(d) s4+1) (e) I(6—1) (f) a+h)
(9) 3(4x+5) (h) 9(6x—1) i) 2(3h+4)
G) 2mmn+r) (k) 3p(r—=2) ) op(r+t)
(m) 5Kt +2) (n) 2p(5p—7) (0) 4m(4 +2m)
(p) 3m(5m + 7n) (a) 4k(p — 5k) (N 10x(2x —5y)
3 Expand the following expressions.
(@) -2(a+4) (b) -3(b-9) (€) -(c+4d)
(d) -(d-x) (€) -e(x+7) O -ff-y
(9) -5(3g+10) (h) -8(3 —"7h) (i) -11(2i+4l)
() -2j(8x+12y) (k) -3kl(4x—15y) () -12mn(3p — 5np)
4 Simplify the following expressions by expanding the brackets and collecting like terms. m
(@ 5(7-d)+11d (b) 8(3—e)—12e
(c) 6n(m—4)—12nm (d) 4x(y —2)—7xy
(e) 547 —4k) — 40tk (f 9v(5 - 10w) — 500
(9) 6m(7n—4) + 4(8mn — 4m) (h) 2a(5b - 8) + 2(6ba — 12ab)
(i) 9x(5 —y)+3(10x — 4xy) () 3t(4 —8z)+6(7tz—20t)

5 Simplify the following expressions by expanding the brackets and collecting like terms. m
(@) 3x—4(x+2) (b) 5x— (2x +2)
© 8—3(x+2) (d) 14— (3x—7)

(€) 5x—3(5x—2) M 7x—3(x—2) o :
(@ 5(x+2)—-3(2x+1) (h) 43x—2)—-12(x+5) r, . T~
() 3(3x+4)—5(7x—23) i) 5xr—3)—(Gx—1) QUALNSY - T .
| | Ifthere’s a minus in front of a '
(K) 5(2x—3y)—3Gx+4y) () 4Gx—>5y)—2(5x +2y) | !
I then you should put 1 x between !
(M) c3d +4¢) —2c(d +5¢)  (n) d(5e+2f)—4d(e +4b) | roincs ol braokat i
(©) m@2n—23t—t2m-n)  (p) a(p-q)—q(2p—3a) l !

A —

bracket such as (x + 5) — (8x + 1),

(x+5)—1x@Bx+1).
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Understanding

6

7

8

9

Which expression is modelled by the cups and counters in each diagram?

"Uggy

A 4x+3 B 4(x+12) C 4(x+3) D 2x+12
U0

eeee oooo

eeee oooo

A x+16 B 2x+38 C 2x+16 D 2(x+16)
Expanding and simplifying 3y(2y + a) — a(3y — a) gives:
A 6y*—ay B 6y*—3ay+a’ C 3ay- 6y D 6y*+a
A rectangle has width 2a metres and length (3a — 2b) 3a-2b
metres. Write the expression for the area and expand
the brackets.

2a

(@) () Expand 33(x +5). (i) Substitute x =100 and evaluate.

(b) () Expand 105(y + 3). (ii) Substitute y =30 and evaluate.

(c) Explain why your answers to parts (a) (ii) and (b) (i) are the same.

Reasoning

10

1

12

A shopkeeper buys a bookcase for $u and then sells it for $o.

(@) The profit is the selling price minus the cost price. Write an expression for the
shopkeeper’s profit.

(b) The shopkeeper decides to buy and sell 6 bookcases. Write an expression for the
total profit.

(c) The shopkeeper increases the selling price of the bookcases by 50%. If she sells
6 bookcases at this increased price, how much profit does she make?

A rectangle has length (5 + x) m and width 5 m.

(@ Draw a diagram to represent this.

(b) Find the area of the rectangle.

(c) Split your diagram into two parts, with one part being a square of side length 5 m.
(d) Find the area of each part of your diagram.

(e) Use your diagram and the answers to parts (b) and (d) to explain why
5% (5+x)=25+5x.

When Lucy was asked to multiply 8 by 8.125, she immediately answered 65. She said it
was easy to work out, using 20 x 20.05 =401 and 4 x 4.25 = 17. She also said that she used
the distributive law. How did she find the answer so quickly?
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Open-ended

13 Quentin was working on algebraic expressions, expanding brackets and then collecting
like terms. His answer was: 20x — xy

Write a question that Quentin’s answer is correct for.
14 Michael was simplifying by expanding and collecting like terms. His working is shown.

3(2x=1)—(bx—2)=bx—35—-bx—-2
=x-5

(@) Identify the mistake that Michael made.
(b) Correct his mistake by completing the question.
(c) Suggest how Michael can avoid making this mistake in the future.

15 Write three expressions containing brackets that can be expanded to give the first term
as 12ef.
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Exploration Spreadsheet

Equipment required: Microsoft® Excel or similar spreadsheet software. (For Casio ClassPad CAS or TI-Nspire CAS,
you can download instructions from the eBook or the Pearson Places website.)

Farmer Jones’ dilemma

Farmer Jones has a problem to solve. She wants to build
a rectangular pig pen for her pigs so that they will have
the largest possible area to move around in.

But first, Farmer Jones needs to fence a rectangular
paddock for her bull. She has 400 m of fencing
wire and she also wants the bull to have the largest
possible area. Her son Joe offered to help work out
the dimensions. He first wrote the formula for the
perimeter of a rectangle:

P=2L+2W
Next, he rearranged the formula to find the width (W):

weP=2L
2

He knows P =400 m. He used a spreadsheet to calculate

W for different lengths, starting with L = 10 m and

increasing the length by 10 m each time. He then found

the area for each length and width:
A=LW

PEARSON mathematics 8 2ND EDITION

The formulas Joe used are shown in the spreadsheet
below.

(Hint: Remember that in Excel, the $ symbol means that
the cell reference will not change when the formula is
copied using Fill Down. The symbol * means
multiplication.

A ' 8 c
:
2 400
3
4 LengthL{m)  Width W(m) Area A (mA2)
5 10 ={$A$2-2"AS)/2 =A5"85
6 20
7 30
8 a0
9 50
10 60
1 70
12 80
13 30
14 100
15 110
16 120
17 130
18 140
19 150
20 160
21 170
22 180
23 190

By following the same steps as Joe, find the dimensions
of the rectangle that would enclose the largest area.

1 (a) Inanew spreadsheet, enter the Perimeter’
heading in cell A1 and the perimeter length
(400) in cell A2. (Do not include units with the
numbers.) Enter the column headings as
shown above, starting with 10 as the first length.
Increase the length by 10 each row, up to 190.

Enter the formulas to find the width and the area
as shown. Use Fill Down to copy the formulas
down the columns.

(b) What was special about the rectangle that
Joe found?



RA 1
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Joe wonders whether this shape would always give
the largest area. He wants to build a chicken coop
with 50 m of chicken wire for his pet chickens.

(@) By using a spreadsheet, find the dimensions
of the chicken coop that would enclose the
largest area.

(Hint:You can use a similar spreadsheet as before, but
you will need to change the perimeter and use
smaller amounts for the length. Don't forget that
length does not need to be a whole number.)

(b) What do you notice about this rectangle? Is it the
same type of rectangle as Joe found in 1(b)?

(c) What area does this rectangle now enclose?

3 Farmer Jones is impressed with her son’s findings,

but wants to check them. She has found the right
fencing wire to build the pig pen and still wants to
maximise the area enclosed. She sets up a
spreadsheet similar to Joe’s.

(@) Choose a suitable length of fencing wire (100 m
to 200 m) for Farmer Jones. Use this value in the
spreadsheet to show that the type of rectangle
with the biggest area is always the same.

(b) Using your chosen length of fencing wire, what
are the dimensions of Farmer Jones’ pig pen?

Taking it further

4 Farmer Jones is so happy with her new spreadsheet

skills that she wants to try something new. She
now wants to enclose a rectangular paddock with
800 m of fencing wire for her sheep. However, one
side of the paddock will be the straight river that
runs through her property, so this will not need to
be fenced. She wants to make sure that the sheep
have the largest area possible.

(@) What is the new formula:
(i) for the perimeter
(i) for the width
(iii) for the area?

(b) Use a spreadsheet to find the dimensions of this
new paddock.

(c) What do you notice about this rectangle?
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Factorising

Factorising means writing an expression as the product of factors.
10=2x5 2a=2xa
2(a + b) is a factorised expression, as it is the product of 2 and (a + b).

Factorised expressions can be useful in many situations. For example, how do you find the
perimeter of a rectangle?

L

To find a rectangle perimeter, you can double the length and double the width and add these
two amounts. Writing this as a formula:

P =2L +2W, where L = length and W = width. This is the expanded form.

However, you could add the length and width together first and then double that amount.
Writing this as a formula:

P=2(L+ W).This is the factorised form.

This means that 2L + 2W =2(L + W).

The expanded form = the factorised form.

You also know that 2(L + W) = 2L + 2W by expanding the brackets.
The factorised form = the expanded form.

This shows that factorising is the reverse of expanding.

2x 3y
What is the sum of the areas of the two
rectangles on the right? 8 3
The total area can be written in two equally Area = 6x Area = 9y
correct forms.

2x + 3y

Expanded form: 6x + 9y

Factorised form: 3(2x + 3y)

Area = 3(2x + 3y)

Factorising an expression
* Write each term in the expression as a product of prime factors.

e Circle all common factors to find the highest common factor (HCF) of all the terms in
the expression.

e Write the HCF in front of the brackets.

e Write the sum or difference of the other factors inside the brackets.
* Write the expression in expanded form.

* Check your answer by expanding the brackets.

For example: 6x+ 9y =Q)x 2 xx+@)x 3 xy (3 is the HCF of 6x and 9y)
= 3(2x + 3y)

Check: 3(2x + 3y) = 6x + 9y
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Worked example 17

Find the highest common factor (HCF) of the following pairs of algebraic terms.

(@) 10xand 15 (b) 122 and 18b (¢) 6c*d and 8cd?
Thinking Working
(@ 1 Write each term as the product of (a) 10x=2 x®x x
prime factors and circle the common 15=3x6
factors.
2 Write the HCE. HCF =5
(b) 1 Write each term as the product of (b) 122=Qx2x@x a
prime factors and circle the common 18b=Qx 3 xQx b
factors.
2 Multiply the common factors to find HCF=2Xx3
the HCF. =0
() 1 Write each term as the product of (c) 6c%d=@x 3 x@x ¢ xX@)
prime factors and circle the common &cd? = @x 2 x 2 x@x@x d
factors.
2 The HCFis the product of the common HCF=2Xxc¢xd
factors. =2cd

It is sometimes convenient to factorise with a negative number as a common factor. Be careful
to use the correct negative or positive sign inside the brackets. Check the multiplication and
remember that multiplying the same sign gives a positive, while multiplying different signs
gives a negative:

)X (=) =) )X () =)
() X (+)=(+) ()X (=) =)
For example, factorising an algebraic expression:

202 — dxy = CD)x@X x + (DX 2 x@X i
= -2x(x + 2y)

Worked example 18

Factorise the following expressions.

(@ 3y+3 (b) 10a—12 () -15b+ 10c

Thinking Working

(@ 1 Write each term as the product ofits  (a) 3y+3
prime factors and circle the common Bx y+HB)x 1
factors. If all the factors in a term are
circled, write 1 as another factor.

2 Write the HCF outside the brackets =3X(y+1)
and the remaining terms inside
the brackets.

3 Leave out the multiplication =3(y+1)

symbols.

3 Algebra
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Answers
p.635

(b) 1 Write each term as the product ofits (b)) 10512

prime factors, and circle the common = @X 5Xa —@X 2X3
factors.

2 Write the HCF outside the brackets =2X(Bxa-2x3)
and the remaining terms inside
the brackets.

3 Simplify and leave out the = 2(5a-0)
multiplication symbols.

() 1 Write each term as the product of (¢) -1Bb+10c

its prime factors. Change the + to —- B x®x b - xB®x ¢
so that a negative sign can be
included in the common factor. Circle

the common factors.

2 Write the HCE including the =-5X(B3Xb-2Xc)
negative sign, outside the brackets
and the remaining terms inside

the brackets.
3 Leave out the multiplication = -5(3b - 2c)
symbols.
Factorising
Navigator
1, 2 (column 1), 3 (column 1), 2 (column 2), 3 (column 2), 2 (column 3), 3 (column 3),
4 (column 1),5,6,7,8,9,13,14, 4 (column?2),5,6,7,8,12,13, 4 (column3),5,6,7,8, 10, 11,
16 14,15, 16 12,13, 14, 15, 16
Fluency
1 Find the highest common factor of the following sets of numbers.
(@) 24 and 96 (b) 150 and 900 (¢) 126 and 630
(d) 32,48 and 128 (e) 315,520 and 1500 (f) 63,243,405 and 729
2 Find the highest common factor (HCF) of the following pairs of algebraic terms.
(@) 6mand?9 (b) 14p and 21 (¢) 22d and 55
(d) 8xand 36y (e) 30d and 45c¢ () 24a and 54b
(9) 2p? and 8p* (h) 9¢° and 12t (i) 15d° and 104°2
(i fm4 and f4m2 (k) ab and a®p? )} x4y2 and x2y3
(m) 20mn* and 25m°n? (n) 18s%° and 15st (0) 6g2h and 15gh3i
3 Factorise the following expressions.
(@) 3t+15 (b) 2h+14 (c) 2a—8
(d) 9p+3 (e) 20p-5 (f 15z+3
(9) 12-20b (h) 24 +10y (i) 18-14q
() 3px+12 (k) 2kt—20 () 4hs+14
(m) -8ab —16 (n) -5mn-—15 (o) -12kr—132
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4 Factorise the following expressions.

(@ 3Ix+ 15x (b) 10pm —20m

(d) 6vx —3x (e) 30ab +20a

(9) 16p +14pg (h) 15/ —20Im

G) 30mz—20m (k) 32hk + 36k

(m) -12ab + 16b (n) -14xy +21x
5 Factorise the following expressions.

@ a’+a (b) b*+4b (c) Z-c
6 Factorise the following expressions.

(@) 3a°+3a (b) 2b° +4b (¢) 5¢*+5¢°
7 The highest common factor of 20x and 14xy is:

A 140xy B 7y C 2
8 The HCF of 2mn and 2m® is:

A mbn B 2m C 2mn

Understanding

(©)
(f)
i
U]
()

‘
14pq + 28 | You can check your answers

_ I by expanding the brackets.
18y — 40y ! This should give the original

22]' _ 55]‘1 { expression again.

40h + 28hi

-72m — 56mn
(d) d-d?
(d) 6d> - 6d

D 2x

D 2mn

9 Marge has $5ab and Lisa has $25¢. Write the total amount of money they have together,

in factorised form.

10 The kinetic energy of a moving object with a mass of m kilograms and a speed of

11

2
v metres per second is r% The object’s gravitational potential energy when it is  metres

above the ground is mgh, where g is the acceleration due to gravity.

(@) Write the total energy of the object (kinetic energy plus gravitational potential energy).

(b) Write the total energy in factorised form.
Factorise:

(@ 3x+1)-y@x+1) (b) 7Bx—4)+y(Bx—4)

Reasoning

12 The expression ax + ay + bx + by contains four terms.

(@) Factorise ax + ay.

(b) Factorise bx + by.

(c)

S5x+7)+2y(x+7)

(c) Write the expression for the sum of your factorised answers for the first two parts.

(d) Factorise the expression in the previous part by taking the expression in brackets to be

the highest common factor.

(e) Use the method above to factorise 3x + 3b + xy + by.

13 (a) What is the highest common factor of the expression 4(a + 1) + b(a + 1)?

(b) Factorise 4(a + 1) + b(a + 1).
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Open-ended
14 Write three pairs of terms whose highest common factor is 8.
15 A rectangle has a width of x cm and an area given by the formula A = 10x — x°.

