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Introduction and overview

Cambridge Senior Mathematics for Queensland Essential Mathematics Units 1&2
has been written from the ground up to the QCAA syllabus to be implemented in
Year 11 from 2019. Its four components — the print book, downloadable PDF
textbook, online Interactive Textbook and Online Teaching Resource* — contain a
great range of resources, including worked solutions and revision of Year 10 material,
available to schools in a single package at one convenient price. There are no extra
subscriptions or per-student charges to pay.

*The Online Teaching Resource is included with class adoptions, conditions apply.

» Overview of the print textbook (shown on the
page opposite)

1 Syllabus references are listed at the beginning of each chapter.

2 Pre-tests provide a check of requisite knowledge and skills. Links are
provided to access HOTmaths lessons from earlier years as revision for those
students who need it.

3 Learning goals based on the syllabus are given for each section.

4 What you need to know boxes list important concepts and principles in
concise and accessible format.

5 Worked examples detail thinking and the solution in a logical sequence, and
are linked to exercises. Video versions are provided in the interactive textbook
to encourage independent learning.

6 Exercises are divided into:

* Fundamentals — integrating the Fundamental topic: Calculations
throughout the topic, as required by the syllabus.

* Applications: questions in real-life contexts, differentiated into degree-of-
difficulty categories as indicated by a bar:

SF: 5-10
Simple Familiar Complex Familiar Complex Unfamiliar
An exercise that covers only complex subject matter has only CF and CU
questions; an exercise that covers only simple subject matter has only SF

questions. Some exercises cover both simple and complex subject matter, so
have questions in all three categories.
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Applications questions are also differentiated into learning-style and
assessment-style, the latter category being marked by a star *. Learning-
style questions are scaffolded with steps that guide students to the answer,
while assessment-style questions are unscaffolded and are suitable models for
examinations or other assessment items. Questions requiring technology other
than scientific calculators are learning-style.

Problem-solving and modelling tasks are provided for every chapter, set

out in stages with a flowchart based on the approach to problem-solving and
mathematical modelling used by QCAA.

Chapter checklists comprise short questions assessing achievement of
learning goals.

Review exercises contain only assessment-style questions organised under
degree-of-difficulty subheadings.

Examples and questions using spreadsheets are integrated throughout the text,
with accompanying Excel files in the Interactive Textbook.

Additional linked resources in the Interactive Textbook and Online Teaching
Suite such as practice assessment items are indicated by icons or notes in the text.

Print book features — numbers refer to points above

Syllabus reference JUHAY understanding ratios and fractions
Unit 1 Topic 1 Ratios (7 hours)

LEARNING GOALS 3

2 T = Consider the relationship between ratios and fractions
o= = Understanding ratio order using words and numbers
1 Calculate the answers to each of the following. with : - =
2 i WHAT YOU NEED TO KNOW 4
a S5x8 b 7x4
24 = 4 0 + o r7ey
d:24+4 /3649 | * Ratios show the relationship between two or more related quantities.
- ikc] jon in its i + For example: A boay| 5 =
2 Express each fraction in ity simplest form. P Problem-solving and modelling task 7
5 Example 4 r CREATING A SCALE MODEL OF A CAR
Backgromnd: Scile models are usal in e car indusiry 1o ——
A batch mix of garden fertiliser includes 7 kg of nitrogen, 4 kg of phosphonus and devehp ew deugns.
2 kg of potassium. Tank: Your Lk i 40 constriet 2 scale model of a car of your
Det ine the rati f ni - . choice. You can do this in the form of a dawing or with the
a Determine the ratio of nitrogen to potassium. o Sk 37 SRR Vi e i vkt p——
b Determine the ratio of phosphorus to the other listed nutrients. and cither grid poger. meoelling clay o plasicing. —
To compléte this tak, folikow the prodlem-swbying woekflow disgram below and
WORKING THINKING e the viapn livked s 2 guik
e 4 y SR | Stage 1 Formulate
a7:2 « nits are not included > Formiac 1 Decideonibec
b 2 Dechde on the maxinum.
FUNDAMENTALS 3 Dokl whot memaremicason hecorwilbe o (.
v various Beighes, keagthe, widths, whoel diameter, etc. )
3 Express the folko fractions as - rRadel Al
\ntrc the m:_:\mn« as ratios. -h ‘;_-.-zu- :
6 LY [ S S ERm—L 12 A Sobee & Creme an apgeoprane scale 10w (e.g. $ ot = 100 ¢m),
48 o i : o ¢ 5 Obuin { the acteal read ca for which you
\\ APPLICATIONS 8
SF7-13 CF= cu: -
l:] 1 und d the of ratios and their relationship with fractions.
7 Inthe past month it was rainy for 8 days. cloudy for 9 days 1 Write S as 2 ratio.
Determine the ratio of: -
a miny days to cloudy days 4 9
b clowdy days to sunny days =
¢ sunny days to non-sunny days Al questions in the Chapter Review are assessment-style. =
d miny days to cloudy days to Simple Familiar |
sunny days
< y tining
1 ¢ yea 73 da d it w v on all the ot 5 !
V416 OM MacDonald had a farm with 42 sh ::T:.::.;:: :' "‘";“r"'_ L i ";'-‘ :]:'\"‘ ‘L‘:“;“ ‘:;‘ :“ S o5
2tio of rainy days to " at year, akon
54 chickens. Identify the ratio of the nu i Ao Ly St St ot s
to cows to chickens, and then determine 2 Mark is a bartender and mixes 30 mL of rum with 240 mL of ginger ale.
form of this ratio. il Determine the ratio of rum to ginger ale, in simplest form,
. . i Xi
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Introduction and overview

» Downloadable PDF textbook

12 The convenience of a downloadable PDF textbook has been retained for times
when users cannot go online.
13 PDF annotation and search features are enabled.

» Overview of the interactive textbook (shown on
the page opposite)

The Interactive Textbook (ITB) is an online HTML version of the print textbook

powered by the HOTmaths platform, included with the print book or available as a

separate digital-only product.

14 The material is formatted for on screen use with a convenient and easy-to-use
navigation system and links to all resources.

15 Definitions pop up for key terms in the text and are also provided in a
printable online glossary, while the HOTmaths dictionary is also accessible.

16 Examples have video versions to encourage independent learning.

17 The Desmos scientific calculator, graphics calculator and geometry tool are
also available for students to use for their own calculations and exploration.

18 Spreadsheets are provided in Excel format.

19 Quick quizzes containing automarked multiple-choice questions enable
students to check their understanding.

20 Previous years’” HOTmaths lessons are provided for revision of prior
knowledge and skills, linked below Pre-Tests.

21 The new Workspaces enable students to enter working and answers online and
to save them. Input is by typing, with the help of a symbol palette, handwriting
and drawing on tablets, or by uploading images of writing or drawing.

22 The new self-assessment tools enable students to check answers, mark their
own work, and rate their confidence level in their work. This helps develop
responsibility for learning and communicates progress and performance to the
teacher. Student accounts can be linked to the learning management system
used by the teacher in the Online Teaching Suite.

23 Worked solutions are included and can be enabled or disabled in the student
accounts by the teacher.

24 Practice assessment items are provided in downloadable PDF and Word files.

25 Online appendices provide a glossary of terms and cognitive verbs, guides to
spreadsheets and the Desmos graphing calculator, links to scientific calculator
guides, and guides to problem-solving, modelling and approaching complex
unfamiliar problems.
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Numbers refer to the descriptions on the opposite page. HOTmaths platform features
are updated regularly. Screenshots below show the General Mathematics title in the
series — not all the features of Essential Mathematics are shown.

TENGIge
Senior Maths

General Maths 1&2 Queensland ~

In this instance, the amount of interest paid to us is 5% of $1000 or $1000 x 0.05 = $50
o " oo o o Lo dlienaidy ¢ Example 12

- 16

4. Itis usually
o lent

u the interest rate, 5 a decimal interest rate per annum (such as 0.1)or t
(such as 10%)

= the length of time the money is invested.

-
16— T
Technology enables us to investigate the growth in simple interest with time
17 "" 28 Simple interest growth
In this widget, the growth in vaiue of 3 simple interest investmant is piotted agains

l 8— mw Spreadsheet activity 28: Calculating simple interest with a spreadsheet m
i = 5 AP N ST Bra— 18

B0 — 7l

ot o Dageven of your. 5

|

Section Exercise Resources Quick Quiz

fonversion of units
pnvert the following measurements into the units given in brackets.

a} 5.7 m (cm) 4

‘-Workspace I ‘ - Check answer type

.7 metres

5.7 X 100 centimetres
570 cm

Correct Answer
570 cm

How did I go?

i .
@ \ ‘[1 () Y Let myteacherknow | had a ot of trouble with this question. P

22

X
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» Online teaching suite (shown below)

The Online Teaching Suite is automatically enabled with a teacher account and is
integrated with the teacher’s copy of the Interactive Textbook. All the assets and
resources are in one place for easy access. The features include:

26 The HOTmaths learning management system with class and student analytics

and reports, and communication tools.

27 Teacher’s view of a student’s working and self-assessment.

28 A HOTmaths-style test generator.

29 Chapter test worksheets as PDFs and editable Word documents.

30 Assessment practice items as PDFs and editable Word documents.

31 Editable curriculum grids and teaching programs.

Online teaching suite powered by the hotmaths platform

Numbers refer to the descriptions on the opposite page. HOTmaths platform
features are updated regularly. Screenshots below show the General
Mathematics title in the series.

28

General Maths 1&2 Queensland ~

ann
snn Dashboard
LA L)

My text

Thisis the portal for you 10 access all of your
General Maths 182 Queensland content,

IIJih

Messages

~ e ! EJ
Tests Dictionary Student book
PDF ﬁ
Updated o
F Revision on Teacher My classes
HOTmaths resources
Updated
| 0 N a
Help Search Assessment
resources practice
29, 31
\')
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Ratiose

Maths for a landscape gardener:
Jan McArthur

Jan McArthur runs her own business as a landscape gardener

in the Sunshine Coast hinterland. Before that, she was a pathology
laboratory technician and scientist for 20 years in a major Brisbane
hospital.

Tell us a bit about your job. What does a typical day look like?
In my previous job as a scientist in a pathology laboratory, | worked indoors mixing solutions,

reagents and analysing blood samples. Today, | follow my passion and work outdoors. | wake up
with the sun and maintain a large garden. | grow vegetables, native plants and exotics. | mow lawns,
whipper snip, trim hedges, manage weeds and keep plants healthy and watch them grow!

