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Introduction and overview

Cambridge Senior Mathematics for Queensland Essential Mathematics Units 3 &4

has been written from the ground up to the QCAA syllabus to be implemented in
Year 12 from 2020. 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.

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

>

1
2

X
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Overview of the print textbook (shown on the
page opposite)
Syllabus references are listed at the beginning of each chapter.
Pre-tests provide a check of requisite knowledge and skills. Those who
used the series in Year 11 will still have access to their Units 1&2 Interactive
Textbook to use for revision.
Learning goals based on the syllabus are given for each section.
What you need to know boxes list important concepts and principles in
concise and accessible format.
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.
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 Gomplex 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.

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




Introduction and overview

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.

7 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.

8 Chapter checklists comprise short questions assessing achievement of

learning goals.

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

10

Examples and questions using spreadsheets are integrated throughout the text,

with accompanying Excel files in the Interactive Textbook.

11

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

1 ——— Syllabus reference
Unit 1 Topic 1 Ratios {7 hours)

Inthic subtoplc, students will

1 Culculate the anywers to exch of the followine, withi

AN understanding ratios and fractions

LEARNING GOALS , 3

« Consider the relationship b
= Understanding ratio order using words and npumbers

ratios and fy

WHAT YOU NEED TO KNOW 4

1 * Raties show the relationship between two of more related quantities.
= For example: A boal

ProBlr?m-snlvinT_; aind nimﬂnllingit.;sl;

1 SxE b Txd
d 2444 e 36+9
2 me cach fruction in its simplest form,
5 Example 4

CREATING A SCALE MODEL OF A CAR

I

| 2 kg of potussium,

Abatch mix of garden fertiliser inclodes 7 kg of nitrogen. 4 kg of phosphoris and

o Determine the ratio of nitrogen 10 potassiim.
b Determine the satio of phosphores to e other listed nutrients,

Winchagyvmmnds Sasd Thbhe 4 Ul 18 fhe o Ty w0 ————
Meschgs rew dewgm.

Ty Yiuar 13k bo 1 Gommatruict o sk el (f 4 3¢ 0 Yok

sk You cam b o o e For o€ 0 i g o with the

el <hay or planticise. You will send mearvisg tpe. rebery

o vither gl e, walelling ¢Sy oy pobticinn

Tonscormapbete this ik ethon e prodibemn. s ing wouk o diagesnt holim sl

WORKING THINKING s e sl s
- . dilides,
8 23% Loibido i > Pmive 1 Dk on e e meike o sl ket
| 2. Do on them o g il
FUNDAMENTALS 3 Il whet e o e o will e odol .5
( 3 Expross the fiflawing frmtion as ratios [Siee | B L B L R
6 LE b XD e — ’ Sehe A Clrste s sppunpebahd waake Ho uad (6.3 3 oo = 1100 conh
R ol s 3 0 Obwaln o the sctual peal car fur which w0
X y
N APPLIGATIONS
3 713 o - ol-
D I d the of ratios and thesr p with tractions.
7 Inihe past moath it was raimy for  days, choody for 9 days 1 Wihe ; SRRt
Determiine the ratio ol B
@ ruiny doys to cloudy doys
b clowly days lo sunny days h )
© amny days 10 non-anny days AN guestionis in the Clapter Review are axsesoneim-sevie. il
d miny doyx to cloudy days 10 Simple Familiar
sy days .
! 1 During ar it e for 73 days and it waw d ther ay o]
N4 18 OM MacDonald had s i wid 42 shod | ::::’m'*“""‘;‘"‘:‘r‘;' f ";n,""m‘ ‘:‘{;'"‘j i "'r’ hetherdns G
o ol my YN 1o ¥ ddoys Tor that year,
54 chickens. Identify the ratio of the nur ‘ RIS ¥ e
“‘ o cows 1o chickens, and then derermine| T Mark is o barteoder and mixes 30 mE. of e with 240 mb of ginger ale [——
form of this ratio. i} Detenmine the ratio of rumi 1o ginger ale. in simplest form.
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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 Since students can access their previous year’s Interactive Textbook, they can
use it for revision.

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.

Xii
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Introduction and overview

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.

Senior Maths CAMBRIDGE

General Maths 182 Queensla

Chapter 2! Consumer arithmetic: Loans and investments l 9

2B Simple mteres(

14 — i T 2 @ i —17

In this mstance, the amount of Inferest pasd to us 15 5%, of B1000 or S 100 = 0.05 . $50
Lo o foc oo benaidy  taemsle1d

L-16

= the Interest rate. 35 a decimal interest rate per annum (such as 0.1 or 1
(such a5 10%)

® the length of ime the money is invested

16—

Technology enables us 1o Investigate the growth in simple Interest with time

] ‘7 \"“ 28 Simple Interest growth L'
I Shis wigiget, the Growth in value of a simple intersst investmant is plotted againg!

l 8— ;‘1 Spreadsheet activity 28: Calculating simple interest with a spresdshest - - - EEE—— -]
Ls - D e - 18

Questions

onversion of units
privert the following measurements into the units given in brackets. D G 8
a1 5.7 m (cm)

‘Workspace l I - Check answer

3.7 metres
= 5.7 x 100 cennmerres I
=370cm

Correct Answer

570 cm
How did | go?
/ @ ‘. ’ - Let my teacher inow | Rad a lo of traubie with this question P
22
Xiii
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Introduction and overview

» 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.

H“L

Xiv
ISBN 978-1-108-45977-8

Dashboard

28

General Maths 182 Queensiand ~

My text

This Is the portal for you to atcess 3l of your
General Maths 182 Queensland content.

Messages

Revision on
HOTmaths

@

Help
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Reports

Dictionary

Student book
PDF ﬁ
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Teacher
resources
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Maths for an executive assistant:
Jenny Marie

Jenny Marie completed a traineeship in Business Administration
and started her career as a receptionist, before moving on to
become an Executive Assistant in the wine industry.

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

As an Executive Assistant, my day involves diary and travel management, invoice reconciliation,
capital project planning and data analysis. | spend a majority of my day using Excel, not just for data
analysis but also for tracking invoices and setting up capital plans for the next five years.

| enjoy the variation of my role, there is always something new to learn. | enjoy using Excel and
being able to provide correct information to the General Manager, who is able to use this for
business planning decisions.

What maths did you study at school?

| studied Business Maths (equivalent to Essential Maths) at school. | didn’t enjoy maths but having
realistic applications to life has definitely been beneficial.

How do you use maths in your job?

| use maths on a daily basis in my career. Data analysis in Excel is a big part of my role. | am able
to provide the General Manager with our intake plans for the next five years, showing regional and
varietal differences, and ensure we have enough capacity to process those volumes by converting
the tonnes into litres.

| also analyse our past intake performance to highlight vineyards where we need to create capital
plans for redevelopments to meet the best outcomes for the business. These capital projects are
also reviewed to ensure they are meeting the required targets.



In this chapter

1A Recognising common 2D geometric shapes
and 3D solids

1B Investigating nets of 3D solids [complex]

1C  Using and converting linear measurements
and estimating lengths

1D  Calculating perimeters of familiar shapes
1E  Calculating perimeters of familiar composite
shapes [complex]
Problem-solving and modelling task
Chapter checklist
Chapter review

Syllabus reference

Unit 3 Topic 1 Measurement
Geometry (3 hours)

In this sub-topic, students will:

e recognise the properties of common two-
dimensional geometric shapes, including
squares, rectangles and triangles, and three-
dimensional solids, including cubes, rectangular-
based prisms and triangular-based prisms

e interpret different forms of two-dimensional
representations of three-dimensional solids,
including nets of cubes, rectangular-based
prisms and triangular-based prisms [complex].

Linear measure (5 hours)

In this sub-topic, students will:

e use metric units of length (millimetres,
centimetres, metres, kilometres), their
abbreviations (mm, cm, m, km), conversions
between them, and appropriate levels of
accuracy and choice of units

e estimate lengths

e calculate perimeters of familiar shapes,
including triangles, squares, rectangles,
polygons, circles and arc lengths

e calculate perimeters of familiar composite
shapes [complex].

© Queensland Curriculum & Assessment Authority Essential Mathematics 2019 v1.1
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4 Chapter 1 Geometry and linear measure

1 Determine the number of:
a sides in a rectangle b corners in a rectangle

¢ edges in a cube d corners in a cube

X Drawing a diagram
may help you to determine
the properties or features

2 Identify: of a shape or solid.
a the unit of measure for angles
b the number of angles in a triangle

3 Identify: A
a the right angle in the diagram shown
b the size of a right angle in degrees

4 Determine which of the following lines are \ B A
parallel lines.

5 For each 3D solid:
i count the number of faces il name the 2D shape of each face
a i b & A link to a HOTmaths

lesson is provided in the
! Interactive Textbook to

aiaiaininty ity . . .
.7 ‘ revise this topic.
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1A Recognising common 2D geometric shapes and 3D solids | 5

1A Recognising common 2D geometric shapes and 3D solids

LEARNING GOALS

= Jdentify the names and properties of 2D shapes including:
* squares
* rectangles
* triangles

® [dentify the names and properties of 3D solids including:
* cubes
* rectangular prisms
e triangular prisms

Shapes and solids are used and
seen everywhere. They can be
found in manufactured items such
as cardboard and jars. Shapes and
solids can also be found in nature
such as starfish and tree trunks.

It is important to understand the
properties of shapes when learning
measurement as the properties

can be used to describe and create
shapes. The properties of shapes Modern machines can create extremely complex shapes.

can be used in careers such as

landscaping, building and engineering.

WHAT YOU NEED TO KNOW

* Two-dimensional (2D) shapes are flat. They have only two dimensions
such as length and width. Examples of 2D shapes include square, rectangle,
triangle, trapezium, parallelogram, rhombus, kite and hexagon.

= Three-dimensional (3D) solids include a third dimension of depth or height.
Examples of 3D solids include sphere, cone, cylinder, cube, rectangular prism
and triangular prism.

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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6 | Chapter 1 Geometry and linear measure

® Properties are the description of the shape or solid. The properties of
2D shapes include the number of sides, the number of vertices, whether the
sides are equal, the size of angles, whether the angles are equal, and whether
the sides are parallel. The properties of 3D solids include the number of faces,
edges and vertices.

= Markings to show properties of 2D shapes

* Boxed corners represent an angle of 90°. Small ticks on = ' H
the sides represent equal side lengths.

u | [
* Double markings show another set of equal sides. These
sides are not the same length as the single marked sides.
° » X
* Arrows represent parallel lines. Double arrows
show another set of parallel lines. Small
X °

crosses, dots and arcs can be used to show
equal angles.

= A vertex (plural: vertices) is an angular point on a shape or solid. It is where
two or more lines or edges meet.
= 2D shape properties

Shape Properties

Triangle 3 sides
3 vertices
All angles add to 180°

Square 4 sides
T — 4 vertices
All sides are equal
All angles are 90°
H 0 All angles add to 360°
Two pairs of parallel sides

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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1A Recognising common 2D geometric shapes and 3D solids

Shape

Properties

Rectangle

4 sides

4 vertices

All angles are 90°

All angles add to 360°
Opposite sides are parallel
Opposite sides are equal

Parallelogram

A

4 sides

4 vertices

All angles add to 360°
Opposite sides are parallel
Opposite sides are equal
Opposite angles are equal

Rhombus

.

4 sides

4 vertices

All angles add to 360°

All sides are equal
Opposite angles are equal
Opposite sides are parallel

Trapezium

]

4 sides

4 vertices

All angles add to 360°
One pair of parallel sides

Kite

<0

4 sides

4 vertices

All angles add to 360°

Adjacent sides are equal

One pair of opposite angles are equal

Hexagon

.

6 sides

6 vertices

All sides equal in a regular hexagon
All angles equal in a regular hexagon

ISBN 978-1-108-45977-8
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8 | Chapter 1 Geometry and linear measure

® 3D solid properties

Solid

Properties

Cube

6 faces

8 vertices

12 edges

All faces are squares

6 faces

8 vertices

12 edges

All faces are rectangles

Triangular prism

£

5 faces

6 vertices

9 edges

Three faces are rectangles
Two faces are triangles

Square-based and
rectangular-based pyramid

LD

5 faces

8 edges

5 vertices

Base is either a square or a rectangle
Four faces are triangles

(

Triangular-based pyramid |4 faces
(tetrahedron) 4 vertices
6 edges
‘ Four faces are all triangles
Sphere 0 faces

No faces, vertices nor edges
An evenly curved surface
Perfectly symmetrical

ISBN 978-1-108-45977-8
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1A Recognising common 2D geometric shapes and 3D solids | 9

Solid Properties

Cone 0 faces

No vertices nor straight edges

One flat circular surface with no straight edge
One curved surface around the circle

Cylinder 0 faces
/—\ No vertices nor straight edges
v Two flat, circular surfaces with no straight
edges

One curved surface that flattens to a rectangle

Example 1

Complete the following for each of the shapes shown.
I Identify the name of the shape.

il Draw the shape.

Iil Mark in its properties.

a b
WORKING THINKING
a | Square
ii,ili g1 < : S - All angles are 90 degrees.
il il All sides are equal.
Two pairs of parallel sides.
1y [
b 1 Rectangle
l,ili o t O <o All angles are 90 degrees.
L + Two pairs of parallel sides.
_ ) d Opposite sides are equal.
ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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10 | Chapter 1 Geometry and linear measure

Example 2

Complete the following for each of the solids shown.
I Identify the name of the solid.
il Identify the number of faces, edges and vertices.

a : b : c

WORKING THINKING

a i Cube Faces — Count the number of flat sides
il 6 faces, 12 edges and 8 vertices on each solid.

b 1 Rectangular prism . Edges — Count the number of edges
il 6 faces, 12 edges and 8 vertices (where two faces meet) on each solid.

¢ I Triangular prism Vertices — Count the number of angular
Il 5 faces, 9 edges and 6 vertices points on each solid.

Example 3

Valerie has designed a new fence that she would like to place along the front of
her house. Identify the 2D shapes in each panel of the fence shown.

WORKING THINKING

Triangles Look for shapes that are common 2D shapes. Triangles
Trapeziums < are in the centre of the fence panels. Each panel is a
Rectangles rectangle and the trapeziums are between the triangles

and rectangles in each frame.

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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1A Recognising common 2D geometric shapes and 3D solids I 1

FUNDAMENTALS

Identify each 2D shape a—i with the correct name from the list A-I.

c

O 0 A
7T
O

A parallelogram B hexagon C triangle
D rectangle E rhombus F octagon
G trapezium H pentagon I square

2 Copy the table and tick the boxes to show the correct properties for each of the
following shapes.

Four sides

Three sides

All sides are equal length

All angles measure 90°

Not all angles measure 90°

Two pairs of parallel sides only

Two pairs of parallel sides of different lengths

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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12 | Chapter 1 Geometry and linear measure

eampie 1. 3 Complete the following for each of the shapes shown.
i Identify the name of the shape.
ii Draw the shape and mark in its properties.
iii Describe the properties of each shape.

4 Identify each 3D solid a—g with the correct name from the list A-G.
| d

-

A cube

B triangular prism

C rectangular prism

D triangular-based pyramid (tetrahedron)
E square-based pyramid

F cone

G cylinder

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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1A Recognising common 2D geometric shapes and 3D solids | 13

5 Determine the missing words in the following sentences.
a The flat surface on a 3D solid is called the
b The vertex or vertices describes the of a 3D solid.
¢ A side of a 3D solid where two faces meet is called the

example2 . 6 Using the properties of 3D solids, determine the blank spaces in the following table.

Name of solid Faces Edges Vertices
6 12 8

Triangular prism

Triangular-based pyramid

Pentagonal prism

Hexagonal prism

APPLICATIONS
SF: 7-14 CF: - CU: -

example 3 %7 Cubism was a revolutionary style of art that was created
by Pablo Picasso and Georges Braque around 1907. It is
typically characterised by the use of geometric planes and
shapes, similar to the image shown. Identify and create a
list of the various 2D shapes within the image.

*8 Geometric animal art is currently quite popular.
It is often used in graphic design as well as in
drawings and paintings. This involves using a
variety of 2D shapes to create an animal. In the
image shown, identify the two main shapes that
are used to draw the flamingos.

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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14 | Chapter 1 Geometry and linear measure

*9 Sophia has designed the house plan shown. Identify as many 2D shapes as
possible and explain what each shape represents in the house.

Livi Garden
iving area
Dining room .
o Patio
e
oI /MM
I
Kitchen
l Garden
7 O] 8 Garden
Bathroom Wardrobe
<] =1
Bedroom | Bedroom |Office | /" | |Ensuite/
‘\\I_\ Llnen 1 2 Master 0
/]
Storage| 3 Car garage
Cinema D D D \

Driveway

*10 Ella has just built a new shed for her dance studio.
a Identify the 2D shapes that make up the design of the front of her shed.
b Identify the 2D shapes that make up the design of the sides of her shed.
¢ Use the roof measurements to identify the 2D shapes that make up the two

separate roof designs.

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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1A Recognising common 2D geometric shapes and 3D solids | 15

*11 Lyn has designed a new gate that she would like to have made. Identify the
various 2D shapes that she has used.

*12 Billy and Alana are looking to buy a block of land in a new housing estate. Each
block has been numbered in the plan shown below. Identify which blocks are
shaped like a:

a rectangle
b parallelogram
C trapezium

Pacific Highway

L -l
Source AV Jennings

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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16 | Chapter 1 Geometry and linear measure

*13 Identify the name of the 3D solid that is most similar to the following
real-life objects.

Eiffel Tower in Paris Pyramids in Egypt

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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1B Investigating nets of 3D solids | 17

1B Investigating nets of 3D solids compLEX

LEARNING GOALS

= Interpret various 2D representations of 3D solids in the form of a net, including:
* cubes
* rectangular prisms
* triangular prisms

Why is it essential to interpret 2D representations of 3D solids?

Creating a 2D form of a 3D solid helps us to communicate the exact dimensions
and shapes required to create the solid. The concept of designing and creating an
object in a solid state requires good communication to the manufacturer, and the
best way for this to take place is in the form of a 2D plan. It particularly applies to
careers in architecture, manufacturing and design. The 2D design of a 3D solid is
known as a net.

WHAT YOU NEED TO KNOW

® A net is a flat shape (2D) that can be folded up into a 3D solid. A 3D solid can
have more than one type of net.

3D solid 3D image 2D net representations

T [P R

Vi L

P b

Rectangular prism .

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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18 | Chapter 1 Geometry and linear measure

3D solid 3D image 2D net representations

Triangular prism ‘

Triangular-based
pyramid

Square-based
pyramid

\VAVANVAV/
V

Cone

Cylinder

ISBN 978-1-108-45977-8
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1B Investigating nets of 3D solids | 19

Example 4

Construct a net that represents the following 3D solids.

WORKING THINKING

a [ | There are many possible solutions to
l u . EHE' EE: the design of both nets, all of which

are accurate. Check that you have the

yY—_-—t-

T ] correct number of faces, edges and
L] ] HDH Hﬂ_l | ﬁa vertices to form the solid.

I
L]

Example 5

Kenji has purchased a rectangular television cabinet that is 90 cm high,
70 cm deep and 150 cm long. Construct the net of this cabinet, showing the
measurements.

WORKING THINKING

D First draw a sketch of the 3D object with

! the dimensions.
190 cm

70 cm

Draw the net of a rectangular-based prism.
The net includes 2 rectangles with length

"1 70 em 150 giem vl ot 00 i

' T The net includes 2 rectangles with length
Ve 150 cm and width 70 cm.
The net also includes 2 rectangles with a
length of 90 cm and a width of 70 cm.

150 cm

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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20 | Chapter 1 Geometry and linear measure

Exercise 1B

FUNDAMENTALS

1 Determine the correct net (A, B or C) for each of the following solids.

Ve A
AV A
3

e Aﬂ> B [ C

example 4 2 Draw two different nets for each of the following 3D solids, ensuring that you

include the measurements.

a b

1m | 15 mm

---- .7 /10 mm

e 0.§J

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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1B Investigating nets of 3D solids | 21

*3 Match the following nets that are most similar to each of the real-life items in
Exercise 1A Q13 (there may be more than one real-life object per net).
a O b_[] c [ ]
[ |

O |

d 5>

SF: - CF: 4-5

x4 Sally has purchased a new fridge and it was delivered in a large box. Sally has cut
the edges and flattened the box to form a net. Construct a diagram to identify what
the net would look like. Ignore the extra flaps that cardboard boxes usually have.

*5 Ahmed is planning to construct a large cube as part of a sculpture that he is
creating as a display for the front of a hotel. He will be making the cube out of
sheet metal. In order to make the cube, he must first cut out the net of the cube. He
will then fold the sheet metal into a cube and weld it together.

a Design and draw a net of the cube.
b Identify how many folds Ahmed will need to make in order to construct the cube.

*6 Josh has just purchased a storage box for his son’s bedroom. The box has come in a
flat pack. The first step on the assembly instructions is to lay out the timber pieces in
the form of a net. Draw the net design, including the measurements of the box.

i s | ki
6\°°/\ . W s - =
- k.
| I e
60 cm
| |
} .' 90 cm | I——
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22 | Chapter 1 Geometry and linear measure

1€ Using and converting linear measurements and
estimating lengths

LEARNING GOALS

= Use the abbreviations of mm, cm, m, km to represent units of length
= Convert between units of length

= Jdentify the most appropriate unit of length for measurement

= Estimate the length of objects

Why is it essential to understand units of measure?