(a) Factorise the expression for the area to find an expression for the length of
the rectangle.

(b) If the length is greater than the width, find a possible value for x.
16 Stephen has factorised 9x + 3 as shown below.

Ix+2=3(3x+3)

His friend Mohammed tells him that he is wrong.

Mohammed has written 9x + 3 = 3(3x + 1).

State who is correct. Explain where the other person has made a mistake and
what can be done to correct this mistake.
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Challenge 3 _

1 When four consecutive even numbers are added, the total is 140. Use algebra to find
the numbers.

2 In how many different ways can you add four positive odd numbers to total 16? You can
use any positive odd number as many times as you like.

3 Three large circles overlap. Six smaller circles are located on the
points where the circles cross, as shown.

(@) Copy this diagram and then write the digits 0, 1, 2, 3, 4 and 5
in the blue circles so that the totals of the numbers in the blue
circles around each large circle are the same.

(b) Copy this diagram again and then write the expressions x, x + 1,
x+2,x+3,x+4 and x + 5 in the blue circles so that the totals
of the numbers in the blue circles around each large circle are
the same.

(c) Find six other integers or expressions for which this will work.
(Integers include positive and negative whole numbers and zero; e.g. -7, 0, 4.)

4 Given the factorisations > + 1> = (x + y)(*> = xy + %) and x> — 1° = (x — Y +xy + 17,
answer the following questions, without using a calculator.

(@) Write 3° and 4° as perfect cubes.
(b) Show that 25 is a factor of 3° + 4°.
() Show that 4 is a factor of 3% — 5°.

5 Write an algebraic expression in each empty cell to make a magic square for which the
sum of each row, column and diagonal is (4x + 2).

x+8 x—06 xX+5

X+2 X

a+i
6 —— isequalto:
b+ =
a
A2 B L C ab D 1
b a
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Chapter review

Maths literacy

associative law equation factorising not like terms
coefficient expanding formulas substitution
constant expression highest common factor (HCF) term
distributive law factorised form like terms variable

Copy and complete the following using the terms from this list, where appropriate. A term
may be used more than once.

1 4b+5is called an .The letter bin 4b + 5 s called a because it can
take the place of any number. The number 5iscalleda___ and the number 4 is
the __ ofb.

2 When you replace x with a certain number, this is called

3 To simplify 4e +3f—2e+6f, collect ___ . The expression then simplifies to
2e + 9.

4 When you obtain the expression 4c + 12 from 4(c + 3), youare ____ the bracket
using the

5 When you write 6a + 18 as 6(a + 3) you are the expression.

6 Algebraic equations used in practical situations are called

Fluency

1 You have x power points in your house.

(@) A house next door has x + 3 power points. How does this compare to the number
in your house?

(b) The other house next door has (x — 2) power points. How does this compare to the
number in your house?

(c) The block of flats across the road has 6x power points. How does this compare to
the number in your house?

2 Evaluate the following expressions for a =4 and b = 5.

(a) 3a+2b (b) 2ab—12 © 82420 @ 10,ab
a b 10
3 Evaluate the following expressions for a =2 and b = 3. m
(@ 7Qa-0b) (b) 3a(b+17) (c) 2a(3-5b)
4 Evaluate the following expressions for a = -2 and b = -3. m
(@ -2a+b-5 (b) ab—4—§22

5 Evaluate the following expressions for x =2 and y = 12.

@ L (b) Z_szB () 2=y)
y
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6 (a) Using the formula F = ma, find F where m =100 and a = 6.3. m
(b) Using the formula v* =u? + 2as, find v where u=1,a=10 and s = 4.
7 Simplify the following, if possible, by collecting like terms. m
@ -j-9 (b) Sty -2ty (c) 7ghi —4ghi
(d) 24ab—5ab+7 (e) 6a+12b—7a+11b ) 24> —4a
8 Simplify: m
(@ 15ax2b (b) 6abxcx11 (¢) -2ax-7xb
9 Simplify: m
(@) 24a+20a (b) 2-;%@ (c) -4ab+ -44a
10 Expand: m
@ 72+a) (b) a(2b+6) (c) 4a(3a+5)
11 Simplify by expanding and collecting like terms: m

@ 2@ +a)+7a

(b) 10a(6 +2b) + 7(2a — ab)

(c) 2a2(3a4 +11a) + 3a (5a® - 2112)
12 Factorise:

(@ 3a-15 (b) 20ab+ 16 (c) -15p+20q

-
N

Understanding

13 Suppose there are m jelly beans in a packet. Melissa, Roderigo and Huong have bought
some packets of jelly beans. The following tells you how many jelly beans each has at
certain times.

Time Melissa Roderigo Huong
12:30 m 0 0
12:31 m—2 2m 0
12:32 m—4 2m—10 3m
12:33 m—6 m 3m—->5
12:34 m—8 m—6 2m
12:35 m—14 0 2m — 8

Write a paragraph telling a story about what happened during the 5 minutes.

14 In a school hall there are f teachers, g female students and b male students.

(@ How many people are there in total?

(b) Eight teachers, six female students and half the boys exit the hall. How many people
remain inside?

(c) Half the teachers and female students who had left re-enter the hall. How many
people are now in the hall?

15 The heights (in centimetres) of three Year 8 students, Mei, Sienna and Liam, are m
3a+2,4b—5,6c+1 (in order).

If a =52, b=41, and c = 26, what is each person’s height?
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16 The heights (in cm) of Year 8 students William, Noah and Yumi are 4d — 8, d° — 45,
2d% + 184 (in order). If d = 6, who is the tallest and what is their height?

17 Ifa=1,b=2,c=3 and so on, with the number increasing by 1 for each letter, find the
value of ab — bc + cd — de + ef - fg.

18 Fatima draws a design made of straight lines. She first draws a line of length u cm straight
up, then another line of length r cm to the right and a line of length d cm straight down.

(a) Write an expression for the total length of the three lines.
(b) If Fatima continues this design 10 times, what is the total length of the lines?
(€) Ifr=d,r= %u and u = 7, what is your answer to the previous part?

19 The speed v metres per second at which a wheel of radius r metres turns is given by the

6.287

formulav = , where t seconds is the time the wheel takes to make one turn. Find the

speed of the wheel if r = 0.35 metres and ¢ = 1.57 seconds.

20 Apples are sold at a market. A standard bag contains x apples. A bonus bag of apples
has twice the number of apples as a standard bag plus an extra 4 apples. A case of apples
contains 2 fewer apples than 6 standard bags of apples. Three customers each buy a bonus
bag of apples and five customers each buy a case of apples.

(@) Write an expression to show the number of apples in a bonus bag.

(b) Write an expression to show the number of apples in a case of apples.

(c) Write an expression to show the number of apples sold.

(d) Expand and simplify your answer.

(e) How many apples were sold if a standard bag contains a dozen apples (x = 12)?

21 A tintis used to protect glass in a rectangular window of length L in metres and width W
in metres. The cost in dollars of applying the tint is 7 x area of glass.
(a) Write an expression for the cost of tinting the window in terms of L and W.
(b) Find the cost of tinting a window 2.5 m long and 0.8 m wide.

22 The area of a triangle is half the product of its base length and its height: A = %

(a) Write the expression for the area of a triangle whose base is 4x cm and whose height
is (3x + 2) cm.

(b) Expand and simplify the expression found in the first part.
(c) What is the area of the triangle if the height is 14 cm?

Reasoning
23 A stencil is made by cutting a triangle out of a rectangle of length I cm and width w cm.

(@) The base of the triangle is half the length of the rectangle and the height of the triangle
is 6 cm less than the width of the rectangle. Find the area of the triangle in terms of
I and w in: (i) factorised form and (i) expanded form.
3lw , 3l

(b) Show that the area of the rectangle that is left once the triangle is cut out is e + 5

(c) Factorise this answer.

(d) Find the area of the rectangle that is left once the triangle is cut out if / = 20 cm and
w =16 cm by:

(i) subtracting the area of the triangle from the area of the rectangle

(i) substituting the values for / and w into your factorised answer in the previous part.
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24 a, b, c represent three numbers.
(@) Write an expression that represents b being increased by 1.
(b) Write an expression for the product of a and your answer to part (a).
(c) Write an expression for the product of c and your answer to part (a).
(d) Write an expression for the sum of the answers to parts (b) and (c).
(e) Factorise the answer found in part (b).
() () Write an expression for the answer to part (e) divided by a + c.
(i) Simplify your answer to part (i).
(iii) Subtract 1 from your answer to part (ii).
(iv) What do you notice about your answer to part (jii)?

(9) Repeat the question using the valuesa=3,b=7,c=38.

Numeracy practice 3

Non-calculator
1 What is the value of 4a%b when a = -3 and b =2?
A -72 B -48 C 48 D 72

2 Which expression is equivalent to 5(2x — 1)?

A 10x-1 B 10x-5 C 10x+1 D 10x+5
3 Which expression is equivalent to 3xy — 8x2 + 2yx — 4x°?

A 3wy—-122+2yx B Sxy— 12 C -7x%y D 5xy— 442
4 Which expression is equivalent to 4 — 8k?

A 8k-4 B 8k+4 C -8k+4 D -8k-4

Calculator allowed
5 Which expression is equivalent to 12x — 9y?

A 90Bx-y) B 12(x-9y) C 3(4x-3) D 3(4x-3y)
6 If a =2, what is the value of 3112—_4 ?
a
1 1
A 2 B - c -2 D -=-
2 2
7 Arule for yin terms of x is y = 12 — 3x. If x = 2.3, then the value of y is:
A 51 B 16.6 C 207 D 345

8 Dylanisxyears old. His brother, Liam, is 8 years old. John’s age is three times Dylan’s age,
plus Liam’s age. Find an expression in terms of x for John’s age.

A x+11 B 8+3 C 3x+8 D 3x-8
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Exploration STEM

You can download this activity from the eBook or the Pearson Places website.

Planes, trains, boats and automobiles

What are the best ways to transport goods from one country to another?You have a budget of
$5 million to purchase goods from Asian capital cities and transport them to different cities in
Australia. Should you transport the goods to each different city directly, or move everything
to a central city first? What methods of transport are the cheapest? Your task is to use maps
and calculations to find the most efficient routes and the best way to make a profit.

Exploration STEM

You can download this activity from the eBook or the Pearson Places website.

The scale of the universe

You live in a universe full of strange, interesting creatures and objects of vastly different sizes.
How large and small can these different things be, relative to each other? Your task is to
explore the scale of the universe, using appropriate mathematics to compare the sizes of
different kinds of creatures and objects.
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Exploration STEM

You can download this activity from the eBook or the Pearson Places website.

Fishing, angling, netting

What is the real difference between fishing with a rod and fishing with a net? In 2015, the
Victorian Government decided to phase out the use of commercial fishing nets in Port Phillip
Bay.Your task is to model the effects of different fishing methods on fish populations and
fishing behaviours.

Exploration Coding
You can access this activity from the eBook or the Pearson Places website.
Quick division

Explore how computers work with numbers by learning how
an algorithm can test whether numbers will divide into each

other or not. /
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Ratio and rate

What a dummy! Would you create a fake
passenger just so you could travel faster on

the freeway?

In peak-hour traffic on freeways, there may
be up to 20 ‘driver-only’ vehicles for every

1 vehicle with passengers. To encourage
people to share their vehicles and take more
passengers, many places now have transit
lanes. Only vehicles with passengers are
allowed to travel in transit lones. Because
these lomes have fewer vehicles, travelling
in them is faster. By sharing vehicles,
people also save time, fuel, money and

the environment.

One driver put a dummy in the passenger
seat to make it look like there was a
passengetr, so he could drive in the tronsit
lane. He was caught and paid a large fine.
Many people around the world from places

Why learn this?

including New Zealand, Australia ond the
USA have all had this scme idea—and have
been caught.

Forum

How do you think the comparison of the
number of driver-only vehicles to the
number of passenger-carrying vehicles
might change outside of peak hour?

Can you think of a time or a place where
the situation might be the opposite: there is
1 ‘driver-only’ vehicle for every 20 vehicles
carrying passengers?

An understanding of ratios is importont for completing many tasks. A baker making a cake,
a builder mixing concrete, a photographer enlarging cn image or a cartographer drawing
a map all need skills in working with ratios and scale factors. Rates similarly encble you
to compare quantities of different types, or to see how an amount, such as a population,

is changing over time.

After completing this chapter you will be able to:

o write and simplify ratios

¢ understond the relationship between ratios, fractions and percentages
e use scale factors and unit ratios to find unknown quantities

e use ratios to calculate one quantity given the other

e use scale ratios to interpret scale drawings, diagrams and maps

e share a quantity in a given ratio
e calculate with rates such as speed

¢ use the unitary method to compare different rates

e calculate population growth rates.

4 Ratio ond rate
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Recall

Prepare for this chapter by attempting the following questions. If you have difficulty with a
question, you can download a Recall Worksheet from the eBook or the Pearson Places website.

1 Copy and complete the following conversions.
(@ 2000mm=____cm (b) 3.6km=____ m
(c) 4t= kg (d 350mL=____ L

2 Copy and complete the following pairs of equivalent fractions.

2_ 8 21
(@) é_D (b) 5%

3 Simplify each of the following by cancelling common factors and converting improper
fractions to mixed numbers.

36 25 35 100
@ i () = © 75 @ —&
4 Convert to improper fractions. (a) 2% (b) 2%
5 Write the following:
(@) as mixed numbers in simplest form
(b) as decimals.
L 12 9 . 25 .+ 52
() 5 (i) 5 (iii) ) (iv) 10
6 Round the following to 2 decimal places.
(@) 0.52517 (b) 3.899
7 Find:
(@ 30% of 150 (b) 8% of 40 (c) 102% of 76

8 (a) 5 out of 20 students buy their lunch at the school canteen. What percentage is this?
(b) 9 out of 16 pet owners own dogs. What percentage is this?

9 Solve the following equations. (a) g =7 (b) d_

8

10

Exploration Task

You can download this activity from the eBook or the Pearson Places website.

Ratios

In this activity, you will explore how to calculate a ratio made
of other ratios.
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Writing ratios

A ratio is a comparison of two or more amounts often written using a : symbol.

The order in which a ratio is stated must be made clear. If the ratio of teachers

to students in a class is 1: 20, then the ratio of students to teachers is 20: 1.

A common ratio used for making concrete is to mix 1 part cement with 2 parts sand and
3 parts gravel. You can write this ratio as cement:sand:gravel =1:2:3.

The actual measured amounts of these ingredients don’t matter. It is the ratio, the proportion
of each ingredient compared with the others, that is important. You could measure them out

using buckets, bags or wheelbarrows and still get the correct mixture (if the buckets, bags or

wheelbarrows are each the same size).

cement : sand
1 : 2

vV § §

cement sand

cement sand sand

cement sand sand

Part : part ratios and part : whole ratios

Suppose that an animal shelter has 13 dogs, 11 cats and 6 birds.You could write a ratio that
compares the number of cats to the number of dogs as 11 : 13.This type of ratio compares two
separate parts of a whole and is called a part: part ratio.You could write another part:part ratio
that compared the number of cats, birds and dogs as 11: 6: 13. (Note that the order of the
numbers in the ratio is the same as the written order of the animals.)

You can also write a ratio that compares the number of cats to the total number of animals as
11: 30. This type of ratio compares one part to the whole, so it is called a part: whole ratio.

A part : part ratio compares separate parts of a whole.

A part: whole ratio compares a part (or parts) to a whole.

v

gravel

gravel
3

gravel

gravel

The estimated ratio of !

I

: the number of insects in |
: the world to the number :
I of humans is 200 million |
| to! |
|
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Ratios, fractions and percentages
It is often useful to express part: whole ratios as fractions or percentages of the whole.
For example, the ratio cats: total animals of 11: 30 means that 1L of the animals are cats,

which can be converted to 36.6%. The number of dogs could be written as %—% , or 43.3%.