What maths did you study at school?

| was educated in a small country town in Victoria. When | went to school, women were not encouraged
to study maths. | studied maths until my fifth year of secondary school but completed my Higher School
Certificate the following year without maths. However, upon entry to university as a mature-age student
| completed further maths studies and a few other subjects to allow me to study science.

How do you use maths in your job? Could you give some examples?

When | worked in a pathology laboratory in a large hospital, | was responsible for preparing,
analysing and interpreting test results. This would involve calculating volumes using ratios to make
reagents and solutions.
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Unit 1 Topic 1 Ratios (7 hours)

In this subtopic, students will:

demonstrate an understanding of the
fundamental ideas and notation of ratio

understand the relationship between fractions
and ratio

express a ratio in simplest form using whole
numbers

find the ratio of two quantities in its simplest
form

divide a quantity in a given ratio [complex]
use ratio to describe simple scales [complex].

My scientific background is also helpful as a landscape gardener. A simple example of using
ratios in gardening is when | mow the grass. The lawnmower uses two-stroke fuel. | use

unleaded fuel and oil in a ratio of 50 : 1, which is 50 parts petrol to 1 part oil. As a gardener
| use organic sprays and fertilisers that are often in concentrated amounts. Ratios are often

supplied by the manufacturers, and then | need to

perform calculations according to volume

and weight needed before reagents can be reconstituted. This is done on an everyday basis.
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1 Calculate the answers to each of the following, without using a calculator.

a 5x8 b 7x4 c 3x9

d 24 +4 e 36+9 f 567
2 Express each fraction in its simplest form.

a 2 b 14 c B

d 2 e 2 f 20

3 Use multiplication to fill in the missing numbers to make equivalent fractions.

s_ 0O 2_ 6 2_ 12
i1 b 5=1 C 5=

4 Use multiplication or division, as appropriate, to convert the given quantity to the
units shown in the brackets.

a 25cm (m) b 1.5 days (h) TP First write both
¢ 2500 mL (L) d 0.75 m (mm) amounts in the same unit.
e 23kg(g) f 1hour (s)
5 Express the first quantity as a fraction of the second.
a 500 m, 2 km b 8 weeks, 1 year ¢ 2L,4000 mL
d 6000 mm, 15 m e 10 h, 1 day f 25 mm, 50 cm
6 Calculate:
a 1of $30 b 2 of $100 ¢ 2 of $64

7 Determine the highest common factor (HCF) of each pair of numbers.

Qargest shared factor.

8 Determine the lowest common multiple (LCM) of

each pair of numbers.

a 4,6 b 10,12 ¢ 15,30 I The LCM is the )
smallest shared multiple.

9 For each of these rectangles, determine the simplified
ratio of length : width.

a 16 cm b 12 cm C  20cm ( Alinktoa

4 HOTmaths lesson
is provided in

the Interactive
Textbook to revise

this topic.

8 cm 4 cm 12 cm
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1A Understanding ratios and fractions

LEARNING GOALS

Consider the relationship between ratios and fractions

Understanding ratio order using words and numbers
= Recognise that ratios compare two or more quantities

Identify ratios in real-world circumstances

Ratios are found often in many aspects
of life. They help with comparing prices
in supermarkets; with mixing oil and
petrol to create fuel for cars, mowers
and boats; and with administering
medicine in hospitals. You use ratios

AW

whenever you’re deciding how to break
up a restaurant bill between you and
your friends.

L

Bicycle designers, mechanics and competitors use

gear ratios to calculate the roll-out distance per pedal
revolution. Altering gear ratios can increase acceleration
and maximum speed.

WHAT YOU NEED TO KNOW

= Ratios show the relationship between two or more related quantities.
* For example: A boat’s outboard motor fuel mix of oil to petrol is a 1: 40 mix;
that is, 1 mL of oil to 40 mL of petrol.
® A ratio compares amounts with the same units but it is written without units.
® The colon ‘:’ is the mathematical symbol that operates the same way as the
horizontal line in a fraction.
® The ratio a : b can be read as the ratio of ‘a to b’ or ‘a is to b’, which is the

same as z
b

® The order of the writing of a ratio is important. The word ‘respectively’ means
in the same order.

® The numbers in a given ratio follow the same order that the items are listed in
a sentence.

ISBN 978-1-108-45979-2 © Capps et al. 2019 Cambridge University Press
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= Ratios should be written in the same units before they are simplified.

= When converting a ratio to a fraction, the first number of the ratio is the
numerator and the second number is the denominator. Reverse this procedure
when writing a fraction as a ratio.

numerator—5
denominator—> 8

=5:8
Example 1

a Express 34 : 63 as a fraction.
19

b Express 35 asaratio.

WORKING THINKING

a 34:63 = z—g e s s e s The first part of the ratio is the
numerator and the second part of
the ratio is the denominator.

b % =19:32 The numerator is the first part
of the ratio and the denominator
is the second part of the ratio.

Example 2

Use words and numbers to write the given ratio, then interpret the ratio.
a When making bread, Julie uses flour and liquid in the ratio of 5 : 3.
b At a school camp, the ratio of students to teachers is 13 : 2.

WORKING THINKING

a Flour: liquid =5:3 e The question lists flour first,
For every 5 parts of flour then liquid.
there are 3 parts of liquid.

b Students : teachers = 13 :2 < The question lists students first,
For every 13 students there then teachers.

are 2 teachers.

ISBN 978-1-108-45979-2 © Capps et al. 2019 Cambridge University Press
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Example 3

A fruit bowl contains 3 bananas, 6 apples and 5 oranges. Use this information to
identify the following ratios.

a bananas to oranges

b apples to bananas to oranges

¢ oranges to the total number of pieces of fruit

WORKING THINKING

a 3:5 D R — Write the number of bananas (3) to the number of
oranges (5).

b 6:3:5 < Write the number of apples (6) to the number of

bananas (3) to the number of oranges (5).

C 5:14 Write the number of oranges (5) to the total number
of fruit 3 + 6 + 5 = 14).

Example 4

A batch mix of garden fertiliser includes 7 kg of nitrogen, 4 kg of phosphorus and
2 kg of potassium.

a Determine the ratio of nitrogen to potassium.

b Determine the ratio of phosphorus to the other listed nutrients.

WORKING THINKING
A T:2 Units are not included.
b 4:9 < Nitrogen and potassium =7 + 2 =9

FUNDAMENTALS

1 Demonstrate your understanding of terms by writing down the missing words in
each of the following.
a The of the writing of a ratio is important.
b The numbers in a given ratio follow the order that the items are listed

in a sentence.
¢ Ratios should be written in the same before they are simplified.
d A simplified ratio compares amounts with the units but it is written
units.
ISBN 978-1-108-45979-2 © Capps et al. 2019 Cambridge University Press
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2 For each diagram:
Determine the ratio of shaded parts to unshaded parts.
ii Determine the fraction of shaded parts to total parts.
iii Determine the ratio of unshaded parts to total parts.

b

C

example 1. 3 Express the following fractions as ratios.

a 2
3
45

d %
14

9

b
(]

h

8

13
15
2
A
12

22
¢ 37

9
f3

example2| 4 Express the following ratios as fractions.

a 3:5

e 7:

15

b 6:11
f 8:17

T numerator » 7
) A=17:12
denominator — 12

¢ 31:211 d 42:77
g 9:5 h 57:36

example3| 5 @ When students attend a swimming excursion, there are regulations that state
that the student to teacher ratio should be 12 : 1. Use words and numbers
to write the given ratio, then interpret the ratio.

b When making a cake mix, flour and sugar are used in the ratio 3 : 2. Use words

and numbers to write the given ratio, then interpret the ratio.

6 Use the information to write the following as ratios.

- 0 O 0 T o

8 cats to 11 dogs

5 rainy days to 8 sunny days

3 cups of sugar to 5 cups of flour
11 eggs to 14 eggs

7 tries to 12 tries

4 cups of milk to 5 cups of water

T A ratio compares amounts
with the same units but it is written

without units.
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APPLICATIONS
SF: 7-13 CF: - CU: -

7

8

10

In the past month it was rainy for 8 days, cloudy for 9 days and sunny for 14 days.

Determine the ratio of:

a rainy days to cloudy days

b cloudy days to sunny days

€ sunny days to non-sunny days

d rainy days to cloudy days to
sunny days

important in a ratio.

X The order of numbers is W l

In a standard deck of 52 playing
cards there are four suites, each
with the following 13 cards: ace,
numbers 2 to 10, jack, queen and
king. Spades and clubs are black
cards, whereas diamonds and

hearts are red cards.
Determine the ratio of:
a black cards to red cards b spades to red cards
¢ hearts to non-hearts d aces to non-aces

In a new housing estate, the town planners make a

requirement that for every 10 000 m* of development | gy Start with the

there must be 750 m? of green space. Determine the words: ‘Development

ratio of development area to total green space, in ZEE O QIR EIEE =

simplest form.

When children are learning to play tennis, the

recommended ratio of chi'ldren. to coaches for Age (years) | Ratio
each age level are those given in the table. 46 5.1
a Konrad is 8 years old. Identify the ratio of 7.9

children to coaches for his age group. 10-12

13+

b Use this ratio to determine how many other

— 2|
Pt | |

children Konrad would expect to be with him
during his training session.

ISBN 978-1-108-45979-2 © Capps et al. 2019 Cambridge University Press
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11 A group of New York City residents are concerned about the increasing amount of
shadow in Central Park, cast from the many new, super tall buildings.

a Consider the image and assess (i.e. form an estimate of) the proportion of the
park that is in shadow from buildings. Write this estimate as a whole number
ratio of shadow area to park area.

b Use your estimated ratio to propose (i.e. make a suggestion about)
approximately what percentage of this park is currently in the shadow of
a building.

Sheep Meadow in Central Park, New York City

12 Symbolise the following ratios using a picture or diagram.

al:3 b 4:9

13 Measure the lengtl‘l of your hand from the wrist to Y Ratios are written
the end of your pointer finger, and measure your foot using whole numbers
from the heel to the tip of your toes. Compare these without units.

two measurements using a ratio.

ISBN 978-1-108-45979-2 © Capps et al. 2019 Cambridge University Press
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1B Simplifying ratios and fractions

LEARNING GOALS

= Write fractions in simplest form by dividing the numerator and denominator
with the HCF

= Write whole number ratios in simplest form by division of each part with the HCF

= Simplify fraction ratios by multiplication with the LCM

= Simplify ratios by first converting quantities to the same units

= Simplify ratios in real-world situations

Why is it essential to simplify ratios?
It is through the simplification of ratios that
we can usefully compare them. Examples
include comparing win to loss ratios of
sporting events; comparing the aspect
ratios of images or devices; comparing map
scale ratios; and comparing price to weight
ratios when calculating the cheapest way to
purchase items.