Understanding units of measure and the
conversion between them is essential as

it is not only used in many jobs but also
in daily life. The distance people drive

or walk per day is often calculated for
either working out the best route or for
calculating the number of calories burned.
Measurements are also used in many
industries such as construction, town

Modern measuring tools include lasers, being used here
planning, fashion and sports. to check measurements in a bathroom.

WHAT YOU NEED TO KNOW

= Units of length include millimetres, centimetres, metres and kilometres, and
these can be abbreviated to mm, cm, m and km.

= Millimetres are used for small objects of measure, such as an insect or a bolt.
They are also used in scale drawings or in construction and manufacturing
industries (e.g. to measure lengths of timber and pipes). Anything greater
than 2000 mm in these industries is usually measured in metres. For example,
a hardware store uses millimetres to identify the width or thickness of timber,
pipes, posts and rods, but uses metres to identify and measure the lengths
required of each item.

® Centimetres are often used for medium-sized objects such as the length of a
desk or the height of a child.

® Metres are typically used for larger objects such as the length of a room (e.g.
the real estate industry use metres but the building industry uses millimetres)
or the height of a building.
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= Kilometres are used when calculating long distances (e.g. the distance for a
cross-country run or the distance from one city to the next).
® When solving a problem using units of length, ensure that the measurements
are in the same units.
® To convert between units:
* use multiplication when converting from a larger unit to a smaller unit
(e.g. converting from km to m)
* use division when converting from a smaller unit to a larger unit (e.g.
converting from cm to m)
= Refer to the following conversion chart when solving problems that require

conversion.
x1000 x100 x10
e e
0.001942 km 1.942 m 194.2 cm 1942 mm
+1000 100 ‘\Jo/

= Estimating lengths is the application of your knowledge and skills of
measuring lengths to approximately guess the length of an object. Estimation
mainly takes place through physical, mental and comparative techniques.

* Physical — knowing the length of a hand span or walking stride can help to
estimate the length of an object. For example, if an adult’s stride is around
1 metre, then the length of a room can be estimated based on the number of
steps.

* Mental — recalling the approximate length of an item and comparing this
knowledge to a similar item that is being estimated. For example, the recall
of the length of a ruler being 30 cm. This knowledge can then help to
estimate the length of a desk.

* Comparative — knowing the height of a particular item and using this
measurement to compare the height to another object nearby. For example,
the height of a house may be used to estimate the height of a nearby tree.
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Example 6

Convert the following measurements into the units given in brackets.
a 6.5 km (m)

b 25 mm (cm)

¢ 0.07 m (mm)

WORKING THINKING

a 6.5 km x 1000 = 6500 m < Converting from a larger unit to a smaller unit so
multiply. There are 1000 m in each km.

b 25mm+10=25cm <« Converting from a smaller unit to a larger unit so
divide. There are 10 mm in each cm.

¢ 0.07 m x 100 x 10 = 70 mm < Converting from a larger unit to a smaller unit
twice so multiply. There are 100 cm in each m
and 10 mm in each cm.

Example 7

Blake works as a costume designer and he is making costumes for a dance
concert. He has worked out that each dancer will need 82 cm of material. There
are 8 dancers in the troupe. Determine how many metres of material Blake will
need to purchase.

WORKING THINKING

82 cm X 8 = 656 cm < Calculate how many centimetres of material
Blake will require by multiplying the length of
material by the number of dancers.

656 cm +100 = 6.56 m < Converting from a smaller unit to a larger unit so
divide by 100 as there are 100 cm in each m.

Blake will need to purchase <~ Communicate your answer in a sentence.

6.56 m of material.
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Example 8

Estimate the length of the diamond in the ring below, given that the following line
is 1.5 cm long and the photo of the ring is actual size.

1.5 cm

WORKING THINKING

15cm+2=075¢cm <. Compare the length of the line to the diameter of
the diamond. The diamond is around half the size
of the line so divide the length by 2 to estimate the
diameter.

The diamond has a length <... Communicate your answer using words.
of approximately 0.75 cm.

FUNDAMENTALS
example6 . 1 Convert the following measurements into the units _ M\
. . Y If converting
given in brackets. from a larger unit to a
a S5m(cm) b 7 cm (mm) smaller unit, multiply.
¢ 20 mm (cm) d 2 km (m) If Convertlr.wg from a
smaller unit to a larger
e 3.7m (cm) f 1.7 km (m) \unit, divide.
g 490 cm (m) h 7m (mm)
i 1.2km (mm) i 3000 cm (km)
2 Calculate the sum of the following measurements.
Express your answer in the units given in the brackets.
a 10 mm, 2 cm (cm) b 3 m, 200 cm (m)
¢ 1.5cm, 10 mm (mm) d 500 m, 2 km (km)
e 150 cm, 3.5 m (cm) f 200 m, 1.5 km (m)
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3

A good way to estimate the length of an object is to compare it to the length of
a familiar object. Use a ruler to measure the span of your hand from your thumb
to your pinkie (outside finger) in centimetres. Use this measurement to estimate
the length of the following items around your classroom.

a length of your desk b height of your chair
¢ length of your pen d width of your book
e length of your eraser f length of your calculator
g length of your pencil case h length of the whiteboard

Determine the most appropriate unit of length (mm, cm, m or km) for the
following measurements.

a length of a car b width of pencil

¢ length of a ladybeetle d length of desk

e flight distance from Brisbane to Cairns f length of fingernail

g length of arm h height of a giraffe

i distance around the Earth J distance from London to Cairo

APPLICATIONS

SF: 5-12 CF: - CU: -

Example 7 *5

Jade is an estimator for a building company. A plan shows a wall in the family
room is 5860 mm long. Jade needs the measurement in metres to estimate the cost
of the wall panelling. Determine the length of the wall in metres.

*6 Lachlan is training for a fun run and he runs 4.5 km per day. Determine how many
metres Lachlan runs.

*7 Harrison is looking at house plans to decide which house to build. On one of
the house plans, he has measured the length of the master bedroom as 4.2 m.
Determine the length of the master bedroom in millimetres.

*8 At the age of two, Kelly’s son is 90 cm. Kelly is told that he will grow to be twice
that height. Determine the grown height of Kelly’s son in metres.

*9 Allen is building a garden box for one of his clients. A length of timber is 250 cm
long and Allen needs 6 lengths of timber. Determine how many metres of timber
in total Allen needs to purchase for the garden box.
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*10 Choose the correct estimation for each of the measurements shown in the table.

Measurement Correct estimation

Length of a diamond in a ring 2.5 cm 6 mm 28 mm
Length of a mobile phone 220 mm 0.4 m 12 cm
Height of an old gum tree 32m 0.8 km 30000 cm
Height of a 12-storey high 0.1 km 36 m 80 m
skyscraper

Distance from Brisbane to Cairns | 368000 m 2500 km 1700 km

example 8 %11 Estimate the length of the following images, given that the blue line is 2 cm long.

P
2 cm

*12 Estimate the height of the palm tree near the front door, given the height of the

front rendered wall on the house is 3 m.
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1D  Calculating perimeters of familiar shapes

LEARNING GOALS

= Calculate the perimeters of familiar shapes including triangles, squares,
rectangles and polygons

= Apply the formula to calculate the circumference of a circle

= Apply the formula to calculate the arc length and perimeter of a sector

Why is it essential to understand how to calculate perimeters?

Calculating perimeters can be used

in industries such as construction and
design. In construction, perimeter can be
used to calculate the total length around
the property when building a fence.
Perimeter is used to calculate the amount
of timber required to frame a painting.

out the length of trimming required

Or it can also be used in fashion to work SN -
N

around the hem of a skirt. Perimeter is used to calculate the amount of fencing
required around a property.

WHAT YOU NEED TO KNOW

= Perimeter is the distance around the outside of a
shape. For example, the perimeter of the triangle in C b
the image would be the total of @ + b + c.

a

® Circles — The distance around the
outside of a circle is called the Radius Diameter
circumference. The formula to calculate
the circumference of a circle is C=2mr
or C =mD, where r stands for radius and
D stands for diameter. The radius extends
from the centre to the circumference and

) C=2nr C=nD
the diameter extends all the way across
the circle through the centre.
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= Arc length — An arc is a curve that is part of the circumference of a circle.
The arc length is the distance along the curved line that makes up a part
of a circle.

Formula for arc length:

0 0
[=—X2mr or | = =
360 [ 360><1tD

For example: For the arc length A to B in the diagram B A
shown, the arc length is calculated using [ = % X 2mr,
where 0 is the angle at the centre 579

\/

(so @ = 57°) and r is the length of the radius (r = 10).

= Sector — A sector is a section of the circle formed from two radii. We can
identify the perimeter of a sector by calculating the arc length and then adding
the two side lengths, which is the radius multiplied by 2.

Formula for perimeter of a sector: arc length

P:ix2nr+2r
360

(0] radius B

s = ¥ / .
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Example 9

Calculate the perimeter of the following shapes.

a g T b

0, o
8 cm

(H
130 mm

120 mm

1m

For the following question, calculate the perimeter in the units highlighted in red.

d g O
i T 80 mm
0 . ]
12 cm
WORKING

a 8+8+8+8=32cm <«
or

4%x8=32cm

e

b 130+130+120 =380 mm <
or
2%x130+120 =380 mm <

C 14+1414+14+1=5m <

or
5x1=5m =
d 80mm+10:8cm< ...............................

8+8+12+12=40cm <

or

ISBN 978-1-108-45977-8
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THINKING

Add all the side lengths together.

Alternatively, as there are 4 equal sides,
multiply the side length by 4.

Add all the side lengths together.

Alternatively, as there are 2 equal sides,
multiply the equal side length by 2 and then
add the base of the triangle.

Add all the sides together.

Alternatively, as there are 5 equal sides,
multiply the side length by 5.

Convert mm to cm first. There are 10 mm in
every 1 cm so divide 80 by 10.

Add all the side lengths together.

Alternatively, as there are 2 lots of equal side
lengths, multiply both side lengths by 2 and
add them together.
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Example 10

Calculate the circumference of the following circles using the appropriate
formula. Round your answers to two decimal places.

a b

WORKING THINKING

A C=2r <o Given the radius so use C =2nr formula.
C:2anl2 P — Substitute 7= 12 cm.
C =75398223... <o Round your answer to two decimal places by
C = 75.40 cm looking at the 3rd decimal place. Round up as the

3rd number is greater than 5.

b C=mnD mmm—— Given the diameter so use C = gD formula.

C=mx190 < Substitute D = 190 mm.

C=596902604.. < Round your answer to two decimal places by

C ~ 596.90 mm looking at the 3rd decimal place. This number is less
than 5 so we round down, which means we can keep
the 2nd decimal place the same.

Example 11

Use the appropriate formula to calculate:
a the length of the arc CD, rounding your answer to two decimal places
b the perimeter of the sector