Part : part ratios can also be expressed as fractions or percentages. If the ratio of cats to dogs
is 11: 13, then you can say that the number of cats is %, or 84.6% of the number of dogs.
The number of dogs is —}%, or 118.2% of the number of cats. The important thing to

understand is that you are writing one part as a fraction of the other part, not as a fraction
of the overall whole.

Simplifying ratios

When the paint in the groups of tins below is mixed, each group gives the same shade of
purple. The ratio of blue paint tins to red paint tinsis 1:3 and 2: 6 and 4:12 in each group.
These ratios are equivalent ratios, because they represent the same proportions.

When the paint in each group of tins is mixed, the fraction of red paint in each mixture will be
Z, g, %, respectively. These three fractions are equivalent and all simplify to 2

Ratios can be simplified in a similar way to =
fractions, by dividing each number in the ratio ‘Q NG
by a common factor. If you divide by the e
highest common factor (HCF), you find the
ratio in simplest form. For example, the HCF
of the numbers in the ratio 4:12 is 4.

4 . 12
+4l l+4
=1 3

To write a ratio in simplest form, divide each number in the ratio by the highest common
factor (HCF).

Worked example 1

A box of chocolates has 7 plain, 5 nut and 3 soft-centred chocolates.

(a) Write a ratio that compares the number of nut chocolates to the number of plain chocolates,
in simplest form.

(b) Write a ratio that compares the number of soft-centred chocolates to the total number in
the box, in simplest form.

(c) Write the number of soft-centred chocolates as a percentage of the total number in
the box.

(d) Write the number of soft-centred chocolates as a fraction of the number of plain chocolates.
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Thinking Working

(@) Write the ratio in words, in the correct (a) Nut:plain
order, with the numbers underneath. =537
Simplify by dividing by a common factor,
if possible. (Here, there are no common
factors, because the ratio is already in
simplest form.)

(b) 1 Find the number of parts in the (b) 7+5+3=15
whole (the total number of
chocolates).

2 Write the ratio in words, in the Soft-centred : total
correct order, then write the numbers =315
underneath. Simplify by dividing by — 122 =2
the HCF. (Here, the HCF is 3.)

(c) Write the part:whole ratio as a fraction, (c) S_—)
then convert the fraction to a percentage.
_20
100
= 200/0

20% of the chocolates in the box are
soft-centred.

(d) Write the part:part ratio, then use the (d) Soft-centred: plain
numbers in the ratio to write the fraction. =337
Simplify the fraction if possible. 3

7

R Writing ratios

Navigator

1,2,3 (column1),4,5,6,7,8(a), 2,3 (column2),4,5,6,7,8,9, 2,3 (column3),4,5,6,7,8,9,
9,12, 14,15 10, 11, 12, 14, 15 10, 11, 13, 14, 15 P.
Fluency

1 Look at the following coloured squares that
appeared on one side of a Rubik’s cube and
then write the following ratios.

(@) blue squares:red squares

(b) red squares: blue squares

(c) yellow squares: blue squares
(d) yellow squares: red squares
(e) blue squares: total squares

(f) yellow squares: total squares

(9) red squares: total squares in simplest form

(h) blue squares: red and yellow squares
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2 A greengrocer has 9 boxes of apples, 7 boxes of bananas and 4 boxes of pears.

(@) Write a ratio that compares the number of boxes of pears to the number of boxes
of apples, in simplest form.

(b) Write a ratio that compares the number of boxes of pears to the total number of boxes
of fruit, in simplest form.

(c) Write the number of boxes of pears as a percentage of the total number of boxes
of fruit.

(d) Write the number of boxes of bananas as a fraction of the number of boxes of apples.

3 Write each of the following ratios in simplest form.

(@ 2:8 (b) 3:15 (c) 4:16

(d) 4:10 (e) 12:34 (f) 180:150

(9) 20:300 (h) 500:4000 (i) 225:325

() 25:10:5 (k) 24:4:8 () 33:15:27
(m) 3:12:6 (n) 36:4:16 (o) 670:500:215

4 There are 26 students in a Year 8 maths class. 15 of them live in town.

(@) The ratio of students living out of town to students living in town is:
A 15:26 B 26:15 c 15:11 D 11:15

(b) The percentage of the class that live out of town (to 1 decimal place) is:
A 423% B 57.7% C 73.3% D 136.4%

() The number of students living out of town as a fraction of the number of students
living in town is:

11 T c 1 b 15
26 26 15 11

5 Lara mixes 8 litres of white paint with 3 litres of yellow paint and 2 litres of red paint to

get the colour she wants for her living room. Find, in simplest form:

(a) the ratio of yellow paint to white paint to red paint

(b) the ratio of white paint to the total amount of paint in the mixture
(c) the ratio of yellow paint to the total amount of paint in the mixture
(d) the fraction of red paint in the mixture.

(@) Aimiis at an AFL match and estimates that for every 2 Sydney supporters there
are 3 Brisbane supporters. Write her estimate as a ratio.

(b) Write the number of Brisbane supporters as a fraction of the number
of Sydney supporters.

(c) Write the number of Sydney supporters as a fraction of the number
of Brisbane supporters.

Understanding

7 A plank of wood 24 m long has an 8 m long piece cut off it. Express, in simplest form:

(@) the ratio of the length remaining to the length cut off
(b) the ratio of the length cut off to the length of the original piece
(c) the length of the shorter piece as a fraction of the longer piece

(d) the length of the longer piece as a percentage of the original whole.
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8

10

11

A lawnmower’s fuel mixture is 4% oil. The rest
of the mixture is petrol.

(@) Write the ratio of petrol to oil in simplest form.

(b) Oliver has 200 mL of oil. How much petrol
should he add to make the correct fuel mixture
for his lawnmower?

Gek is a travel agent selling return airfares to London for $1950 and to Bangkok for $1150.
(@) Write a ratio comparing the London fare to the Bangkok fare, in simplest form.

(b) Write the London fare as a percentage of the Bangkok fare to the nearest whole number.
Mira mixes 24 buckets of sand with 6 buckets of cement to prepare a mortar mix.

(@) Write the ratio of sand to cement in simplest form.

(b) What fraction of her mortar mixture is cement?

Ryan uses a mixture of petrol and oil to
power his go-kart. 2% of the mixture
is oil, the rest is petrol.

(@) Write the ratio of oil to petrol in
simplest form.

(b) What fraction of the mixture
is oil?

Reasoning

12

13

In his art lesson, Milan made pink paint by mixing 4 cups of red paint with 4 cups of white
paint. His friend Ali mixed 6 cups of red with 3 cups of white.

(@) Write the ratio, in simplest form, of red paint to white paint for:
(i) Milan (i) Ali
(b) Whose mixture would have produced a whiter shade of pink? Explain your answer.

Jois making cordial. She follows the instructions and mixes 100 mL of cordial concentrate
with 400 mL of water.

(@) What percentage of the total mixture is concentrate?

(b) Jo decides the cordial is too weak. She adds another 50 mL of concentrate.
What fraction of the resulting mixture is concentrate?

4 Ratio and rate
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Open-ended
14 (a) Write three ratios that are equivalent to 5 : 2. Check your answers by simplifying them.

(b) Write three ratios that are equivalent to 50 : 75. Check your answers by simplifying
them.

15 A group of primary school students were
asked to name their favourite Australian
animal. The results were:

Kangaroo 3

Koala 5
Platypus 7
Quokka 8

Use these results to write two fractions and
two ratios that give some information about
the group of students.
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Simplifying ratios

Ratios and units

Usually ratios are used to compare quantities of the same type, such as lengths,

masses or numbers of students or animals.

When writing ratios, you do not write the measurement units of the quantities being
compared, because it is assumed that the units are the same. To write a ratio comparing
quantities with different units, you must first convert the amounts to the same unit (the
smaller unit is usually more convenient). When the numbers are converted so that the units
are the same, then you don’t need to write the units.

Ratios should be written in simplest form, using whole numbers only.

If a ratio contains fractions or decimals, multiply all parts in the ratio by the same number
to convert them to an equivalent whole number ratio.

Each quantity in the ratio must be expressed in the same units, which should not be written.

Worked example 2

Write the ratio 25 m : 1500 cm in simplest form.

Thinking

Working

1 Are the units the same? If not, write both
quantities in the smaller unit.

25 m: 1500 cm
= 2500 cm: 1500 cm

2 Remove the units. = 2500:1500
3 Divide both numbers by the HCF (500). = 5:3
Worked example 3
Write the ratio 2% :1:3 in simplest form.
Thinking Working
1 Write any mixed numbers as improper 21l.1:3
fractions. =
= 5 2128
2
2 Multiply by the denominator to turn the = 2% 2:1x2:5x2
fraction into a whole number. Multiply .
=5:2:0

the other numbers in the ratio by the
denominator as well to maintain
the ratio.
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Answers
p.637

Worked example 4

Write the ratio 3.5:4.25 in simplest form.

Thinking Working
1 Multiply both sides by 10. Keep 3.5:4.25
multiplying by 10 until all parts in the = 25:425
ratio are whole numbers. = 350: 425
2 Simplify if possible by cancelling = 70:85
common factors. (In this case, both = 14:17

numbers have been divided by 5, then
by 5 again.)

(W) Simplifying ratios

Navigator
1, 2 (column 1), 3 (row 1), 1 (i-m), 2 (column 2), 2 (column 2), 3 (rows 2-3),
4 (a-h), 5, 6, 8, 14 (a-b), 17 3 (rows 1-2), 4 (a-h), 6,7, 8,10, 4 (e-),6,7,8,9,10, 11,12, 13,

11,12, 14, 15,17 14,15, 16, 18

Equipment required: ruler for Question 17

Fluency
1 Write each of the following ratios in simplest form.
(@) 2:4 (b) 96:48 (c) 10:15 (d) 75:60 (e) 50:125
() 750:75 (9) 49:56 (h) 60:65 (i) 100:104 () 3500:2100

(k) 7:14:21 ( 60:100:40  (m) 35:25:20

2 Write each of the following ratios in simplest form. | Make sure quantities
|

(@ 5cm:3mm (b) 75cm:1.5m | are expressed in the
| same units.

(¢) 5km:600 m:300 m (d) 8000 m:5 km:4.5 km

(e) 60 cents:$2 (/) $3.50:45 cents

(9) 650g:3.5kg (h) 6 L:500 mL

(i) 45 seconds:2 minutes () 480kg:3 tonnes

(k) 8 months:1 year () 2.5L:2000 mL

(m) 8 hours: 180 minutes (n) 10 minutes: 20 seconds
(0) 5400 g:6kg:1.2kg (p) 4 days:4 weeks:1 fortnight

i
(@ 80cm:2.5m:20 cm (N $19:$20:60 cents ,

—
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3 Write each of the following ratios in simplest form.

1 2 1 1
3-:1 b) 4:3% 4:2= d) 5-:2
(@) 5 (b) 3 (©) 3 (d) 3
1 1 1 3
3-:2 4:3= 5:2= h) 7=:6
) 3 () 5 ()] a (h) i
< 1 . 5 1 2
5-:3 3= k) 6=: ) 6:6%
(@i > 0 6 9 (k) 3 9 o 3
4 Write each of the following ratios in simplest form. m
(@ 4.7:3.1 (b) 1.7:5.2 (c) 29:34 (d) 45:7.2
(e) 0.75:1.55 () 2.04:2.52 (9) 2.82:3.09 (h) 3.96:2.61
() 5.6:3.52 G) 81:2.75 (k) 2.2:6.64 () 2.84:6.8
5 The simplest form of the ratio 6: 33 is:
A 018:1 B 2:11 c 11:2 D 1:51

6 Express each of the stated ratios in simplest form.

(@) The ratio of the taller girl’s height
to the shorter girl’s height.

(c)

to the smaller can’s mass.

(e) The ratio of the shark’s length

to the person’s height.

The ratio of the larger can’s mass

(b) The ratio of the number of teeth on the
small gear to the big gear.

(d) The ratio of the triangle’s height
to its base length.

20 cm

() The ratio of the dinosaur’s height
to the elephant’s height.

3.2m

4 Ratio and rate
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Understanding

7 Anunopened box of Megafibre breakfast cereal contains 1.3 kg of cereal. Another box that
has been opened and partly eaten now contains 450 grams.
(@) What is the ratio of the contents of the opened box to the contents of the
unopened box? Write your answer in simplest form.
(b) Write the mass of the opened box as a fraction of the mass of the unopened box.
8 (a) A carpenter makes shelves in three different lengths: 45 cm, 75 cm and 1.05 m.
Write a ratio comparing the lengths, from shortest to longest, in simplest form.
(b) Orange juice comes in three different-sized bottles of 250 mL, 600 mL and 1 L.
Write the ratio comparing the bottle sizes, from smallest to largest, in simplest form.
9 Nancy is 57 years old. Her grandson Will is 11 months old. Nancy is 1.7 m tall and Will
is 89 cm tall.
(@) Write the ratio of Nancy’s age to Will’s age.
(b) Write Will’s age as a fraction of his grandma’s age.
(c) Write the ratio of Nancy’s height to Will’s height. 7
(d) Write Nancy’s height as a percentage of Will’s height. (/
10 Last year, Gloria grew 2 tonnes of peaches in her orchard, -
but her crop this year is down by 800 kg.
(a) Write the ratio of last year’s crop to this year’s crop,
in simplest form.
(b) Write this year’s crop as a fraction of last year’s crop.
(c) Write the decrease in the mass of the crop this year as a percentage of last year’s crop.

11 Tasso has three part-time jobs which he works at for 20 hours, 12.5 hours and 4.5 hours
per week, respectively.

(@) Write a ratio to compare the amount of time he spends at his three jobs.

(b) What is the ratio of total hours worked to the hours at his first job?

(c) What percentage of his total hours does he spend at his second job? Write your
answer to the nearest whole per cent.

12 Find the simplest ratio of two children’s ages if they are:

(@) 14 and 10% years old
(b) 12 years 3 months and 7 years old.

13 Silvio’s fruit salad contains 62 apples and 4% kiwifruit. (He ate the missing fractions while
he was making the fruit salad.) Silvio is delighted with the taste of the dessert, and wants
to find the ratio of the fruits in terms of whole pieces of fruit. What is the ratio of apples
to kiwifruit in simplest form?

Reasoning

14 A fruit juice mixture contains 1.2 L of orange juice and 0.8 L of pineapple juice.

(@) What is the simplest ratio of orange to pineapple juice in the mixture?

(b) If 1 L of water is added to the mixture, what is the new ratio of orange juice to
pineapple juice to water?

(c) What fraction of the final mixture is orange juice?
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15 Pardeep is making a fruit punch for a party. She mixes 2.5 L juice with 1.25 L soda water
and 750 mL ginger beer.

(@) Write the ratio for the 3 parts of the mixture, in simplest form.
(b) What fraction of the mixture is ginger beer? Write your answer in simplest form.

(c) Pardeep mixes the punch thoroughly, then divides it equally into 3 smaller containers.
How much ginger beer is there in each container?

16 Troy completes a triathlon in 2 hours and
10 minutes. The triathlon consists of 3‘legs’
(parts): a 1500 m swim, a 40 km ride, and a
10 km run. Troy’s swim and run take 20
minutes and 40 minutes, respectively.

(@) Write the ratio of (swim distance) : (ride
distance) : (run distance) in simplest form.

(b) Write the ratio of (swim time) : (ride
time) : (run time) in simplest form.

(c) Which‘leg’ of the triathlon takes the
longest time? Write the time taken for this
leg as a percentage of the total time to the
nearest whole number.

(d) Consider the two ratios you wrote for parts
(a) and (b). Explain why the ratios are not
equivalent. (Why are the times to complete
each leg not in the same proportion as the
distances of the legs?)

Open-ended

17 Use a ruler to draw a rectangle that has a length 1.5 times as long as its width. Write the
ratio length : width in simplest form. Compare your rectangle and ratio with that of a
classmate. Is their rectangle the same size as yours? Is their ratio the same?