We can also use simplification of ratios
when comparing statistics. For example, Surveyors calculate ‘closure ratio’. A 40 cm

. . . discrepancy after an 8 km traverse gives a closure
in Brisbane the ratio of males to females ratio of 40 6m - 8 km 1 : 20000,

simplifies to 49 : 50.

WHAT YOU NEED TO KNOW

® The highest common factor (HCF) is the largest number that can be divided
exactly (i.e. with no remainder) into two or more numbers.
* For example: For 12 and 18, the HCF = 6.
* The HCF is smaller than or equal to each given number.

® The lowest common multiple (LCM) is the lowest whole number that is exactly
divisible by two or more numbers. The LCM is the lowest shared multiple.
* For example: For 20 and 30, the LCM = 60.
* The LCM is greater than or equal to each given number.

= The lowest common denominator (LLCD) is the lowest whole number that is
exactly divisible by two or more denominators. The LCD is the LCM of the
denominators.

ISBN 978-1-108-45979-2 © Capps et al. 2019 Cambridge University Press
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= A fully simplified fraction is found by dividing both the numerator and the
denominator by the HCF.
* For example: The HCF of 27 and 36 is 9. gg—ig = %
= A fully simplified ratio is found by dividing each part by the HCFE.
18 : 24 (HCF of 18 and 24 is 6.)
=18+6:24+6
=3:4
= Ratios written in simplest form, use whole numbers only.
= Ratios should be expressed in simplest form, as it is a mathematical
convention.
® If a ratio is given with one or more fractions, simplify by multiplying each part
of the ratio by the LCD. This converts the ratio into whole numbers.

15—2:§= 15—2>< 24:%>< 24 (LCD of 12 and 8 is 24.)
=10:27

= Ratios should be written in the same units before they are simplified.

= Smaller units to fewer larger units. Larger units to more

smaller units.

= Conversion of length units
x 1000 x 100 X 10

= 1000 =+ 100 =10

= Conversion of mass units
x 1000 x 1000 x 1000

fome|  [ke|  [e]| [mg]
+ 1000 + 1000 + 1000
= Conversion of time units
X 52 X 7 x 24 X 60 X 60
| years | | weeks | | days | | hours | |minutes| |seconds|
+52 =7 +24 + 60 + 60

® Other unit conversions:
¢ 1000 mL = 1 litre
e 100 cents = $1

ISBN 978-1-108-45979-2 © Capps et al. 2019 Cambridge University Press
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Example 5

Use division to fully simplify these fractions.

12 88 7
a3 bS5 T
WORKING THINKING
a g Rt S E— The HCF of 12 and 15 is 3. Divide both
. numbers by 3.
b 811 _8 The HCF of 88 and 77 is 11. Divide both
77 + 11 7
numbers by 11.
c LT 1 @ The HCF of 7 and 21 is 7. Divide both numbers
217 3
by 7.
Example 6
Determine the simplest form of each of the following ratios.
. . . . 3.2 3.51
a 15:35 b 64:48 c 18:27:45 d7.§ e3§.ZZ
WORKING THINKING
=5
R
a 15:35=3:7 <« The HCF of 15 and 35 is 5. Divide
\;5/' all parts by 5.
+ 16
7 A
h 64:48=4:3 <« The HCF of 64 and 48 is 16.
\;—16/1 Divide all parts by 16.
Baligs =230 The HCF of 18,27 and 45 is 9.
' Divide all parts by 9.
d 3:2=3x21:2x21 « The LCM of 7 and 3 is 21.
—-9:14 Multiply each fraction by 21.
e 33:21=33x20:27X20 < The LCM of 4 and 5 is 20.
=72:45 Multiply each fraction by 20.
=8:5 The HCF of 72 and 45 is 9.
Divide both parts by 9.
ISBN 978-1-108-45979-2 © Capps et al. 2019 Cambridge University Press
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Example 7

Convert the following ratios to the same unit as shown in the brackets and then
determine the simplest form of each ratio.

a 6 m:300 cm (cm) b 1h:25 min (min) ¢ 40 mL : 12 litres (mL)

WORKING THINKING

a 6m:300cm = 600 : 300) L300 6 m = 600 cm. When units are
=2:1 the same they are not included

in the ratio.
The HCF of 600 and 300 is 300.
Divide both parts by 300.

b 1h:25min=60:25> Ly 1 h = 60 min. Units are not
=12:5 ' used now.
The HCF of 60 and 25 is 5.

Divide both parts by 5.

¢ 40mL:12L =40:12000 AT 12 L = 12000 mL. Units are not
=1:300 used now.
The HCF of 40 and 12000 is 40.
Divide both parts by 40.

Example 8

A fuel container has 60 mL of oil and 3 litres of petrol poured into it. Identify the
ratio of oil to petrol and then determine the simplest ratio of oil to petrol that is
mixed in this fuel can.

WORKING THINKING
oil : petrol <« Identify the ratio oil : petrol
60mL:3L D % 1000 = 60 mL : 3 litres.
60 mL : 3000 mL Convert to the same smaller
60 : 3000 ) = 60 unit of mL.
1:50 Werite the ratio as whole numbers
without units.
Simplify the ratio.
ISBN 978-1-108-45979-2 © Capps et al. 2019 Cambridge University Press
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Exercise 1B

FUNDAMENTALS

Example 5

1

Demonstrate your understanding of terms by writing down the missing words in
each of the following.

a The highest common factor ( ) is the largest number that divides
into two or more numbers.
b A ratio is fully simplified by each part by the
¢ A fraction is fully simplified by both the numerator and the
denominator by the
d The lowest common denominator ( ) is the lowest whole number that
is divisible by two or more denominators.

e When a ratio includes fractions, multiply each part of the ratio by the

For the diagrams below determine the ratio of shaded parts to unshaded parts, in
simplest form.
a b c

3 Identify which of the following is not written in simplest form and then simplify.
ai 1:7 i 4:22 iii 3:13 iv 5:22
bi 2:31 i 5:23 iii 13:39 iv 16: 61
ci 5:8 i 7:24 i 8:3 iv 35:25

4 Determine the highest common factor (HCF) of these pairs of numbers.

a 10,15 b 21,28 c 15,24 > it > [t W e
d 12,24 e 35,56 f 72,60 tables helps with finding
g 81,36 h 24,18 i 60,36 the HCF.
j 66,88 k 70,105 I 75,125
5 Use division to simplify the following fractions.
5 3 6
S TH b 55 T JED Divide both the
d 8 e 14 f 13 numerator and the
12 21 25 denominator by the HCF.
72 105 105
9 108 h 5 T
ISBN 978-1-108-45979-2 © Capps et al. 2019 Cambridge University Press
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Example 6a, b

Example 6¢

Example 6d, e

Example 7

6 Determine the simplest form of each of the following ratios.
a 2:6 b 15:30 c 8:24
d 12:48 e 9:15 fo12:18 e o partef w
g 14:35 h 15:45 i 40:180
] 68:17 k 81:24 I 330:550
7 Use division by a HCF to simplify the following ratios.
a 5:15:30 b 4:16:20 c 7:21:35
d 8:12:18 e 21:28:70 f 20:45:80
g 14:35:49 h 26:39:52 i 100:250:350
8 Identify the lowest common multiple (LCM) of the YT The LCM is the
following pairs of numbers. lowest whole number that
a 2.3 b 57 c 8,12 is exactly divisible by both
d 21,42 e 10,20 f 10,25 numbers.
g 6,9 h 16,24 i 8,10
9 Calculate the simplest form of each of the following ratios by multiplying both
fractions by their lowest common denominator (LCD).
al:l b 1.2 c 2:3 I The LCD is the
43.2 e 2l .31 f 3101 :owest ;/lvhcc;_le. UETtLeréh?th
e 203 N e
g 1% 2}-1 h 5%:7% i 2%:24—5
10 Write each ratio in cents and then determine the fully simplified form
of each ratio.
a $3.00 : 40 cents b 50 cents : $7.50 ZIY A ratio in simplest
form uses whole numbers
¢ $2.75:25 cents d 75 cents : $4.25 only and does not include
e $1.80:$3.00 f $1.20:$4.00 units.
11 Convert the following ratios to the same unit as shown in the brackets, and then
determine the simplest form of each ratio.
a 6 hours : 1 day (hours) b 26 weeks : 2 years (weeks)
¢ 4 weeks : 1 year (weeks) d 26 weeks : 3 years (months)
e 20 hours : 3 days (hours) f 26 weeks : 4 years (years)
g 60 hours : 1 week (hours) h 450 minutes : 2 days (minutes)
12 Convert the following ratios so that both units match the unit shown in the
brackets, and then use division to write each ratio in simplest form.
a 25cm: 12 mm (mm) b 2000 m: 12 km (km)
¢ 200 m:4km (m) d 5mm: 1.5 cm (mm)
e 2km:400 m (m) f 5m:30cm (cm)
g 2000 m: 12 km (km) h 2000 m: 12 km (m)
ISBN 978-1-108-45979-2 © Capps et al. 2019 Cambridge University Press
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APPLICATIONS
SF: 13-23 CF: - CU: -

example 8. 13 A two-stroke motor has a ratio

of 5 mL of oil for every 2 litres

of petrol.

a Identify the ratio of oil to
petrol.

b Convert the units to mL for
both quantities in the ratio.

¢ Determine the simplified
ratio of oil to petrol

0il and petrol are mixed in a specific ratio for lawn mower fuel.

14 A radio station offers to donate
$25 to a charity for every $200
raised by its listeners.

a In simplest form, determine the ratio of the money donated by the station to the
money donated by the listeners.

b Express this information as a simplified ratio of money donated by the listeners
to money donated by the station.

15 A country real estate agent has a large block of land T When writing a

for sale. The land has a length of 1 % km and a width ratio, follow the order
of lé km. given in the question.

a Rewrite the ratio of length to width, 1 % 01 %, using

improper fractions.
b Determine the lowest common denominator of the fractions in this ratio.
¢ Multiply by the common denominator to write this ratio in simplest form.

* 16 Old MacDonald had a farm with 42 sheep, 30 cows and )

] ] } T Start with words
54 chickens. Identify the ratio of the numbers of sheep and show steps.
to cows to chickens, and then determine the simplified
form of this ratio.