C
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WORKING

a l—ix2xTch< ...................
"~ 360
70 e ) e
1—360><2><7r><20<

[ = 24.434609 <

[ =24.43 mm

P=2443+2x20
P =64.43 mm

Example 12

THINKING

~~~~~~ Use the formula / = -5 x 2mr

360

~~~~~ Substitute 6 = 70° and r = 20 mm.

~~~~~~ Round your answer to two decimal places by

looking at the 3rd decimal place. This number is
less than 5 so we round down, which means we
can keep the 2nd decimal place the same.

""" Use the arc length found in part a.

The sides lengths of the sector are the radius of
20 mm. There are two side lengths so multiply
by 2 and add to the length of the arc.

Griffin has 30 m of flexible fencing. He would like to use all of the fencing to
make the largest circular pen for his pigs. Calculate the diameter of the largest
pen that Griffin can make using all of the fencing. Round your answer to

two decimal places.

WORKING
C=ntxD =
30=nxD =
30 -
D:T -
D =9.5492060 <
D=955m

THINKING

Use the formula C =t x D.

Substitute into the formula the known
measurements; that is, the circumference of 30 m.
To find the diameter, rearrange the equation by
dividing the circumference by 7.

Round your answer to two decimal places.

The diameter of the pen will «- Communicate your answer in a sentence.

be about 9.55 m.
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FUNDAMENTALS
example 9 1 Calculate the perimeter of the following shapes.
a o b o ’ - c
+8 cm
1 ; Il
0, O 25cm
10 cm 40 mm
d e f 200 mm
'm 7.1 m / \{00 mm
230 mm
Sm
g 3 km h  12cm i 5mm
6 mm
17
6 km cm
8 mm

\"\//50m

2 Calculate the perimeter for the following shapes using the units indicated in red.

a : - b

¥ + 800 cm 10 cm

1 ' [
20m
120 mm
c d H
950 m 7[ ]Z 120 mm
400 m 20 cm
1.31 km
ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press

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



34 | Chapter 1 Geometry and linear measure

Example 10 3
Example 11 4
5

Calculate the circumference of the following circles.
Round your answer to two decimal places.

Calculate the arc length of the following sectors. Round your answer to
two decimal places.

a b
N
40 cm 20°
c d
2km| {)180°
340 mm

Calculate the perimeter for each of the sectors in question 4.

APPLICATIONS
SF: 6-12 CF: - CU: -

For the following questions write your answers correct to two decimal places, where

appropriate.

Example 12 *6

*7

Quinn is baking her mother a cake for her birthday. Quinn uses a 20 cm square
baking dish and plans on decorating the cake by wrapping a ribbon around it.
Determine how much ribbon Quinn will require for the cake.

Lyn lives on a large property and has a new dog that has a reputation for running
away. She has decided that she will put in an electric dog fence along the
perimeter of her property. The shape of the property is a rectangle. It is 80 metres
long and 70 metres wide. Determine how many metres of electric dog fencing Lyn
will need to purchase.
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*8 Bethany is planning on upcycling her old lampshade. It has a circular base that
has a 38 cm diameter. She wishes to wrap a length of beading along the edge of
the base. Determine the length of beading Bethany should purchase.

*9 Josh is renovating his bathroom and has purchased a circular mirror. The
measurement on the box states that the mirror has a circumference of 4 m. He
would like to determine if the mirror will fit on a particular wall in the bathroom.
Calculate the diameter of the mirror.

*10 Stacey is installing a concrete pool in the shape of a sector at
her new house. She needs to calculate the perimeter of the pool
to work out how many pavers she will need to order. Use the

image shown to calculate the perimeter of Stacey’s pool. © »®

*11 Jarrah is building a fence for one
of his yards to help keep his stock 35.6 m
away from the road. The yard is 22 m
triangular, as per the image shown.

The fence design that he is planning

has three railings of timber. 28 m

a Calculate the perimeter of the yard.

b Determine how many metres of timber that Jarrah requires to
construct the fence.

*12 Jana has made a circular cake with a radius of 15 cm for her daughter’s fifth
birthday party. After slicing the cake and serving it to the guests, she notices that
there is 41 (90°) of the cake remaining. She divides the cake four ways between
her husband, daughter, son and herself. Calculate the arc length of each of these
four slices.
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1E  Calculating perimeters of familiar composite shapes

COMPLEX

LEARNING GOALS

= Jdentify composite shapes
= Calculate perimeters of composite shapes

Why is it essential to calculate perimeters of composite shapes?

Often in life, shapes are more intricate in
detail and sometimes form a composite
shape. They are made by combining

two or more familiar shapes. For
example, the shape of a house plan can
be L-shaped and is made up of two
rectangles. The face of a building is
another example as it may be a triangle
and a rectangle combined.

In a quilt, simple shapes can be sewn together to make
more complex composite shapes.

WHAT YOU NEED TO KNOW

= A composite shape is a shape that is made up of two or more basic shapes.
= Some composite shapes do not mark the length of every side as it is possible

to calculate these lengths using either addition or subtraction.

* For example:
The length of the side marked a in the
diagram is equal to the sum of the lengths
of the opposite sides. As 5+ 3 =8 cm,
a=38 cm.
The side marked b is equal to the side length
9 cm minus the side length 4 cm. In length
isequal. As 9—4=5cm, b=5cm.

4 cm

1

L]

5 cm

3 cm

9 cm

The perimeter of the composite shape is 8+4 +5+5+3+9 =34 cm.
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Example 13

Calculate the perimeter of the following composite shapes.

a 2 cm b i 1 c
O o 2 m
300 mm
9 cm |
O 1
ul " m 150 mm
6 cm
WORKING THINKING
a 2 cm e Two side lengths that are unmarked. These
- lengths are calculated by subtracting the
L6 em opposite side lengths of the shape.
9 em 6-2=4cm
0
9-6=3cm
u v [
6 cm
P=2+6+4+3+6+9 D e Add all the side lengths together to calculate
P =30cm the total perimeter.
b 150 mm D There are 5 small lengths that equal the total
s . +5=60 mm
. 360 mm of the opposite side length. Divide 300 by 5
= 1 to calculate the length of one of these small
g " 160 mm lengths. There are 9 of these small lengths in
= [ total so multiply the answer by 9.
I : 60 mm
150 mm

P =1140 mm

ISBN 978-1-108-45977-8

© Capps et al. 2019

Add the lengths of the remaining longer
sides. Although not marked, we know that
there are two side lengths of 150 mm because
all the angles are right angled.
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WORKING THINKING

c 5 mm—— NOTE: this shape almost looks like a sector,
m L but it is not because the centre of the semi-
circle is on the dotted line not at the point

formed by the straight sides.

The diameter of the semi-circle is 2 m.

D=2 As a semi-circle is half of a circle, calculate
Length of arc = (n X 2) the circumference of the circle and then
2 dividing by 2.
~3.14m Add the remaining two sides of the triangle

to calculate the total perimeter for the
composite shape.

P=314+2+2
P=7.14m

Example 14

Noah has designed a garden bed for his new I5m
property, as per the image below. He would like to B 4 mI .

place timber edging along the entire perimeter to
hold the soil in place. Calculate how much timber +10m
Noabh requires for his garden bed. &
NOTE: The dimensions are measured around the /

‘outside’ of the garden bed after the timber has 30 / 7

been added. So you do not have to consider the thickness of the timber.

WORKING THINKING

There are two sides that are marked as

3 cm.
There are two sides that are marked as
10 m 4 10 cm.

There is only one length that is not

|
/ given. We can calculate this length by
3 m ///// ﬁ /3/ mi subtracting 4 m from the opposite side

length of 10 m.
P=15+10+3+6+5+7.2+3+10 This tells us that the unmarked length is 6 m.
P=592m Add all the side lengths together to

calculate the total perimeter.
Noah has used 59.2 metres of

) o Communicate your solution in a sentence.
timber to build his garden bed.
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FUNDAMENTALS

Where appropriate, write your answers to two decimal places.

1 Calculate the perimeter or circumference of the following common shapes.

1 1 S NS} Im
§
- %

. 3 2
10 cm v o
20 mm
d e f 9.4 km
Sm
6.3 km

15 km

example 13 2 Calculate the perimeter for the following composite shapes.

a 5cm b 100 mm c .
T+ [T N 4m E
8 cm . 80 mm
Sm
T 60 mm
6 cm
0] 0 ul ]
0 ]
d F e f
+2.3 km
u 30 m
2 km | 26 mm
49 m
0 O
1 km 13 mm
g h i
A
r-- 4]
24 mm
0 ]
15 mm
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SF: - CF: 3-7
*3 Russell needs to fence a large patch of 7 ny
grass area next to his patio to create a
dog pen with dimensions shown in the
diagram. Calculate the total length of % 8 > 13m
/Patlo area

fencing that Russell needs to purchase. ////

*4 Valerie is renovating her house and she would like to purchase some paint to

7m

change the colour of the outside of her house. Her local hardware store has asked
her for the perimeter and height of the external walls of her house. She knows the
external walls are 3 metres high. Valerie is using her house plan to work out the
perimeter. Calculate the perimeter of Valerie’s house using the image shown.

8§ m

9m 0.4 m

Al Mgl lIN- 4 [T -

1
0.5m
o@ o

- [ !
i ] +
| @zgm_. 1] 14 — —

*5 Mason is building a speed skating rink and he is required to place a railing around
the outside of the rink for spectators. Use the diagram shown to calculate the
length of the railing that will be required.
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*6 Mathew has cut and sewn a pattern for a kite
in the shape of the image shown. He now
needs to buy dowel (wooden rod) to insert

1% U

along the edges of the kite before he can
fly it. Calculate how many metres of dowel 0610

Mathew must purchase.

*7 Anaya is making 8 crowns for her daughter’s
fifth birthday party. She plans to cut the
crowns out of cardboard and stick decorative
washi tape on the top and bottom of the o A
crown to provide strength. The image ‘
shows an outline for the crown. Calculate ™~

how many centimetres of washi tape Anaya
will need to purchase to complete the eight
Crowns.

10 cm

42 cm

* 8 Shekila’s property contains her house situated in
the front rectangular section of the property as

28.6,,]

shown in the diagram. She wishes to enclose the

m

28

back triangular section of her yard with fencing.
Calculate the length of fencing that Shekila will House 16 m

require. / ' 7

* 9 Paul has been commissioned to paint a large yin-yang

symbol, similar to the image below. The symbol is to
have a 2 m diameter and the small dots are to have a
40 cm diameter. Paul needs to purchase black paint
for the outline of the symbol. Calculate the perimeter
of the black line so that Paul can purchase enough
paint to complete the artwork.

i The inside swirl line
can be calculated using
two semi-circles.
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Problem-solving and modelling task

Background: Landscape and garden design involves dealing with composite
shapes such as using perimeters to calculate fencing and edging.

Task: Your task is to create a landscape design for a backyard. You must

incorporate at least four familiar geometrical shapes, such as squares, triangles,
rectangles, to represent aspects of your yard. Use a key to clearly show what
they represent. You must incorporate a feature in your landscape design that is

a composite shape. Your plans must show measurements. You will then need to

calculate the perimeter of your land, the composite-shaped feature and also one

other familiar shape.

Approach to problem-solving and modelling task:

EESSSSSS » Formulate

Solve

Yes
Stage 3

Evaluate
and verify

Yes
Stage 4

Communicate

ISBN 978-1-108-45977-8

Stage 1: Formulate

1 Look at various landscape designs.
2 Research interesting features for a backyard.
3 Research average land sizes.

Stage 2: Solve

4 Sketch the plan of your backyard ensuring that you:
* incorporate at least four familiar shapes
* include measurements
e create a composite-shaped feature
* use akey
5 Calculate the perimeter of the following:
* the backyard
* the composite-shaped feature
* one other 2D familiar shape

Stage 3: Evaluate and verify

6 Check that you have included as many measurements as
possible in your design.

7 Check that your composite-shaped feature has at least
two familiar shapes.

8 Check that your perimeter calculations are accurate.

Stage 4: Communicate

9 Share your design with a peer. Also describe what your
composite-shaped feature represents.
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|:| I can identify the names and properties of 2D shapes.

1 List the properties for a square, rectangle and triangle.
2 Identify as many 2D shapes as possible in the following image.

ARV
\

NN N N
rE RN RN N

/

|:| I can identify the names and properties of 3D solids.

3 Construct a table that lists the number of faces, edges and vertices in
the following solids: cube, triangular prism, rectangular-based pyramid,
triangular-based pyramid, pentagonal prism, hexagonal prism.

|:| I can interpret 2D nets to identify 3D solids. [complex]

4 Identify each 3D solid that is formed from the following nets.
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5 Draw nets that best represent each of the following 3D objects.

) e’ c

|:| I can use measurement abbreviations and identify the most appropriate
unit of length.

6 Use abbreviations to identify the most appropriate unit of length to
measure each of these:
a length of a guinea pig
b height of a large tree
¢ length of a bolt
d distance between towns

|:| I can estimate lengths of objects.

7 List some techniques that you can use to help you estimate lengths.
8 Choose the best estimate for the following measurements.

a Thickness of a garden hose 12 mm ii 100 mm iii 3 cm

b Length of an adult male i15cm ii 30 cm iii 50 cm
foot

¢ Perimeter of a house i 300 m ii 0.8 km ili 62 m

d Distance from Gold Coast i 10000 m 1i 2500 km iii 4000 km
to Perth

|:| I can convert between units of length.

9 Convert the following measurements into the units given in brackets.

a 4 cm (mm) b 30 mm (cm)
¢ 4.5 km (m) d 7.3 m (cm)
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|:| I can calculate the perimeters of familiar shapes.

10 Calculate the perimeter of each of the following familiar 2D shapes.

a bpo ’ 0 c 90 mm
5.7 cm 1 L4 /—\\60 mm
: u : n 140 mm
4 cm 2.5m

|:| I can calculate the circumference of a circle using the formula 2X X r or X D.

11 Calculate the circumference for the following circles, correct to two decimal places.
a 3.7 mradius b 76 mm diameter

|:| I can calculate arc length and the perimeter of a sector.

12 Correct to two decimal places, calculate the:
i arc length il perimeter of each sector
b

D
\906 >

|:| I can calculate perimeters of composite shapes. [complex]

13 Calculate the perimeter of the following composite shapes. Where appropriate,
write your answers correct to two decimal places.

aH 3 b 80 cm
1 [ [m
1.5m 3m
80 cm
L] 100 cm
1m 20 cm
0 o 40cm
[1 ]
c m ’ ,
140 mm + -
m| . '
220 mm
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All questions in the review are assessment style.

Simple familiar
Where appropriate, write your answers correct to two decimal places.

1 Ashley is a cattle farmer in Toowoomba. He has a plan for a new hay shed,
which is shown in the image.

a Identify and list the number of each 2D shape in the hay shed plan.
b List the properties of each of these 2D shapes.

bracing

\, 12m

E [
l /

patio / 6 m roller door

2 Identify which 3D solid is most similar to the following real-life objects.

door
0.9m
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3 A warehouse receives a shipment of widgets, but they have all been labelled
with their lengths in the wrong units for their particular uses. Convert the
measurements to the units shown in brackets so that they can be correctly
labelled.

a 38 m (cm)

b 15cm (mm)
¢ 44 mm (cm)
d 1.79 m (cm)

4 Beatrix is planning to sew lace around the perimeter of a 45 cm square
cushion that she has just completed. Determine how many metres of lace
Beatrix will require.

5 Tim works at a school in maintenance. He has been asked to build a new
sandpit that requires a 6 m by 8 m rectangular frame (measured around the
outside of the timber frame). Determine how many metres of timber Tim
needs to order.
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Complex familiar

6 A workshop makes building blocks from metal sheets. Unfortunately, the
diagrams of the building blocks and their nets have been mixed up. Decide
which net matches with the 3D solid so that the workshop can continue
making the building blocks.

3D solid Net
a/ i [] i ] i [ ]
b i i i [
c | i ] i iii
: |
d i i iii
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7 Lee-Ann is planning to concrete a path 55m

to her front door and underneath her
patio. She needs to first construct a

timber frame to hold the concrete in O O
place. The diagram at right shows Lee-

Ann’s plan for the concrete. Calculate
how much timber Lee-Ann needs for the F +F4m
timber frame.

0,
I m
8 Jay is installing some pavers around the m = )
edge of his pool, shown in the diagram. i
Calculate the perimeter of the pool. )T !
_I . 1
Sm
Complex unfamiliar
9 Sara is constructing a new =
garden bed that wraps 27m

around her circular water

feature. She has drawn

a plan with a red line
indicating where she will
be placing timber as a
border for the garden bed.

Determine how many
metres of timber Sara will

need to purchase. Diameter of water

feature =2 m
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Maths for an agronomist:
Gavin Benjamin

Gavin Benjamin completed a Bachelor of Agriculture to pursue a
career in agronomy. Having grown up around vineyards, his interest
in the viticulture industry led him to work as a viticulture agronomist
at the local rural supply company, and he has since progressed to
Operations Manager.

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

As an Operations Manager, my day involves working with farmers and suppliers to ensure we have
the right product on hand to meet their requirements and | advise customers of the best option for
their vineyard situation. | also oversee our inventory to ensure we have the right products in store at
the right time.

| have a passion for agriculture and enjoy being able to help customers to build their farms and
business by providing the best information and solutions.

What maths did you study at school?

| studied Business Maths (equivalent to Essential Maths) in school. | really enjoyed the subject as |
was able to apply the learnings to my personal life, and also at work.

How do you use maths in your job?

| use maths on a daily basis in my career. It touches every aspect of my role, including helping
customers work out fencing requirements based on property perimeters, fertiliser rates based on
planted area and spray water volumes based on vine size. | also analyse business profit margins
and forecast stock requirements.
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Syllabus reference

Unit 3 Topic 1 Measurement
Area measure (9 hours)

In this sub-topic, students will:

e use metric units of area (square
millimetres, square centimetres, square
metres, square kilometres, hectares), their
abbreviations (mm?, cm?, m?, km?, ha),
conversions between them and appropriate
choices of units

e gstimate the areas of different shapes

e calculate areas of regular shapes,
including triangles, squares, rectangles,
parallelograms and circles
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In this chapter

2A

2B

2C

2D

2E

2F

Using and converting between the metric
area units

Estimating and calculating areas

of triangles, squares, rectangles,
parallelograms and circles

Calculating the area of trapeziums, sectors
and composite figures [complex]
Calculating the surface areas of cubes,
prisms and pyramids [complex]
Calculating the surface areas of spheres
and cylinders [complex]

Calculating the surface areas of irregular
solids [complex]

Problem-solving and modelling task
Chapter checklist

Chapter review

calculate areas of regular shapes, including
trapeziums and sectors [complex]
calculate areas of composite figures by
decomposing them into regular shapes
[complex]

calculate surface areas of familiar prisms,
including cubes, rectangular and triangular
prisms, spheres and cylinders [complex]
calculate surface areas of familiar
pyramids, including rectangular-based and
triangular-based pyramids [complex]
calculate surface areas of irregular solids
[complex].
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52 | Chapter 2 Area measure

1 Convert 344 cm into millimetres (mm), metres (m) and kilometres (km).

2 Calculate how many squares with a side length of 1 m will fit into a rectangle of length
12 m and width 10 m.

3 Without using a calculator, calculate:

a 7x8 bh 568

4 Evaluate:
a 1? b 92 c 10?
d 100? e 10002 f 132

5 In the circles below, determine the size of the radius.
| ‘ | ‘

6 State the name of the symbol & and explain what it represents in relation to the lengths
of the diameter of a circle and its circumference.

7 In this geometry diagram, identify the feature represented by
these symbols:

ai b/ ¢c O

o

8 In these geometry diagrams:
i explain what is meant by the marks on the sides
ii identify the shape

35°
a [@ f T b O t O c /
>.

ul . ] ul i ]
A link to a HOTmaths
lesson is provided in the
Interactive Textbook to
revise this topic.
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- Using and converting between the metric area units

LEARNING GOALS

= Understand the use and appropriate choice of the metric units of area including
square millimetres, square centimetres, square metres, square kilometres
and hectares

= Use abbreviations such as mm?, cm?, m?, km?, ha to represent units of area

= Convert between units of area

Why is it essential to understand units of area and convert
between them?

Calculating the area of a shape is used in many careers including landscaping,
building, painting, clothes making and interior design. It is important to convert
between units of area so that we can compare sizes of objects that may have been
measured in different units.

The floor area may have been calculated in square metres, but the tile size is
usually given as dimensions in millimetres, so calculating how many tiles are
required will involve conversion of units.
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54 | Chapter 2 Area measure

WHAT YOU NEED TO KNOW

= Calculating the area of a shape is a measure of the space enclosed by the
boundaries of a 2D shape.
= For squares and rectangles, area is length multiplied by its width (also known
as breadth).
= [f the shape is upright, the term height might be used in place of length or width.
= Units of area include square millimetres, square centimetres, square metres, square
kilometres and hectares, these can be abbreviated to mm?, cm?, m?, km? and ha.
* Square millimetres are typically used in construction or electrical cabling.
* Square centimetres are often used for medium-sized objects such as the
surface area of a desk.
* Square metres are typically used for larger objects such as floors and floor
coverings, walls or small blocks of land such as a plot for a single house.
* A hectare is an area equal to a square with sides of 100 m. Its area is
100 m x 100 m =10 000 square metres (m?). This unit of area is typically
used for land bigger than an average house plot, such as farm paddocks.
* Square kilometres are typically used for very large areas of land such as
the area of a city or region.
® When a 2D shape is referred to as being ‘/ units square’ (e.g. 60 cm square), it
means that it is a square with sides of ‘/ units’ (e.g. 60 cm). When a 3D solid is
referred to as being ‘/ units cube’ (e.g. 100 cm cube), it means that it is a cube
with sides of ‘/ units’ (e.g. 100 cm).
= When calculating area, always ensure that the area units are in squares of the
linear units used to measure the dimensions (i.e. cm and cm?).
® To convert between units of area:
 use multiplication when converting from a larger unit to a smaller unit
(e.g. from km? to m?)
* use division when converting from a smaller unit to a larger unit (e.g. from
cm? to m?).
= Refer to the following conversion chart when solving problems that require
conversion.
Area conversion

x10002 x1002 x102
(1000000) (10000) (100)
km? m? cm? mm?2
+10002 +1002 +10?2
(1000000) (10000) (100)
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Area conversion with hectares

x100 x10000

Example 1

Convert these area measurements to the units given in brackets.
0.72 km? (m?)

b 393 mm? (cm?)

¢ 34.5 km? (ha)

d 800 m? (ha)

QD

WORKING THINKING

a 0.72x1000* = 720000 m* < As there are 1000% square metres in a square
kilometre and we are converting from km? to

a smaller unit of m?, we need to multiply 0.72
by 10007

b 393+10%2=3.93cm? <« As there are 10? square millimetres in a square
centimetre and we are converting from mm?
to a larger unit of cm?, we need to divide 393
by 10~

¢ 345x100=3450ha < As there are 100 hectares in a square kilometre
and we are converting from km? to a smaller
unit of ha, we need to multiply 34.5 by 100.

d 800 +10000 = 0.08 ha < As there are 10000 square metres in a hectare
and we are converting from m? to a larger unit
of ha, we need to divide 800 by 10000.
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Example 2

Convert these area measurements to the units given in brackets.
a 5000000 cm? (km?)
b 0.07 m? (mm?)

WORKING THINKING

a 5000000 = 10000000000 <« As there are 100* square centimetres in a
= 0.0005 km? square metre and 1000” square metres in a
square kilometre and we are converting from
square centimetres to a larger unit of square
kilometres, we need to divide 5000000
by (100? x 1000%) = 10000 000 000.

b 0.07x1000000 « - As there are 100? square centimetres in a
= 70000 mm?2 square metre and 10? square millimetres in

a square centimetre and we are converting
from square metres to a smaller unit of
square millimetres, we need to multiply
0.07 by (100 x 10%) = 1000 000.

Example 3

Alana has just purchased some new land that is 1.32 ha. Determine the area of
Alana’s new property in square metres.

WORKING THINKING

1.32x 10000 = 13200 m? < As there are 10000 square metres in a hectare and
we are converting from ha to a smaller unit of m?,
we need to multiply 1.32 by 10000.

Alana’s new property is < Communicate your answer in a sentence.
13200 m>.
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FUNDAMENTALS
1 Determine the missing words in the following sentences.
a Use when converting from a larger unit of area to a
unit of area.
b Use division when converting from a unit of area to a
unit of area.
¢ One hectare is equal to square metres.
d One square metre is equal to hectares.

example 1. 2 Convert the following measurements to the units given in brackets.

a 5m’(cm?) b 7 cm? (mm?)

¢ 200 mm? (cm?) d 2km?(m?

e 5km?(ha) f 3.7m?(cm?

g 1.7 km? (m?) h 490 cm? (m?)
i 527 m? (ha) j 5 mm?(cm?)

k 500 m? (km?) I 3.75 km? (ha)

eample2 . 3 Convert the following measurements to the units given in brackets.
a 7 m?(mm?) b 0.4 km? (cm?)
¢ 2800 mm? (m?) d 1.2km?(mm?
e 3000 cm? (km?)

Y If a length unit is 10 times bigger than
another length unit, then its square unit for

is 10* times bi 100 times bi _
APPLICATIONS area is 10° times bigger (100 times bigger)

SF: 4-11 CF: - CU: -

Example 3. %4 Anne’s property is 2.5 ha. Determine the area of land Anne owns in
square kilometres.

*5 Brisbane covers an area of 15826 km?. Determine the area of Brisbane in
square metres.
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*6

*7

*8

*9

*x10

*11

Molly is making a new dress for her daughter’s tiny doll. She has calculated that
she needs 19 cm? of material. Determine the amount of material that Molly needs
in square millimetres.

Ki is replacing the cover on an old chair. He calculates that he requires 1600 cm?
of material, which is sold in square metres. Determine the amount of material that
Ki needs in square metres.

Harley’s horses each have a paddock of 16 180 m? to roam. Determine the total
area that her two horses have in hectares.

Kirra works for Surf Life Saving Australia. Part of Kirra’s role requires her to
wax the rescue boards. She has ten boards in total that have an approximate total
surface area of 9200 cm? that requires waxing. Determine the total surface area
that Kirra will have to wax in square metres.

Jana is laying a small patch of turf in her backyard. She measures the patch

to be 3400 mm long by 2100 mm wide, which she calculates to be an area of

7 140 000 mm?. The turf is sold in square metres. Determine the amount of turf
that Jana requires in square metres.

Damien is designing a platform to be able to bear a certain weight and is using a
computer program to calculate the strength of the beams he will use. The program
requires him to input the area of the cross-section of the beam. He calculated the
area of the cross-section of the beam to be 0.018 m? but he did not realise that the
program requires the area to be in mm?. Determine the area of the cross-section of
the beam in mm?>.

ey
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i
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- Estimating and calculating areas of triangles, squares,
rectangles, parallelograms and circles

LEARNING GOALS

® Calculate the area of various familiar shapes including:
* triangles
* squares
* rectangles
* parallelograms
* circles
= Estimate the area of familiar shapes

Why is it essential to understand how to calculate the area
of a shape?

There are many real-life reasons where you would need to calculate the area of
various shapes. This skill is used in careers such as fashion, construction, landscaping
and painting. Calculating the area allows a landscaper to find the amount of turf
required or a painter to work out how much paint is needed. It is also a good way to

compare the sizes of properties when you are looking at buying or leasing (renting)
some land.

——
Leas€ .

..ned
olroom

Real estate agents’ signs and ads for small to medium properties for sale or lease usually state the
area in square metres — larger blocks such as farms would be in hectares.
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60 | Chapter 2 Area measure

WHAT YOU NEED TO KNOW

® The formulas for the areas of some common shapes are given in the

table below.
Shape Area formula
Rectangle A=Ilxw
T -w
i
Square A=Porlxl
l 1 bxh
Triangle A== (bxhor >
b
Parallelogram A=bxh
b
Circle A=nrlornxrxr
* Note if given diameter
then divide by 2 to
calculate the radius.

= Abbreviations: A area, [ length, w width, b breadth or base, / height, r radius,
7 (pi) = 3.142 approximately.

= Units of area include square millimetres, square centimetres, square metres,
square kilometres and hectares, these can be abbreviated to mm?, cm?, m?,
km?, ha.
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Example 4

Calculate the area of the following common 2D shapes.

a g ’ O b c
- +23m
u , [
3.7m
Round your answer to 2 decimal places.
WORKING THINKING
A A=lw < Calculate the area of the rectangle using A = Iw.
A=Ixw
A=3TX23 < Substitute the values for / and w.
A=851m’
h A= %bh s Calculate the area of the triangle using A = %bh.
= 2(bxh)
A= %(54 X 24) Substitute the values for b and /.

Note: The height must be the perpendicular height,

A =648 cm?
cm meaning it meets the base at a right angle (i.e. 24 is

used here)

C r=8+2=4 < Calculate the radius by dividing the diameter in half.

A=nmr? Calculate the area of the circle using A = mr?.
A=mxr?

A=mx4? Substitute the value for r.

A =50.27m? Round your answer to 2 decimal places.
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62 | Chapter 2 Area measure

Example 5

Estimate the area of the following common 2D shapes by rounding the
dimensions to the nearest whole number.

a , b (W
/ 2.6m //2.73 m 315cm
B

431 m 37.3 cm

Round your answer to 2 decimal places.

WORKING THINKING
a 26m=3m < Begin by rounding your dimensions to the nearest
431m=4m whole number. Look at the first decimal place, if it is

0.5 or more, then round your whole number up, if it is
less than 0.5, then drop the decimal place.

Note: The perpendicular height of the parallelogram
is used (i.e. 2.6 m from this shape)

Calculate the area of the rectangle using A =bXh.
Substitute the values for b and & using the whole

numbers to estimate the area of the parallelogram.

b 373=37cm < Begin by rounding your dimensions to the nearest
31.5 ~ 32 cm whole number.
A= %(b x h) Calculate the area of the triangle using A = %(b X h).
A= %(37 x 32) Substitute the rounded values for b and A.
A =592 cm?

C 528=53mm < Begin by rounding the value to the nearest
A= whole number.

Calculate the area of the circle using A = 1 X r%
— 2
A=TX53 Substitute the value for r.
A = 8824.73 mm? Round your answer to 2 decimal places.
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Example 6

Michelle is painting the top surface of a circular stage that has a diameter of
2.4 m. Calculate the area that Michelle will be painting.

WORKING

A=mx1.2?
A=452m?

THINKING

the stage.

using A = T X 2
S T— Substitute the value for r.

Divide the diameter by 2 to calculate the radius of

Given that the surface is circular, calculate the area

Michelle will be painting<- Communicate your answer in a sentence.

an area that is 4.52 m>.

Exercise 2B

FUNDAMENTALS

example4 | 1 Calculate the area of the following common 2D shapes. Round to 2 decimal

places where necessary.

a o 04

1 ' Il
4.5 cm

g 11 cm

N

+19 cm

ISBN 978-1-108-45977-8
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0 4 I |
3.5m 120 mm
f O O
I
227.4 mm
i
6.4 m ) 100 mm
180 mm
7.8 m
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64 | Chapter 2 Area measure

24 cm

11.5m
45 cm

Y The height must
be the perpendicular
height for triangles and
parallelograms.

2 Estimate the area of the following common 2D shapes by rounding the
dimensions to the nearest whole number.
a O b F
1 + +4.7 cm

d Y To estimate look at N
the first decimal place.

If it is 0.5 or more, then
round your whole number
up. If it is less than 0.5,
120.5 mm then drop the decimal
place.

.

111.32 mm
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APPLICATIONS

3 Jarred is covering a display board with blue paper. The board is a rectangle and
it has a length of 3.5 m and height of 1.5 m. Calculate the area that Jarred will be
covering in blue paper.

x4 Haley is tiling the floor of her 2.8 metre square bathroom. Calculate the area that
Haley is tiling.

*5 Ryan is laying an area of lawn that runs parallel between his house and the garden
bed. The image below is the outline of the patch that he is turfing. Calculate the
area of the new lawn.

® o »
arden
o bed ‘

£
Lawn w1 / Path
o
(7 > O
14 m
House
1 ]

*6 Chelsea is painting the triangular section on the top of her house. The triangle
has a base of 8.2 m and a perpendicular height of 3.2 m. Calculate the area that
Chelsea is painting so that she can calculate the amount of paint required.
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*7 Nathan is constructing a circular sandpit for his children. The sandpit will have a
radius of 900 mm. Calculate the area of the sandpit.

*8 Dane has been commissioned to paint a mural on the side of a building. The mural
will be rectangular and has a width of 5.7 m and a height of 3 m. Calculate the
area of the mural.

9 Graham has just purchased some rectangular shaped land that is 220 m by 100 m.
He knows that he can have 10 sheep per hectare, and he would like to have as
many sheep as possible on his land.

a Calculate the area of Graham’s land in hectares.
b Determine how many sheep Graham can keep on his new property.