18 Troy wants to improve his time in the triathlon (see Question 16). Suggest two
ways he could allocate his time between the three sports when devising a monthly
training program.
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Human rcatios

Equipment required:
ruler and string or tape measure

ideas for yourself.

Throughout history, humaons have had ditferent
ideas about what makes a correctly proportioned,
‘beautiful’ face or body. Check out these strange

Gulliver's Travels

In Jonathamn Swift's classic story Gulliver's Travels,
Lemuel Gulliver is shipwrecked and swims to the
island of Lilliput, where the people are an average
height of 14 cm. As Gulliver's only clothes are those
he is wearing, the Lilliputions make new clothing
for him. They take only two measurements—the
distcmce from his neck to his knee and then the
distance around his thumb. From this they calculate
his body shape using these rctios:

»  twice cround the thumb is once cround the wrist
»  twice cround the wrist is once around the neck

»  twice cround the neck is once around the waist.

—

Write the ratios from the sentence above.

N

Check yourself and students in your class
to see if these ratios are true.

PEARSON mathematics 8 2ND EDITION

Vitruvion Man

Many people believe Leonardo Da Vinci used a
number of specific ratios in his famous drawing
Vitruvian Man, shown on this page.

= The maximum width of a person’s shoulders
is always a quarter of their height.

= The length of a person'’s outstretched arms
is equal to their height.

» The length of a person’s hand, from the wrist
to the end of their longest finger, is one-tenth
of their height.

3 Write these sentences as ratios.

4 Which of these ratios do you think is likely
to be true?

5 Test these ratios on yourself and students
in your class.



Heads up

Another interesting body proportion is that of
the circumference of a person’s head compored
to their height. For most people, this ratio is

supposed to be 1:3. Test this out using a tape

medsure or some string and a ruler.

Seven up

Some ancient Greeks had
pcrticular ideas of what the
‘perfect’ human was like.

They believed that the

‘perfect’ human body was
7 heads tall. Find out if
this ratio applies to you
by measuring from your
chin to the top of your
head, and comparing
to your height.

width of head
eye eye
lips
| nose |

top of head

. hairline

nose tip
lips meet

The pertect face?

Some ancient Greeks believed that a perfect
face was in proportion to the ‘golden ratio’

of 1.618. (See the Maths 4 Real on page 238 to
investigate this further.)

6 Using your ruler and the statue face

pictured, find each measurement listed
below to the nearest millimetre. Remember,
you are measuring the distonce between the
two locations. Write your measurements next
to the given letters a-1.

a = top-of-head to chin

b = top-of-head to pupil

¢ = pupil to nose tip

d = pupil to lip

e = width of nose

f = outside distance between eyes

g = width of head

h = hairline to pupil

1= nose tip to chin

j = lips to chin

k = length of lips

1= nose tip to lips

Now, use the measurements calculated
previously to complete the following table.
Remember: g means measurement a
divided by measurement g (round to 3 d.p.).

Ratio Value

Qlo | QlQ

-

~lo

Ol | 5~

Are your ratios in the table the same as the
golden ratio of 1.6187?

What con you conclude about facial
proportions? Is this ancient Greek idea
of the ‘perfect face’ realistic?
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Unit ratios and
scale factors

Ratios that contain large numbers or numbers that cannot be simplified can be more
challenging to understand and interpret. For example, consider the two buildings shown.

nin
ey

The Empire State Building is 443 m tall. The Sydney Tower is 305 m tall.

You can write the ratio of their heights in simplest form as 443 : 305. This is correct, but it does
not really help you to understand their relative sizes. The Empire State Building is taller, but
how many times taller?

Writing the ratio of their heights as a unit ratio makes the comparison more meaningful.
To write a unit ratio, divide both numbers in the ratio by the second number.

Empire State Building : Sydney Tower
443 : 305
+305 <305
1.45:1 (rounded to 2 decimal places)
The unit ratio tells you that the Empire State Building is 1.45, or close to 11 times, the height
of the Sydney Tower. Because 1.0 = 100%, you can also say that the Empire State Building’s

height is 145% of the height of the Sydney Tower or that its height is 45% taller than the height
of the Sydney Tower.

1.45 is the scale factor you multiply the height of the Sydney Tower by to get the height of the
Empire State Building:

305 m x 1.45 = 442 m (allowing a small error due to rounding)

Dividing the height of the Empire State Building by 1.45 gives you the height of the
Sydney Tower:

443 +1.45 = 306 m (with a small rounding error)
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* To write the ratio a : b as a unit ratio, calculate a + b and express the ratio as % :1 (divide

both of the numbers in the ratio by b).

* The quotient % is the scale factor. It tells you the size of a in terms of how many times
the size of b it is. It is the number you must multiply b by to get a.

a2

e Ifais greater than b (a > b), then 2

is greater than 1, and more than 100%.

e If g is smaller than b (a < b), then % is less than 1, and less than 100%.

Worked example 5

Write 34:19 as a unit ratio, rounded to 2 decimal places.

Thinking Working
1 Divide both numbers in the ratio by the 34:19
second number (19 in this case). 34 19
19719
2 Write your answer, rounding to the =179:1(24d.p.)

specified number of decimal places.

Using the scale factor to find an unknown quantity

If you have a unit ratio or a scale factor that compares two quantities, you can use it to find
one of the quantities if you know the other one. The following examples show different types
of scale factor questions and different methods of using the scale factor to find an unknown

quantity.

Worked example 6

The ratio of the height of an elephant to the height of a lion is 3.07 : 1. If the elephant’s height
is 4 m, what is the height of the lion? Write your answer correct to 1 decimal place.

Method 1: Use the scale factor
Thinking Working

1 Write the unit ratio, firstin words, thenin  height of elephant : height of lion
numbers underneath. =3.07:1

2 You know the quantity on the left side of 4 +3.07
the ratio (the height of the elephant).To =13 m (14d.p.)
find the quantity on the right side of the
ratio, divide by the scale factor. Round to
the number of decimal places the
question asks for.

3 Write your answer in words. The lion i 1.5 m tall.
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Method 2: Write and solve an equation

Thinking

Working

1 Write the ratio in words with the unit
ratio underneath. Write a ratio that
compares the known quantity (the height
of the elephant) with the unknown. Use
a pronumeral to represent the unknown.
(Here, L represents the height of the lion.)

2 Write the ratio in fraction form with
the unknown, the height of the lion (L),
as the numerator.

3 Form an equation by writing the unit
ratio as an equivalent fraction on the
other side of an equals symbol.

4 Solve the equation. (Here, multiply both
sides by 4 to solve for L.) Round to the
number of decimal places the question
asks for.

5 Write your answer in words.

elephant’s height : lion's height
=3.07:1
= 4L

lion's height L

elephant’s height 4

L__1_
4 307
o
L= ——x4
3.07
=13 (1d.p)

The lion is 1.3 m tall.

Worked example 7

In a recipe for pancakes there is four times as much flour as sugar and 1.6 times as much

flour as milk.

(@) If you use 3 cups of sugar how much flour is required?

(b) If you use 2 cups of flour how much milk is required?

Method 1: Use a unit ratio

Thinking

Working

(@ 1 Write a unit ratio, first in words, then
in numbers underneath.

2  You know the quantity on the right
side of the ratio (the cups of sugar).To
find the quantity on the left side of
the ratio, multiply by the scale factor.

(a) flour:sugar
=4:1

3 cups of sugar X 4
=12 cups of flour

(b) 1 Write a unit ratio, first in words, then
in numbers underneath.

2 You know the quantity on the left
side of the ratio (the cups of flour). To
find the quantity on the right side of
the ratio, divide by the scale factor.

(b)  flour:milk
=161

2 cups of flour + 1.6
=1.25 cups of milk
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Method 2: Write and solve an equation

Thinking

Working

(@ 1 Give pronumerals to the two
P
quantities.

2 Use the given scale factor to write a
formula that shows the relationship

between these two quantities.

3 Substitute the known value (the
amount of sugar) into the formula
and evaluate.

4  Write the answer in words.

(a) Let f=number of cups of flour
Let 5 = number of cups of sugar

f=4s

f=4%x3
f=12

12 cups of flour are needed.

(b) 1 Give pronumerals to the two
quantities.

2 Write a formula that shows the
relationship between these
two quantities.

3 Substitute the known value (the
amount of flour) into the formula.

4  Solve the equation. (Here, solve for m

by dividing both sides by 1.6.)

5 Write the answer in words.

(b) Let f=number of cups of flour
Let m = humber of cups of milk

f=16m

2=1.6Xm
2

m= —
1.6

m=125

1.25 cups of milk are needed.

Worked example 8

A stegosaurus is believed to have weighed about 5 tonnes, but with a brain that weighed
only 50 g. How many times heavier is the stegosaurus than its brain?

Thinking

Working

1 Write the ratio and express both
quantities in the same unit (grams).

2 Convert to a unit ratio by dividing both

numbers in the ratio by the second

number (50) and leaving out the units.

3 Write your answer in words.

5 tonnes: 50 g
5000000 ¢g:50 g

5000000 50
50 50
= 100000:1

The stegosaurus is 100 OO0 times heavier
than its brain.
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Unit ratios and
sccale factors

Navigator
1 (columns 1-2), 2, 3,4, 5,8, 11, 1 (columns 2-3), 2, 3,4, 5,6,8, 1 (columns 2-3), 2, 3, 4 (a-b), 6,
P. 16 9,11,12, 13, 15 (a-b), 16,17 7, 8,9, 10, 12, 13, 14, 15, 17

Equipment required: calculator

Fluency
m 1 Write each of the following as a unit ratio, rounded to 2 decimal places.
(@) 17:16 (b) 733:525 (c) 766:329
(d) 29:37 (e) 1087:5230 () 3078:2100
(9) 65.5:13.4 (h) 4.25:0.8 (i) 3.56:5
() 6.25:8.33 (k) 20.375:18.116 () 651.9:300.7

m 2 (a) The ratio of Thanh’s height to Hamish’s height is 1.16: 1. If Hamish has a
height of 147 cm, what is Thanh’s height? Write your answer correct to
1 decimal place.

(b) The ratio of the value of the Australian dollar to the British pound sterling is 2.38 : 1.
How many Australian dollars will Patrick get for 250 pounds?

(c) The times taken for the planetsVenus and Mercury to orbit around the Sun are in the
ratio 2.55: 1. If Venus takes 224.65 days to orbit the Sun, then how many days does
Mercury take?

(d) At Callum’s Pizza Shop the unit ratio of ham to pineapple on a Hawaiian pizza is
3.5:1.1f 200 g of ham is used on a large pizza, how much pineapple is used?
WE.7 3 (a) Megan’s recipe for concrete requires 3.7 kg of cement for every litre of water.
(i) If Megan uses 10 kg of cement how much water is required?

(i) If Megan uses 6 litres of water how much cement is required?

(b) There are roughly 6.3 sheep for every person in New Zealand. If the population of
New Zealand is 4.7 million, how many sheep are there?
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(c) Miriam saves three times as much money as Shannon does. If Miriam saves $150 how
much does Shannon save?

(d) The circumference (perimeter) of a circle is approximately 3.14 times the length of the
diameter (the distance across the circle through the centre). What is the circumference
of a circle whose diameter is 14.5 cm?

4 Round your answers to the following questions to 2 decimal places. @

(@) An adult female elephant weighs 3400 kg. A baby elephant weighs 160 kg. How many
times heavier is the adult elephant than the baby?

(b) The populations of Australia and Indonesia in 2016 are shown below.
Australia: 24 million people Indonesia: 260 million people

How many times greater than the population of Australia is the population of
Indonesia?

(c) A Formula One car has a top speed of 415 kilometres per hour (km/h). A family car
has a top speed of 230 km/h. How many times faster is the top speed of the Formula
One car than the family car?

(d) Look at the heights indicated on the picture below. How many times taller than the
car is the dinosaur?

Understanding

5 The two longest rivers in the world are the Nile and the Amazon. The Nile is 1.034 times
as long as the Amazon. If the Amazon is 6448 km long, how long is the Nile? Give your
answer to the nearest km.

6 The diameters of the planets Jupiter and Earth are in the ratio 20.93: 1.

(a) If Earth has a diameter of 12 760 km, then what is the diameter of Jupiter, to the
nearest km?

(b) If a model of the Earth is tennis-ball sized (6.36 cm diameter), then what should be
the diameter size of a model of Jupiter, for the models to be in correct proportion?

7 Lawnmower fuel is a mixture of petrol and oil. 25 litres of petrol are needed for every litre
of oil in the mixture. Dion has 8 litres of petrol. How much oil does he need to add?

8 (a) Express the ratio of the heights of Mt Kosciuszko (2228 m) to Mt Everest (8848 m)
as a unit ratio. Round your answer to 2 decimal places.

(b) How many times taller than Mt Kosciuszko is Mt Everest?

9 The ratio of the top speeds of the
gazelle and the cheetah is 0.724 : 1.
If a gazelle can run at a top speed of
76 kilometres per hour, how fast can a
cheetah run? Give your answer to the
nearest km/h.
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10 A flat screen TV has an‘aspect ratio’of 16: 9. [ 75 cm |
The aspect ratio is the ratio of the screen’s width
to its height.

(@) Write the aspect ratio as a unit ratio.

(b) How tall is this TV screen, if it is 75 cm wide?

11 Copy and complete the following table.

Quantities Ratio Unit ratio Scale factor | Explanation
a:b 4:5 0.8:1 0.8 a is 0.8 times the size of b
Xy 7:1 7:1 x is seven times as large as y
m:p 12:4
240:12 h is one-twentieth the size of g
3.8:15.2 r is one-quarter the size of
d:e 4000:20

Reasoning
12 The system of measurement used in Australia Conversion Scale factor
before the metric system was called the imperial feot to inches <12
system. The scale factors for converting some of
the imperial units of length are as follows. feet to yards % 1
3
(@ How many inches are in 3 feet? -
miles to yards x 1760

(b) How many feet are in 10 yards?
(c) How many inches are in 6 feet?
(d) How many yards are in 3 miles?
() How many miles are in 10 560 feet?
() What would I do to convert from yards to inches?
(9) What would I do to convert from miles to feet?
13 A travel agent adds 3.5% to the cash price of a plane ticket if it is paid for by credit card.
(@) Write the unit ratio for the ratio of the credit card price to the cash price.

(b) Meena paid $361.20 for a ticket with her credit card. What would she have paid if she
had paid in cash? (Answer to the nearest cent.)

14 The scale factor between the height of a 1.75 m tall father and the height of his
12-year-old son is 1.08. Find the two possible heights for the son and explain how you
arrived at each. Which do you think is more likely to be the correct height?
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15 The aspect ratio of an image produced by a camera is the ratio of the image’s length to its
width. Images taken with many digital cameras have an aspect ratio of 3:2.The paper used
to print photos comes in the following range of sizes (traditionally measured in inches).
The relative sizes of the paper are shown in the diagram below.

Length Width
(inches) (inches)
6 4
7 5
8 6
12 8
16 12
18 12

16

12

12

12

(@) Copy the table and add two extra columns, one for the ratio L : W and one for the unit

ratio %} :1. Complete both columns for each paper size.

(b) Use your table to decide which paper sizes provide the best’fit’ for an image that has
an aspect ratio of 3:2. Explain your choice.

(c) Imagine that you work in a photographic printing

business. A customer has some images with an aspect
ratio of 3:2 and wants them printed on ‘7 by 5’ paper.
You sit down at your computer and start with an image
in the smallest standard size of 6 by 4. To increase the
width of the print from 4 to 5, you find that you must

multiply by a scale factor of 1.25 (4 x 1.25 =5).
(i) If you increase the length of the ‘6 by 4’—sized

image by the same scale factor, then what is the
new length of the image?

(i) What is the problem with this new image length?