* 17 In one 'Week, the local ﬁS}'l and chip shop @ade the T Start your answer
following fish sales: 30 pieces of cod, 45 pieces of by writing words: cod
flake and 12 pieces of coral trout. Write the numbers to flake to trout = ...
of fish sales as a ratio and then determine the
simplified ratio.
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*18

*x19

20

* 21

* 22

* 23 A recipe for muffins for 20 people

Research has found that in Central I Write the ratio in:

= words

= numbers with different units

= numbers with the same units

= simplified numbers with no units.

Australia, on a typical hot summer day,
the water required by animals greatly
varies. A wild camel can consume

200 litres of water; a red kangaroo

200 mL of water; and an emu 15 litres of water. Determine the simplified ratio for

the water requirements of a camel to a kangaroo to an emu.

Harriett has just landed a new job and her contract

. X Ratios in simplest
states that for every 7 years of work, she will T AT O e el
receive 7 weeks of long service leave. Express the numbers without units.

ratio of years of work to weeks of long service
leave, and then simplify.

A school has 105 teachers and 750 students. In
simplest form, determine the ratio of teachers to students.

Ken is not ha‘ppy tl'lat hl‘S children watch so much television. YD Start with
He has promised his children that for every 1.5 hours of words and include
home chores completed over the holidays, they are allowed \_Working steps.

to watch 45 minutes of television. Determine a correct

simplified ratio for the ratio of time spent on home chores to
television time.

Jessica is in Year 11 and she has calculated that she has 12 weeks of holidays
and attends school for 1344 hours that year. Use this information to determine
a simplified ratio that shows the
relationship of holidays to school
days for Jessica’s Year 11.

consists of 5 cups of sugar,

15 cups of flour and 10 eggs.

a Determine the simplified ratio
of sugar to flour to eggs.

b Determine how many

people the simplified recipe aes 7 N
Chefs use ratios to scale recipes for different portion numbers.
would feed.
ISBN 978-1-108-45979-2 © Capps et al. 2019 Cambridge University Press

Photocopying is restricted under law and this material must not be transferred to another party



1C

1C Equivalent ratios and fractions | 19

Equivalent ratios and fractions

LEARNING GOALS

= Calculate equivalent fractions
= Calculate equivalent ratios
= Apply equivalent ratios in real-world situations

Where is it essential to use equivalent ratios?

Equivalent ratios maintain a fixed u
proportion of components when varying g =

the total quantity. For example, bakers
need to follow the same recipe ratio

when mixing ingredients for either one
loaf of bread or baking many loaves.

There are many work situations, as
well as for cooking, where people use

equivalent ratios to calculate the correct Nurses use ratios to calculate dosage.

quantities for a mixture. Farmers need to

keep fixed proportions when mixing chemicals for fertiliser or poison; tradespeople
mix ingredients in certain ratios for concrete or fuel; and jewellers calculate precise
quantities of alloys when combining metals. Pharmacists and nurses use ratios to
calculate medical dosages. For example, if a doctor orders 750 mg of a drug that has a
stock strength of 300 mg/8 mL, then 300 : 8 = 750 : x, giving the dosage x = 20 mL.

WHAT YOU NEED TO KNOW

® When both the numerator and the denominator are multiplied or divided by the
same number, the resulting fraction is called an equivalent fraction.

* For example: %, % and g are all equivalent fractions.
B8 3 and 3Ix2_6
100 =25 4 4x2 8

= When each value in the ratio is multiplied or divided by the same number, the
resulting ratio is called an equivalent ratio.
e For example: 200 : 500 and 2 : 5 and 6 : 15 are all equivalent ratios.

+ 100 X 3
RN R
200:500=2:5 2:5=6:15
D 4 AN 4
+ 100 X3
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Example 9

Use multiplication to complete each of these equivalent fractions.

d l—i b gzg c ézgzﬁ
2 O 318 721 [
WORKING THINKING
1x5_5 _ 1x5=52x5=10
2x5 10
2xX6 12
b =-Z < " 3x6=18,2%x6=12
3x6 18
X 7
553 15 35
X 3
c 28 3=—" ="« 7%x3=21,5%x3=15
7X3= 21~ 49 e
SX7=357%x7=49
X 7

Example 10

Use multiplication or division to determine the missing numbers in each of the
following equivalent ratios.

a 3:7=12:1 b 8:20=[1]:35 c 3:5:[J=[1]:40:80
WORKING THINKING
X 4
RN
a 3:7=12:28 < 3x4=12
~— 7x4=28
X 4
b 8:20=[1:35 < 20 x [2] = 35. As[2]is not a whole
=4 X 7 number, first we must simplify the
A ratio given on the left.
2:5=14:35
~_ 7 8.20_5.5
x 7 4° 4

S5x7=352x7=14

X 8 =8
~ &x
c 3:5-10:24:40'80 S 5)(8:40,3)(8:24
~ 7 80+8=10
X 8
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Example 11

a Caterina generally wins two games of cards out of every five games she plays.
Identify the ratio of games won to games played, and use this to determine how
many games she will need to play to win 12 games.

b Ashley’s two-stroke outboard motor requires an oil to petrol mix of 1 : 50. If he
has a jerry can with 30 L of petrol, calculate how many millilitres of oil Ashley
should add to the jerry can.

WORKING THINKING
a games won : games played = 2:5 « 6 < games won : games
=12:30 played =2:5=12:[]
Caterina will need to play 30 games. Keep the same order.

2x6=12,5x6=30
Write your answer in words.

b oil: petrol = 1:50 < oil : petrol = 1:50 = []: 30
=[1:30 50 x [_] = 30 is difficult to
X 600 solve; hence, convert 30 L
. smoo . to mL. [L(x 1000) — mL]
5 = 5 m —
¥ 50 x 600 = 30000,
X 600 1 x 600 = 600
Ashley will need 600 mL of oil. Write your answer using
words.

FUNDAMENTALS

1 Demonstrate your understanding of terms by writing down the missing words in
each of the following.

a Equivalent fractions are found by multiplying or the numerator
and the by the number.
b When each value in a ratio is or divided by the
number, the resulting ratio is called an ratio.
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Example 9

Example 10

Example 11

2

4

Use multiplication to complete these equivalent fractions.

2720 3721 8 []
di:@ ei=g fi=g
T ] 11~ 88 12 36
g 1m_Ll_s5 h 13_L1_130 i 2_6 _L[l
12724 ] 2550 [] 771 49
i 5 _L1_ 100 k 7 _L_49 I 3_40_[1
6 30 [] 12760 [] 8 [] 80

Demonstrate your understanding of equivalent ratios by writing three equivalent
ratios for each of the following.

a 2:3 b 3:5 c 11:9 d 4:6:8
Use multiplication or division to complete the following equivalent ratios.

a l1:4=5:[] b 3:5=[1]:30

c 2:7=8:1] d []:4=6:24

e 7:[1=21:33 f []:9=20:36

g 12:15=20:[] h 8:20=[1:35

i 22:[1=55:100 j 3:4:5=9:[1:]

k 3:5:[1=[1:25:40 I []:8:12=12:24:[]
m2:3:7=0[1:9:[] n 5:4:1=25:11:1

o [1:[]:9=21:35:27

a Explain why the ratios 2 : 5 and 8 : 11 are not equivalent ratios.
b Determine a ratio that is equivalent to the ratio 2 : 5.

APPLICATIONS

SF: 6-14 CF: - CU: -

6 David is making his mum’s favourite vinaigrette D First write: oil to
dressing. The recipe uses 3 tablespoons of olive 0il | vinegar = ... Keep the same
and 1 tablespoon of apple cider vinegar. If David is \_order for the number ratio.
making a larger quantity and is using
12 tablespoons of olive oil, use a calculation involving equivalent ratios to deduce
how many tablespoons of apple cider vinegar he should add.

7 Lynn has noticed that when she is driving through the city, D Start by
she gets two red lights for every three green lights. If Lynn was | writing the ratio
stopped at 10 red lights during her journey, use a calculation order in words.
involving equivalent ratios to determine how many green lights
she passed through.
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8 For safety reasons, the recommended nurse to patient ratio is 1 : 4. If there are
32 patients on a particular ward, use equivalent ratios to calculate how many
nurses must be working on the ward for the hospital to be compliant with the
safety recommendations.

9 Ryan is planning to build a new in-ground
spa. His current spa has a diameter to
circumference ratio of 1 : 3.14. His new spa
will have a diameter of 1.8 m. So that Ryan =§
can plan for the surrounding tiles, use the
diameter : circumference ratio to calculate

the circumference of the new spa.

T Use equivalent ratios to find
the solution.

|

10 When fishing in the Maroochydore River, Isabelle I Always write your
catches four legal-sized fish for every 12 undersized final answer using words.
fish, which she has to throw back as they are too
small. Using equivalent ratios, determine how many undersized fish Isabelle

needed to throw back, if she catches nine legal-sized fish.

11 Jonah scored 8 goals and 14 points in a game of Aussie Rules, and his brother
Luther scored with the same ratio of goals to points. If Luther scored 21 points,
use equivalent ratios to calculate how many goals he scored.

12 Concrete is to be made from a mixture of sand, gravel and concrete in the
ratio of 4 : 3: 1. If 10 kg of sand is used, calculate how much gravel will be
needed, using equivalent ratios.
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13 Gavin’s brush cutter requires a petrol to two-stroke oil mix of 25 : 1. Use

equivalent ratios to determine how much oil he must add to his 4 litres of petrol.

* 14 Priya has a 48000 L chlorine swimming pool. The instructions on the liquid
chlorine container state that the daily amount required is 400 mL for every
10000 L of water.

Calculate how much chlorine Priya should add to her pool each day.
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Dividing quantities in a given ratio compLEx

LEARNING GOALS

® Master the skills of dividing up a quantity into a given ratio
® Solving real-world problems that require dividing a quantity in a given ratio

Who would find it essential to divide up an amount in a given ratio?

Anyone who mixes materials,

such as a concreter, a chemist,
a cook, a farmer and many
other workers, need to divide
up an amount in a given ratio.
People regularly use ratios to
calculate the amount of each
ingredient needed to add up
to a certain total quantity.
Solicitors also use ratios

to divide up an inheritance e -
. . . Food stock managers for sporting events use proportions to calculate
according to the instructions supplies. If three in 25 fans buy pies, then 6300 pies are required for
in the will. 52500 fans at Suncorp Stadium.

WHAT YOU NEED TO KNOW

= When dividing up a quantity using a ratio, first calculate the sum of the ratio
parts.
* For example: The ratio 3 : 7 has a sum of 3 + 7 = 10 parts.