Yo 1 hectare is
10 000 m?.
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2C | Calculating the area of trapeziums, sectors and composite
figures compLEX

LEARNING GOALS

= Apply the formula to calculate the area of trapeziums and sectors
= Apply knowledge of regular shapes to decompose composite shapes
= Calculate the area of composite shapes

Why is it essential to understand how to calculate the area of
trapeziums, sectors and composite shapes?

In the previous chapter, there are many real-life reasons where you would need
to calculate the area of these shapes. Trapeziums and sectors can be found in
construction, painting, town planning, fashion and even cooking. The majority of
shapes around the home are actually composite shapes.

Understanding area and composite shapes can help with clothing design and manufacture.

WHAT YOU NEED TO KNOW

= A trapezium has 4 sides, two of which are parallel.

= A sector is a portion of a circle bounded by two radii and a segment of the
circumference. The two radii form a vertex at the centre of a circle. The size
of the sector can be specified by the length of the radii and the angle between
the two radii at the vertex.

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



68 | Chapter 2 Area measure

® The formulas for the areas of a sector and a trapezium are in the table below.

r

Shape Area formula
Trapezium
a 1
A= > (a+b)xh
/ ih \ or
0
b A=2EDyy
Sector
__0_ 2
h A= 360 XX T

= Abbreviations: a and b are lengths of sides, 4 height, r radius, w(pi) = 3.142
rounded, @ (theta) is unknown angle.

= Units of area include square millimetres, square centimetres, square metres,
square kilometres and hectares. These can be abbreviated to mm?, cm?, m?,

km? and ha.

= A composite shape is a shape that is made up of two or more common
shapes. Addition and/or subtraction can be used to find the area of

composite shapes.

= You will also need to recall the area formulas of the shapes from the

previous section.

Example 7

Calculate the area of the following trapeziums.

6 m

/ 35m \
h

8 m
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WORKING THINKING

a A= %x (a+b)yxh < Calculate the area of the trapezium using
A :%x(a+b)xh.

A= %x 6+8)%x5 Substitute the values for a, b and A.
A=35m?
b A= %x (@+b)Xh < Calculate the area of the trapezium using
A:%x(a+b)xh.
A= %x (12+14)x10 Substitute the values for a, b and A.
A =130 cm?

Example 8

Calculate the area of the following sectors. Round your answer to 2 decimal places.

a 4.7 m b
\ 30°

WORKING THINKING

a A= xmxrr < Calculate the area of the sector using A = b xmx s

360 360 ’
A= % XTX4.7* < Substitute the values for the internal angle (6) and the
radius (7).

A=12.53m? < Round your answer to 2 decimal places.

b 360°—-130° = 230° < As the shape is a sector, calculate the internal angle
first by subtracting the external angle from 360°.

A= % XX r? Calculate the area of the sector using A = % X T X re.
230 s . :
A= 360 XX 78 Substitute the values for the internal angle () and the
radius (7).
A=12211.37cm? Round your answer to 2 decimal places.
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Example 9

Calculate the area of the following composite shapes, correct to 2 decimal places

if needed.
a 1.5m b 10.5 cm
ERRE
2.5m
6 m !
3m :
TN\U
2m
1
WORKING THINKING
a There are 2 rectangles Decompose the composite shape by identifying the
and one triangle. regular shapes.
A=IXW . Calculate area of rectangles by using the formula.
O A=6x15=9m? < Substitute the values for / and w.
mA=3x2=6m?
I> A= % NG D — - Calculate area of triangle using the formula.

h=2.5m, b=1.5+2+1.5<The unlabelled parts of the base have tick marks
=5m indicating they are same as the side labelled 1.5 m.

A= % X (5§ % 2.5) = 6.25m% Substitute the values for b and h.

A=9+6+6.25 < Add all the shapes together to find the total area
A=2125m?2 of the composite shape.

b There are 3 rectangles Decompose the composite shape by identifying the
and two semi-circles. regular shapes.
A=IXWw < - Calculate area of all rectangles using the formula.

B A=10.5%x3=31.5 cm?<. Substitute the values for / and w.
0 A=5x3=15cm?
0 A=5x3=15cm?
P=392 =13 <t Both semi-circles have a diameter of 3 cm so they

can make one whole circle when combined. The
radius of the circle is half of the diameter.

A=TXr? - Calculate area of the circle using the formula.
o A=TX1.5% <€ - Substitute the value for 7.
A=T07cm? <« - Round your answer to 2 decimal places.

A=315+15+15+7.07 < Add all the shapes together to find the total area
A = 68.57 cm? of the composite shape.
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Example 10

For the following composite shapes, calculate the area of the shaded section,
correct to 2 decimal places if needed.

a b [——%--
25 cm
WORKING THINKING
a There is one rectangle Decompose the composite shape by identifying
and one square that is the regular shapes.
cut out from the centre.
A = I X W i Calculate the area of the rectangle using A = [ X w.
@ A = 25X 15 = 375 cm?<-- Substitute the values for / and w.
A= X1 s Calculate the area of the square using A =1x1.
0O A=5x5=25cm? < Substitute the value for L.

A =375 =25 = 350 cm2< Subtract the square from the rectangle to find the
shaded area.

b There is one square and Decompose the composite shape by identifying the

one semi-circle that is regular shapes.
cut out from the top of
the square.
NS e Calculate the area of the square using A =[x [.
B A=2%x2=4m?<m Substitute the value for /.
P2 2= i ——— Find the radius by halving the diameter (divide by 2).
A =T X2 Calculate the area of the circle using A = 1t X .

A=nx1?>=3.14 m? < Substitute the value for 7.

— Area of semi-circle < Divide the area of the circle by two, as the shape is
A=3.14+2 half of a circle (semi-circle).
A=1.57m?
A=l =57 < Subtract the semi-circle from the square to find the
A =2.43 m> shaded area.
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Example 11

A driveway, as shown in the diagram, is to be concreted. Calculate the area of the
driveway, correct to 2 decimal places.

WORKING THINKING
There is one rectangle and one Decompose the composite shape by
trapezium. identifying the regular shapes.
A=IXw < Calculate the area of the rectangle using
A=[xw.
0 A= 7 G = AR e Substitute the values / and w.
A=+ >< (@+b)Xh < Calculate the area of the trapezium using

A :%x(a+b)><h.
m A= % X (6 +7.5) X 1= 6.75 m%---Substitute the values for a, b and h.

A S ED O] Add the two areas together to calculate the
A =48.75m> total area of the composite shape.

The area of the driveway is < Communicate your answer using words.
48.75 m*.
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FUNDAMENTALS

example 7. 1 Calculate the area of the following trapeziums.

a 4m b \ c 72 mm
/:3m \ U0 om 65 mm
:‘I
6 m

98 mm

18 cm
12 cm

\

example s 2 Calculate the area of the following sectors.

d b 16° C
IS </
A N D
co
6 m Q 5
N
~

3 Calculate the area of the following common 2D shapes.

a b
c . d [ f 0
1
20 mm é§
| N T t4.8m
a v
40 mm b :: -
11.2m
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example 9 4 Determine the area of the following composite shapes by first decomposing the
shapes into regular shapes and then adding the areas of the shapes.

a5 c=:m Y Redraw the shapes
= H into the common shapes
to help you to calculate
8 cm the total area.
6 cm
0
| O
b 100 mm c 4 i d F H
40 mm m ' 1,2.3km
0
80 mm
+60 mm Sm 2 km
0 O
0 O
15 mm 1 km

e f g
[ }30m
49 m 2cm

example 10, 9  Determine the area of the shaded section in the following composite shapes by
first decomposing the shape into regular shapes and then subtracting the sections
that are not shaded. All angles that look like right angles are 90°.

a - b ///é

O
=
Y
o

=

I W 8.9 cm 4
/
4m 7.8 cm 5m
d 80 mm f
60 mm
55 mm
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APPLICATIONS

Example 11 *6

SF: - CF:6-9
Ben is planning on making a new shade sail to run from 8.5m
the roof line of his house, across his deck and on to some :6
posts that are near his pool. The design of the sail is om
shown below. Calculate the area of the material that Ben 125 m

needs for the sail.

*7 Hans has been commissioned to re-paint a fading sign of a pizza restaurant. He is
calculating how much red paint he will require for the section of the sign shown.
He has discovered that the sign makes two trapeziums and has measured the
dimensions shown. Calculate the total area that will require red paint.
0.7m
/E 0.4m
! 0.9 m
i 0.7 m
1.6 m
*8 Leonie has ordered a pizza that has a diameter of 34 cm. She has
eaten a quarter of the pizza.
a Use the diagram to calculate the area of pizza that Leonie has
consumed.
b Determine the area of the pizza that will be left over for 17 cm
Leonie’s friends to consume.
*9 Ruby is laying a large patch of grass area next to her patio, as shown in the
diagram, to create a dog pen. Calculate the total area of turf that Ruby needs
to purchase.
g T
Sm / Dog pen
%
77,8 m 13
‘Patio area/ m
o
/'.4
7m
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*10

Randal has been commissioned to paint a large logo
on a billboard. He needs to buy the correct amount
of yellow paint that covers the area of the logo in the
image below. Randal will need to multiply the total
area by two as he will need to complete two coats

of paint on the logo. If 1 litre of paint covers 15 m?,
determine how many tins of paint Randal will need.
Note: Randal will start with yellow paint and will
paint the eye of the icon over the top.

*11 Anaya is making 8 crowns for her daughter’s Sth birthday party. She plans on

*12

cutting the crowns out of cardboard and covering the outside surface in glitter. The
image shown is an outline for the crowns, calculate the total area that Anaya will

need to cover.

10 cm

42 cm

Below is an image of Shekila’s property. She has outlined her house, water feature
and two garden beds. Shekila would like to lay lawn everywhere else on her
property. Calculate the total area of Shekila’s lawn.

28 m

21 m
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2D | Calculating the surface areas of cubes, prisms and
pyramids comPLEX

LEARNING GOALS

Draw 2D representations in the form of a net, to show all faces of a 3D solid
Calculate the surface area of cubes, rectangular and triangular prisms
Calculate the surface area of triangular-based pyramids

Calculate the surface area of square-based and rectangular-based pyramids

Why is it essential to calculate
the surface area of 3D solids?

Calculating the surface area of 3D
objects allows us to calculate how
much material is needed to construct
the surface of the object or to paint,
cover or finish it. Applying yourself to
learning this skill will also help you to

develop your spatial awareness. : :
The amount of paint required to cover the surface area of a

composite solid can be found by adding the surface areas of
the visible regular shapes.

WHAT YOU NEED TO KNOW

= A prism is a 3D solid with flat faces, where each cross-section in a particular
direction is the same shape and size. These cross-sections are shown in the
middle column of the table below.

= A pyramid has a polygon for a base and all the other faces are triangular and
meet at one vertex (a point). In this course, we only deal with pyramids that
have a square, rectangular or triangular base. They are also right pyramids
which means the vertex is vertically above the centre of the base. Also, the
faces (other than the base) are of equal size in triangular and square-based right
pyramids. Opposite faces are of equal size in rectangular-based right pyramids.

= When calculating the surface area of a prism or pyramid, start by drawing the
net of the solid to identify all of its faces.

= A net is a flat shape (2D) made up of the faces that can be folded up into the
3D solid. To identify the net, imagine unfolding all of the faces of the 3D solid

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



78

Chapter 2 Area measure

to make a flat shape. A prism will have different nets depending on which
faces are left joined and which faces are separated.

To calculate the surface area of a 3D solid, calculate the area of all of the faces
(the 2D shapes) in the net and add them up.

The formula for the area of a triangular face is A = %(b X h) where A is area,
b is the length of the base, and 4 is the perpendicular height of the triangle.
The formula for the area of a square face is A = [2.

The formula for the area of a rectangular face is A =1 X w.

After drawing the net, you may find it helpful to group identical faces together
and to draw each type, with dimensions. This is shown in Example 13 and 14.
There are different types of triangular-based pyramids so be sure to use the
correct base and height for each triangle when applying your formula.

Prism Shaded cross- | Faces 2D net representation
sections
Cube A square is 6 square ] | [
i the cross- faces | L
T . L - —
Ul section. | || .
“ 1
1
:
1
R 1
7
7/
Rectangular | A rectangle 6 rectangle
prism is the cross- faces [ |
: section.
1
1
T . ;
]
Triangular A triangle 2 triangle
prism is the cross- faces that
section. are the
‘ same size
‘ and shape
3 rectangle
faces
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Pyramid Faces 2D net representation
Square-based 1 square face that is
pyramid the base

4 triangle faces

Rectangular-based pyramid | 1 rectangle face
that is the base
4 triangle faces

Triangular-based pyramid | 4 triangle faces

or
Example 12
Draw a net to represent the following 3D solids.
WORKING THINKING
a ] S There are many possible solutions to the design of both nets,

| | all of which are accurate. Check that you have the correct
number of faces, edges and vertices to form the solid.

This 3D solid is a cube, so all six faces are squares.

b < This 3D solid is a triangular prism, so there are 2 triangles

that are the ends. The other 4 faces are rectangles.

Note: Other answers are possible.
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Example 13

Calculate the surface area of the following 3D solids.

a ! b ' C 1.2 km
: : 3m
X S . A
‘ a 2.1m o
tom 58m T 28 ¥
WORKING THINKING
a 1 Draw a net of the cube, including the
Lt - dimensions.
T4
£
[]4 cm < There are 6 square faces in a cube.
4 cm
A=Ixl =« Calculate the area of one square using
A=IxI1
A=4x4=16cm* « Substitute the value for /.
Total surface area = 16 X6 <l There are 6 identical square faces in the
=96 cm? cube so calculate multiply the area of
one square by 6.
b 1 -« Draw a net of the rectangular prism,
L L 1 including the dimensions.
" 158m{3m
19 1m There are 3 pairs of rectangles.
Al 3m < Two rectangles that are 5.8 m by 3 m.
5.8m
A2 I:I 2T e Two rectangles that are 5.8 m by 2.1 m.
5.8m
A3 I:I 201m Two ends of the prism make two smaller
3m rectangles that are 3 m by 2.1 m.
A=IXw <« Calculate the area of each rectangle pair
using A =[x w.
Al =5.8X3 =174 Mm% i Substitute the values for / and w in each
A2=58x2.1=12.18m? rectangle pair.

A3=2.1x3=6.3m?

Continued on the next page

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



2D Calculating the surface areas of cubes, prisms and pyramids | 81

WORKING THINKING

Total surface area

= (17.4 x 2)+ (12.18 X 2) + (6.3 X 2)=< Double each rectangle area and add

=348+2436+12.6 = 71.76 m> all the areas together to find the total
surface area of the rectangular prism.

i_’_ < Praw @ net of the triangular prism,
. 1.3 km including the dimensions.
U(H:l T There is one pair of triangles, one pair
1.3 km T 1.2 km of identical rectangles and one other
2.8 km rectangle.
Al :*% Y — T triangles have a base of 1 km and a
1 km height of 1.2 km.

A2 B — Two identical rectangles are 2.8 km by

1 km.
2.8 km .
A3 13km < One other rectangle is 2.8 km by 1.3 km.
2.8 km

A= % XbXh < Calculate the area of the triangles using
A=1xbxh.

Al = % X (1x1.2) = 0.6 km? < Substitute the values for b and A.

A=IXWwW <..... Calculate the area of each rectangle pair
using A=Ixw.

A2 =2.8x%x1.3=23.64 km? < Substitute the values for / and w.

A3=28x1=2.8km?

Total surface area <o Double rectangle area (A2) and the

=(0.6x2)+(3.64x2)+2.8 triangle area (A1). Add all the areas

=12+728+2.8 =11.28 km? together to calculate the total surface

area of the triangular prism.

_—

\\\\
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Example 14

Calculate the surface area for each of the following pyramids.

a b c
11.3 cm 10.4 cm
o 6.2 cm
<
3 \%o 40172
25m ¢m 3.5cm
WORKING THINKING
a ‘ s Draw a net of the square-based pyramid,
= including the dimensions.
a 1.9m
- 11 I1 5>
2.5m
)
Al
< There is one square with side length of 2.5 m.
2.5m
A2 A19m < There are four identical triangles with a
ZE& base of 2.5 m and height of 1.9 m.
25m
A=Ix] = Calculate the area of the square (A1) using
A=IxlL
Al =25%25=625m2 < Substitute the values for /.
A= %(b X h) < Calculate the area of the identical triangles

(A2) using A = %(b X h).
A2 = %(2,5 % 1.9) = 2.375 m? < Substitute the values for b and h.

Total surface area <. Multiply the area for the identical triangles
= 6.25 + (4 x 2.375) by 4. Add the area of the square base to the
— 625495 area of the 4 triangles to calculate the total
1'5 75 2 surface area of the square-based pyramid.
=1575m
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WORKING

b 11.3C1’Il e

10.4 cm 10.4 cm

-1t JL 2>

,L
[\)
(@)
=

8 cm

11.3 cm

A2

B -

8 cm

A3 104cm -

12 cm
A=IxXw

<
<

A1:12X8=96cm2 < beosermmemssaransarssa
|
A=Lmbxn

<
<

A2=1(8x113)=452cm*<

<
<

_1
A—wam

A3=1(12x104) =624 cm* <

=(452%x2)+(62.4x2)+96
=904 +124.8 +96
= 311.2 cm?

ISBN 978-1-108-45977-8
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THINKING

Draw a net of the rectangular-based pyramid,
including the dimensions.

There is one rectangle with length 12 cm and
width 8 cm.

There are two identical triangles with base
8 cm and height 11.3 cm.

There are two identical triangles with base
12 cm and height 10.4 cm.

Calculate the area of the rectangle (A1) using
A=Il+w.

Substitute the values for / and w.

Calculate the area of the identical triangles
(A2) using A =2(bxh)
Substitute the values for b and A.

Calculate the area of the identical triangles
(A3) using A =2(bxh).
Substitute the values for b and h.

Multiply the areas of the triangles by 2 (for
A2 and A3). Add the triangle areas to the
rectangle base to calculate the total surface
area of the rectangular-based pyramid.
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WORKING THINKING
c A copy of the diagram in the question is
6.2 cm repeated here for convenience.
4 %
3.5cm
6.2 cm e — Draw a net of the triangular-based pyramid,

including the dimensions.

There is one base triangle with base 4 cm and
height 3.5 cm.

4 cm

A2 |<

There are three identical triangles with base
4 cm and height 6.2 cm.

4 cm
A = %(b X h) < Calculate the area of the triangle (A1) using
A=%@xm.
Al = %(4 X3.5) =T cm? Substitute the values for b and h.
A = %(b X h) <« Calculate the area of the identical triangles

(A2) using A = Z(bxh).
A2 = %(4 X6.2)=124cm? < Substitute the values for » and .
Total surface area < Multiply the area of the identical triangle

= (124x3)+7 by 3 (A2). Add the base triangle area to the
other triangle areas to calculate the total

=372+7 ) )
surface area of the triangular-based pyramid.
=442 cm?
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Example 15

Cailin is painting the inside of her house. She has ten e
doors that she needs to remove from the hinges and
paint. The doors are rectangular prisms in shape, as

shown in the image. They are 0.9 m wide, 2 m high
and 0.03 m thick. Determine the total surface area of i ‘
all 10 doors that Cailin needs to paint. \N 1‘

WORKING THINKING
0.03 m - Draw a net of the rectangular prism.
- 2m
~09m
Al < There are three pairs of rectangles.
2m Two rectangles that are 0.9 m by 2 m.
0.9 m
A2 ]0.03m < Two rectangles that are 0.9 m by 0.03 m.
0.9 m
A3 < Two rectangles that are 0.03 m by 2 m.
2m
0.03 m
A=IlxXw « Calculate the area of the rectangles using
Al=09x2=18m? A=ixw.
1.8x2=3.6m? « Multiply the area of each pair of rectangles
A2 = 0.9 x0.03 = 0.027 m? by 2.

0.027 x 2 = 0.054 m*
A3 =0.03x2 = 0.06m?
0.06 x2=0.12m?

Total surface area of one door - Add together the areas of the three pairs of

=3.6+0.054+0.12 = 3.774 m? rectangles to find the total surface area of
the rectangular prism for one door.

Total surface area of 10 doors < Multiply your answer by 10 to calculate the

=3.774 x 10 = 37.74 m? total surface area for all 10 doors.

Cailin will need to paint a surface «--- Communicate your solution in a sentence.
area of 37.74 m?.
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FUNDAMENTALS
example 121 Draw a net that represents each of the following 3D solids.
a A b T
c . d

example 13) 2 Calculate the surface area of the following cubes and rectangular prisms.

a / b :
2o idm
c . Im d |
,4/.5 m 3 m i 12 cm
"oo@

4 cm

example 13 3 Calculate the surface area of the following triangular prisms.

a Height=1.7m b Height=2.6 cm
m 3m
cm

6
c d 6 mm
Sm 5 mm
3m 2.5m
4m 10 mm 8 mm

Y Draw the net of
each solid to help you
work out the total surface
area.
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example 14 4 Calculate the surface area of the following square-based pyramids.

a b
T \ l -
ﬁmm SC&
<————— )

1.7m

————
8 cm

example 14/ 9 Calculate the surface area of the following rectangular-based pyramids.

4 68m 6.5m b 28.3 cm

30cm |
30 cm
22 cm
I 4.2 m

6 Calculate the surface area of the following triangular-based pyramids.

C
v/ 14.8 cm 17.3 mm
o 20
\rLG 1721]2

10.4 cm 17.3 mm
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APPLICATIONS
SF: - CF: 7

Example 15 % 7 Scott is sewing together the outer cover of a foot stool that looks like a Rubik’s
cube. He would like the stool to be 60 cm square. Calculate the total area of
material of all colours that Scott will require to cover the outside of the foot stool.

*8 Michael is making a rectangular-based 1.58 m
pyramid out of stainless steel to put on

display in his garden. Each triangular face

acts like a mirror, reflecting the plants around 1.62m

the pyramid. The rectangular base will be

4
I
I
I
I
1
I
I
I
I
I
I
!
I
|

made out of stainless steel for strength. The 1.3 m
plan for Michael’s pyramid is shown in the
diagram. Determine the total area of stainless 1.1m

steel required.

*9 Anika makes children’s play teepees and sells them at the markets. The design
of her tepees are rectangular-based pyramids as shown in her sewing plan below.
At her last market, she sold 8 teepees. Calculate the total area of material that
Anika used to make the teepees that were sold at the market on that day.

1.35m

0.9 m
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*10 Madison has won a giant Toblerone. She is

planning on wrapping it in paper and giving

it to her mum for Christmas. The Toblerone is
1.5 metres long and the measurements for the
equilateral triangle at either end is shown in
the diagram below. Determine the minimum
total area of wrapping paper that Madison will
require, ignoring the need to overlap the edges

of the wrapping paper.

*11 Renee is designing and sewing a tent for her husband. She plans on making it
in the shape of a rectangular prism. It needs to be big enough that her husband
can stand in it and it also needs to fit their double air mattress. Her husband is
1.8 metres tall and their air mattress is 1.6 metres wide and 2 metres long. Sketch
a plan for Renee’s tent and calculate the total area of material that she will require
including the base (groundsheet).

*12 The Eiffel Tower is a monument in Paris, France. It is similar in shape to a square-
based pyramid with a base length of 99.9 metres and a height of 304 metres.
Suppose a steel square-based pyramid was to be made to transport the Eiffel
Tower. Its base length is 100 m and the perpendicular height of the triangles
forming the four sides is 308 m. Determine the total surface area of steel required.
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2E  Calculating the surface areas of spheres and
cylinders compLEX

LEARNING GOALS

= Apply a formula to calculate the surface area of spheres
= Apply a formula to calculate the surface area of cylinders

Why is it essential to calculate the surface area of spheres
and cylinders?

Spheres and cylinders are used in many
industries such as manufacturing, sporting
and farming equipment. Being able to
calculate the surface area of these shapes
allows us to calculate things such as the
amount of leather needed for a ball or the
amount of steel needed for a silo.

The area of glass needed for this building can be
calculated using the methods in this section.

WHAT YOU NEED TO KNOW

= A sphere is a perfectly round 3D solid.

radius

diameter

= Note that spheres do not have a net.

Formula for surface area of a sphere: S =4 X T X r?,
where r stands for radius.

® The radius of a sphere is half of the diameter. The diameter is the straight-
line distance from the surface through the centre of the sphere to the
surface on the other side, while the radius is the distance from the centre to
the surface.
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® A hemisphere is half a sphere, so the area of its curved surface is half that of
the sphere (if you need the area to include the flat circular base, add the area of
a circle with the same radius as the sphere).

= A closed cylinder has two identical parallel faces that
are flat circles joined by a rectangle or square curved -)
into a tube.

= An open cylinder has either no circles at the ends, like a tube, or a circle at
one end, like a container without a lid.

= The net of a closed cylinder, shown in the diagram, is O
made up of two circles joined by a rectangle or square. The

length of the sides touching the circles is the same as the
circumference of the circles.

= To calculate the surface area of a closed cylinder, use the net Q
(shown above) as a guide. The curved surface of the cylinder
is a rectangle with a length that is the circumference of the circle, 2 X 7T X r,
and a width that is the height of the cylinder, /4.
So the area of the curved surfaceis A =2 X Xr X h.
The ends of the cylinder are circles, so the A = T X r*. We have two circular
ends, so we need to double the area of the circle.

S = Area of curved rectangle + 2 X Area of the circle X 2

S=2XTXrXh+2XmXr? ‘

2XnuXrXxh

= [f the cylinder is closed at one end only, like a tin without a lid, we only need
one circular end.

SO, S=2XmXrXh+mXr?.
= [f the cylinder is open at both ends, we do not need the two circular ends.

So,S=2XmXrxh.
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Example 16

Calculate the surface area of the following sphere and cylinder. Round your
answers to 2 decimal places.
a 3m b

AN

WORKING THINKING

a Radius=3+2=15m < Determine the radius first by halving the
Area of curved rectangular part diameter.
A=2XTXrxh Calculate the surface area of the cylinder
A=2%xmtxX15%5 by separating the cylinder into the
A=4712 m> curved rectangle and two circles.

Area of curved rectangular part is
A=2XTXrxh
Area of circlesis A =2 X7 X r?

Area of 2 circles
A=2XTXr?

A=2xmx1.5?
A =14.14 m?
S =47.12+14.14 Add together the parts of the surface area.
S =61.26m?
OR OR
S=2XTXrxh+2XnXr* <. By using the formula
S=2Xxmx1.5x5+2xmx1.5 S=2XTXrXh+2XxXmXr?
S=47.12+14.14 Substitute the values for radius () and
S =61.26m? height (h). .
Round your answer to 2 decimal places.
b S=d4xnxr? « Calculate the surface area of the sphere
S = 4% 11X 502 using the formula S =4 x T x r?.
§ =31 415.93 cm? Substitute the value for the r.adlus (7).
Round your answer to 2 decimal places.
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Example 17

Lachlan enjoys four-wheel driving and fishing at the beach. He is making a

storage container for his fishing rods to attach to his four-wheel drive ute. He has
purchased a 5-metre long PVC pipe and two end caps. The caps and pipe have a
diameter of 25 cm. He needs to calculate the surface area of the storage container

including the end caps, so that he can paint it black to match his vehicle. Calculate

the surface area of the storage container.

WORKING

Radius =25+2=12.5cm

12.5+100 = 0.125m

S=2XTXrXh+2XmTXr?

S=2x1mx0.125x5+2x 1wtx0.125>
S =4.03 m?

Lachlan needs to paint an area of 4.03 m>

THINKING

Determine the radius first by halving
the diameter.

Convert centimetres to metres by
dividing by 100. All units are now
in metres.

The storage container creates a
cylinder.

Calculate the surface area of

the cylinder using the formula
S=2XTXrXh+2xXmxr
Substitute the values for r and A.
Round your answer to 2

decimal places.

Communicate your solution in

a sentence.
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FUNDAMENTALS

1

Determine the missing words in the following sentences.
a The formula to calculate the surface area of a sphere is

b The formula to calculate the surface area of a cylinder is

C 2 X T Xr X h calculates the area of the of a cylinder.
d 2 X mxr? calculates the area of the of a cylinder.
example 16 2 Calculate the surface area of the following spheres. Round your answer to
2 decimal places where necessary.
| ‘ | ‘
c d
(I A=axnxe )
3 Calculate the surface area of the following closed cylinders. Round your answer to
2 decimal places where necessary.
a 8 cm b I 2.8 m C 0.5km
13 cm 7.2 m D
1.2 km
d 3m e 3m f 60 mm
@1 .4 m
6.5 m 20 mm
LMA=2xnxr><h+2xnxr2W
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APPLICATIONS
SF: - CF: 4-6

Example 17 *4

Georgie has saved a Pringles container that her mum was going to
throw out. It has a height of 30 cm and a diameter of 8 cm. She plans
on decorating the container so that she can store some craft items in it.
Georgie will be covering the container with contact. Calculate the total
surface area of the container.

x5 Tanya is powder coating a pole that will be holding up a sail. It has a height of 3 m
and a radius of 0.08 m. Calculate the total surface area of the pole.

*6 Asher works in a factory that makes tennis balls. His job is to apply the glue
that holds the felt on the ball. An average tennis ball has a diameter of 6.6 cm.
Determine the area of glue required for each ball.

*7 In the heart of Adelaide, South Australia, lies Rundle Mall Ny € |'“"1 I
where a giant sculpture by Bert Flugelman resides called ‘On = ., ~ =E
Further Reflection’. It is two stainless steel spheres, one on N 3 -
top of the other, which were gifted to the city in 1977. The "V&
spheres have a diameter of 2.15 metres. Calculate the total '
surface area of both spheres.

*8 Earth has a diameter of 12742 km. Determine the total surface area of the Earth
assuming it is a sphere.

*x9 Kanku has been given a digeridoo to paint. He will be painting the external curved
surface black as a base for his artwork. The digeridoo is a cylinder with a length
of 130 cm and a radius of 1.6 cm. Determine the area of the curved surface that
Kanku will be painting.
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- Calculating the surface areas of irregular solids compLEx

LEARNING GOALS

= Calculate the surface area of cones
= Calculate the surface area of irregular solids

Why is it essential to calculate the surface area of irregular solids?

Not all objects are formed with the use of familiar solids. Sometimes we need to
identify the familiar shapes within an object so that we can calculate the surface area
of an irregular solid. This helps in careers such as painting and construction, along

with baking.
The main shape of this gingerbread house is made from a
triangular prism on top of a rectangular prism.
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WHAT YOU NEED TO KNOW

= For the purposes of this course, an irregular solid is either a composite 3D solid
that consists of two or more of the common solids or it is part of a common solid,
such as half a sphere or half a cylinder cut lengthways.

® We can calculate the surface area of irregular solids if their nets are formed
from the 2D shapes.

Shape Formula
Square A=
Rectangle A=Ilxw
Triangle A= %(b X h)
Parallelogram A=bXh
Trapezium A= % X(a+b)xh
Circle A=mxr?

__9 2
Sector A—360><n><r

= We may be able to calculate the surface area of irregular solids if they include
spheres and cylinders (see the last section), and cones, which are introduced here.

Shape Formula

Sphere S=4xmxr?

Closed cylinder S=2XTXrxh+2Xmxr?
Cone S=mXrxs+mxr?

® Surface area of a cone

S = curved surface of cone + area of circle

S=TXrxXs+mxr?

S is the total surface area, which includes the

area of the circular base, 1T X r2. S
s is the ‘slant height” — the shortest distance

between the apex and the circumference of the base.

If you only need the curved surface of 0

the cone use A =T X r X s.
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® For an irregular solid that includes a sphere, or a part of a sphere, calculate
the surface area of the sphere separately. If the remaining part of the irregular
solid has a net, calculate the surface area of the appropriate net. Add all of the
surface areas together for the total surface area.

= For an irregular solid that includes a cylinder, or a part of a cylinder, calculate
the area of the part of the net that is needed such as:
* S=2XmXrxh+mnxr? (acylinder with only one closed end)
* §=2XxmXxrXh (acylinder with both ends open)

= For the total surface area of an irregular solid, you need to remember not to
include any surfaces that are not visible from the outside of the solid.
For example, shown is an irregular solid with a rectangular-based pyramid
on top of a rectangular prism. Draw a sketch of the nets for each solid. Think
about which parts are not visible in the solid:
¢ In the rectangular prism, the top side is not included.
* In the rectangular-based pyramid, the base rectangle is not included.
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Example 18

Calculate the surface area of the following cones. Round your answer correct to
2 decimal places.

a E 5

&
3.5m
WORKING THINKING
A S=TXFXS+HTXFE Calculate the surface area of the cone using
S=XrxXs+mxr?,
S=mx2.1x3.5+mx2.1? Substitute the values of r and s.
S =36.95 m? Round your answer to 2 decimal places.
b 35+2=175cm < Determine the radius first by halving the
diameter.
S=mXrxs+mnxr? Calculate the surface area of the cone using
S=mXrxs+mxr.
S=nx17.5x50+7mx17.5° Substitute the values of r and s.
S =3711.01 cm? Round your answer to 2 decimal places.
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Example 19

Calculate the surface area for each of the following irregular solids.

a b / c
(7 3cm ’/f,,, T II

10 2 cm
m A 6 cm
D 2 cm

WORKING THINKING
a Surface area for cylinder The formula for finding the surface area

S=2XTXrxh+2xmnxr? of a cylinder is

S=2xTx1x10+2xwx1? S=2XTXrXh+2xXmnxr?

S =69.12 m? The radius is half the diameter, so radius

is I m.

Surface area for half of
Substitute » =1 and 4 =10 into formula.

cylinder

$S1=69.12+2 <« This shape is only half a cylinder so

S1=134.56 m2 divide your answer by 2.

Area of rectangle face s Calculate the area of the rectangular face

A=lw by using A =Iw.

S2=10x2 Substitute /=10 and w =2.

§2=20m?

Total surface area . Calculate the total surface area by adding

=S1+ 52 the surface for half the cylinder and the

= 34.56 + 20 rectangle.

= 54.56 m*

b Area of square base < Calculate the area of the square base by

A=2x2=4cm? using A = Iw.

Surface area of bottom cube <t The top of the cube is not visible so

S1=4x5=20cm? instead of multiplying by 6, multiply by 5.
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WORKING

Surface of the triangle faces <

1
A=Lbxh

A=%(2><3)=3cm2

§2 = 3 X 4 = 12 CI2 rimeimicn

Total surface area

A

=S1+ 952
=20+12

=32 cm?

A

¢ Area of the sector

_ 6 2
A—360><n><r

_ﬁ 2 2
A= 360><7't><6 = 70.69 cm
§1=70.69x2

S1=141.37 cm?

Surface area of front two <

rectangles
A=lw
A=6x3=18 cm?
S2=18x%x2
§2 =36 cm?

Surface area of part of curved <~

rectangle of a cylinder

A= x2xnxrxh

360
_ 25
S3 = 360><2><11:><6><3
S3=70.69 cm?

A

S=851+852+853 =
S =141.37+36+70.69
S =248.06 cm?

ISBN 978-1-108-45977-8

© Capps et al. 2019

2F Calculating the surface areas of irregular solids | 101

THINKING