(d) Describe a potential solution to this problem.

Open-ended

16 The following table gives the approximate unit ratio of (human life expectancy) : (animal’s
life expectancy) for some common animal pets.

Animal Unit ratio
Blue-tongue lizard 3.6:1
Horse 3.8:1
Dog 5.7:1
Cat 6.3:1
Budgie 7.6:1
Rabbit 11.7:1
Guinea pig 16.9:1
Mouse 25:1
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If you don’t have any pets,
ask a friend how old their
pets are and use this
information for Question 16.

17

These ratios can be used to calculate how old an animal is in human years’.

(@) Calculate the ages in human years of any pets you have (if you know how
old they are).

(b) Use the average human life expectancy of 76 years to calculate the life
expectancies of the animals in the table, to the nearest year.

(c) What does it mean if a particular animal has a high value for this unit ratio?

Brett has a space on his lounge room wall 1.7 m long and 1.2 m wide to hang
a new flat screen TV.

The “aspect ratio”of a TV screen is the ratio of its length to its width. The two
most common screen aspect ratios are 16:9 and 4: 3.

(@) Find three sets of screen dimensions (length and width) in the ratio 4 : 3 that
would fit in the wall space.

(b) Find three sets of screen dimensions (length and width) in the ratio 16: 9 that
would fit in the wall space.

(c) Which aspect ratio would be best for Brett’s space? Explain your reasoning.

(d) Use your answer to the previous part to find the dimensions of the screen that
takes up the greatest amount of wall space.

Problem solving

Strategy options

e Draw a diagram.
e Break problem into manageable parts.
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Using ratios
to find amounts

A painter mixes two different coloured paints to get a desired shade. If the shade needs

red paint mixed with yellow paint in the ratio 3: 2, and the painter uses 21 litres of red paint
in the mixture, then how would you calculate the volume of yellow paint? If you know only
the ratio and one of the amounts, then you can calculate the other amount.

For example, one method is simply to list multiples of the given ratio (equivalent ratios) until
21 appears in the‘red paint’position in the ratio:

red : yellow

So, 14 litres of yellow paint are needed.

A more efficient method is to use a pronumeral, such as ‘n’, to represent the unknown
amount.You can then use the other numbers in the ratios to find the value of n. This is shown
in the following example.

Worked example 9

Find the value of n for the ration:24 if n:24 =9 :4.

Thinking Working
1 Write the ratio with the unknown value 9:4
underneath the ratio with the two =n:24

known values.

2 Consider the side of the ratios in which 9:4

both values are known (the right-hand X 6 C ) X 6
side). Use these values to find the n:24
multiplier that turns the first ratio into

the second. (Here, multiply 4 by 6
to get 24.)

3 Because the ratios are equivalent, n=9x6
multiplying the known value on the
other side of the ratio (9) by the same
multiplier (6) gives the value of the
unknown (7).

4 Write the answer. n=54
|
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Worked example 10

A chemist makes a batch of medicine by mixing a chemical with water in the ratio 3: 7. If the
chemist begins with 600 mL of the chemical, how much water must be added?

Thinking Working
1 Write the ratio in words, then the two chemical : water
numerical ratios underneath each other. = 537
Use a pronumeral to represent the = 600 : w (where w = volume of water)
unknown value.

2 Consider the side of the ratios in which D37
both values are known (the left-hand X 200 C ) X 200
side). Use these values to find the 600 :w

multiplier that turns the first ratio into
the second. (Here, multiply 3 by 200 to

get 600.)
3 Because the ratios are equivalent, w=7x200
multiplying the known value on the w= 1400

other side of the ratio (7) by the same
multiplier (200) gives the value of the
unknown (w).

4 Write the answer in words. 1400 mL of water must be added.

In the previous two examples, the number that you multiplied the first ratio by to

get the second (the ‘multiplier’) was an easily identified whole number. In some ratios, this
number is less easy to find. Methods for finding the unknown quantity in these situations are
shown in the following examples.

Worked example 11

Find the value of b for the ratio3:bif3:b=5:7.

Method 1: Use an intermediate unit ratio

Thinking Working
1 Write the ratio containing the unknown 5:7
value underneath the ratio with thetwo ~ =3:b

known values.

2 Divide both numbers in the top ratio 5:7
by the number that is above the known +5 C ) +5

value in the second ratio (in this case 5,

which is above 3). This gives a unit ratio. I7L
Show the division using arrows. 2
X3 X3
3 Now, multiply the unit ratio to find the C 7 )
known amount in the second ratio. 5 5 X
(Here, multiply by 3.) 3.1
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4 Use the sequence of operations used to

turn the first ratio into the second (shown

here in pink) to find b.

b=7+5x%x3
b=42

Method 2: Use fractions to solve an equation

Thinking Working

1 Write each ratio as a fraction, ensuring 5:7
that the pronumeral is a numerator. =3:b
(This means that the second number in
the other ratio, 7, is also a numerator.) b_7
Because the ratios are equivalent, the 3 5
fractions are also equivalent.

2 Solve the equation for b. (Here, multiply b="x3
both sides by 3.) 5

3 Write the answer. b=42

Worked example 12

The ratio of Uppma’s height to Brett’s height is 9:10. If Brett is 152 cm tall, use a calculator to
find Uppma’s height. Write your answer to the nearest centimetre.

Method 1: Use an intermediate unit ratio

Thinking

Working

1 Write the ratio in words, then the
numerical ratios underneath each other.
Use a pronumeral to represent the
unknown value. (Here, use h to represent
Uppma’s height.)

2 Divide both numbers in the top ratio by
the number that is sitting above the
known number in the second ratio (in this
case 10, which is above 152). This gives a

unit ratio. Show the division using arrows.

3 Now, multiply the unit ratio to find the
known amount in the second ratio.
(Here, multiply by 152.)

4 Use the sequence of operations shown to
turn the first ratio into the second (shown
here in pink) to find h.

5 Write your answer in words.

Uppma: Brett
= 9:10
= h:152 (where h = Uppma’s height)

9:10
+10 C )+1O
2:1
10
2:1
10
X 152 C >><152
9

— X 152
10

h=9 +10 x 152
h=137 cm

Uppma is 157 cm tall.

4 DRatio ond rate 231



232

Answers
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Method 2: Use fractions to solve an equation

Thinking

Working

1 Write the ratio in words, then the
numerical ratios underneath each other.
Use a pronumeral to represent the
unknown value. (Here, use h to represent
Uppma’s height.)

2 Write each ratio as a fraction, ensuring
that the pronumeral and the
corresponding number in the other ratio
(h and 9 in this case) are both
numerators. Because the ratios are
equivalent, the fractions are also
equivalent.

3 Solve the equation for h. (Here, multiply
both sides of the equation by 152.)

4 Write your answer in words.

Uppma: Brett
= 9:10
h:152 (where h = Uppma’s height)

h=2 x50
10

=137

Uppma is 157 cm tall.

(W Using ratios to
find amounts

Navigator

1 (columns 1-2), 2, 5, 1 (columns 2-3), 2, 3, 4 (a), 5, 1 (columns 2-3), 3, 4, 5,

6 (column 1), 7 (a-b), 8, 10, 13, 6 (columns 1-2), 7, 8, 9, 10, 11, 6 (columns 2-3),7,9, 10, 11, 12,
15 (a), 18 12,13, 15, 16, 18, 19 13, 14, 15,16, 17, 19

Equipment required: calculator for Questions 6, 7, 9-19

Fluency

1 Find the value of each unknown.
(@ 21:9=7:3 (b) 8:h=1:7 () i:72=5:8
(d) a:15=2:5 (e) b:6=5:3 () c:18=5:3
(9 13:2=p:18 (h) 5:3=u:300 (i) 4:7=0:700
G 2:9=24:r (k) 18:5=180:¢ ( 11:6=330:w

2 The following directions are given on a bottle of concentrated household cleaner:
‘Dilute 2 parts of concentrated cleaner with 5 parts water’.

(a) How much water should be added to 300 mL of the concentrated cleaner?

(b) How much of the diluted solution mixture is there?

3 Jenny needs to add glitter to her container of motion sand in the ratio 3 : 10. She has 540 g
of motion sand. How much glitter should she add?
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4 Ann is mixing a drink that needs cola cordial mixed with water in the ratio of 1:4.

(@) She has poured 200 mL of water into her glass. How much cola cordial should
she add?

(b) If Ann wants to make 1 litre of cola drink, then how much cola cordial and water
should she mix?

5 (a) Tacky-bond glue comes in two tubes containing Part A and Part B pastes. These have m
to be mixed in the ratio 1:4 for maximum strength. If Elio measures out 5 mL of Part A,
how much Part B should he mix with it for maximum strength?

(b) A training college handbook describes a course as having 3 practical lessons for every
8 theory lessons. If the course has 24 theory lessons, then how many lessons are
practicals?

(c) A particular outdoor activity can only be done when there is a teacher—student ratio
of 1:6. If 96 students participate, then how many teachers must be there?

(d) A thick-shake is made of milk and ice-cream in the ratio 5: 2, and contains 400 mL
of milk. Find the amount of ice-cream in the shake.

6 Find the value of each unknown. m

(@ a:44=3:8 (b) c:32=2:5 () b:20=2:9
(d) i:10=11:4 (e) h:12=9:8 () g:30=7:4
(9) 6:x=10:1 (hy 2:x=5:11 (i) 3:x=2:7
() 2:x=8:13 (k) 4:x=8:15 () 4:x=5:9

7 (@) Theratio of an average African elephant’s height
to a prehistoric mammoth’s height is 5: 7. If the
elephant’s average height is 321 cm, find the
height of the mammoth. Write your answer
to the nearest centimetre.

(b) When correctly proportioned, the Australian
flag has a width to length ratio of 10:19. For a
project, Harley wants to make an Australian flag 7 N *
thatis 80 cm long. How wide should Harley’s flag
be, to the nearest centimetre?

(c) Anentomologist finds that the ratio of caterpillars
to moths on a particular tree is 6 : 5. If there are
35 moths, how many caterpillars are there?

(d) Sunbeam Island Resort advertises that the
daylight ‘sun to cloud’ ratio for the island is
20:3.If the average number of hours of sun is 12
during summer, then what is the average
number of hours of cloudy conditions each day?
Give your answer (i) as a decimal and (i) in hours
and minutes.
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8 (a) Ifa:16=>5:4, then a equals:

A1l B 4 C 16 D 20
(b) If 40:9=2800:0, then b equals:
A 900 B 450 C 180 D 40
9 (a) Ifx:4=9:7, then xequals:
A 2 x4 B 2 X 1 C 7 x4 D / X 1
7 7 4 9 9 4

(b) If19:y=2:5, then y equals:

2 2 1 5 5 1

A Zx1 B Zx— 2 %1 D 2x—

5 <19 5719 c 3x1 2719
Understanding

10 The ratio of the dimensions of the rug shown
is 9:5. Find the length of the rug.

11 Amber and Yusuf put their money together to buy a bag of lollies. Amber puts in 90c,
andYusuf puts in 50c. They weigh their shares of lollies, which are in the same ratio as the
amount of money each contributed.

(@) If Yusuf gets 75 grams of lollies, then what mass of lollies does Amber get?
(b) What was the total mass of the lolly bag?

12 Linda and Jean own 35% and 65% of a company, respectively. When yearly profits are
divided in proportion to each owner’s investment in the company, Linda receives
$450 000.

(@) How much does Jean receive (to the nearest dollar)?
(b) What was the company’s total profit?

13 Bob’s recipe for concrete is to mix cement, sand and gravel in the ratio 1:2:4. He has one
10 kg bag of gravel left, and wants to use it all to make concrete. How much cement and
sand should he add?

14 A jam manufacturer sells jam in 250 g and 450 g jars. The prices for each jar are to be in
the same ratio as the jar sizes. If the price of the larger jar is $3.69, what should be the price
of the smaller jar?

Reasoning

15 Voters in the electorate of Wallyville could vote for the Action Party, the Barry Party, the
Save the Whale Party or the Democratic Party. Election results showed the ratio of votes
received was 5:1:2:6, respectively.

(a) If the Barry Party received 850 votes, how many votes did the Democratic
Party receive?

(b) The Save the Whale Party received 1700 votes. Find the number of votes for the Action
Party.

(c) What fraction of voters voted for the Barry Party?

(d) How many voters were there in the total?
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16 Jesse’s local petrol station sells three types of petrol: e10 petrol (a mixture of petrol and

ethanol), 91-octane petrol and 95-octane petrol. The prices were $1.25, $1.32 and $1.38
per litre, respectively.

(@) Write the ratio of the three prices in simplest form.

(b) Assuming the ratio between the prices stays constant and e10 petrol goes up in price
to $1.30 per litre, find the new prices of the other two types of petrol to the nearest cent
per litre.

(c) Assuming the ratio between the prices remains constant and 91-octane petrol
drops in price to $1.25 per litre, find the cost of the other two types of petrol to the
nearest cent per litre.

Open-ended

17

18

19

The maximum allowed ratio of students to skiing instructors is 9 : 1. Groups with fewer
than 7 students cannot ski. If there are 10 instructors available, suggest different group
sizes so that students can take a skiing lesson with no students missing out.

The ratio of Mary’s height to her daughter Alexi’s height is 3: 2. List three pairs of
reasonable heights that fit this ratio.

On an exam, the ratio of the marks allocated for multiple-choice questions to
short-answer questions to long-answer questions is 5:6: 4.

(@) Give two different whole number examples of how many marks could be allocated
to each section of the test.

(b) To make it easier to record the results as percentages, the teacher wants the total
marks to add up to 100 exactly. Is this possible? Explain your reasoning.

Puzzle
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Investigation

Bicycle gears

Equipment required: 1 bike with gears (optional)

The Big Question

How many bike gears are necessary to compete in the
Tour de France?

Engage

Single-speed or fixed-gear bicycles have a front chain
wheel (sometimes called the front sprocket) attached to
the pedals. A rear cogwheel (sometimes called the rear
sprocket) is attached to the rear bike wheel. The chain
wheel is connected to the cogwheel by a chain.

cogwheel

Multi-speed bicycles often have two or more chain
wheels that can combine with any of several differently
sized rear cogwheels. These different combinations are
called gears. A bicycle with three front chain wheels
and six rear cogwheels would have 18 different gear
combinations or speeds.

1 If a bicycle has two front chain wheels and five rear
cogwheels, then how many gears does it have?

2 Ifa?24-gear bicycle has three chain wheels, then how
many rear cogwheels does it have?

3 Ifa21-gear bicycle has seven rear cogwheels,
then how many chain wheels does it have?

The’gear ratio’is found by counting the number of
teeth on both the chain wheel and the cogwheel and
calculating the unit ratio. For example, the chain wheel
in the diagram on this page has 21 teeth and the rear
cogwheel has 7 teeth.

So, the ratio (chain wheel): (cogwheel)
=21:7
Gear ratio=3:1
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This ratio means that when the pedals are turned,

the smaller cogwheel must rotate faster than the chain
wheel. For every rotation of the chain wheel, the rear
wheel must rotate three times.

Although the back wheel turns three times faster,

the effort to make it turn is also three times greater.
Lower gear ratios (which happen when a smaller chain
wheel is chosen) need less effort to turn the pedals,
but the pedals must be turned more times to travel

the same distance.

Some gear specifications for a mountain bike are shown
in the following table.

Front chain wheel Rear cogwheel
(Number of teeth) (Number of teeth)
48 28
38 24
28 21
18
16
14

4 (a) How many gear combinations are possible
for the mountain bike?

(b) Find the gear ratios for each combination and
order them from largest to smallest. Are any ratio
values close enough that they might be
considered the same?




Explore

The Tour de France is a cycling endurance race held
over a 3-week period around France and other parts

of Europe. A typical bike for this competition might have
the following gear arrangement: two front chain wheels
with 39 and 53 teeth, and 10 rear cogwheels with 11, 12,
13,14, 15, 16, 17, 18, 19 and 21 teeth.