® Dividing (i.e. sharing) an amount using ratios is made simpler using fractions.

one part of a ratio

Proportion or fraction of the total amount = -
sum of ratio parts

* For example: To share $200 in the ratio of 3 : 7 means 13—0 x 200: 17—0 x 200,
which gives $60 and $140 as the two shares.
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Example 12

For each of the following, calculate the total number of parts in the ratio. Then use
appropriate proportions (fractions) to divide the quantity into this ratio.

a $3600 in the ratio of 2 : 7

WORKING

a2+7=9
§x3600=800

< bommessemensonesssessesen o s s s

g x 3600 = 2800

$800 and $2800
b 1+2+4=7
X 420 = 60

<7 beemsemiaassmsesomses s s s

X 420 = 120

QR Qo 99—

X 420 = 240
60 kg, 120 kg and 120 kg

Example 13

b 420 kg in the ratioof 1:2:4

THINKING

Sumof parts =2 +7 =9
Proportions (i.e. fractions) are Z

7
5 and o

Write units in the final amounts.

Sumofparts =14+2+4=7

Proportions (i.e. fractions) are 1

2 4
e and 7

Write units in the final amounts.

Jasmine found an old piece of jewellery weighing 176 grams. It is a mixture of gold
and nickel in the ratio 3 : 8. Calculate the weight of the gold in this jewellery piece.

WORKING
Total weight = 176 g

e

Gold : nickel = 3: 8

Gold = 13—1 x 176 = 48

There is 48 grams of gold.

© Capps et al. 2019

THINKING

Summarise the information from the
question.

Werite the ratio in words and numbers,
keeping the same order as in the question.
Sum of parts =3 + 8 = 11

Gold proportion = =

11
Write your answer in words, using units.
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Example 12

FUNDAMENTALS

1 Demonstrate your understanding of terms by writing down the missing words in
each of the following.
a When dividing up a quantity using a ratio, first calculate the of the
parts.
[ ]partof aratio

[ Jof the ratio parts '
¢ When dividing up a quantity using a ratio, each share = X

b Each proportion of the total amount =

2 Calculate the sum of the parts in these ratios.
al:5 b 3:5 c 9:11 d 3:5:7

riders is 3 : 7. Determine the fraction of the riders that are: | sum of the ratio parts.
a bike riders
b scooter riders

3 At the local skate park, the ratio of bike riders to scooter I First calculate thew

4 A jar contains jelly beans and snakes in the ratio 5 : 6. Determine the fraction of
the lollies that are:
a snakes b jelly beans

5 A litter of new kittens has ginger and tortoise shell colours in the ratio 2 : 5.
Determine the fraction of the litter that is:
a ginger coloured b tortoise shell coloured

6 When completely full, each container holds 500 mL.
a b

For each container calculate the simplified ratio of volume of liquid to volume of
the full container.

7 Calculate the total number of parts in the given ratio. I Start by finding
Then use appropriate proportions (fractions) to divide the total parts.
$100 in the ratio of:
al:9 b 1:3 c 3:7 d 2:5

8 Calculate the total number of parts in the given ratio. Then use appropriate
proportions (fractions) to divide $1200 in the ratio of:
a 1: b 1:5 5:7 _ d 7:
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Example 13

9

10

Calculate the total number of parts in the ratio. Then ratio part
use appropriate proportions (fractions) to divide S

total of parts

each of the following in the ratio given.
a $40intheratiol:3

$150 in the ratio 2 : 3

32 kg in the ratio 3 : 5

48 litres in the ratio 5 : 7

200 g in the ratio 4 : 1

$90 in the ratio 1 : 2
$220 in the ratio 4 : 7
450 kg in the ratio 7 : 2
132 litres in the ratio 8 : 3
49 Iollies in the ratio 5 : 2

- ® O
- - o T

Calculate the total number of parts in the ratio. Then T B
emember your
use appropriate proportions (fractions) to divide each final answer needs units)
of the following in the ratio given.
a $300intheratio1:2:3 b 270 kgintheratio2:3:5
¢ 64000 litres in theratio 1 : 3: 4 d $1250000 in the ratio 12:8:5
e 300mintheratio3:3:4 f 80 chocolates in the ratio 1:4: 3
g 180 plants in the ratio 10:5: 3 h $1500 in the ratio 20: 7 : 3

APPLICATIONS

SF: -

11 Graham and Jean run a sheep farm and, after S S El e T i e aelr
breeding season, they have calculated that in words. Keep the same
the ewe to lamb ratio is 20 : 19. They order for the numbers.
currently have a total of 5265 sheep on
their property.

a Calculate the total number of parts in
the ratio.

b Determine what fraction of the sheep are
ewes and what fraction are lambs.

¢ Calculate how many ewes and lambs they
have in total.

12 During the wet season in Cairns, it rains five
days for every four sunny days. The wet season
runs for a total of 90 days.

a Identify the ratio of rainy days to sunny days.
b Calculate the total number of parts in
the ratio.
¢ Determine what fraction of days are sunny.
d Calculate how many sunny days there are .
during the wet season. Barron Falls, Kuranda
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13 In one year recently, there were 2170 accidents on Queensland’s roads. Use the
ratio of fatal to non-fatal accidents of 1 : 9 to:
a Calculate the total number of parts in the ratio.
b Determine what proportion of accidents were fatal and the proportion of
accidents that were non-fatal.
¢ Calculate how many accidents were fatalities compared to non-fatalities.

14 Ariana, Kacey and Sarah inherited $55000 from
their grandmother, who left them an inheritance in the ratio of 5:4 : 2,
respectively.
Use this ratio to explain who gets more of the inheritance.
Calculate the total number of parts in this ratio.
Determine what fraction of the profit inheritance Ariana receives.
Determine what fraction of the profit Sarah receives.
Use your answer to part C to calculate Ariana’s share of the inheritance.
Use your answer to part d to calculate Sarah’s share of the inheritance.

Q - 00 a O T o

Use your answers to parts € and f to

determine how much more Ariana will T Write your final answer w
S.

. to part g in words, using unit:
receive than Sarah. partg g

15 Cassie, Jarred, Andrew and Anneliese went to the movies and Jarred decided to
pay for Cassie and Anneliese, as well as his own ticket. All four tickets cost $56.
a Use the information to write down how many tickets Jarred paid for and how
many Andrew paid for.
b Write the ratio of Jarred’s tickets to Andrew’s tickets.
¢ Use this ratio to calculate how much Jarred paid.

% 16 Megan and Luke own a coffee shop together. They split the profits in the
ratio 5 : 4. If the shop made a profit of $114 732 in one year, calculate how much
money Megan and Luke each receive.

* 17 Brock, Jasper and Ruth win a 1 kg block of chocolate, Lm 1kg=1000g w
which they split in the ratio 1 : 2 : 3. Calculate how

many grams of chocolate each individual receives.

*18 ‘Great. Aunt)f Rose pa'ssed away and left hG.:I‘ YT The word ‘respectively’
inheritance in the ratio of 1 : 1 : 3 to her sisters means in the same order.

Gretel, Helga and Marie, respectively.
Marie cared for Aunty Rose in her last few years and this is why she has the larger
share. Rose’s estate is worth $600000; this is the total amount of inheritance that
her sisters will receive. Calculate how much each sister would receive.
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* 19 Melanie is organising the cordial drinks for the end-of-year function.
a Iftheratioof cordial to wateris 2 : 18, respectively, calculate the amount of cordial
and water that is needed to fill a 50 litre drink dispenser.
b Calculate the total cost of purchasing the cordial, if it costs $2.55 per 2 L bottle
of cordial.
% 20 Brooke runs a local hair salon and she
wants to calculate the cost price for one hair
colouring procedure. The mixture she
makes has a 2 : 1 ratio of developer to
colour.
a Brooke estimates that she needs around
450 mL of mixture to colour long hair.
Use the ratio given to calculate how
many millilitres of developer Brooke Hairdre;ssers uée ratios in their daily work.
would need.
b The developer costs $3 per 100 mL and
the colour costs $2 per 100 mL. Determine the cost price of the products for
one long hair colouring procedure.

21 Ezekiel is concreting his driveway
and has worked out that it will take
9 cubic metres (m?) of concrete mix
to make his driveway. The concrete
mix ratio is 1 : 2 : 3 of cement to sand
to gravel, respectively.

Cement costs $150 per m?, sand

costs $60 per m® and gravel costs ry- - s .
$80 per m?. Calculate the cost of Concrete is made from cement : sand : gravel mixed in a
materials for Ezekiel’s driveway. specific ratio.

22 Olivia is splitting chocolate between her Maths and English teachers in the ratio
of 3 : 2. (Maths is her favourite subject.) Olivia’s Maths teacher receives 900 g of
chocolate. Calculate how many grams of chocolate Olivia gives to her teachers, in
total.
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Scale values using ratios compLEx

LEARNING GOALS

= Convert a scale distance to an actual distance
= Convert an actual distance to a scaled distance
® Determine scale ratios

Finding the actual and scaled distances from real-world problems

When would it be essential to use scale values?

Scale models and scale drawings
are used to find design errors and
improvements for inventions, new
designs (e.g. cars, buildings) and
engineering projects.

A map is a scale copy of the
landscape. The scale on a map
or a house plan can be used to ——

calculate actual distances. Professional model makers in Queensland use scale ratios to

build architectural and engineering models for commercial and
government use.

WHAT YOU NEED TO KNOW

= A scale drawing or model has exactly the same shape as the actual object
but it is a different size. The scale ratio should be included with a drawing or
model.

® The scale on a drawing, diagram, map or model is written as a scale ratio.
Scale ratio = drawing (or model) length : actual length

= A scale ratio of 1 : 100 = drawing (or model) : actual means that the actual
(real life) lengths are 100 times larger than the drawing lengths.
* For example: A house plan scale of 1 : 100 means that 2 cm on the

plan = 200 cm in real life.

= A scale ratio of 100 : 1 = model : actual means that the model lengths are
100 times larger than the actual object. (100: 1 = 1: 1/100)
* For example: If a plastic model of a plant cell has scale 100 : 1, then 1 cm

1

on the model = Tog €M in the actual plant cell.

® The scale factor is the second number in a scale ratio that starts with 1.
* For example: For the scale 1 : 1000, the scale factor is 1000.
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= To convert a scaled length to the actual length, multiply by the scale factor.
= To convert an actual length to the scaled length, divide by the scale factor.

| Scale distance |

| Actual distance |

It is important to accurately convert length units when calculating with scales.