~~~~~~~~~ Calculate the area of each triangle using

ﬂmhmmhA:%wxm.

There are 4 triangles the same size so
multiply this by 4.

Add both sections of the irregular solid to
calculate total surface area.

Calculate the area of a sector using the

_ 6 2
formulaA—360><7t><r.

The top and bottom of the irregular solid
is the same sector so multiply this by 2.

Calculate the area of the two front panels,
which are rectangles so use A = Iw.

As the rectangles are the same size
multiply by 2.

Calculate the area of the back panel,
which is part of the curved rectangle of a

cylinder so use Az%XZXanxh.

Add all surface area sections of
the irregular solid to calculate total
surface area.
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Example 20

Melfred is painting a cardboard rocket that he has made with S
his son. Calculate the total surface area of the rocket. The OOQO
‘cap’ is a cone and the body is a cylinder. The base of the N

rocket is closed.

1.8 m

WORKING THINKING

Radius: 60 + 100 = 0.6 m < Convert centimetres to metres by
Slant height of cone: 80 + 100 = 0.8 m dividing by 100 as all measurements
must be in the same units.

Surface area of cone without base < Calculate the surface area of the cone
S1=mx0.6x%0.8=151m? rounded to  without the circular base by using the
2d.p. formula A =T X7 Xs.

Surface area of the cylinder closed < Calculate the area of the cylinder by
at one end. using the formula for a cylinder closed
§2=2x71x0.6x18+mx0.6 atoneend. A=2XTXrXh+mxr?
§2 =7.92m?

S=51+852 - - Add all the areas together to
S=151+7.92 calculate the total surface area of the

S =943 m? composite solid (if you use unrounded

values you will get 9.42 m?).

The rocket has a total surface area ~ < Communicate your solution
of 9.43 m*. using words.

b
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FUNDAMENTALS

example 18] 1 Calculate the surface area of the following cones.
1.78 m

%™

L]mA:nxrxs+n><rzw

example 19 2 Calculate the surface area of the following irregular solids.
c

a b
Q 35m ’, A

1
1
1

|

10 m
2m

d € %f f 30 cm
L N\~35m <
T 45 cm
9.6 m \
g T h 2.8m Y The top is a hemisphere
T 9m the bottom is a cone.
6 m 1 ./
! Em. 6% ) T
- - - I
| 20m
1l
I
/77 Xm draw the shapes that make
Tm all of the faces of the solid.
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APPLICATIONS

N e
SF: - CF:3-5 2% N
example 20 %3 Millie is planning on painting the outside of her house. . 4m
Use the diagram shown to calculate the total surface area. ©
! X
m >
*4 Tim has carved a wooden ice-cream for his son’s play g 3cm
kitchen, as shown in the diagram. He plans on painting it for
him. Determine the total area of paint that Tim will need.
10 cm
x5 Christine is making a layered sponge cake for her son’s
birthday. The rectangular tin she is using has a length of 30 /
cm, a width of 20 cm and a height of 5 cm. She is planning
on stacking 3 cakes on top of each other. She will then
ice the cake on all 4 sides and the top. Determine the total
surface area for the icing. 17 m
*6 A monument in Washington is 169.2 m tall in total. The 10.3 m A\\
main part has four equal-sized faces each in the shape of a
trapezium, and there is a square-based pyramid on the top.
Calculate the total surface area of the monument, using the
approximate measurements in the diagram shown. 152.4 m
16.7 m
*7 Jean has some camembert cheese in her fridge that has P N 2
aradius of 7 cm and a height of 3.2 cm. She has eaten a i l. § Xl :_”"2
large slice that is approximately 70° of the total cheese. § ‘L\
Determine the remaining surface area of the cheese.
17 cm
*8 Mason has made a nesting box for his birds. 8 cm 18
The hole has a diameter of 9 cm. Calculate the cm
external surface area of the nesting box after Mason ' %4 cm
cuts out the hole for the birds to enter.
30 cm
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Problem-solving and modelling task

Background: House and land plans provide great applications of area measurement.

Task: Your task is to design a house and land package for a new estate area. You
need to show the positioning and outline of the house, along with the measurements
for the external walls. You must show the outline of the block of land along with
some landscaping ideas including fencing, gardening and other outdoor items (i.e. a
pool or water fountain). Your design does not need to be to scale; however, you must
show all relevant measurements. You will need to include the area of the land, house,
fenced area and the composite shaped backyard feature.

Approach to problem-solving and modelling task:

| stage1 | Stage 1: Formulate
F g 1 Research various house and land designs.
i 2 Research various features of backyards.
| stage2 | Stage 2: Solve
solve 3 Sketch the bird’s eye view of your land, ensuring that
you include measurements and consider the functionality
of your design. Could this be in the shape of a
: parallelogram or trapezium?
______ @ _______ 4 Add the outline of your house, could you make it a
' composite shape? Include any measurements.
5 Add the fencing design of your house and land package.
o 6 Add the backyard feature.
7 Calculate the area for the land, house, fenced area and
backyard feature.
SR Stage 3: Evaluate and verify
Evaluate
and verify 8 Check that you have included as many measurements as
Y possible in your design.
______ @ 9 Check that your composite shapes have at least two
familiar shapes.
10 Check that you have shown your working for your
Yes area calculations.
Stage 4 Stage 4: Communicate
Communicate 11 Share your design with a peer and have them check
your calculations.

12 Write a report to communicate your findings. I
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|:| I can use units of area and their abbreviations and identify the most appropriate
metric units area.

1 Determine the abbreviation for:
a square millimetres b square kilometres
2 Determine the full unit for:
a cm? b m? ¢ ha
3 State the most appropriate choice of units to measure the following areas.
a Surface area of a classroom desk
b Suburban block of land
¢ Horse paddock
d Outback cattle station

|:| I can convert between units of area.

4 Convert the following measurements into the units given in brackets.

a 6 m? (cm?) b 9 cm? (mm?)
¢ 350 mm? (cm?) d 2.7 km? (m?)
e 6 km? (ha) f 7 m? (mm?)

|:| I can calculate and estimate the area of various familiar shapes.