5 (a) Calculate the gear ratio for every gear
combination.

(b) How many different gears can the cyclist
choose?

(c) Does your answer to the previous part depend
on your definition of ‘different’?

Strategy options

* Make a table.
e Test all possible combinations.

e Break problem into manageable parts.

Explain
6 Explain how you decided whether two gear ratios
were different or the same.

7 Which gears would a cyclist use when going up a
hill? Why? Which gear would a cyclist choose when
travelling at top speed downhill? Why?

Elaborate

8 Why would a professional cyclist ride a bike with
some gears that have almost the same ratio?
(Hint: When changing gears, separate changes
must be made for the front chain wheel and the
rear cogwheel, because they cannot be changed
at the same time.)

9 Use your answers from 5, 6 and 8 to answer the
Big Question.

Evaluate

10 Consider how you went about answering the
Big Question. Which strategies did you find useful?

11 “When solving problems, mathematicians not only
need to define the problem, but also need to define
the solution.”How does this statement apply to
this investigation?

Extend

12 The letters‘rpm’stand for ‘revolutions per minute’,
For each of the gears shown below, use gear ratios to
find the speed of the second cog, given that the first
cog is turning at 12 rpm.

50

13 If you wanted to create a gear ratio of exactly 3.5:1,
list three possibilities for the number of teeth on
each cog. Which combination would you choose
to put on a bicycle? Why?

14 Research the gears used by competition road cyclists
and track riders. Can you explain why they use
different gear ratios?

15 Research how the gears in a car work. Why do some
cars have 3, 4 or 5 forward gears? How does reverse
gear work? Why is there only one reverse gear?

4 Ratio and rate
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Throughout history, people have been interested

in mysteries and patterns in nature. The number
1.618, known as the ‘golden ratio’ or the ‘divine
proportion’, has fascinated humans for centuries.
It is represented by the symbol ¢, the Greek letter
‘phi’. (1.618 is actually a rounded approximation

of ¢. The actual value is 1+2V'§, which is an irrational
number with an infinite number of decimal places.)

In Dan Brown’s top-selling novel The Da Vinci Code
he describes the following situations in which the
golden ratio appears.

Fact or fiction?

< Fact: Da Vinci did exhume
bodies and measure bones as part
of his studies of human anatomy.
He was taught maths by Pacioli, a
mathematician who was fascinated
by the golden ratio. Da Vinci
illustrated some of Pacioli’s work.

Statement

Human proportions

‘Da Vinci actually exhumed
corpses to measure the exact
proportions of human bone
structure. He was the first to
show that the human body
is literally made of building
blocks whose proportional
ratios always equal phi.’

For example, the ratio of

a person’s height to the
distance from their navel

to the ground is 1.618.

X Fiction: There is no evidence
that Leonardo believed that human
proportions always equalled phi.
The ratio of height to the distance
between the navel and the ground
varies from person to person.

The nautilus - A spiral-
shelled sea creature

‘Can you guess what the
ratio is of each spiral’s
diameter to the next?’

‘Phi, the divine proportion.’

< Fact: The growth of the nautilus
shell is governed by the golden
ratio. The shape of the spiral is the
Fibonacci spiral, shown elsewhere
on this page.

X Fiction: The diameter ratios

are not in this ratio and vary from
spiral to spiral.

Honey bees

‘Did you know that if

you divide the number of
female bees by the number
of male bees in any beehive
in the world, you always get
the same number?’ ‘Phi’

X Fiction: There is nothing true
about this statement. The ratio of
male to female bees is estimated
to vary from 5 to 1 to 50 to 1.

The numbers vary from hive to
hive, region to region and season
to season.

Dan Brown, The Da Vinci Code, Random House Australia, 2004
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Here are some other commonly held beliefs about

the golden ratio:

Belief

Beauty

The golden
proportion is what

is most pleasing to
the eye. ‘Beautiful’
objects, people, plants
and animals are in
the proportions of
the golden ratio.

Architecture

Ancient Greek
architects used the
golden ratio in their
building designs. The
Egyptian pyramids
were built using the
golden ratio.

Art
Artists have used

the golden ratio in
their paintings.

Fact or fiction?

< Fact: Some cultures have used
the golden ratio to define perfection.
Ancient Greeks believed that the
‘perfect face’ was in the golden ratio.

X Fiction: Recent research has shown a
wide range of ratios that are considered
beautiful by people. The concept of
beauty varies dramatically from culture
to culture and over time.

4 Fact: Euclid, an ancient Greek
mathematician, was one of the
first to discover and investigate the
golden ratio.

X Fiction: There is no evidence that the
ratio was deliberately used in Ancient
Greek architecture or by the Egyptians.

< Fact: Artists including Sérusier, Gris,
Severini and Salvador Dali deliberately
used the golden ratio in their art work.

X Fiction: There is no evidence that
earlier artists such as Michelangelo and
Diirer used the golden ratio in their art.

Although there is little evidence to support many
of the claims made about the golden ratio, there
is a real and interesting link between the golden
ratio, a shape called the golden

rectangle and a famous group
of numbers called the
Fibonacci sequence.




The golden rec;cangle L

1 Draw a square of side length 1 cm.
Calculate length + width for this
square.

1lcm

2 Attach another square to form
a rectangle. Calculate length +
width for this rectangle.

1cm

3 Now, attach a square to the
larger side of the rectangle to
form a new rectangle as shown.
Calculate length + width for this
new rectangle.

2 cm

4 Continue attaching larger
squares to the longer side of
the rectangles formed at the
previous stage until you run
out of space. Calculate length
+ width for the new rectangle
formed at each stage.

3 cm

5 What do you notice about your answers to the
length + width calculation at each stage? If you
can’t draw a conclusion yet, continue creating
larger rectangles and calculating length + width.

The Fibonacci sequence

If you write the side lengths of each of the squares
drawn above, you should get the following
sequence: 1,1,2,3,5,8, 13,21, 34, ...

This is called the Fibonacci sequence, named after
the Italian mathematician who was the first to
study it in detail. The numbers in the sequence
are known as Fibonacci numbers.

6 Can you see how each number in the
sequence is generated? (Hint: Look at the
previous two numbers.)

7 What are the 10th and 11th numbers in the
Fibonacci sequence?

8 Calculate the 11th number + 10th number,
and round your answer to 3 decimal places.
What do you notice?

Fibonacci numbers in nature
Fibonacci numbers (and the golden ratio) appear
in nature, most clearly, in the spiral patterns
seen in plants such as sunflowers, pine cones
and pineapples. The pine cone at the bottom

of the previous page shows two sets of spirals,
one set curving anticlockwise, the other clockwise.
You can observe that the number of spirals in
each set are two consecutive Fibonacci numbers.
(‘Consecutive’ means that one number follows

the other in the sequence.)

9 Count the number of clockwise and
anticlockwise spirals on the pine cone (some
have been marked in for you). Do you find
two consecutive Fibonacci numbers?

10 Draw a ‘Fibonacci spiral’ by drawing ‘ /

quarter circles inside each of the
squares used to make a golden

rectangle, as shown. \

Research

11 Research the work of Fibonacci and other
occurrences of Fibonacci numbers in nature.

12 It is commonly believed that the golden ratio
has been used in art and architecture for
centuries.

(a) Do some research to see if you can find
any evidence that ancient Greek buildings
(such as the Parthenon) or Leonardo da
Vinci’s paintings (such as the Mona Lisa)
contain golden rectangles.

(b) Can you find evidence that the golden ratio
is used today? Take some measurements of
doors, windows, TV screens, picture frames,
paper sizes, vases and so on.
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Half-time 4 (’%@

m 1 For the following illustration, write the ratio of:

(a) dogs to people (b) legs to heads (c) leads to dogs.

2 Roberto has planted potatoes and carrots. The area they take up is in the ratio of 2: 5.
If the potatoes take up 50 m?, what area do the carrots take up?

3 Write the following ratios in simplest form.

(a) 28:32 (b) 180 mm:120 mm (c) 10kg:350¢g
(d) 2% :% (e) 2.5:0.45 i) 3}lyears:9 months

In a small business, Lucas owns 5 shares, Jenny owns 2 shares and Mia owns 3 shares.
If they are the only shareholders, then find:

S

(a) the ratio of shares owned by Lucas to those owned by Jenny to those owned by Mia
(b) the fraction of all the shares owned by Jenny, in simplest form
(c) the combined percentage of the business owned by Jenny and Mia.

5 Find the value of each unknown.

(@ d:28=6:7 (b) 27:f=9:2 () 1:5=12:¢q (d) 4:13=88:t

6 The scale factor of the life expectancy of Australian females to males is approximately 1.06.
If the life expectancy of the average male is 79 years, then what is the life expectancy of
the average female? Give your answer to the nearest year.

The tallest building in the world is currently the Burj Khalifa in Dubai. It is 828 m high,
which is 1.83 times as tall as a former world’s tallest building, the Petronas Towers in
Malaysia. How tall is the Petronas Towers? (Answer to the nearest metre.)

8 Pedro has had to raise the price of bananas in his fruit shop from $2.75 per kg to
$3.50 per kg.

(@) Write the ratio of the old price to the new price, in simplest form.

~

(b) Write the new price as a percentage of the old price, to the nearest percentage.

(c) What is the percentage increase of the old price?
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Scale drawings

Scale drawings use ratios to present
accurate information about distances
in a diagram of a convenient size.
Maps and building plans are two
common examples of scale drawings.
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Scale 1:10 000

A scale drawing should always include its ratio. (For example, 1:1 000 000).

The first number in the ratio represents a distance on the diagram. The second number in
the ratio is how many times bigger that distance is in real life.

As with other ratios, scale ratios should be written without units and in simplest form. For
example, a plan of a house may use a scale of 5 millimetres to represent a metre, or 5 mm : 1 m.
To convert this to a scale ratio, express both values in the same units and simplify:

5mm:1m

5 mm: 1000 mm
5:1000
1:200

If the scale ratio is a unit ratio, then the larger value in the scale ratio is the scale factor.
A scale factor of 200 means that in real life the object is 200 times as big as in the diagram.
Another way to think of this is that the object or length was shrunk by a factor of 200 to make

it fit on the page.

4 Ratio and rate
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To write a ratio as a scale ratio, convert to appropriate smaller units and simplify by
cancelling common factors.

Real length Diagram length

When very small objects are enlarged by a scale factor, then the operations shown above
are reversed.

Worked example 13

Convert 2 mm : 1 m to a scale ratio and underline the scale factor.

Thinking Working
1 Write both quantities in the smaller units 2mm:Tm
el = 2 mm:1000 mm
2 Simplify by cancelling any common factor = 1:500

and leaving out the units. Underline the
scale factor.

Worked example 14

The diagram at right uses the scale of 1: 80.
Find the real length of the car in metres.

Thinking Working

1 Measure the length of the car Diagram length = 65 mm
(in mm) on the diagram (65 mm).

2 Multiply the diagram length by the scale ~ Real length = 65 mm x &0
factor to get the real length. =5200 mm

3 Convert your answer to metres. =b52m

Worked example 15

The height of a tower is 70 m. How high should it be drawn on a diagram with a scale of
1:200? Answer in millimetres.

Thinking Working
1 Divide the real length by the scale factor 70 m + 200
to find the diagram height. =0.35m
2 Convert the diagram height to mm. =350 mm
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[/ Scale drawings

Navigator
1,2, 3, 4, 5 (columns 1-2), 1,3, 4, 5 (columns 2-3), 1, 4, 5 (columns 2-3),
6 (columns 1-2), 7 (columns 1-2), 6 (columns 2-3), 7 (columns 2-3), 6 (columns 2-3), 7 (columns 2-3), P.
8,9, 10 (columns 1-2), 8, 9, 10 (columns 2-3), 8, 9, 10 (columns 2-3),
11 (column 1), 12, 15, 17, 22 11 (columns 1-2), 12, 13, 14, 15, 11 (columns 2-3), 12, 13, 14, 15,

16, 17, 18, 20, 22 16, 17,18, 19, 20, 21

Equipment required: ruler, calculator may be used

Fluency
1 Complete the following sentences.

cm

(@) Ascale of 1:20 on a drawing means that 1 cm on the drawing represents
of the actual object.

(b) A scale on a map of 1:900 means that 1 cm on the map represents an actual distance
of m in real life.

(c) Ascale of 1:450000 on a plan means 1 cm on the plan represents ___ km
in real life.

(d) A scale of 1:25 on a plan means 2 cm on the plan represents __ m in real life.
2 The scale of a map is 1:200 000.

(@ This means that every 1 cm on the map represents ___ cm in real life.

(b) In other words, 1 cm on the map represents __ km in real life.

(c) On the map, the distance from Eastland Shopping Centre to Knox Shopping Centre
is shown as 4 cm. What is this distance in real life, in km?

(d) If Brighton Beach and Frankston Beach are 30 km apart, then how far apart will they
be on this map?

3 The scale of a drawing is 1:500.

(@) This means that a building in real life is times as big as in the drawing.

(b) If the Eureka Tower is 59.4 cm in the drawing, what is its actual height in metres?

(c) A male giraffe can grow to 6 m in height. What would this be in the drawing?

4 Convert the following to scale ratios and underline the scale factor. m
(@ 1lcm:6m (b) Tmm:40 cm () 2mm:50 cm (d 5cm:3m
() 5mm:4m f 2mm:1m (90 4cm:1m (h) 4 mm:50 cm

5 A council plan is drawn to a scale of 1:100. Find the real length in metres for each of the m
following diagram lengths.

(@ 2cm (b) 3 cm () 5cm
(d 8mm (e) 23 mm H 19 mm
(9) 40.3 cm (h) 92.5cm () 1.2m

4 Ratio and rate
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6 A house is drawn to scale. Calculate what the following ,—===================- Y
: : : . I Remember that in most cases, the real
Izlrllgths s.houﬁ.be in the diagram using a scale of 1:400. | ength will be bigger than the diagrarm !
swer in millimetres. | length. So, to get the real length you |
@) om (b) 4m © 8Sm | multiply by the scale factor. |
N P

(d) 40 cm (e) 40m ( 80m 3
(9) 320 cm (h) 1200 mm () 5200 mm
() 480 cm (k) 0.8m () 0.24m

7 A map is drawn to the scale of 1:2000. Find the real distances in metres
for each of the following lengths measured on the map. '
(@ 3cm (b) 5cm (¢) 10 cm N 7/
(d) 2.6 cm (e) 38.4cm (f) 43 mm
(9) 9 mm (h) 17.9 mm () 51 mm

8 Are the following scales also unit ratios?
(a) 4:7000 (b) 6:120000 (c) 1:400
(d) 1:500000 (e) 65:500 (H lcm:17 mm

9 In the ratio 1:3500, the scale factor is:

ohia B 1 c 35 D 3500
10 Find the real length in metres for each of the following diagram lengths. The scale ratio is

given in brackets in each case.

(@ 7 cm (1:100)
(d) 8 cm (1:500)
(@) 21 mm (1:30000)

(b) 5 mm (1:1000)
(e) 6 mm (1:50)
(h) 13 cm (1:40000)

(c) 4 cm (1:2000)
(f 40 mm (1:3000)
() 8.8cm (1:2000)

11 Find the diagram length in millimetres for each of the following real lengths. The scale
ratio is given in brackets in each case.

(@ 6m (1:300)
(d) 16 km (1:4000)
(9) 50 cm (1:20)

Understanding

12 Part of a map of a new
subdivision is drawn to a

scale of 1:1000 as shown.

Find the real lengths
corresponding to each
of the following.