X 1000

X 100

X 10

<+ 1000

Example 14

A map has a scale of 1 : 50000.

=+ 100

+ 10

Use the given scale to calculate the actual distance for the each of the following

scaled distances.

a 6cm b 150 mm
WORKING
a Actualdistance = 6 cm X 50000 <
= 300000 cm
= 3000 m
= 3 km

c 2.75cm

THINKING

Multiply 6 cm by the scale factor
of 50000 and always keep the same
units after multiplying by the scale
factor (i.e. keep cm).

Then convert cm to km, which is a
more suitable unit.

[cm (= 100) - m (= 1000) — km]

b Actualdistance = 150 mm X 50000 < Multiply 150 mm by the scale factor

= 7500000 mm
= 7500 m
= 7.5km

of 50000, giving an answer in mm.
Then convert mm to m to km.
[mm (= 1000) - m (= 1000) — km]

¢ Actualdistance = 2.75 cm X 50000 < Multiply 2.75 cm by the scale

= 137500 cm
=1375m
= 1.375 km

© Capps et al. 2019

factor 50000 to give an answer in cm.
Then convert cm to m to km.
[cm (= 100) - m (= 1000) — km]
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Example 15

A suburban development plan has a scale of 1 : 2000.
Use the given scale to calculate the scaled distance for the following actual

distances.

a 60m b 250cm ¢ 1.24km

WORKING THINKING

a Scaled distance = 60 m +~ 2000 G The scale 1 : 2000 shows a scale
= 6000 cm + 2000 factor of 2000.
=3cm Convert 60 m to 6000 cm, as 6000

is more easily divided by 2000.
[m (X 100) - cm]

Divide 6000 cm by 2000 and keep
the units in cm.

b Scaled distance = 250 cm = 2000 < Convert 250 cm to 2500 mm, as

= 2500 mm <+ 2000 2500 is more easily divided by
= 1.25mm 2000. [em (X 10) - mm]
Divide by the scale factor of 2000.
¢ Scaled distance = 1.24 km + 2000 < Convert 1.24 km to 1240 m, as
= 1240 m + 2000 1240 is more easily divided by
=0.62m 2000. [km (x 1000) — m]
= 62cm

Divide 1240 m by 2000 and keep
the units in m.

Convert 0.62 m to cm.

[m (x 100) - cm]

Example 16

Determine the scale ratio for a map scale when a map length of 12 cm represents
an actual distance of 36 km.

WORKING THINKING
Scaleratio = 12cm : 36 km < Scale ratio = drawing length : actual length
= 12¢cm : 3600000 cm [pclude the units for both distances.
= 12 3(3)888800 First convert both lengths to the same units,
o then write the scale ratio without units.
[km (x 1000) - m (x 100) — cm]
HCF = 12; hence, divide both ratio parts by 12.
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Example 17

The TV transmission towers in Brisbane are approximately 200 m in height.
a Use an appropriate calculation to write this height in centimetres.

The tower height is reduced using a scale of 1 : 500 to make a scale model.
b Identify which number in this ratio represents the actual height of the tower.
¢ Use the scale to calculate the height of the model tower.

WORKING THINKING
2 200m = 200 X 100 CM = <t I m=100cm
= 20000 cm
b 500 represents the height of the tower. < 1 : 500 = model : actual tower

C Model tower height = 20000 cm =+ 500 < The tower is larger than the
=40 cm model, so divide by the scale
factor to find the model height.

Example 18

a A scale model of an Indigenous bark canoe is 20 cm long. If it was built at
a scale of 1 : 15, calculate the length of the actual canoe in cm and m.

b The beach on Fraser island is 120 km long. Calculate the scaled map distance
of this beach on a map that has a scale ratio of 1 : 1000000.

WORKING THINKING

a Actuallength =20cm X 15 < The actual canoe is larger than
=300 cm a model. So multiply the scale
=3m

factor to give 300 cm.
The canoe is actually 3 m long. Then convert cm to m.

[cm (+ 100) - m]
Answer the question in words.
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120 km = 120000 m =« - First convert km to m for easier
Scaled distance = 120000 m = 1000000 division.
=0.12m A map is smaller than the real
=12cm beach, so divide 1200000 m by

The map distance will be 12 cm. the scale factor; the answer will

also be in m.

Then convert 0.12 m to cm as
sensible map measurement units.
[m (x 100) —» cm]

Answer the question in words.

FUNDAMENTALS

Example 14

1 Demonstrate your understanding of terms by writing down the missing words in

each of the following.

a
b

Scale ratio on a drawing = length : length.

A house plan with scale 1 : 100 means __ cm on the plan is _
on the house.

The scale factor is the number in a ratio that starts with 1.

A drawing length is than the actual distance, so

the drawing length by the scale factor to find the actual distance.
An actual length is than a drawing length, so
the actual length by the scale factor to find the drawing length.

2 Use the given scale to calculate the actual distance D Multiplying by a
for each of the scaled distances. Give you answer in scale factor does not
appropriate units. change the units.

a Scale 1:20000
i 5cm il 150 mm ili 22cm
b Scale 1:50 000
i 3cm ii 200 mm iii 15cm
¢ Scale 1:4000
i 50 mm ii 25cm iii 1.6cm
d Scale 1:2500
i 18cm ii 2.75cm iii 22.5cm
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Example 15

Example 16

Example 17

3 Use the given scale to calculate the scaled distance I A scaled distance
for the each of the actual distances. is smaller than the actual
a Scale1:100 distance, so divide by
i 500m i 3000mm i 2km he scale factor
b Scale 1:300
i 18m ii 6km iii 21 m
¢ Scale 1:20000
i 4km ii 200 m ili 14 km
d Scale 1:5000
i 30m ii 25m iii 3.75 km
4 Determine the scale ratio for each of the following. T Start with drawing
a A length of 24 mm on a scale drawing represents length : actual length,
an actual distance of 4800 cm. including the units.
b A length of 15 cm on a scale drawing represents
an actual distance of 30 km.
¢ A length of 2.5 mm on a scale drawing represents an actual distance of 75 km.
d A length of 75 cm on a scale drawing represents an actual distance of 900 m.
e An actual length of 5550 m is represented by 37 cm on a scaled drawing.
f An actual length of 5376 cm is represented by 38.4 mm on a scaled drawing.
5 A map has a scale of 1 : 20000. Use this scale YD The real distance is
to calculate how many centimetres in real life is greater than a map distance,
represented by a length of 2 cm on the map. so multiply by the scale ratio.
6 A caris 5 metres long.
a Use an appropriate calculation to write this length in centimetres.
A scale model of the car is to be built using a scale of 1 : 50.
b Identify which number in the ratio represents the actual length of the car and
explain why.
¢ Use the scale to calculate the length of the model car.
7  An apartment tower is 90 metres tall.
a Use an appropriate calculation to write this length in centimetres.
Using a scale of 1 : 500, the tower is reduced to make a scale model.
b Identify which number in this ratio represents the actual height of the tower.
¢ Use the scale to calculate the height of the model tower.
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APPLICATIONS
SF. -

example 182 8 A Gold Coast developer plans to build a new high-rise apartment tower. She has a
model tower built to a scale of 1 : 2000. The model is 18 cm tall with a square
base of side length 4 cm.

a Use the scale to calculate the actual side length of the base of the building.

Use division to convert this measurement to metres.

Use the scale to calculate the actual height of the building, in centimetres.

Use division to convert this measurement to metres.

O o o T

If each floor level is 3 m tall, determine how many floors there are in this
building.

9 The HMS Endeavour commanded by Captain Cook had a length of 30 m.

A model of this ship is built to a ratio of 1 : 40.

a Explain why you would divide by 40 to calculate the length of the model ship.

b Calculate the model length, in metres.

¢ Use multiplication to convert the model length to centimetres.

d Cook’s cabin on the HMS Endeavour was around 1 m wide by 2 m long.
Convert these dimensions to centimetres and then calculate the length, width
and floor area for Cook’s cabin on this model.

James Cook’s apprenticeship studies included maths, navigation and astronomy.
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10 a A scale model of a caravan is to be created. Explain why a scale of 1 : 50
would be more appropriate to use than a scale of 1 : 10000.
b A scale model of a city is to be created. Explain why a scale of 1 : 10000
would be more appropriate to use than a scale of 1 : 500.

example 180 11 The McLaren P1 racing car is 4.588 m long. A detailed scale model of this car has
been built to a scale of 1 : 14.

a Calculate the length of the model, in metres. IID The model length is
smaller than the real length,

so divide by the scale ratio.

b Use multiplication to convert this length of the
scale model to millimetres.

12 Refer to this map of Australia and answer the questions.

S |\ )STRALIA B —ce

‘ ' Darwin 'OKa.kadu NP S Great Coral
INDIAN _Katherine © SGulf of . Barrier “7¢
OCEAN Carpentar m Reef Sea

The Klmbeﬂeyo ¢ ~ © Caimns

Broomeo ~  NORTHERN . SOUTH
TERRITORY TownsvilIeo Aiflie  PACIFIC
, WESTERN " " ®Beach  OCEAN
= _AUSTRALIA Vb i
©Exmouth %;\rlllr‘l:;s QUEENSLAND oRockhampton
(A Ulur't‘uk : - ©Bundaberg
yers Rocklsourh o Noosa Heads
oorlié- AUSTRALIA Toowoombao ° Brisbane

o Kalg Flind
Geraldtono Boulder in Hinders NEW'SOUTH

PIai™ Ranges e
| ® Nulisb - WALES 4 Port Macquarie
Perth & , Barossa oNewcastle
Busselton © PR Eoperance Adelaide .‘Vaﬂey & O S dneY

o Great Australi rra
Albany " T VICTORIA e%nowy Mauntains

\ Great Oceane ° MelbOume
) Road Bm\ Slrfut

SOUTHERN Tasman
T TASMANIA ;
0 ——=== 500 km OCEAN Hobart « ®Freycinet  Sca

0 ==——— 300 miles *+* Peninsula

Karratha
-

5

a Use aruler to measure the 0 to 500 km scale, in millimetres.

b Use your result from part a to determine how many millimetres on the map
represents an actual distance of 100 kilometres.

¢ Use aruler to measure the direct distance between Brisbane and Cairns, in
millimetres.

d Use your answer from part b to estimate the actual direct distance from
Brisbane to Cairns, correct to the nearest 100 kilometres.

e Use aruler to measure the direct distance between Brisbane and Perth, in
millimetres.

f Use your answer from part b to estimate the actual direct distance from
Brisbane to Perth, correct to the nearest 100 kilometres.