5 Calculate the area of the following common 2D shapes.

a o 0O b o # I c
1 1 + +11 mm §m

1 m [
0 I 0 13 m
5.8 cm 21 mm
d e 20cm | i 20 mm
1.8 m |
|
4.1 m 31 mm
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6 Estimate the area of the following common 2D shapes by rounding first to the
nearest whole number.

apg f O b c 9.7 mm
+ +2.1m
1 m ]

3.8 m 12.3 mm

|:| I can calculate the area of trapeziums and sectors.

7 Calculate the area of the following trapeziums.

a 10 cm b 52m
22 cm 7.8 m

8 Calculate the area of the following sectors. Round your answers to
2 decimal places.

18 cm

|:| I can calculate the area of composite shapes by decomposing into common shapes.
9 Calculate the area of the following composite shapes.

a : b 5 "2 cm
2 m L

—|5mr 10 cm

|:| I can calculate the surface area of cubes, rectangular and triangular prisms.

10 Calculate the surface area of the following solids.

a / b . c
: — (. 2 m \3 ﬁ\‘“
Lo i 1.5m
‘ 3m A
6.5 cm o0
n®
10 mm
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|:| I can calculate the surface area of spheres and cylinders.

11 The formula for the surface area of a sphere is
12 The formula for the surface area of a cylinder is
13 Calculate the area of the following sphere and cylinder.

a b 4 m
=
NG i

|:| I can calculate the surface area of square-based and rectangular-
based pyramids.

14 Calculate the surface area of the following pyramids.
a 16 cm b58m ¢ 3.5mm
5.58 m
,6\
9 N
0 2 45m 3mm 2.6 m

|:| I can calculate the surface area of cones.

15 Calculate the surface area of the following cones.
a 1.7m b 10cm /\

13 cm
15 \(&\
3m
|:| I can calculate the surface area of irregular solids.

16 Calculate the surface area of the following irregular solids.

a b
32 m/\a 25 18 9
< . ﬁ
3.8 m
1
/\

. 6‘ 35 :cm
pY
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All questions in the review are assessment style.
Simple familiar

1 Daniel is painting a 19.2 m? feature wall in his house. Determine the area of
Daniel’s wall in square centimetres.

2 Lyla’s horse paddock is 27 190 m?, where her 3 horses roam. Determine the
area of the horse paddock in hectares.

3 Ben has calculated that his front door is 1 810000 mm?. Determine the area
of the front door in square metres.

4 Thelma has just purchased a new block of land that is 32.7 metres long by
28 metres wide. Calculate the area of Thelma’s land.

5 James has built a new circular training pen for his horses that has a radius of
2.2 metres. Calculate the area of the training pen.

Complex familiar

6 Emily has designed an A-line skirt that she is now planning on sewing. The
image below shows the pattern for the front panel of the skirt. Calculate the
area of material that Emily will need to make the front of the skirt.
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7 Farmer Jo has slashed 310° from one of his circular planted hay crops that
has a diameter of 800 metres. Determine the area of land that Jo has slashed

for hay.

8 Mason is polishing a speed skating rink, ——112m —
as shown in the diagram. Calculate the } }
area of the rink that Mason is polishing. . 51 me

9 Toby’s dad has given him a cubed
cardboard box that is 70 cm square. Toby is planning on painting the outside
of the box red and using it as part of a rocket that he is building. Calculate the
total area that Toby will be painting.

10 Bronte is varnishing a timber hand rail 6 m
that is in the shape of a rectangular prism. ¢ ﬂ&o&
Calculate the surface area of the prism in i R

square metres.

11 Jaz has constructed a triangular prism

out of MDF to jump his BMX bike. The 048 m
dimensions are shown in the diagram. 5
Determine the total surface area of 1.8 m 0

the ramp.

12 Mike is a coach for shot put. So that he can easily locate his equipment at
sporting events, he paints each shot put yellow. The shot puts have a radius
of 60 mm and he has 10 of them. Determine the total surface area that Mike
has painted.

13 Alisha has just finished making a timber table. The table has 4 legs that are
shaped like a cylinder and they have a height of 1.2 m and a diameter of
0.2 m. Before she attaches the legs to the table top, she wishes to varnish them
first for protection. Determine the total area that Alisha will be varnishing.
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14 Haydn has bought his wife a candle in the shape of a
square-based pyramid as shown. He has 160 cm? of
wrapping paper left over at home. Determine if this will
be enough wrapping paper to wrap the candle.

15 James has made a new letter box from steel that he " 1 CYQ _ 97cm

plans on powder coating. Calculate the total surface

1

area of the letter box as shown in the diagram below. o

40 cm

<&
9
30 cm “’6

Complex unfamiliar

16 Cooper has ordered a pizza for dinner. There are 8 slices of pizza, so he has
calculated that each piece of pizza is 45° of the whole pizza. Cooper eats
4 pieces of pizza and his wife eats 3 pieces. Determine the area of pizza
that both Cooper and his wife have consumed, if the pizza has a diameter
of 35 cm.

17 A Pyraminx is a puzzle that is similar to the Rubik’s cube,
but it is the shape of a triangular pyramid with a base
that is the same as the sides. (This shape with all four
triangular faces the same is called a tetrahedron). The base
edge of the Pyraminx is 98 mm and the perpendicular
height is 84.9 mm. The company that manufactures the product produces
400 per week and wraps them in plastic. Determine the minimum area of
plastic sheet the company would be using each week. Do not include any
overlap of the edges of the plastic.

18 Jayden’s largest silo on his farm is a cylinder with a cone for the cap. It
has a diameter of 7.9 metres and the cylindrical section has a height of
19.7 metres. The slant height of the cone is 5.1 metres. Calculate the surface
area of the silo.
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Maths for a farmer: Lachlan Graeme

Lachlan Graeme works in the agricultural industry as a farmer. His family
runs a mixed farm of sheep, cattle and cropping. He has a passion for
agriculture, loves being outdoors, achieving new challenges and solving
problems.

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

Being on a farm each day can vary greatly, which keeps it exciting and interesting. Jobs can
include feeding and herding sheep and cattle, maintaining machinery and tractors, spraying crops,
supervising contractors, checking and monitoring irrigation systems and water troughs, and
estimating yields of crops.

| enjoy the variation in each day, and with the changing seasons there is always a new challenge or
crop to be grown. Often the more work we put in to the business, the more successful we can be.

What maths did you study at school?
| studied Business Maths (equivalent to Essential Maths) at school.

How do you use maths in your job?

| use maths every day; for example, calculating payments for workers, calibration of spray units,
calculating how many kilometres of fencing wire or trellis wire is required, working out how many
hectares per hour the grain harvester will be able cover each day and calculating how many litres of
diesel per hour the machinery is using. We use maths on a daily basis and without it, our agriculture

business would not know if it was making a profit or loss. It is an essential part of the agricultural
industry in many ways.
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3B

3C

3D

3E

Syllabus reference
Unit 3 Topic 1 Measurement
Volume and capacity (6 hours)

In this sub-topic, students will:

e use metric units of volume (cubic
millimetres, cubic centimetres, cubic
metres), their abbreviations (mm?, cm?,
md), conversions between them and
appropriate choices of units

understand and use the relationship
between volume and capacity,
recognising that 1 cm® = 1 mL (millilitre),
1000 cm? =1L (litre),

1mé =1KkL (kilolitre),

1000 kL =1 ML (megalitre)

estimate volume and capacity of various
objects

ISBN 978-1-108-45977-8
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In this chapter

Mass (4 hours)

In this sub-topic, students will:

© Queensland Curriculum & Assessment Authority Essential Mathematics 2019 v1.1

Using and converting between metric
volume and capacity units

Estimating and calculating the volume and
capacity of cubes, rectangular prisms,
triangular prisms and cylinders

Estimating and calculating the volume and
capacity of right pyramids and spheres
Using and converting between metric units
of mass

Choosing appropriate units, estimating
mass and recognising the need for
milligrams

Problem-solving and modelling task
Chapter checklist

Chapter review

. m (ool R,

calculate the volume and capacity

of regular objects, including cubes,
rectangular and triangular prisms, and
cylinders

calculate the volume and capacity of right
pyramids, including square-based and
rectangular-based pyramids, and spheres.

use metric units of mass (milligrams,
grams, kilograms, metric tonnes), their
abbreviations (mg, g, kg, 1), conversions
between them and appropriate choices of
units

estimate the mass of different objects

recognise the need for milligrams.

Cambridge University Press
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1 Explain the meaning of:
a ‘milli-’ as used in the unit ‘millimetre’
b ‘kilo-’ as used in the unit ‘kilometre’

2 Each cube represents a unit of volume. They are not drawn to the same scale. Write down
the full name of each unit and its abbreviation.

a b

I I
1 mm + i_____ 1cm+ i_____ 1 m+

- - -
- - -

' 1 mm - 1 cm S
1 cm 1 m

F==dl=

1 m

X The abbreviation or symbol for these
units of volume includes a number as an index
(a power) that represents the length, width and
depth of the cube (three sides with the same
value) being multiplied together.

3 How many millilitres are in a litre?

4 Determine the missing words in the following sentences.
a Avrectangularprismhas _ faces. All facesmeetat __ angles.

b A square-based pyramid has side faces (i.e. the base is not included).

The faces are in the shape of
¢ The two bases or ends of a cylinder are always _ to each other. The shape
of each base or end is a

5 (Multiple-choice) ‘Mass’ refers to:
A the capacity of an object.
B the amount of matter in a solid, liquid or gas.
C the amount of space a solid, liquid or gas occupies.
D the pull of gravity.

6 Identify which of these units can be used to measure mass:
litres, grams, square metres, kilograms, hectares, cubic centimetres, tonnes.

A link to a HOTmaths
lesson is provided in the
Interactive Textbook to
revise this topic.

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



3A Using and converting between metric volume and capacity units | 115

3A | Using and converting between metric volume and
capacity units

LEARNING GOALS

® Understand the use and appropriate choice of the metric units of volume
including cubic millimetres, cubic centimetres and cubic metres

= Use abbreviations such as mm?, cm? and m?® to represent units of volume

= Convert between units of volume

® Understand the relationship between volume and capacity including the
conversions between millilitres, litres, kilolitres and megalitres

Why is it essential to understand units of volume and capacity?

There are many careers, including pool installation, landscaping, cooking, storage
hire or hairdressing, where volume capacity can be used. The production, storage,
distribution and use of materials,
whether gas, liquid or solid,

and their containers, requires
measurement and conversion of
volume and capacity.

It is an essential skill to be able

to convert between the units of
volume and capacity so that the
capacity (or amount of gas, solid or
liquid) can be calculated using the
measurements of an object.

Measuring volume is a vital skill in laboratories.

WHAT YOU NEED TO KNOW

® Calculating the volume of a solid is a measure of the amount of space taken
up by a 3D shape.
= Units of volume include cubic millimetres, cubic centimetres, cubic metres
and cubic kilometres, which can be abbreviated to mm?, cm?, m® and km?.
= To convert between units of volume:
* use multiplication when converting from a larger unit to a smaller unit
(e.g. from m? to cm?)
* use division when converting from a smaller unit to a larger unit (e.g. from
cm’ to m?).
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= If one linear unit is 10 times longer than another, then its cubic unit is 10°
(i.e. 1000 times bigger).
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= Refer to the following conversion chart when solving problems that require
conversion of units of volume.

x10003 x1003 x103
(1000000 000) (1 000 000) (1 000)
km3 m3 cm3 mm?3
A U
+10003 +1003 =103
(1000 000 000) (1 000 000) (1 000)

= Capacity is the same as volume, but in everyday contexts we use capacity for the
volume that a container (3D solid) can hold of a substance (solid, liquid or gas).

= Units of capacity include megalitres, kilolitres, litres, millilitres, which can be
abbreviated to ML, kL, L. and mL.

® Capacity is measured in units based on the litre. Use the following conversion
chart for problems that require conversion of units of capacity.

x1000 x1000 x1000
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= To convert between units of volume and capacity:
¢ lcm? =1mL
¢ 1000 cm? =1000 mL =1L
« 1m?*=1000L =1kL
« 1000 m* = 1000 kL = 1 ML
« 1000000 L = 1ML

Example 1

Convert these volume measurements into the units given in brackets.
a 0.72 m* (mm?)

b 10.5 cm?® (mm?)

¢ 393 mm?® (cm?®)

d 800 cm?® (m?)

WORKING THINKING
a 0.72x1000000000 < As there are 1000° cubic millimetres in a
— 720000000 mm? cubic metre and we are converting from m?

to a smaller unit of mm?’, we need to multiply
0.72 by 1000°, which is 1000000 000.

b 10.5x10° =10500 mm? <« As there are 10° cubic millimetres in a cubic
centimetre and we are converting from cm® to

a smaller unit of mm?, we need to multiply
10.5 by 10°.

¢ 393+10°=0.393cm® < As there are 10° cubic millimetres in a cubic
centimetre and we are converting from mm? to a
larger unit of cm?, we need to divide 393 by 10°.

d 800 +100% = 0.0008 m3« As there are 100° cubic centimetres in a cubic
metre and we are converting from cm? to a
larger unit of cubic metres, we need to divide
800 by 100°.

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



118 | Chapter 3 Volume, capacity and mass

Example 2

Convert these capacity measurements into the units given in brackets.
a 2125mL (L)

b 0.5L (mL)

¢ 28ML (L)

WORKING THINKING

a 2125mL +1000 =2.125L < To convert millilitres to litres, going from a
smaller to a bigger unit, divide by 1000.

b 0.5%x1000 =500 mL < To convert litres to millilitres, going from a
bigger to a smaller unit, multiply by 1000.

¢ 2.8x1000000 = 2800000 L = To convert megalitres to litres, going from

a bigger to a smaller unit, multiply by
1 000000.

Example 3

Convert these volume and capacity measurements into the units given in brackets.
a 325cm® (mL)

b 175 kL (m®)

¢ 2L (cmd)

d 1825 cm’ (L)

WORKING THINKING
a 325cm?® =325mL < There is 1 millilitre in 1 cubic centimetre.
bh 175kL =175 m3 < There is 1 cubic metre in 1 kilolitre.

¢ 2L x1000 = 2000 mL < As there are 1000 mL in a litre, multiply
= 2000 cm? by 1000 to convert to mL, and then use
ImL =1cm’.

d 1825cm?® =1825+1000 < As there are 1000 cubic centimetres in a litre,
=1.825L divide by 1000 to convert to litres.
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Example 4

Mackenzie works at a plant nursery and has to fill 640 pots with soil. The pots
have a capacity of 750 mL. The soil is measured in cubic metres. Determine the
approximate amount of soil in cubic metres Mackenzie needs to fill the pots.

WORKING THINKING
750 mL = 750 cm® <« Convert 750 mL to cm?.
750 cm?® X 640 = 480000 cm? <o Multiply this by 640 pots.

480000 cm?® + 1000000 = 0.48 m* < There are 100’ cubic centimetres in a cubic
metre, and we are converting from cm? to
a larger unit, so divide 480000 by 100,
which is 1000 000.

Mackenzie needs 0.48 m? of soil. < Communicate your answer by writing
down the result.

FUNDAMENTALS
1 Determine the missing words in the following sentences.
a Use multiplication when convertingfroma___ unittoa
unit, for example, when converting from km? to m°.
b Use___ when converting from a smaller unit to a larger unit,
for example, when converting from __ tom®.
¢ Capacity is a measure of a 3D shapes abilityto___ a substance,
such as a or gas.
d Acapacityof 1 isequivalent to 1 cubic centimetre.
e One litre is equivalentto___ cubic centimetres.
f One cubic metre is equivalenttoone — (unit of capacity).
g One megalitre is equivalent to 1000 ____ (unit of capacity).
T A litre is equivalent to a cube with a X Ten one-litre cubes (side
side length of 10 cm (100 mm). You can work length 10 cm each) will fit
out the number of cubic centimetres or cubic exactly along each side of a
millimetres in a litre by ‘cubing’ the side length one-cubic-metre cube (side
(raising it to the power of 3). length 100 cm).
ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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example 1. 2 Convert these volume measurements to the units given in brackets.
a 0.86 km® (m?)

b 18.4 cm? (mm?) Y If converting
¢ 2.7 m}(cm) from a Iarger unit.to a
6 276 mm on) e
e 1.38 km? (m?) a smaller unit to a
f 68 cm® (mm?®) larger unit, divide.
g 129 cm’ (m®)
h 2.7 m*® (mm?)
example2-3| 3 Convert these volume and capacity measurements to the units given in brackets.
a 265cm’ (mL) b 412 kL (m%)
¢ 6L (cmd) d 2128 cm? (L)
e 27 mL (cm?®) f 1247 mL (kL)
g 2.7ML (kL) h 27.5m? (kL)
i 267 kL (ML) j 0.8L (mL)
k 628 mL (L) I 32ML (L)

APPLICATIONS
SF: 4-10 CF: - CU: -

Example 4 %4 Carlene has calculated that to spread mulch to a depth of 5 cm over a garden bed
she needs to buy 800000 cm® of mulch. She finds that mulch is sold in cubic
metres. Calculate the number of cubic metres of mulch Carlene should order.

*
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x5 Tessa has 1089 m? of bitumen that she can use to pave the driveway on her farm.
To work out how thick the bitumen layer can be she needs to convert this volume
to cubic centimetres. Determine how many cm?® are in 1089 m>.

*6 Lee-Ann’s pool holds 12000 L of water. Unfortunately, the pool tiles are damaged so
she has decided to fill the pool in with soil and make a big garden instead. Calculate
the number of cubic metres of soil Lee-Ann will need in order to fill the pool.

*7 Jarred works in a factory that makes sugar cubes. A sugar cube with a size of
1 cm? is made from 1 mL of liquid sugar. The factory produces 5000 cubes per
day. Calculate the number of millilitres of liquid sugar that the factory requires
each day.

*8 An Olympic swimming pool has 2.5 megalitres of water. Calculate the number of
litres in an Olympic swimming pool.

*9 A large fuel truck carries around 10 kilolitres of fuel. Calculate how many litres of

fuel a large truck can carry.

*10 If all the water in Sydney Harbour was poured into a cubic tank with edges of
1 km, it would fill it to a depth of 562 m. Calculate the number of megalitres of
water in Sydney Harbour.

<N
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3B | Estimating and calculating the volume and capacity of
right prisms and cylinders

LEARNING GOALS

® Calculate the volume and capacity of the following regular objects:
* cubes
* rectangular prisms
* triangular prisms
* cylinders
= Estimate the volume and capacity of the above regular objects

Why is it essential to know how to calculate the volume

and capacity?

Among its many uses, calculating volume and capacity is essential for packing,
storing and filling containers. For example, when packing a crate into a storage
container, we must calculate how much space the crate takes up and how much space

is available. Another situation could be when calculating the volume of liquid that can
be held by a container or a pool.

N Rt e

This pool is in the shape of a rectangular prism, and you will be able to calculate how much water is required to fill it.
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WHAT YOU NEED TO KNOW

= Right prisms have two faces on opposite sides to which the other faces join
at right angles, hence the name. A cylinder is not a prism because it includes
a curved surface, but it is related, because it has a curved surface joining two
circular faces at right angles.

® You will need the rules for area from the previous section.

® The general rule for calculating the volume is the area of the base multiplied
by the height. Specific rules for calculating regular solids is found in the
table below.

Solid Rule
Cube V=a
0 (V: volume, a: edge length)
a
Rectangular prism V=Ixwxh
(V: volume, /: length, w: width,
\‘ h: height)
N h
B
I N—
w
. ) 1
Triangular prism V= 5 (bxh)yxl

(V: volume, b: width of base,
h: perpendicular height, /: length)

V=nxr’xh
(V: volume, m: 3.142, r: radius of base or
end, &: height)

Cylinder

DD

® Linear measurements must be in the same units.

® The volume units will then be cubic units of the linear units used.

® When calculating capacity from linear dimensions, calculate the volume in
cubic units and then convert to units of capacity.
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Example 5

Convert to the capacity units in the brackets. Round to one decimal place if necessary.

a 1.44 m® (kL)

b 1000 cm?® (L)

¢ 356720 mm?® (mL)

d 2035752.04 cm?® (L)

WORKING THINKING

a 1.44KkL « Use 1 m® = 1 kL to convert to kL.

b 1000cm?® +1000 =1L < Given that 1000 cm® = 1L, divide by 1000
to convert to litres.

¢ 356702 +10° =356.7 cm® <o Convert the answer to cm?® by dividing

=356.7 mL by 10°. Use 1 cm® = 1 mL to convert to mL.

d 2035752.04 + 1000 = 2035.8 L=<~ Given that 1000 cm® = 1L, divide the
answer by 1000 to convert to litres.