(a) the frontage (length
of the block on Short
Court) of Lot 1

(b) the length of the
longest boundary
of Lot 7

(b) 16 m (1:2000)
(e) 12 km (1:50000)
(h) 400 cm (1:500)

Lot 2

crossover
(driveway)

Lot 1 S~—.

footpath

Short Court

(c) 700 m (1:200)
(f 180 m (1:60000)
() 36m (1:400)

Lot6

Lot7

Currawong Crescent

(c) the width of Currawong Crescent
(d) the width of the footpath
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13 An engineer’s drawing of an aircraft is shown below. Find, to the nearest metre:
(a) the length of the aircraft

(b) the width of the aircraft
(wingspan).

1:250

14 Use the scale of the map below and a ruler to estimate the distance (to the nearest km)
between:

(@) Melbourne and Sydney (b) Brisbane and Townsville
(c) Adelaide and Darwin (d) Hobart and Perth.
2
.Darwin
&
o Northern .
Derby Territory Townsville
land
Queenslan ® {Rockhampton
Western ®
Australia
N Brisbane
South
Australia
New South Wales
Perth o Newcastle
[T Sydney
Adpeid ® Canberra
= Victoria
Albany ° o Melbourme
Hamilton

0 0

Scale 1:50000000 T
Hobart
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Reasoning

15 Franjo is about to draw an accurate scale diagram
of his block of land, which has the measurements
shown (not to scale).

(a) Find the dimensions of Franjo’s diagram if he
uses a scale of:

(i) Tcm:5m (i) 4mm:1m
(iii) 1:200 (iv) 1:400
(b) Which of the above scales would best cover an A4 sheet of paper?

16 A developer has a proposal for a city project. A section of her rough plans for the project
appears below. If a scale model is made of the proposed development with a scale of
1:2000, then what are the lengths on the model of the following? Answer in millimetres.

hotel
58 m
35m
walkway conference centre
110 m
(@) the height of the hotel (b) the length of the conference centre
(c) the height of the conference centre (d) the length of the walkway

17 Scale drawings aren’t always
smaller than the real thing. The
diagram opposite is of a spider,
drawn to a scale of 2:1 (i.e. the
real size of the spideris 0.5 or 1 the
diagram size). Find the real length
of each distance marked with a
variable on the diagram.

(Answer in mm.)

18 Find the real length of the amoeba
(a microscopic single-celled
organism) using the scale shown.

Scale 100 : 1
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19 The scale ratio for a housing estate plan is 1:900. A rectangular block measures 3 cm by

2.4 cm on the plan.

(@) Find the area of the block on the plan in cm?.
(b) Find the actual dimensions of the block in cm.
(c) Find the actual area of the block in em?.

(d) Multiply the area of the block on the plan by the scale factor. Is the answer the same
as the actual area? Explain why or why not.

(e) Find the actual dimensions of the block in metres.
() Find the actual area of the block in m>.

(9) What is the relationship between the actual area in cm? and the area in m??

Open-ended

20 An architect needs a scale model of a 140 m high building. The finished model must be
between 20 cm and 50 ¢m tall. List three whole-number scale factors that could be used.

21 A cartographer (map maker) needs to show an entire suburb on a single A4 piece of paper.
Allowing for borders, the maximum map size is 18 cm by 25 cm. The dimensions of the
suburb are roughly 5 km by 7 km. List two proper scale ratios that the cartographer could
use. Which would you recommend and why?

22 Sometimes, a scale drawing uses a scale that increases the size of the drawn object
compared with the actual object. List three examples of where this might be the case.
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Sharing an
amount in a
given ratio

To share an amount in a given ratio:

1 add the values in the ratio to find the total number of parts

2 divide the amount by the total number of parts to find the size of one part

3 multiply the values in the ratio by the size of one part.

Worked example 16

Share 45 in the ratio stated in the brackets. (2:7)

Method 1: Find the size of one part

Thinking Working
1 Find the total number of parts in the Number of parte =2+7
given ratio. =9
2 Divide the full amount by the number of  Size of one part = i
parts to find the size of one part. _ 59
3 Multiply the ratio by the size of one part. 2:7
=5X2:5X7
= 10:35
4 Check that the new amounts add up to 10+25=45v
the original amount.
Method 2: Find the fraction
Thinking Working
1 Find the total number of parts in the Number of parte =2+7
given ratio. =9
2 Express each part as a fraction by using 2 Z
the part as the numerator and the total 9 E
as the denominator.
3 To find each part, multiply the full 2 % 45 =10 7 % 45 =35
amount by the fraction. J 7
4 Check that the new amounts add up to 10+25=45v

the original total.
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Worked example 17

Jake, Abdul and Pendo share a box containing 24 chocolates in the ratio 4 : 3 : 1. How many

chocolates does each receive?

Method 1: Find the size of one part

Thinking

1 Find the total number of parts in the
given ratio.

2 Divide the amount by the number of
parts to find the size of one part.

3 Multiply the ratio by the size of one part.

4 Check that the new amounts add up to
the original total.

5 Explain the answer.

Working
Number of parte =4+ 3 +1
=5
Size of one part = 2g4
=)
4 . 35 1
= 4X3:5%x3:1x3
= 12 : 9 :3

12+9+3=24V

Jake receives 12 chocolates.
Abdul receives 9 chocolates.
Fendo receives 3 chocolates.

Method 2: Find the fraction

Thinking

Working

1 Find the total number of parts in the
given ratio.

2 Express each part as a fraction by using
the part as the numerator and the total
as the denominator.

3 To find each part, multiply the amount by

the fraction.

4 Check that the new amounts add up to
the original total.

5 Explain the answer.

Number of parte =4+ 3 +1
=5

(SSEEeY
X —

g

uoa=12 Z2xpa=9 lxoa=3
8 & 8

1249+3=24V

Jake receives 12 chocolates.
Abdul receives 9 chocolates.
Fendo receives 3 chocolates.

4 Ratio and rate
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[ Sharing an amount

In a given ratio

Navigator
1,2 (columns 2-3), 3,4,7,11,12 2 (columns 2-3), 3, 4, 5,6,7,9, 2 (columns 2-3), 3,4, 5, 6, 7, 8,

10, 11,12 9,10, 12,13

Equipment required: calculator for Questions 8, 9

Fluency

1 In the following ratios, how many parts are there in total?
(@ 5:15 (b) 9:3:15 (c) 24:5:12:7

m 2 Share the following amounts in the ratios stated in the brackets.

(@) 30 (2:3) (b) 20 (3:1) (c) 42 (5:1)
(d) 39 (2:11) (e) 84 (16:5) (H 38 (12:7)
(9 56 (4:3:1) (h) 42 2:4:1) (i) 54 (2:7:9)
() 33 (2:5:4) (k) 50 (2:3:5) M 9 (1:7:4)

:

(@) Kayla has a packet of 45 jelly beans that she must share with her little brother in the
ratio 3: 2. How many jelly beans do Kayla and her brother receive?

(b) Ms Everage makes a batch of 84 lamingtons, which she wants to divide in the ratio
2:7:3 and put into separate containers for afternoon tea on three days. How many
lamingtons should she put into each container?

Understanding

4

________ N 5

/ \
: Convert to mL. :
)

After 21 cricket matches, the win:loss ratio of Adrian’s cricket team is 5:2. How many
matches has the team won, and how many have they lost?

The instructions on a container of orange juice concentrate say to mix with water in the
ratio 1:4. If Boutros wants to make 2 L of juice according to the instructions, then how
many mL of concentrate and water should he mix?

Two-stroke motor fuel is made by mixing 1 part oil with 24 parts petrol. Anastasia wants
to mix 5 litres of two-stroke fuel. How much oil and petrol does she need?

The ratio of boys to girls in Year 8 at MacGregor High is 7: 8. If there are 300 students in
Year 8, how many of each gender are there?

Alottery win is to be divided among the following people in the same ratio as the amounts
they contributed to the tickets, which are as follows:

Karine $5
André $3
Vivian $2
Julian $2

If the lottery win is $57 000, then how much should each person receive?

PEARSON mathematics 8 2ND EDITION



Reasoning

9 A nursery sells a fertiliser with an N:P: K (nitrogen : phosphorus : potassium) ratio of
3:2:4. (The capital letters are the chemical symbols for these elements.)

————

~
7/

One tonne is equal to :
|
|

|
| .
(@ How many kilograms of each element are in a 2.7 tonne load of the fertiliser? | 1000 kilograms.

(b) If 300 kg of phosphorus (P) was added to the 2.7 tonne load, what would be the new
ratio of elements?

10 The block of chocolate shown is divided between two groups of
students according to the number of students in each group.

(@) If there are 4 students in the first group and 2 in the second
group, how many pieces of chocolate does each group get?

(b) How many pieces does each student get?

(c) One member of each group decides not to have any chocolate. If the chocolate is
redistributed according to the new groups, how many more pieces of chocolate
does each student get now?

11 A 6.4 m length of timber is to be cut so that
the two pieces are in the ratio 2:3. How far
along should the cut be made? (Answer in
centimetres.)

Open-ended

12 Kelly, Nadine and Petra have lunch together. When the bill comes it does not show
individual prices for each thing they ordered. The total bill is $115. All three had a main
course and a drink but Nadine also had a dessert. Suggest two ways the bill could be
divided and explain your reasoning.

13 Ms Footsie and Ms Nikkei form a partnership and invest $5 million and $9 million,
respectively, to buy a television station. They sell the station for $42 million some
time later.

(@) How should the $42 million be divided between the two partners?

(b) Ms Footsie is claiming she should receive $19 million from the sale, only $4 million
less than her partner. Can you suggest a reason why?

Problem solving

Strategy options

e Guess and check.
e Work backwards.

e Test all possible combinations.
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Rates

A rate is a way of comparing two amounts of different quantities. Rates usually
include the word per which means ‘for each” and which often uses the symbol / or the
letter “p’. A rate is similar to a unit ratio, because it is the amount of the first quantity
for every 1 unit of the second quantity. Some examples of rates are:

If the price of apples is $4.96/kg, you Hair grows at an average rate of
will pay $4.96 for 1 kg of apples. 1.3 cm per month.

APPLES

Speed

Speed is a rate that compares distance and time. It is used to describe how fast something is
travelling. For example, a car could be travelling at 60 kilometres per hour (km/h or kph), or a
cheetah could be running at 25 metres per second (m/s or ms™).

A car speed of 60 km/h means that in 1 hour, a car will travel a distance of 60 km. This could
be a constant speed, but it is more likely that a car will speed up and slow down at various
times during the hour, in which case you would be calculating an average speed.

distance travelled

average speed = e taken

This can also be written as the formula: s = %1

Worked example 18

Calculate the average speed for the following. Express your answers correct to 2 decimal
places where necessary.

(@) a car that travels 360 km in 4% hours

(b) an athlete who sprints 100 metres in 10.49 seconds
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Thinking Working
(@ 1 Write the formula for calculating (a) 5= d  d=360 km
average speed. t  t=45h
i g _ 360
2 Substitute the values for distance 5= T

and time.

3 Evaluate. Note that as the original
units are km and hours, the speed
unit is km/h.

average speed = &0 km/h

(b) 1 Write the formula for calculating

average speed.

2 Substitute the values for distance
and time.

3 Evaluate, rounding your answer to
the stated number of decimal places.
Note that as the original units are
metres and seconds, the speed unit
ism/s.

) o=d d=100m
t t=1049¢
100
6= ——
10.49

average speed = 9.53 m/s

The unitary method

A rate represents a certain number of a first quantity for every 1 of a second quantity.
Calculating a number per 1 ‘unit’ (where a “unit'might be for example litres, kilograms, boxes
or people) is a useful method for solving problems. This is called the unitary method. The first
part of this method is similar to calculating a unit ratio, which was discussed in Section 4.3.

Worked example 19

(@) A recipe for blueberry muffins needs 150 g of blueberries. The recipe makes 12 muffins.
What mass of blueberries is required to make 40 muffins?

(b) 5 kg of potatoes costs $12.99. How much would 16 kg cost?

Thinking Working
(@ 1 Calculate the amount needed forone  (a) 150 g for 12 muffins
‘unit’ (one muffin). 12 ) L2

2 Multiply the amount per unit by the
number of units (40 muffins).

=12.5 g for 1 muffin

X 40 C )><40

=500 g for 40 muffins

(b) 1 Calculate the price per unit (per kilo).

2 Multiply the price per unit by the
number of units (16 kg).

(b) $12.99 for 5 kg
+B

) +8

X 16

=$2.598 for 1 kg

X 16 C

= $41.57 for 16 kg
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Answers
p. 639

You can modify the unitary method slightly if you are working with numbers that have
common factors. Instead of finding the cost or amount per one unit, you can find it for 10
or 20 units or a number of units that is a common factor.

For example, if 30 L of petrol costs $45, then you can calculate the cost of 50 L by first finding
the cost of 10 L.

$45 for 30 L
=$15for 10 L (= 3)
= $75for50 L (x 5)

Similarly, if one number is a multiple of another, your task is simpler. For example, if 100 g
of mixed nuts costs $2.50, then you can simply multiply by 3 to find the cost of 300 g.

$2.50 for 100 g
= $7.50 for 300 g (x 3)

Percentage rates of change

A rate is often used to describe how quickly or slowly a quantity is changing over time. Speed
is an example of distance changing over time. To track change over times such as months,
years or decades, the rate is often calculated as a percentage increase in the previous quantity.
Percentage rates are commonly used to describe the yearly growth in a population (of a
country, city or school), or financial growth (such as the value of shares in a business or the
price of oil).

A percentage rate is calculated by writing the change (the amount of increase or decrease)
as a fraction of the previous amount, then converting to a percentage.

For example, if the population of a suburb increases in one year from 250 to 270 people,

the percentage rate of change is: 225—00 x 100%, or 8% per year.

If the population continues to grow at this rate in the following year, the population at the
end of that year would be 108% of 270: 1.08 x 270 = 292 (rounded to a whole number).

Rates

Navigator
1,2,3,4,6(a),7,8,9, 11, 13, 2,3,4,6,7,8,10,11,12,13,16, 3,4,5,6,7,10,11,12,13, 14,
16 (a-c), 18, 19, 25 17,18,19, 25 15,17, 20, 21, 22, 23, 24

Equipment required: calculator

Fluency
1 On her way to the city, Jackie took a picture of the following road sign.
(@) What does this road sign mean?

(b) If Jackie travels at 100 km/h, what does this mean in terms of
distance travelled and time taken?

(c) If Jackie travels at a constant speed of 100 km/h, how far does she drive in 2 hours?
2 Explain what the following rates mean in your own words:

(a) Robert reads at a rate of 294 words/minute.

(b) Jack earns $21/h mowing his neighbour’s lawn.

(c) Flour costs $0.55 per 100 g.

(d) Fuelis used by a sportscar at a rate of 11.8 L per 100 km.
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3 Calculate the average speed for the following.

Express your answers correct to 2 decimal places
where necessary.

(@) 80 kilometres travelled in 2 hours

(b) 200 kilometres travelled in 4 hours
(c) 160 kilometres travelled in 2.4 hours
(d) 150 kilometres travelled in 3.9 hours
(e) 1120 kilometres travelled in 12 hours
() running 400 m in 48.80 seconds

(9) swimming 100 m freestyle in 49.2 seconds

(h) floating 3.5 km in 20 minutes

(@) A recipe for Anzac biscuits requires 125 g of butter. The recipe makes 24 biscuits. m
What mass of butter is required to make 100 biscuits? (Answer to the nearest gram.)

(b) 4 kg of tomatoes costs $19.75. How much would 10 kg cost?

(c) A box of 24 mangoes costs $65. How much would 20 mangoes cost?

(d) Arecipe for vegetable soup requires three stalks of celery. The recipe feeds four people.
How much celery is required if soup is to be made for 11 people?

The following table shows the change in population of Australia’s three largest cities,
as well as Australia’s total population, over the year from 2013 to 2014.

City Population 2013 Population 2014 Change

Sydney 4372802 4451841 + 79039
Melbourne 4177864 4269138 +91274
Brisbane 2140701 2176799 + 36098
Australia — Total 23285739 23610906 + 325167

(@) Answer the following questions for each of the cities, and also for the whole
of Australia.