1seN 9791 Pg %lg;gscale to estimate %18 a%%tsue lafl%:&t distance fron&am%%%g%m eSréz ney.
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13 In the unit plan shown, the back wall of the kitchen is 4 m long.
a Determine an appropriate scale for this unit plan.
b Use this scale to find the dimensions of the bedroom.
¢ Calculate the area of the actual bedroom floor.
d Carpet costs $66 per m? laid. Calculate how much it will cost to carpet the

bedroom.
Back wall
T
23 Kitchen ;u
" %
B 4
i
C'I ~_ /]

=

™
1o
L o
e Nk

14 Queensland’s open-cut mines

require huge dump trucks. The

mining truck shown has a vertical

height of 7.37 m (measured at the
front left).

a Convert the vertical height
of the mining truck to
centimetres.

b Use a ruler to measure the
height of the truck in the photo
at the front left, in centimetres.

¢ Use your answers to parts @ and b to calculate the scale for this photo.

d Use your ruler to measure the diameter of the front tyre of the truck in the photo.

e Use the scale to calculate the diameter of the front tyre of the actual truck,
correct to the nearest 10 cm.
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* 15

* 16

* 17

*18

Sam has found a model of the RMS
Titanic for sale, which is advertised as
having a scale of 1 : 570. The actual
RMS Titanic had a total length of

269.1 m, a maximum width of 28.2 m
and a maximum height of 53.3 m.
Calculate the length, width and height of
the model.

Rachel has built a model of her family

house. The model is 32 cm long, 24 cm wide and has a height of 9 cm. Rachel’s
actual house is 16 m long, 12 m wide and 4.5 m high. Determine the scale ratio
for the model, in simplified form.

The photograph shown is of Ben Dover, who is
1.9 metres tall in real life. Determine the scale for
the photograph and then use this scale to calculate
the height that the dog appears to be in the sitting

position.

Julie owns a block of land that is 24 m by 36 m. She

is planning to build a rectangular house that is 12 m

by 18 m but she is struggling to decide where to =

position the house on the land.

The council requires a 6 m setback from the street

frontage (i.e. the house must be built at least 6 m back from the front of the block)

and a minimum of 2 m space between all sides (left, right and back) and the edges

of the block.

A scale of 1: 120 will be used to draw a scale plan of the block and the outside of

the rectangular house.

a Use all of the information to design a plan for where Julie’s house should be
situated on the block.

b Justify your placement of the house in its position on the plan.
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Problem-solving and modelling task

CREATING A SCALE MODEL OF A CAR

Background: Scale models are used in the car industry to —~— |
develop new designs.

Task: Your task is to construct a scale model of a car of your
choice. You can do this in the form of a drawing or with the

use of clay or plasticine. You will need measuring tape, rulers S

and either grid paper, modelling clay or plasticine.

ANHRNRSSSNSH

To complete this task, follow the problem-solving workflow diagram below and
use the steps listed as a guide.

peeeeee 3> Formulate

Stage 3

A Evaluate
i and verify

Stage 4

Communicate

ISBN 978-1-108-45979-2

Stage 1: Formulate

1 Decide on the car you will use to make your scale model.

2 Decide on the maximum size of your model.

3 Decide what measurements on the car will be needed (e.g.
various heights, lengths, widths, wheel diameter, etc.).

Stage 2: Solve

4 Create an appropriate scale to use (e.g. 5 cm = 100 cm).

5 Obtain measurements of the actual real car for which you
are creating a model.

6 Use your scale to calculate measurements for the scale
model.

7 Make your scale model using pencil and grid paper, or
with modelling clay/plasticine.

Stage 3: Evaluate and verify

8 Compare your model with the actual car. Which
parts of your model look correct? Which parts
do not? Revisit steps in stage 1 (Formulate)
and stage 2 (Solve) to make adjustments to your
model.

9 Does your model now look in proportion to the actual
car?

Stage 4: Communicate

10 Communicate your findings in a short report, outlining
the decisions involved in making your model, how you
adjusted your model, and the calculations you used along

the way. I
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Mechanics are problem solvers. They use various tools,
diagnostic tests and their own intuition and experience
to put the clues together and identify the faults with the
engine they are working on.

An interesting automechanical fact can be found by \
solving the puzzle on this page. Answer the questions DR

and use the answer to fill in the letters in the grid below.

Calculate the missing values in the following equivalent ratios.

A 3:7=[1:56 B [1:9=16:36 C 4:7:11=28:1:77

Determine the highest common factor (HCF) of each of the following pairs of
numbers.

D 12,30 E 48,80
Use division to simplify the following fractions.
30 75
F 6
Use what you have learned to simplify each the following ratios.
3.5 4.13 .
H7.§ | 25'171 J 24:36
K 12:18:21L L 25mm:50cm M 30mL:45L

For each of the following, calculate the size of each part when the quantity is divided

in the given ratio.

N 175intheratioof 3:4 0 175intheratioof2:5

P Determine the scale ratio when a length of 6 cm on a scale drawing represents an
actual distance of 30 m.

5 5
75: 100 § 16 7 24 :35 1:20 1:150 75: 100
50:125 24 :35 56:35 6 1:150 49 1:20 16 16 56:35
50:125| 24:35 | 4:6:7 16 1:20 1:150 50: 125 16 1:20 16
5
2:314:6:7| 16 |1:20] 24 |75:100| 16 6 4 1:500 5 24 | 56:35 6
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|:| I understand the fundamentals of ratios and their relationship with fractions.

1 Write % as a ratio.

2 Write 21 : 17 as a fraction.
3 Express 8 apples to 11 oranges as a ratio.

|:| I can demonstrate my understanding of ratios.

4 Complete the equivalent ratio 20 : 36 = 30 : [_].
5 If the oil to fuel ratio for an outboard motor is 1 : 25, calculate how much
oil is needed for 5 litres of petrol.

|:| I can express a ratio in simplest form using whole numbers.

6 Use division to simplify the ratio 28 : 35.

7 Use division to simplify the ratio 18 : 30 : 48.

8 Write the ratio ‘7—‘ : % so that the fractions have a common denominator,
and use this to simplify the ratio.

|:| I can determine the ratio of two quantities in simplest form.

9 Convert the ratio 15 cm : 3 m to have the same units, and then use
division to simplify.

10 Convert the ratio 20 weeks : 2 years to have the same units, and then use
division to simplify.

11 A gardener uses 15 mL of pesticide for every 1 litre of water. Identify the
ratio of pesticide to water, then write this as a simplified ratio.

I:I I can divide a quantity into a given ratio [Complex].

12 Divide 630 kg in the ratio 4 : 5.
13 Uncle John leaves $200000000 to be split in the ratio 5 : 7 : 8 to his
nephews Logan, Lucas and Luther. Determine how much Luther receives.

|:| I can use a ratio to describe a simple scale [Complex].

14 Determine the scale ratio when a length of 30 mm on a scale drawing
represents an actual distance of 4.5 m.

15 A developer wishes to create a model of a sample house. The house
is 15 m wide, 21 m long and 3 m tall. Calculate the dimensions
(width, length and height) of the model, using a scale of 1 : 50.
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All questions in the Chapter Review are assessment-style.

Simple Familiar

1

During one year it rained for 73 days and it was dry on all the other days.
Determine the ratio of rainy days to dry days for that year.

Mark is a bartender and mixes 30 mL of rum with 240 mL of ginger ale.
Determine the ratio of rum to ginger ale, in simplest form.

A swim school has 7 teachers and 56 students. In simplest form, determine the
ratio of teachers to students.

Robyn does twice as much cardiovascular exercise as weights in the gym.
Interpret this information by writing it as a ratio. Determine the equivalent
ratio if she does 30 minutes of cardio exercise.

A local dam is stocked with three types of fish, catfish, yellowbelly and

barramundi, in the ratio 2 : 12 : 15. The dam is emptied and all the fish are

relocated, of which 24 are catfish.

a Use the ratio to calculate how many yellowbelly you would expect to
be relocated.

b Use the ratio to calculate how many barramundi you would expect to
be relocated.

Lads Landscapes Supplier has 14 cubic metres of garden soil consisting of
4 cubic metres of fertiliser to 10 cubic metres of ordinary soil.

If it wishes to make some more garden soil and it has 22 cubic metres of
fertiliser, how much ordinary soil does the company need to mix in with the
fertiliser to maintain the same mixture?

Martha is a great tennis player and has won 42 games and lost 18 games so
far in her career. If Martha wins 105 games in the next 3 years, calculate
how many games you would expect her to have lost if she maintains her
win : loss ratio.
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Complex Familiar

8 Moo Moo Milk Company produces 5600 bottles of flavoured milk per day,
producing five chocolate for every three iced coffee and two strawberry milk.
a Calculate how many more bottles of chocolate milk than strawberry milk
are made each day.
b Determine how many more bottles of chocolate milk than strawberry milk
will be produced in a standard year.

9 Grace and Lilly both put money into their superannuation for their retirement.
Grace saves $120 for every $90 that Lilly saves. After 10 years of saving, they
have $109200 in total. Calculate how much each has saved.

10 The Grade 11 students have won 25.2 kg of lollies in a competition making
up an advertising slogan for the Honey Sweetie confectionary company. There
are 45 boys and 60 girls. If each student receives an equal share, calculate
how many kilograms of lollies the girls will receive.

Complex Unfamiliar

11 Sam has a scale model of a container ship with a ratio of 1 : 200. His model
is 1.6 m long. Calculate the length of the actual ship.

12 Igor wants to make a scale model of a skateboard ramp to show his parents
what he would like to build in the backyard. The actual ramp is to be 8 m
long and 3 m tall. Decide on an appropriate scale for his model if it is to have
a maximum length of 50 cm and, hence, calculate the dimensions of Igor’s
model. Show all your working.
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Maths for a nurse: Alana Phillips

Alana Phillips has been a nurse for 10 years. From a very young age
she was determined to become a nurse and help people in need.
She commenced her nursing career at Royal Childrens Hospital,
Herston before transferring to the Sunshine Coast and working in
the Oncology unit. Alana is now a clinical nurse consultant in cancer care. She provides support to
individuals and their families who are going through cancer treatment.

Tell us a bit about your job. What does a typical day look like?

| work at a tertiary hospital as a clinical nurse consultant in cancer care. | work closely with the
doctors when they do their ward round, ensuring safe delivery of health care is provided. | ensure
that patients have follow-up appointments with their treating doctor and that the patient and their
family understand treatment goals. | also work closely with ward nurses, providing education

to them regarding cancer care, treatment options and interpersonal skills to assist with difficult
conversations.