The sizes of packaging cartons may be given in units of capacity or volume; both can easily be estimated from the
dimensions of the carton.
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Example 6

Calculate the volume of the following solids.

a . b !
| ! 1.2m
- LG
10 cm 0.8 m
c d 120 cm
) ’
o 180 cm
98 mm \\(L
WORKING THINKING
a V=a e As the solid is a cube, apply the formula V = a’.
V=103 Substitute the value for a, which is 10.
V =1000 cm’
bh V=Ixwxh D A— As the solid is a rectangular prism, apply the
formulaV =1X w X h.
V=0.8x15x12 Substitute the values for / = 1.5, w = 0.8 and
V=144 m’ h=12.
Note: it does not matter which order you multiply
these values in.
c V= %(b X h)xl < As the solid is a triangular prism, apply the
formula V = 2 (b x h) x [.
V= %(98 X 65)x112 Substitute the values for b = 98, h = 65 and
=112,

V =356 720 mm*

d r=120+2=60 SCEES First determine the radius by dividing the diameter

by 2.
V=nxr’xh As the solid is a cylinder, apply the formula
V =1 x60%x180 V=nxr’xh.
V =2035752.04 cm? Then substitute the values for » = 60 and & = 180.
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Example 7

Estimate the volume and capacity of the following shapes by first rounding each

measurement to the nearest whole number.

/'L -~

a : b “q%ii

-

3.2 cm
Convert to mL

WORKING

a 3.2 rounds to 3 S,

<
<

V=ad
V =3%=27cm?
The capacity is 27 mL.

B S,

b 4'8 rounds to 5 B
6.2 rounds to 6
3.4 rounds to 3
V = l X w X h T ———

V=5x6x3=90m?

51.4 rounds to 51
56.5 rounds to 57

V=bxhxl
V= %(45><51)><57
V =65407.5 cm?

The Capacity TR T —
65407.5+1000 =65.41L

B .

ISBN 978-1-108-45977-8

4.8 m
Convert to kL

© Capps et al. 2019

3.4m ¢

-

A
2
© A o
452 cm
Convert to L

THINKING

Given that the first decimal place is less than 5,
round down to the nearest whole number which
equals three.

The solid is a cube so apply the formula V = a°.

Use 1 cm? = 1 mL for capacity.

Check the value of the first decimal place, if

the value is less than 5 then round down to the
nearest whole number. If the first decimal place
is 5 or more, round the whole number up by one.
The solid is a rectangular prism so apply the
formula V =1 Xw X h.

Use 1 m?® = 1kL for capacity.

Estimate the values given.

The solid is a triangular prism so apply the
formulaV =bxhxl.

Use 1000 cm?® = 1 L for capacity.
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Example 8

Joanne has a rainwater tank on her property that has a diameter of 3 metres and a
height of 4.5 metres. Calculate the amount of water in litres that her tank can hold.

3m

4.5m
WORKING
r=3+2=15 =

V=nxr’xh <
V=nx15*%x45
V =31.80852562 m?

31.81x100° = 31808 525.62cm?* «- -

31808525.62 +1000 = 31809 L«

Joanne’s tank can hold 31 809 L
of water.

Vo s da ks i

ISBN 978-1-108-45977-8

© Capps et al. 2019

THINKING

Determine the radius of the tank by dividing
the diameter by 2.

Given that the solid is a cylinder, apply the
formulaV =m X r? X h.

Convert the answer to cubic centimetres by
multiplying by 100°.

Given that 1000 cm?® = 1 L, divide the
answer by 1000 to convert to litres, to the
nearest litre.

Communicate your solution by writing

down the result.
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Exercise 3B

FUNDAMENTALS

1 Calculate the volume of the following solids.

a b

5 5 Im " 55w
25 cm m 86 mm
JUTE R T A\
7em —— 5 08km O
g 92 cm h 14m i
: ; 1% ot
y 112 cm . ;\ o
(f\’)\ \\ 4 Ccm
@, 6 m
eample 5,6 2 Calculate the volume and then the capacity of the following solids.
a | b L _~]09m c oo
- 28m ~C
3em Convert to kL 60 cm
Convert to mL Convert to L
d ! f 28 mm
| SHE
M |
- 8
28 m % 3
Convert to kL Convert to ML %}2
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Convert to mL
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example 7. 3 Estimate the volume and then the capacity of the following solids.
a : 9.9 cm C  31mm
~f---- ‘ WY /{_\
T A ~
\b ®
12.4 cm %
25m
Convert to L 52.4 mm
Convert to kL
N~
Convert to mL
APPLICATIONS
SF: 4-12 CF: - CuU: -
example 8 X4 Reuben’s water tank is a cylinder and has a radius of 1.2 m and a height of 3 m.

*5

*6

*7

*8

ISBN 978-1-108-45977-8

Calculate the volume of Reuben’s water tank.

0.5m

Mim has built a triangular garden bed as shown. She
plans on filling the garden bed with soil. Determine how
many cubic metres of soil Mim will require.

7
%

Lisa has a 45 cm cubic cardboard box. Calculate the volume of the box.

Michael’s can of soft drink is 13 c¢m tall and has a diameter
of 6 cm. Calculate the volume of the can and then the
capacity of the can in mL, assuming it is a cylinder.

A Toblerone box is 30.6 cm long and the base
of the triangle is 5.4 cm with a height of 5 cm.
Determine the capacity of the box in millilitres.
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*9  An industrial gas cylinder
has a length of 457 cm and a
diameter of 124.5 cm. Calculate
the capacity of the cylinder in
kilolitres, assuming the ends are

flat circles, as with a standard
geometric cylinder.

*10 Kyosti’s box of cereal is shown. Calculate the
capacity of the box in litres. s

*11 Ken is a truck driver and his petrol
tanker has a length of 5.94 metres
and a diameter of 2.2 metres. R P
Calculate the capacity of the petrol = . LA _L{_.] : P,
tank in kL. Assume it is a cylinder. —— :

*12 Rochelle is installing a new pool in her backyard. It will be a flat-bottomed pool
with a depth of 1.4 metres. The length of the pool will be 12 metres and the width
will be 8 metres. Calculate how much water Rochelle’s pool will hold in kilolitres.

- ———— . e

T "

|
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3C  Estimating and calculating the volume and capacity
of pyramids, cones and spheres

LEARNING GOALS

= Calculate the volume and capacity of the following regular objects:
e square-based pyramids
* rectangular-based pyramids
* spheres
* cones

= Estimate the volume and capacity of pyramids, cones and spheres

It is important to be able to measure volume and capacity of pyramids, cones and
spheres. Spheres are used in manufacturing balls used in sports and industry, and
pyramid and cone shapes are used for ornaments, buildings and artwork as well as
other applications.

Volume is required to work out how much wax to use to
make this candle.
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WHAT YOU NEED TO KNOW

= You will need to recall the units and conversions in previous sections.

= Note that the pyramids dealt with are right pyramids, meaning that the point
(apex) is above the centre of the base. The same applies to the cones, they are
called right cones.

® Formulas for calculating the volume of pyramids and spheres are found in the
table below.

Shape Rule

Square-based pyramid V= % XI*xh
(V: volume, [: length of side of base, 4: height)

>

Rectangular-based V= % XIXwXh

)

<
s
o
=
[oN

(V: volume, /: length of base, w: width of base,
h: height)

V:%xnxﬁ
(V: volume, r: radius, m: 3.142)

w2
'a =]

(:Dr

= ~

a

95}

Cones V:%xnxﬂxh

(V: volume, r: radius, 1t: 3.142, h: height)

==
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Example 9

Calculate the volume of the following solids. Round your answer to
2 decimal places.

4 h=15m/ ! hi=85cm
D G
- d
2cm
WORKING THINKING
a V= %x XA o As the shape is a square-based pyramid, apply the
1 formula V = %xlth.
_ 1 2
V=3x2°x15 Substitute the values for / and .
V=2m?

b V= %x IXWXh < As the shape is a rectangular-based pyramid, apply the
formula V = £ X X w X .

=1
V= 3% YRI5 Substitute the values for /, w and A.

vV =99.17 cm?

c V= %X X PP As the shape is a sphere, apply the formula

4 .
Vzgxrcxri

_4 3
V= 3 XX 10 Substitute the value for r.

V =4188.79 mm?

d V= %X TXr*xh < As the shape is a cone, apply the formula

V:%xnxﬂxh.

_1 2
V= 3 RIBRZHE Substitute the value for r and A.

V =25.13 cm?
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Example 10

Calculate the capacity of the following solids. Round your answer to
2 decimal places.

a h=38cm b h=22m c é
' . 1.9 m w

2.1 cm 2.7m
Convert to mL Convert to kL. Convert to mL
WORKING THINKING
a V= %x PRl e As the shape is a square-based pyramid, apply the

formulaV = %x 1> X h.

_1 2
V= 3 X2.1"x3.8 Substitute the values for / and /.

V =5.59 cm’
V=39 Ml, — e Calculate the capacity using 1 cm® = 1 mL.
b v= %x IXwXh < As the shape is a rectangular-based pyramid, apply

theformulaV:%Xlxwxh.

_1
V= 3 X2.7X1.9%2.2 Substitute the values for /, w and A.

V=376 m’
V=376 kL - Calculate the capacity using 1 m* = 1 kL.
c r=125+2=6.25 < As the shape is a sphere, apply the formula

4
_ 3
V:%xnxﬂ V—3><Tc><r

Substitute the value for r.
V= % X X 6.253

V =1022.65 mm*
1022.65 +10% < Calculate the capacity by converting to cubic
=1.02 cm3 centimetres. As there is 10° cubic millimetres in a
—1.02 mL cubic centimetre, divide by 10° to convert to cm®.
Use lcm’ = 1 mL.
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Example 11

Estimate the volume and capacity of the following solids by first rounding each
measurement to the nearest whole number.

a b 13.5cm
10.9 cm
' 12.2 cm
Convert to L
Convert to ML
WORKING THINKING

A

a 2.7 rounds to 3 Round the radius to the nearest whole
number. As the first decimal place is
greater than 5, round the whole number

up to 3.

V= %x TXr? o« As the shape is a sphere, apply the
4 : .
Ve %x X3 formula V' = = X X 7. Substitute the
estimated value for r.
V=113.10 m*
V=113.10kL = Calculate the capacity as I m* = 1 kL.
113.10+1000 = 0.1131ML Divide by 1000 to convert to
megalitres.
b 13.5rounds to 14 < Round each value to the nearest whole
12.2 rounds to 12 number. The height of the pyramid has
10.9 rounds to 11 a first decimal place of 5 so round up
to 14. The length has a first decimal
place of 2 so round down to the whole
number 12.
The width has a first decimal place of 9
so round the whole number up to 11.

V= % XIXwXh D As the shape is a rectangular-
based pyramid, apply the formula

_1

V—3><12><11><14 V:%xlXth.

V =616 cm? Substitute the estimated values for

V =616 mL [, wand h.

616 +100=0.616L = Calculate the capacity as 1 cm’® = 1 mL.
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Example 12

Shahida makes large spherical candles. She makes them by pouring melted wax
into a spherical mould, which has an internal diameter of 24.3 cm. Calculate the
capacity of the mould in litres.

WORKING THINKING

P i S As the shape is a sphere, apply the formula

4 .
Vzgxnxf.

r=243+2=12.15 < Calculate the value of the radius.

V== >< X 12,153 < Substitute the value for r.
V =7513.07 cm?®
V =7513.07 mL < Calculate the capacity as 1 cm® = 1 mL.

7513.07 +-1000 = 7.5 L < Divide by 1000 to answer in litres.

The mould has a <l Communicate your solution by writing down the result.
capacity of 7.5 litres.

FUNDAMENTALS
Example 9 Calculate the volume of the following solids.
16 cm \® e
‘ a "
22 mm W
| ‘ .
2
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example 10, 2 Calculate the capacity of the following solids.

a b ® c mm
h = A h= \05
S5m &
Convert to kL M

Convertto L Convert to mL

Example 11 3 Estimate the volume and capacity of the following solids.

Toqan® b ¢ h=289cm
14.7 mm
16.2 mm '

Convert to mL 32.1 cm
Convert to ML Convertto L

APPLICATIONS
SF: 4-10 CF: - CU: -

example 12 x4 Bronwyn has designed a rectangular-based pyramid made out of glass that can be
used as a paperweight. Calculate the volume if the base has a length of 12 cm and
a width of 9 cm, and its height is 8 cm.

*5 In Richard’s barber shop there is a spherical shaped gumball machine. It has an
internal diameter of 0.6 metres. Calculate the volume of the gumball machine.

*6 Phillip makes pyramid shaped snow
globes that he then sells as souvenirs
at his ski resort. The souvenirs have
a 68 mm square base and they are
72 mm high. Calculate the of the
volume of the pyramid snow globe.
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*7

*8

*9

*10

Neil runs a factory that makes candles. One of the most popular designs is a
square-based pyramid. The pyramids have an 8.4 cm square base and a height
of 10.5 cm. Calculate the number of litres of wax that Neil would require if his
factory made 150 candles in a day.

Susan makes freshly squeezed orange juice. She is planning on using 12 oranges
that each have a radius of 3.2 cm when peeled and she does not remove the pulp
from her juice. Estimate the total number of litres of juice that Susan should get

from her oranges.

In 1483, Leonardo da Vinci designed , '
a parachute that was shaped like

an upturned square-based pyramid.
He claimed that a piece of material
with a square base of 7 metres wide
and a height of 7 metres would
enable a person to throw himself
from any height and not suffer any

injuries from landing on the ground.
Calculate the capacity of the air in
litres in the upturned pyramid of

da Vinci’s design.

If Leonardo had used a cone with a
base diameter of 7 m and a height of

7 m, calculate the capacity of the air in
litres in his parachute from question 9.
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3D Using and converting between metric units of mass

LEARNING GOALS

= Understand the metric units of mass (milligrams, grams, kilograms, metric
tonnes)

= Use abbreviations for the metric units of mass (mg, g, kg, t)

= Convert between the metric units of mass

= Recognise appropriate choice of units

Understanding how to use and convert mass units

and estimate mass is essential in careers but also m é E -

in many aspects of life. In the transport industry,
it is important to know the mass of things being @ 'l_l' PP
loaded on to trucks and the trucks’ maximum

load capacity. In the health and medical industry,
the application is crucial when administering
medication. In the cooking industry, it is important
to be able to convert between mass units in order to

follow recipes. A huge variety of scales for measuring
mass are used in everyday life.

WHAT YOU NEED TO KNOW

= Mass is the amount of matter in an object. In everyday life we measure mass
by its weight, which is the force exerted on it by gravity, and so mass and
weight are used interchangeably.
* 1 tonne = 1000 kilograms
* 1 kilogram = 1000 grams
* 1 gram = 1000 milligrams

= Abbreviations for units of mass are metric tonne (t), kilogram (kg), gram (g)
and milligram (mg).

= Conversion between units of mass.

x1000 x1000 x1000
— T — T —
t kg g mg

A U
+1000 +1000 +1000
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Example 13

Convert these mass measurements into the units given in brackets.

a 0.7kg(g)

b 793500 mg (g)

¢ St(kg)

d 2.3 kg (mg)

e 6000 mg (kg)

WORKING

a 0.7 x 1000=700g <

b 793500 + 1000 =793.5g <

C 5x1000=5000kg <

d 23x1000=2300g <
2300 x 1000 = 2300000 mg

€ 6000+1000=6g <

ISBN 978-1-108-45977-8

6 + 1000 = 0.006 kg

© Capps et al. 2019

THINKING

As there are 1000 grams in a kilogram,
multiply 0.7 by 1000 to convert to the
smaller unit.

As there are 1000 milligrams in a gram,

divide 793500 by 1000. to convert to the larger

unit.

As there are 1000 kilograms in a tonne,
multiply 5 by 1000 to convert to the
smaller unit.

As there are 1000 grams in a kilogram,
multiply 2.3 by 1000 to convert to the
smaller unit.

As there are 1000 milligrams in a gram,
multiply 2300 by 1000 to convert to the
smaller unit.

As there are 1000 milligrams in a gram,
divide 6000 by 1000 to convert to the
larger unit.

As there are 1000 grams in a kilogram, divide

6 by 1000 to convert to the larger unit.
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Example 14

Doug’s new caravan weighs 1.93 tonnes.

a Determine the mass of the caravan in kilograms.

b If Doug added 50 kg of food and water plus 35 kg of linen and clothing to his
caravan to go away, determine the weight of the caravan now in tonnes.

WORKING THINKING

a 1.93x1000 =1930kg < As there are 1000 kilograms in a tonne, multiply
1.93 by 1000 to convert to the smaller unit.
Doug’s caravan weighs Communicate your answer in a sentence.
1930 kilograms.

b 1930 + 50 + 35 = 2015 kg <~ Use the weight of the caravan in kilograms and
add the weight of the food and water and the
linen and clothing.

2015+1000 =2.015t < As there are 1000 kilograms in a tonne, divide by
1000 to convert to the larger unit.

Doug’s caravan now < Communicate your answer in a sentence.

weighs 2.015 tonnes.

FUNDAMENTALS
Bxample 1311 Convert these mass measurements into the units given in brackets.
a 0.85kg(g b 973400 mg (g)
¢ 2300 g (kg) d 7.5t(kg)
e 32g(mg) f 3570 kg (1)
g 4.7 kg (mg) h 0.085t(g)
I 78000 mg (kg) J 3560000 g (t)

APPLICATIONS
SF: 2-9 CF: - CU: -

example 14 %2 Shae has had a new baby who weighs 3.45 kg. Determine the weight of Shae’s
baby in grams.
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*3

*4

*5

* 6

*7

*8

*9

Jesse works in a food laboratory and needs to know the weight of a steak in
milligrams to use in a formula. The supplied steak is labelled as being 450 g.
Determine the weight of the steak in milligrams.

The Titanic ship weighed 52310 tonnes. Scott
needs to know the weight of the ship in kilograms
to compare to a table of all the materials used in its
construction. Calculate the weight of the Titanic in
kilograms.

Esther has an ant farm that has around 420 worker 'Y
ants inside and each ant weighs 3 milligrams.
Calculate the total weight of the ants in grams.

Jude’s caravan weighs 2.9 tonne.

a Determine the mass of the caravan in kilograms.

b If Jude packs the van with 20 kg of food, 60 kg of water and 40 kg of linen and
clothing, determine the total weight of the caravan in kilograms.

Grace has packed 90 small packets of chips that
weigh 45 grams each, ready for a school camp.
Determine the total weight of all of the packets of
chips in kilograms.

Isaiah has returned from an overseas holiday.
When he departed, his bags weighed 25.2 kg. After
a three week holiday in Europe, his bags weighed
28.9 kg. Determine the weight in grams of the
items that [saiah purchased overseas.

Ivanna is moving house and has hired a shipping container to store her household
items. The shipping container weighs 3.7 tonnes and she loads it with 9940
kilograms of furniture and homewares. Calculate, in tonnes, the total weight of the
shipping container once it has been packed with Ivanna’s items.
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- Choosing appropriate units, estimating mass and
recognising the need for milligrams

LEARNING GOALS

= Recognise appropriate choices of units
= Estimate mass of various objects
= Recognise the need for milligrams

Why is it essential to estimate the mass of an object?

There are many circumstances when you have to be sure that something, such as a
boat or trailer, is not overloaded, which may cause it to collapse or sink. For example,
when loading a small boat with baggage and people, for safety reasons you must be
careful not to overload the boat, bearing in mind its maximum safe carrying capacity.
If scales are not available, you will have to estimate the mass of the baggage and
people loaded on board.

The boat has a label saying the maximum permitted load is 360 kg, so these people need to estimate how much weight
they are putting in the boat.
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WHAT YOU NEED TO KNOW

= There are four main types of unit that are used for mass. Below is a table that
provides examples of items that are measured in each of the metric units of mass.

Mass unit Examples

Milligrams — commonly used for | Medicine, vitamins, strand of hair,
measuring extremely light and mosquito or fruit fly
small objects

Grams — commonly used for Cotton ball, small business card, insect
measuring lightweight items or small animal

Kilograms — used for measuring | 1 litre of water (= 1 kg), whole
heavier items pineapple, baseball bat, baby, adult or
large animal

Tonnes — used for measuring very | Car, plane, ship, truck, train, tractor or

heavy items blue whale

® Why milligrams? Milligrams are necessary as they help with precise
measurement of very light objects. They are particularly important in medicine.
= Conversion of units of mass: see page 141 for chart.
= When estimating the mass of an object, it is important to keep in mind some
typical weights to which you can compare the object. Below is a common list
of items with their average weight.
* Mosquito 2.5 mg
* Vitamin C tablet 1000 mg (1 g)
* Single paperclip 1 g
* A4 sheet of paper 5 g
* Mouse 19 g
* One cup of butter 225 g
* 1000 paper clips 1 kg
e 1 litre of water 1 kg
* Supermarket bag of groceries 5-10 kg
* Large suitcase packed with clothes and personal items 20 kg
* Newborn baby 3.5 kg
* Labrador dog 30 kg
* Average sized adult human 65-75 kg
* Small car 1 tonne
* Full grown polar bear 1 tonne
 Shipping container 3.5 t
* Blue whale 150 t
* Mid-sized airliner 60 t
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Example 15

Decide on the appropriate mass units that would be used when weighing the
following.

C
WORKING THINKING
a4 grams < Grams is a relatively small unit of mass. A teaspoon of sugar

would be quite light.

b kilograms < Large dogs look like they could weigh around half the size of
humans. Kilograms would be the most appropriate unit of mass.

C tonnes <t Large ships would be extremely heavy therefore tonnes would
be the most appropriate unit of mass.

d milligrams < Small butterflies are very lightweight, therefore milligrams
would be the best unit of mass.