(i) Calculate the increase in population as a number of people per week.

(i) Express the change in population as a percentage increase in the 2013
population. (Round answers to 2 decimal places.)

(b) If the population continued to grow by the rate calculated in the previous part,
then what was the population at June 2015?

(@) Mal wants to get fit. He jogs 5 km a day for a week. If 5 km takes him 45 minutes
to complete, his average speed is closest to:

A 0.15 km/h B 3.75km/h D 6.7km/h

(b) Angela walks 4 km each day. Today, it takes her 40 minutes. Angela’s average speed,
in metres per second, is:

A 100 m/s B 1.67m/s

C 545km/h

C 15m/s D 0.0017 m/s

Find the cost of petrol, in cents per litre, for each of the following situations. Give your
answers correct to the nearest tenth of a cent.

(@) It costs $37 for 30 litres.
(c) It costs $22.84 for 15.7 litres.

(b) Tt costs $31.40 for 25 litres.
(d) Tt costs $66.52 for 46.8 litres.
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8 A typical healthy resting heart rate for an adult is in the range 60-80 beats per minute
(bpm). Find the number of beats per day if the rate is:

(@) 60 bpm (b) 80 bpm

Understanding
9 (a) Emilywalks 22 kilometres at a constant speed of 4 km/h. How much time does it take?
(b) Luan averaged 80 km/h in her car for 3 hours. How far did she travel?

10 Here are Martha’s ingredients for scones. The quantities shown make 12 scones.
Rewrite the quantities of ingredients to make 40 scones.

4 cups self-raising flour

—
2 tablespoons icing sugar mixture ’
3 . A
1 CUP milk £V
i cup thickened cream ‘i~"
1 egg, lightly beaten -, P

11 In one-day cricket, the ‘run rate’ is the number
of runs that must be scored each over by the
batting team to win the match. In one match,
Australia need to score 215 runs to win a 50-over
cricket match against England.

(@) Find the run rate required at the start of the
innings.
(b) If Australia scored 42 runs in the first

10 overs, find the run rate required for the
next 40 overs for Australia to win the match.

(c) The opening batsman scored 20 runs from
16 balls. Express his run rate as the number of
runs per ball.

(d) The next batsman scored 68 runs from
89 balls. Express his run rate as the number of
runs per ball.

12 Calculate the following. Use mental strategies wherever possible.

(@) Ham costs $13/kg. How much does it cost for:
(i) 500¢g (i) 250 g?

(b) Dried apricots cost $9/kg. How much does it cost for:
(i) 100g (i) 300 g?

(c) 30 L of petrol costs $42. How much does it cost for:
(i) 20L (i) 50L?

(d) Chocolate-coated nuts cost $3/100 g. How much does it cost for:
(i) 250¢g (i) 350 g?

13 Water costs $1.7924 per kilolitre (kL). For each of the following charges for water supply,
find the amount of water used, correct to 4 decimal places.

(@) $52.40 (b) $16.55 (c) $22.40 (d) $18.90
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14

15

16

The following currency conversion table gives some conversion rates for the Australian
dollar to other currencies on a particular day. The first column tells you how much of the
other currency you will get if you exchange one Australian dollar (A$1). The second
column tells you how many Australian dollars you will get if you exchange one unit
(dollar, real, pound or yen) of the other currencies.

A$1 Worth in A$
American dollar 0.989139 1.01098
Brazilian real 1.65245 0.605163
British pound 0.618406 1.61706
Japanese yen 80.7705 0.0122294
New Zealand dollar 1.305 34 0.766 085

(@) Calculate how much A$500 would be worth in:
() American dollars

(i) Brazilian reals

(iii) British pounds sterling.

(b) You have 250 000 Japanese yen. How much would you get in Australian dollars
for this amount?

(¢) You have 750 New Zealand dollars. How much would you get in Australian dollars
for this amount?

The following table gives the estimated

population and the percentage growth rate Region POP_L:II_a tion Growot/h rate
of that population in June 2016 for the (million) (%)
world and a number of countries in the World 7432.7 1.13
Asia-Pacific region. Australia 243 142
(a) Assul_ning the population growth rate China 1382 3 046
remains constant for each country, find .
an estimate for the population of the India 1326.8 1.20
world and each of the countries listed Indonesia 260.6 117
above for:
() 2017 (i) 2018.

Round your answers to 1 decimal place (0.1 million).

(b) Which country has the:
(i) fastest growth rate (i) slowest growth rate?

(c) What would a growth rate of zero tell you about the population of a country?
(d) What would a negative growth rate tell you about the population of a country?
Calculate the following as rates:
(@) Jin walked 348 m in 4 minutes. What is her walking speed in metres per minute?
(b) Martin paid $7 for a 2 kg bag of potatoes. What is the cost per kilogram?
(c) Lily bought 5 m of wood that cost $45. What is the cost per metre?
(d) A pack of 4 black pens costs $5. What is the cost for 1 pen?
(e) It took 36 hours to refill Jo’s 34 920 L pool. At what rate did her pool fill?

(f) It took 1 hour to iron 20 shirts. How many shirts are ironed in a minute?
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17 The nutritional information table on a packet of cream biscuits looks like this.

Per serving: 17 g Per100 g
(one biscuit)
Protein 52¢g
Fat — total 26.7g
Fat — saturated 131g
Carbohydrate — total 66.1g
Carbohydrate — sugars 276 ¢

Use the unitary method to complete the “per serving’ column.

18 Emily and Josh went bushwalking and
travelled approximately 6.5 km in the first
3 hours. Answer to 2 decimal places.

(@) What was their average speed?

(b) If they maintained this speed for the
next 51 hours, how far would they
travel in total over the day?

Reasoning

19 Kieran and Jess walk to the bus stop each day. The stop is approximately 1.8 km away.
If it takes them 20 minutes, calculate their average speed in:

(@) metres/minute (b) km/h

20 In April 2016 the following world records stood. All events are athletics (running),
except for the 100 m swimming.

100 m | 100 m swimming | 400 m 5000 m Marathon (42 km)
Men 958 s 4691 s 4318 s | 12 min 37.35s 2h2min57s
Women | 10.49 s 52.07 s 47.60s | 14 min 11.15s 2h15min25s

(@) What is the average speed of the men’s 100 m running record in m/s, to 1 decimal place?

(b) If the men could maintain the speed calculated, how much time would it take to cover
the 42 km of the full marathon? (Answer to the nearest minute.)

(c) What is the average speed in m/s for the women’s 100 m and 5000 m running events,
to 2 decimal places?

(d) In which event is the ratio of the men’s time to the women’s time closest to 1:1?
(e) Complete the following sentence. (Write the answer correct to 2 decimal places.)
Men can run 100 m times faster than they can swim 100 m.

21 (a) As the use of electricity increases, so does its cost. For the first 1000 kilowatt hours
(kWh) the cost is 19.05 cents per kWh. Any extra energy consumed is charged at
19.51 cents per kWh. Find the cost of:

(i) 1203 kWh (i) 1424 kWh (iii) 1046 kWh (iv) 1822 kWh
(b) Now find, to 2 decimal places, the number of kWh used if the total cost is:
(i) $172.50 (i) $199.85 (i) $203.45 (iv) $220.90
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22 The graphs below show the population growth rates for Australia (blue) and China
(green) over a period of 50 years.

Population growth rate
Percentage change of resident population compared to previous year
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y-axis for the Australian

(@) What does a growth rate of 0% indicate? and Chinese graphs.

N —————

(b) What unusual thing happened to the Chinese population in the early 1960s?
() Summarise the population growth rate of Australia over the past 50 years.
(d) Summarise the population growth rate of China over the past 50 years.

(e) List some possible reasons for the differences between the two countries.

() What further information do you need to be able to calculate how many people
were added to each population in 2009?
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23 The pink line on the graph below shows the population of Australia steadily increasing.
It represents the number of people predicted for the period 2000-2100. The blue line on
the graph shows the predicted percentage growth rate of the population. After a sharp
increase near the beginning, it decreases for most of the time shown.

(@) What are the two main ways that the population of a country can grow?

(b) Explain how the population can keep increasing even though the growth rate
is decreasing.

Australian population

Persons (millions) Percentage
50 growth rate ]
45 1.6
40 1.4
35 1.2
30
1.0
25
0.8
20
0.6
15
10 F —-0.4
s F Ho2
0 1 1 1 1 1 1 1 1 1 0.0
2000 2010 2020 2030 2040 2060 2060 2070 2080 2090 2100
—— Persons (LHS) — Growth (RHS)
Open-ended
24 Make a list of factors that influence the rate at which a population of a city (or a country)
can grow.

25 By estimating the time between haircuts and the length of hair that is cut each time,
calculate the growth rate of your hair in mm/week.

Problem solving

Strategy options

e Guess and check.
e Work backwards.

e Test all possible combinations.
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Challenge 4

1 Atrain is travelling from Melbourne to Sydney at 80 km/h. Another train is travelling from
Sydney to Melbourne at 90 km/h. How far apart are they, half an hour before they pass
each other?

2 Kevin and Sanna take 6 hours to clean their house. If Sanna does twice as much work
as Kevin, then how much time would it take Kevin to clean the house on his own?

3 Ifsix cats eat a total of nine tins of cat food in three days, how many tins of cat food should
two cats eat in six days?

SN

One liquid contains 22.5% water, another liquid contains 27% water. A glass is filled with
5 parts of the first liquid and 7 parts of the second liquid. What percentage of the liquid in
the glass is water?

5 A train travels from A to B at a speed of 40 km/h, and from B to A at a speed of 60 km/h.
What was its average speed for the whole journey?

6 A tank can be filled by one pipe in 3 hours, by a second pipe in 5 hours, or by a
third pipe in 10 hours. If all three pipes are used together, then how much time will it take
to fill the tank?

7 Two gears work together. There are 32
teeth on one gear and 36 teeth on the
other gear. The first gear makes 128
revolutions per second. How often,
during a 24 hour period, will the same
two teeth from each gear be together?

8 A square floor is tiled with a large number of regular
hexagonal tiles. Each green tile is surrounded by 6 white tiles
and each white tile is surrounded by 3 white and 3 green tiles.

(a) Explain why the ratio of the number of green tiles to white tiles is 1:2.

(b) Justify your answer by completing the pattern in two ways, starting with a green tile
in the top left-hand corner, then starting with a white tile in the top left-hand corner.

9 It takes 10 employees 25 days to drain a lake and remove the weeds.

(@) Assuming a constant ratio between the number of employees and the time taken,
how much time will it take:

(i) five employees
(i) three employees
(iii) 30 employees
(iv) 100 employees
(v) 300 employees?

(b) What might be wrong with assuming that the ratio is constant between employees
and time?
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Chapter review

Maths literacy

equivalent ratios rate scale ratio unit ratio
part:part ratio ratio simplest form unitary method
part:whole ratio scale factor speed

Copy and complete the following using the words and phrases from this list, where
appropriate. A word or phrase may be used more than once.

1 A isacomparison of the relative amounts of two quantities that are
measured in the same units.

2 The__ helpsyousolve problems by calculating a number per unit.

3 A__ compares two parts of a whole.

4 _ arecreated if you multiply or divide every quantity in a ratio by the same
number.

5 A__ isfound by dividing the first quantity in a ratio, a, by the second quantity,

b, and then expressing the ratio as % :1.

6 In a unit ratio, the number that is not 1 is called the

7 The comparison of two quantities that use different units is called a

distance travelled

8 Anexampleofarateisaverage_ which s calculated using o takon
9 A__ isusedondiagrams that are drawn smaller or larger than their actual size.
10 A__ compares a part to the whole.
Fluency
1 A vet’s waiting room contains 4 dogs, 5 cats and 3 budgies. m

(a) Find the ratio of:
(i) the number of dogs to the number of cats
(i) the number of cats to the number of dogs to the number of budgies
(iii) the number of budgies to the number of dogs
(iv) the number of cats to the total number of animals.

(b) What percentage of the animals are cats? (Round your answer to the nearest
whole number.)

(c) Write the number of budgies as a fraction of the number of dogs.

(a) 14:24 (b) 80:16:32 (¢) 5cm:20 mm
(d) 3 hours:40 minutes (e) 4days:1week () 3L:1500 mL
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10

11

12

13

14

The ratio 2}1 : 3% simplifies to:

A 2:1 B 3:2 Cc 9:7 D 9:14
Express the following as unit ratios to 2 decimal places.
(@) 220:75 (b) 15:29 (c) 12:20

TheYangtze River in China is 6300 km long, while the Colorado River in the USA is
2333 km long. How many times longer is the Yangtze than the Colorado? (Answer correct
to 1 decimal place.)

Anna is using a recipe from a very old recipe book. The recipe asks for 2.5 pints of
water, but Anna’s measuring jug is in litres. How many litres of water should Anna
use, if 1 pint = 0.568 L?

Find the value of the pronumeral in each case.

(@ a:42=11:6 (b) 5:7=100:0b () 7:¢=49:77
(d) 12:10=a:15 (e) 9:21=24:b (f c:3=9:2
(@ Findaifa:b=1.6and b=5. (b) Findgifp:q=>5.2and p=26.

Instructions for making lawnmower fuel mixture say that 200 mL of oil should be added
to 5 L of petrol.

(@) Write the ratio oil : petrol in simplest form.

(b) Robert has 30 L of petrol. What volume of oil should he add to get the correct fuel
mixture?

Convert the following to proper scales, and underline the scale factor.
(@ 1cm:2m (b) 5 mm:12 km (¢) 3m:15km

Find the real length in metres for each of the following diagram lengths. The scale ratio is
given in brackets in each case.

(@ 4 cm (1:100) (b) 14 mm (1:20000) (c) 5.2 cm (1:5000)

Find the diagram length in millimetres for each of the following real lengths. The scale
ratio is given in brackets in each case.

(@) 5m (17:7500) (b) 38 km (1:200000) (c) 245 km (1:500000)
Share each amount given below in the ratio stated in brackets.

(@ 50 (2:3) (b) 72 (7:5) (c) 32(3:5)

(@) Find Jake’s average speed if he travels 6 km in 1.5 hours.

(b) Find the average speed of a car that has travelled 450 km in 6 hours.

(c) Gazza earns $600 000 a year for 25 games of football. How much does he earn
per game?

(d) Ifit costs $75.45 to put 45.3 litres of petrol in a tank, what was the price per litre?
(e) 3 kg of onions costs $4.50. How much would it cost for:
(i) 6kg (i) 5kg?

() Arecipe for minestrone soup requires three potatoes and 200 g of pumpkin. The recipe
feeds six people. What amounts of potato and pumpkin are needed to make soup for
21 people?

»
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Understanding

15 Maxine runs 12 km at an average speed of 8 km per hour. If she begins at 9 am, then at
what time will she finish?

16 Isobel spends 12 minutes of her half-hour recess in the queue at the canteen.
(@ What is the ratio of time spent in the queue to the time of recess, in simplest form?
(b) What percentage of her recess time did Isobel spend in the queue?

17 Francoise’s fruit punch is made from chopped fruit and juice in the ratio 2: 5. If she uses
24 cups of juice, then how many cups of fruit should she chop?

18 Akio and Tsutomu are sumo wrestlers whose masses are in the ratio 8:5. If Akio has a
mass of 200 kg, what is Tsutomu’s mass?

19 Water flows through a water-efficient shower at a rate of 7.5 L/min. How much water is
used for a 6-minute shower?

20 An analysis of a fertiliser reveals a ratio of carbon to nitrogen of 2.9: 1. If the fertiliser
contained 335 g of nitrogen, how much carbon did it contain?

21 Ahockey team scores a total of 137 goals one season, compared to 88 goals scored against
them. For every goal scored against them, how many goals does the team score? (Answer
to 1 decimal