LA T

What maths did you study in school?

| completed Maths A at school. | felt that it was the more practical subject that provided me with
real-world maths that | would use on a daily basis.

How do you use maths in your job? Could you give some examples?

Maths plays a significant role in my workplace, as a large component of being a nurse is to provide
medication to help a patient to get better. This involves calculating the dose of medicine that should
be given, as well as the rate of administration for intravenous medications. Percentage calculations
are also used on a daily basis.
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Understanding rates

Converting units

Solving problems using rates and direct
proportion [complex]

Comparisons using rates and determining
best value

Problem-solving and modelling task
Puzzle

Chapter Checklist

Chapter Review

Syllabus reference
Unit 1 Topic 1 Rates (6 hours)

In this subtopic students will:

review identifying common usage of rates,
including km/h

convert between units for rates

complete calculations with rates, including
solving problems involving direct proportion in
terms of rate [complex]

use rates to make comparisons
use rates to determine costs.
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1

Solve the following questions.
a 360+3 b 120 + 60
¢c 3+9 d 9+36
e 56+7 f 4+8
Simplify the following fractions.
25 39
a5 b3
6 45
C 3 d 5
5 18
€5 bz
In each pair of fractions, which is the larger one?
15 8
a F or §
7 5
b § or ,7
11 9
C ﬁ or E
What does each of the following units measure?
a centimetres (cm) b dollars ($)
¢ seconds (s) d litres (L)
e kilograms (kg) f degrees Celsius (°C)
Convert the following measurements to the units shown in the brackets.
a 3600 mL (L)
b 132 km (m)
¢ 270 minutes (hours)
d 5.5 years (days)
e $65 (cents)
f 14000 g (kg)
Give two units of measurements that can be used to calculate the following.
a speed :
b fuel usace Alink to a HOTmaths
& lesson is provided in the
¢ cost of oranges Interactive Textbook to
revise this topic.
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Understanding rates

LEARNING GOALS

= Jdentify a rate
® Determine suitable units for common rates

Write rates and simplify them

Calculate average rates of change
Apply rates in real-life situations

Why are rates essential?

Rate measurements and calculations provide
important information for many choices

and plans made in our day-to-day lives. For
example, using your pay rate ($/hour) to
predict income over longer periods; comparing
a vehicle’s rate of movement (km/h) to the
speed limit; applying the rate at which a car
uses fuel (litres/100 km) to calculate range
and fuel cost; considering the rate of data
download charge ($/GB) when choosing a

. Comparing fuel efficiency rates (i.e. litres per 100 km)
data plan; and reading the rate of energy per is an important consideration when choosing a car.

serving on product labels (kJ/100 g) when
choosing brand and/or portion size.

WHAT YOU NEED TO KNOW

= Rates show the relationship between different types of quantities with
different units.
* For example: A car’s speed is a rate usually written in kilometres per hour

(km/h).

= Rates are always written with two different units, unlike simplified ratios,
which are written without units.
¢ For example: rate $50/10 m = $5/m
* For example: ratio 60 cents: $1 = 60:100 = 3:5

® The word per is used instead of the words ‘divided by’ or instead of the
dividing symbol ‘/’ (also known as a solidus).

ISBN 978-1-108-45979-2 © Capps et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party



50 | Chapter 2 Rates

= When simplifying rates, we find the amount of the first quantity per 1 unit of
the second quantity.
* For example: 32 km walked over 8 hours would be simplified to how many
kilometres walked in 1 hour. Dividing both parts by 8 gives 4 km/h.
= [t is conventional to write rates in their simplest form.
= The average rate is the change in the first quantity divided by the change in
the second quantity.
* For example: Jason’s report increased from 500 words to 2000 words from
8 p.m. to 8:40 p.m. Average typing rate = change in words/change in time.

= 1500 words/40 min
= 40 ( ) = 40

= 37.5 words/min

Example 1

Determine whether or not each of the following is a rate.
a increasing 2 kg to 5 kg
b $12 per 2 kg

¢ 250 mL

WORKING THINKING

a This is a ratio but not a rate. < Look for the word per to identify a rate.

b This IS a rate. - This gives a number of dollars per number
of kilograms.

C  This 1S NOt @ rate. < This is a measurement, not a rate.

Example 2

Recall the typical units for the following rates.
a the speed of a bicycle
b the cost of fish

WORKING THINKING

a km/h < A cyclist usually travels some kilometres every hour, so typical
units are km per h. Use the symbol / for per.

b $kg < Fish are generally weighed in kg and sold for dollars, so
typical units are $ per kg. Use the symbol / for per.
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Example 3

Use division to write each of the following as simplified rates.
a $34.95 is the cost of a 5 kg piece of ham.
b Monica took 36 minutes to drive 8 laps in her go-cart.

WORKING THINKING
a .5 g $34.95/5 kg ) i g— Convert the rate to $ per kg.
$6.99/kg Divide both sides by 5.

Round to two decimal places for money.

b . 8 g 36 min/8 laps ) L g Convert the rate to minutes per lap.
4 min/lap Divide both sides by 8.

Example 4

Calculate the average rate of change in the following situations.

a Joseph walked 150 km in 5 days.

b When Blake was aged 9 he wore a size 5 shoe, and at age 17 he wore a
size 11 shoe.

WORKING THINKING
a s C 150 km/5 days | o s The distance travelled was
' = 30 km/day »h 150 km over 5 days.

Divide distance by the 5 days to
get the average km per day.

b size 11 — size 5 = 6 sizes <o The increase shoe size is
17 — 9 = 8 years 11 — 5 = 6sizes.
g g 6 sizes/8 years .8 Divide the size change by 8 years
= 0.75 sizes/year to calculate average size change
per year.
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Example 5

Kirra cycles 42 km in 72 minutes. Skye finishes a 30 km cycling race in
58 minutes. Calculate the rate of change of distance (i.e. speed) in km/minute,
correct to one decimal place, for both cyclists. Who has the fastest rate?

WORKING THINKING

Kirra = Write the rate from the information given.

=7 g42 km/72 min D =79 Calculate the rate per minute by dividing both

= 0.6 km/min sides by 72 and rounding to one decimal place.
Skye <o - Write the rate from the information given.
- 53 3£) km/58 mip ) - 58 Calculate the rate per minute by divi'ding both
= 0.5 km/min parts by 30 and rounding to one decimal place.
Kirra has the fastest rate. < Identify that Kirra’s cycling rate is a larger

number and write your answer as a short
sentence.

FUNDAMENTALS

1

Demonstrate your understanding of terms by writing down the missing words in

the following statements.

a Rates show the relationship between types of quantities with

units.

b Rates are always written _____ units. Simplified ratios are written
units.

¢ A simplified rate gives the amount of the first quantity per ______ unit of the
second quantity.

d The average rate is the in the first quantity divided by the

in the second quantity.

Example 1 | 2 Determine whether or not each of the I A rate compares amounts
. with different units.
following is a rate.
a 80 km/hour b 5 litres/minute
¢ increase from 120 km to 500 km d $28/kg
e 25cm? f 1 point/minute
g 30 degrees to 90 degrees h 60000 cans/hour
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example2 3 Recall the typical units for the following rates.

a
C
€

g

The speed of a 100 m sprinter b The cost of buying grapes
The cost of petrol d A person’s typing speed
The calorie content in a f The speed of a car

breakfast cereal
The cost of buying land h A cricket team’s run rate

example 3 4 Use division to write each of the following as simplified rates. Round your answer
to one decimal place if needed.

_——-—oeue 00 a0 T o

$7 for 4 kg of apples per 1 unit of the second quantity
$180000 for 600 m? of land
12 tries in six games

660 mL of rainfall in 30 days
5000 revolutions of a jet engine rotor in 30 seconds

300 km travelled in 5 hours T A simplified rate is written w

48 customers served at a drive-thru in 1.5 hours
20000 bottles filled in 7 hours at a factory

250 km travelled in 4.5 hours

80 jumps in 60 seconds

example4 . 9 Calculate the average rate of change in the following situations. Round your

answer to one decimal place if needed.

a
b

|]Q - 00 a O

John drives 1.200 k@ in 3 days. R e —
Stormy the kitten gains 4 kg over per 1 unit of the second amount.

6 months.

Tim runs 20 km in 2 hours.

Brenda eats 12 lollies in 5 minutes.

Sam the snail travels 1.2 metres in 3 hours.
In her netball match Melanie scores 20 goals in 15 minutes.

Jonah notices the temperature was 22°C at 6 a.m. and then 34°C at 2 p.m.
Luther was 100 c¢m tall in 2012 and is 149 cm tall in 2019.

APPLICATIONS

SF: 6-13 CF: - CU: -

example5 . 6 Kane cycles 50 km in 108 minutes. Archie finishes a 42 km cycling race in 90 minutes.

a Calculate Kane’s rate of change of distance (i.e. speed) in km/minute, correct
to two decimal places.
b Calculate Archie’s rate of change of distance (i.e. speed) in km/minute, correct
to two decimal places.
¢ Determine who has the fastest rate of movement.
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7 Round your answers to the following to two decimal places where necessary.
a A car uses 26 litres of fuel to travel 208 km.
I Use division to express this as a simplified rate in km/litre.
ii Use division to express this as a simplified rate in litres/km.
b i Calculate 208 + 100.
ii  Use division to express the information as a simplified rate in litres/100 km.

8 Amanda purchases 4 kg of chips and 16 litres of soft drink for a party. She has
invited 32 guests to her party, where the chips and drink will be shared equally.
a i Calculate the number of grams in 4 kg.
ii Calculate how many grams of chips each guest receives. Express this as a
rate of unit grams/person.
b i Calculate the number of millilitres in 16 litres.
ii Calculate how many millilitres of soft drink each person receives. Express
this as a rate with appropriate units.

* 9 If sausages cost $8 for 20 sausages, calculate the cost per sausage.

% 10 Jarvi was 51 cm when he was born. He grows at a rate of 8 cm/year until he is
16 years old. Determine Jarvi’s height when he turns 16 years old.

* 11 The North Queensland Cowboys had a club membership of 8000 in 2015 and
now have a club membership of 17000 in 2018. Calculate the average rate of
membership growth of the club for this time period.

* 12 Marissa finds a leaking tap and places a 6 litre bucket underneath it to catch the
leaking water. The bucket fills in 4 hours. Calculate how long it will take to fill a
15 litre bucket.
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