Example 16

Select the mass which is the most accurate for the following objects.

a A bunch of flowers are around ... 1 800 mg i 890 g iii 8 kg
b A car tyre is around ... 1 750g 0i 7.2kg i 1t
¢ A train carriage is around ... 128t 45t il 980 kg
WORKING THINKING
a 890¢g Think of things that you know the weight of and then use that
b 7.2kg knowledge to estimate the weight of these items.
c 45t
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FUNDAMENTALS
1 Determine the missing words in the following sentences.
a A___ isavery small mass unit of measure that is for
lightweight objects suchas | vitamins and
b _ arethe units used to measure relatively light objects such as a

paperclip or a mouse.

€ Onelitreof __ has amass of one

d Extremely large and heavy items can be measured using theunit
for example an airplane.

example 15 2 Decide on the appropriate mass unit (mg, g, kg or t) that would be used when
weighing the following objects.

example 160 3 In your surrounds, look for the following items to pick up and estimate their mass.
Compare your estimation with a peer, and if scales are available check the actual
weight of the items.

a pencil X A millilitre of water weighs 1 g, and )
b classroom desk a litre of water weighs 1 kg. Sometimes it
¢ stapler helps to imagine a volume of water about
d chair the same size as the object, and then
estimate what that would weigh. Then
e book adjust the estimate up or down taking into
f full pencil case account whether it's made from a material
\that is ‘heavier’ or ‘lighter’ than water.
g eraser
h shoe
i anitem of jewellery
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APPLICATIONS
SF: 4-11 CF: - CU: -

example 15 %4 Decide on the appropriate mass units that would be used when weighing the

following:
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example 16 9 Select which mass is most likely accurate for the following objects:

a A watermelon weighs around ... i 100¢g ii 9kg i 1kg

b A butterfly weighs around ... i2¢g ii 1kg iii 60 mg
¢ An Olympic pool weighs around ... i 2400t il 980kg 1ii 2t

d A calculator weighs around ... i 05t ii 2kg iii 65¢

e An elephant weighs around ... i 1000g i 1t iii 100 kg
f A smart phone weighs around ... i 200¢g i 1.5kg il 900 g
g A skateboard weighs around ... i 3kg ii 12kg iii 600 g
h A tennis ball weighs around ... i 800 ¢g ii 1.3kg il 59¢g

I A cricket bat weighs around ... i45¢ ii 1kg i 3t

] A cow weighs around ... i 780kg i 2t iii 1230¢g

6 Use the images from question 4 and estimate a mass for each object.

Use the following information for questions 7 to 10 and utilise a search engine for
your estimations.

Big Ted’s Truck Hire have different sized moving trucks that they hire out.

A 500 kg ute, 1-tonne truck, 3-tonne truck and a 10-tonne truck.

7 Graham is moving a washing machine and a dryer. Estimate their weight and
hence determine what size vehicle he must hire.

8 Leanne is moving a large concrete water fountain from her front yard. It comes
apart for transportation but requires four people to lift each section. Estimate the
weight of the fountain and hence determine what size vehicle she will need to hire.

9 Melanie is moving the furniture from her two-bedroom apartment, which includes a
fridge, washing machine, two beds, two-piece lounge suite, dining table and chairs,
and two chest of drawers and all the contents of the kitchen. Estimate the weight of
her furniture and hence determine the size of the truck she will need to hire.

10 Cassie and Ashley are moving house.
They have a four-bedroom house
and three children with lots of toys
including a trampoline, and lots of
furniture as they have two living
rooms. Estimate the weight of their
house contents and hence determine

the vehicle they will need to hire.

11 Luan is using a canoe to transport himself, a supermarket bag of groceries and
10 L of drinking water to an island picnic site. The canoe is labelled to take a
maximum load of 100 kg. If Luan weighs 75 kg, decide whether he is likely to be
under or over the limit.

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



Chapter 3 Problem-solving and modelling task | 149

Problem-solving and modelling task

Background: Prices for storage are often based on volume.

Task: Your task is to calculate the volume required for an average two-person
household to store their items in a shipping container while they are overseas.
There are three possible options for the shipping container, and the bigger the
container, the more expensive it is to hire. The dimensions for each option are
as follows:

Small — 3 m long, 2.4 m wide, 2.6 m high
Medium — 6 m long, 2.4 m wide, 2.6 m high
Large — 12 m long, 2.4 m wide, 2.6 m high

You will need to calculate the volume of each shipping container and then the
volume of the furniture and household items that you believe an average two-
person household will have. To do this you will need to research and estimate
the volume of each household item that you believe would need to go into
storage such as a couch, television, fridge, washing machine, beds, dining table,
and various cardboard boxes. You can research and find websites of storage hire
companies that provide calculators to help you estimate the required amount of
volume for storage. For example, https://www.hitechstorage.com.au/self-storage-
services/space-estimator/

Once you have calculated the required volume that you will need stored, you then
must decide on which shipping container is the most appropriate size and create a
report that shows your working and your findings.
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Approach to problem-solving and modelling task

ESSSS. » Formulate

'S

Solve

Yes

Stage 3
Evaluate
and verify

\4
Stage 4

Communicate

ISBN 978-1-108-45977-8

Stage 1: Formulate

1 Research the sizes of various household items and find a
storage space estimator website to use.

Stage 2: Solve

2 Make a list of the items you need to be stored.

3 Calculate the volume of each of the shipping containers.

4 Calculate the estimated volume of each of the furniture
items.

5 Estimate the number of packing boxes required and
calculate the total volume for these.

6 Compare the total volume of the household items to the
volume of the shipping containers, and decide which
shipping container size would be required.

Stage 3: Evaluate and verify

7 Check that you have included all necessary household
items from your original list.

8 Compare your total volume of your household items to
an online calculator from a storage item calculator.

9 Check that you have shown all your working for your
calculations.

10 Check that you have allowed enough excess volume to
reasonably cater for composite-shaped furniture and also
for spaces in between (your furniture is unlikely to fit
together perfectly like a jigsaw puzzle so you are better
to overestimate, of course keeping a budget in mind).

Stage 4: Communicate

11 Present all your working in the form of a report and
justify your final decision including your reasoning for
your solution.

——
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|:| I can use units of volume abbreviations.

1 Express the following metric units of volume to their abbreviated forms.
a Cubic millimetres
b Cubic centimetres
¢ Cubic metres

|:| I can convert between units of volume.

2 Convert the following measurements into the units given in brackets.
a 1.74 cm® (mm?) b 2.67 m? (cm’®)
¢ 2340 mm?® (cm?) d 0.0001 km? (cm?)

|:| I understand the relationship between volume and capacity including the
conversions to millilitres, litres, kilolitres and megalitres.

3 Convert these volume and capacity measurements into the units given in

brackets.
a 75 cm?® (mL) b 2.5L (cm?)
¢ 6172 cm? (L) d 3.2 ML (kL)

|:| I can calculate the volume and capacity of regular objects.

4 Calculate the volume of the following solids.

a - b , c
J : | 1.5m \'l o
8.6 mm 2.8m 15 cm >
5 Calculate the capacity of the following solids.
a ¥ b i (¥
! : :_ v 10 m A(% 6\‘0
— »® A o
4.5 cm 21 m 56 mm
Convert to mL Convert to ML Convert to mL
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|:| I can estimate the volume and capacity of regular objects.

6 Estimate the volume and capacity of the following solids.

a b | c
| Ldm = 9w

1 1 1= 51
o A @
- %_66\

132 cm 8 m 46.2 mm
Convert to L Convert to kL

Convert to mL

|:| I can calculate the volume and capacity of pyramids, spheres and cones.

7 Calculate the volume of the following solids.

B & A

9.6 cm
8 Calculate the capacity of the following solids.

a b
-\ \c
| “ h;‘ ‘
20
m 48002 6606\

Convert to ML
Convert to L Convert to kL

|:| I can estimate the volume and capacity of pyramids and spheres.

9 Estimate the volume and capacity of the following solids.
c

4.5121 69}0

Convert to kL

Convert to L
Convert to mL
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|:| I can use units of mass abbreviations and convert between units of mass.

10 Convert the following metric units of mass to their abbreviated forms.
a milligrams
b grams
¢ kilograms
d tonnes
11 Convert these mass measurements into the units given in brackets.
a 0.027 kg (g)
b 973400 mg (g)
¢ 2300 g (kg)
d 7.5t (kg)
e 3570 kg (t)
f 94000 mg (kg)

|:| I can identify the most appropriate metric units of mass and estimate the mass of
various objects.

12 Decide on the appropriate mass units that would be used when weighing the
following.

13 Use the images above and estimate the mass for each item.
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All questions in the review are assessment style.
Simple familiar

1 Brian has spread 2987 cm? of soil. Calculate the volume of soil in cubic metres.

2 Ken’s spa holds 1400 L of water. Calculate the capacity of the spa in cubic
centimetres.

3 Daniel has a 50 cm cubic fish tank. Calculate the capacity of the tank in litres.

4 Jessica has had a new LPG tank installed in her car. It is a cylinder with a height
of 65 cm and a diameter of 27 cm. Calculate the capacity of the tank in litres.

5 William is building a triangular fish pond as shown. Calculate the capacity of
the fish pond in kilolitres.

1.9m
0.8 m

.5m

6 Calculate the volume of plastic you would need to make the following solids.

a , b c
| i 8 cm 29 W,
==y ¥ <& A o
9 0
49 cm 165cm  ©° 38mm

7 Jillian has been given a large beach ball that has a diameter of 900 cm.
Calculate the capacity of the beach ball in megalitres.

8 Amara has designed a rectangular-based pyramid made out of plastic that
can be used as a paperweight. Calculate the volume of the pyramid if it has a
length of 10.5 cm, a width of 7.8 cm and a height of 9 cm.

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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9 Calculate the capacity of melted wax that is needed to make candles of these
sizes and shapes, in litres for a and b, and in millilitres for ¢ and d.

a pem b 778 e
&
3‘ o
2em N

=

2.5 cm

10 Andrew has a box of 80 bolts that weigh
120 g each. Calculate the total weight of the
box of bolts in kilograms.

11 Ronslee is packing for an overseas holiday.
She has carry-on luggage that weighs
660 g plus luggage that goes in the hold
that weighs 22.7 kg. Determine the total weight of Ronslee’s luggage in
kilograms.

12 Decide on the appropriate units for weighing the following living things.

13 Select which mass is most likely accurate for the following objects;

a A banana weighs around ... I 1kg i 130g iii 27 mg
b A grasshopper weighs around ... 3¢ i 1kg iii 60 mg
¢ A hippopotamus weighs around ... i 3t i 692kg i 999 mg
d A blade of grass weighs ... 105t ii 100 mg il 65¢g
ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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Scale drawings

Maths for an electrician: Justin Sturdee

| am a licenced electrician running my own business as an
electrical contractor.

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

As an electrician you install, repair and maintain electrical installations

in buildings and portable devices. This entails working inside a building,
climbing into the roofs through manholes as well as working underneath some buildings, basically
wherever the cabling goes.

What maths did you study in school?

| did trade and business maths at school, which was an easy practical maths. Unfortunately, when
| decided to become an electrician, the maths required was similar to maths B and it took a lot of
work to catch up, as it was a lot harder than the maths | did at school.

How do you use mathematics in your job?

| usually work out the load on the circuit if | want to install an air conditioner, so | need to use maths
to work out how to use the wattage. | use some basic algebra to work out what sort of cable | need
to use. On new builds, | use the builder’s plans to set up and install the cabling throughout the

new build.
o
=
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In this chapter

4A  Reviewing scales and interpreting scale
symbols and abbreviations

4B |dentifying and calculating measurements
of length, perimeter and area from scale
diagrams

4C  Estimating and comparing quantities,
materials and costs from scale
diagrams [complex]

4D  Understanding and applying drawing
conventions of scale drawings [complex]

4E  Constructing scale diagrams [complex]
Problem-solving and modelling task
Chapter checklist
Chapter review

Syllabus reference
Unit 3 Topic 2 Scales, plans and models

Interpret scale drawings (6 hours)

In this sub-topic, students will:

e interpret commonly used symbols and
abbreviations in scale drawings

e find actual measurements from scale
drawings, including lengths, perimeters
and areas

e estimate and compare quantities, materials
and costs using actual measurements from

scale drawings [complex]. ,,/3{//

Creating scale drawings (4 hours) >,<
In this sub-topic, students will:
= e understand and apply drawing conventions “/

of scale drawings, including scales in ratio,

V' 2NN e /,,_/ clear indications of dimensions and clear

» " 5. W AN, labelling [complex] g
VA S "/J-:'?;-- WA £ .o construct scale drawings by hand and by
7\ = V% - - & el using software packages [complex].
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1 Determine the following ratios in simplest form.

a 12:144 YT Find factor of th
ind a common factor of the
b 25:200 two numbers in the ratio
¢ 50:750 Divide both numbers by the common
d 14:280 factor
e 11:330
2 Convert the following measurements in millimetres to metres by dividing by 1000.
a 2400 mm
b 1800 mm
¢ 14 000 mm
d 36 000 mm
3 Convert the following measurements in metres to millimetres by multiplying by 1000.
a 225m
b 14m
¢ 3.84m
d 0279 m
4 Calculate the perimeters of rectangles with the following widths and lengths.
a 10m, 15m
b 8cm,20cm X Recall the definition of a
¢ 7m. 28 m perimeter

d 120 mm, 200 mm

5 Determine the cost of laying carpet in the following rooms, given the carpet costs
$62 per square metre laid.
a 10m?

b 24 m? X ‘m? is the symbol for a W
square metre

c 42m? 4

d 60 m?
A link to a HOTmaths
lesson is provided in the
Interactive Textbook to
revise this topic.
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4A  Reviewing scales and interpreting scale symbols
and abbreviations

LEARNING GOALS

= Review the concept of a scale

Convert between units of measure

Simplify scales

Identify and interpret common symbols and abbreviations in scale diagrams

Use the internet to research common symbols and abbreviations

Why it is essential that we use symbols and abbreviations on a
scale diagram?

Symbols and abbreviations are added to scale
diagrams to help users interpret the information in the
diagram and identify the use of each space or detail.
Without symbols and abbreviations a detailed plan
would be difficult to read as there would be too much

. . . House plans use abbreviations and
information written on the plan. symbols to represent different parts of

the house.

WHAT YOU NEED TO KNOW

= A scale is a comparison of like quantities usually expressed as a ratio such as
1 : 100. The first number is the size on the diagram or plan, the second number
is the actual size in real life. Remember this as Diagram : Actual.

= Simplify a scale by changing both the diagram and actual measurements to the
same units, and then simplifying the ratio using common factors.

= Scales are used in construction and manufacturing industries.

= Scale drawings, scale diagrams, and plans are the same thing — the terms are
used interchangeably

® Plans are drawn to scale by designers, planners and architects prior
to construction.

® Builders and manufacturers use scale drawings to build at full size.

= To convert between units of length use these
x1000 %100 x10

calculations:
= Symbols and abbreviations are used on cona s
. ) o [km| [m ][ [em| |mm]
plans to avoid covering detail with text labels. P2 L
= Some special or unfamiliar terms such as +1000 =100 +10
void may be used on house plans.
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Example 1

Simplify the following scales.
a lcm:2m
b Smm:2m

WORKING THINKING
a 1lcm:2m Convert both sides of the scale to the same units.
1 cm: 200 cm There are 100 cm in 1 m so multiply by 100.
2x100 = 200 cm
1:200 As both units are the same, remove the cm symbol.

Since the scale has 1 as the first number, it doesn’t need
to be simplified any more.

0 5 minnn § 2 i e Convert both sides of the scale to the same units.
5 mm : 2000 mm There are 1000 mm in 1 m so multiply by 1000.
2 m %1000 = 2000 mm
1 mm : 400 mm Divide both sides by 5 to simplify.
1:400 As both units are the same, remove the mm symbol.

Example 2

Interpret the meaning of the abbreviation W.C. from the diagram.

W.C.
WORKING THINKING
The abbreviation W.C. stands for < Type ‘W.C.” abbreviation into an internet
Water Closet, which is a toilet. search engine to discover its meaning.

& Activity 4A Symbols, abbreviations and special terms used on house plans: See
L& the Interactive Textbook for this activity to research and list abbreviations, symbols
and special terms used on house plans.
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Example 3

OO
Interpret the meaning of the symbol from the diagram.

KITCHEN
OO S |
| |
WORKING THINKING
It is a cooktop. < As it is in the kitchen, we can use our general

knowledge of kitchens to identify that a cooktop would

look like this symbol.

FUNDAMENTALS

1 Determine the missing words in the following sentences.
a A scale is a comparison of quantities.
are used to represent objects on a scale diagram.

We use to simplify words on a scale diagram.

b
C
d To convert metres to kilometres we must by 1000.
e To convert metres to centimetres we must by 100.

2 Convert the following measurements into the unit indicated in brackets.

5 m (cm)

28 cm (mm)
3.73 m (cm)
2.75 cm (mm)
4 m (mm)
6.75 m (mm)
250 cm (m)
1200 mm (m)

T -+ 00 o 0 T o

ait
et S
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eample 1. 3 Simplify the following scales.

s TQ =+ 00 o 0 T

lcm:4m
1 mm: 20 cm
Il mm:2m
I mm:3.75m
5cm:3m
7.5cm:3.6m
12mm:7.2m
15mm:4.5m

X The scales must have the same
units for both numbers
Divide both numbers by a common factor

example 2 4 Interpret the meaning of each of the following abbreviations by first identifying its

position in the scale diagram of the house.

8000

a
C
(]

L'DRY _—

18x22 &\ ﬁ

10000

121SASW 1215 ASW

OFFICE AREA

L’DRY
REF
ASD

ISBN 978-1-108-45977-8
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example 3. 9 Interpret the meaning of each of the following symbols by first identifying its
position in the scale diagram of the house in question 4.

a b (7 S

0 o

|G il

6 This plan is the top floor of a two-storey house.
Interpret the meaning of each of the following by first
identifying its position in the scale diagram of the R
house.
a WIR
b PDR
¢ WIL.
;
BEDROOM 2 // |
|
s
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7 Interpret the meaning of each of the following symbols by first identifying its
position in the scale diagram of the house in question 6.
a b

=

" | \wom '

APPLICATIONS
SF: 8-10 CF: - CU: -

*x 8 Luther was looking over the internal plans for his new house from the builder and
discovered some abbreviations that he did not understand. These were AS, U/G
and ENS. Determine what the abbreviations represent on the plan by researching
their meaning.

*x 9 Lillian saw the abbreviations of FW, DP, HWS on her house plans and did not
understand what they represented. Determine what the abbreviations represent on
the plan by researching their meaning.

* 10 Lana wants to create a symbol to represent her grand piano on her new house
plans. Create a symbol for her to use.
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4B Identifying and calculating measurements of length,
perimeter and area from scale diagrams

LEARNING GOALS

= Take precise measurements from drawings to create a scale
= Determine a scale from a plan

Simplify scales

Revise calculating perimeters and areas of shapes
Use a scale to calculate actual measurements and perimeters from plans
= Determine costs in building by using perimeters

Why is it essential that we know how to read and interpret scale
plans and diagrams?

Many professions and occupations use scale diagrams and plans to complete

projects such as designing a new car or constructing a building. These professions
and occupations include planners, architects, landscapers, builders, designers and
manufacturers. By knowing how to read and interpret scale plans and diagrams, a
builder can accurately build the owner’s/designer’s house to the correct measurements
and design.

0

Understanding the symbols, abbreviations and scales of a house plan are important when
interpreting the designer’s details
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WHAT YOU NEED TO KNOW

= Use a ruler to measure to the nearest millimetre or tenth of a centimetre and
ensure that you start at zero.

® Length is measured in metres or units based on the metre.

= Convert measurements of length by using these calculations:

x1000 %100 x10
lkm| [m]| [cm| |[mm]
+1000 =100 +10

= A scale is the ratio Diagram : Actual for a dimension.

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

® To convert a diagram length to actual length, multiply by the scale factor.

= To convert an actual length to the diagram length, divide by the scale factor.

= Simplify a scale by changing both the scale and actual measurements to the
same units, and then simplifying the ratio using common factors.

= A perimeter is the outside distance of a 2D shape calculated by adding up the
distances of all the sides.

= The area is the number of unit squares in a 2D shape.

= Substitute values into formulas to calculate areas.

= Common area formulas are:

Square Rectangle Triangle
[ ] H ] !
W " A area
i ! [ length
E z O = w  width
b h  height
0 m _ g
1 A=bxw A=Lbxh b breadth
A=P

= A composite shape is a shape that is made up of two or more common shapes.
Addition and/or subtraction can be used to find the area of composite shapes.

® You may also need to recall the area formulas of other shapes from sections
2B and 2C.
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Example 4

The actual length of the front of the house

is 10 m.
a Determine the scale of the plan.

b Calculate the perimeter of the actual house. width L

WORKING

a The length of the front of the <

house on the diagram is 4 cm.

4cm.10m

4cm:1000cm =

1:250 <

b Perimeter -«
= length + width + length + width

Width =31 mm

=31mm><250 P —

= 7750 mm

=775m <«

B .

Perimeter <

=10m+7.75m+10m+7.75m
=355m

AT

- ,&i

<—— length ——=

THINKING

- Measure the external length of the front of

the house on the diagram.

Write the scale as the ratio of the length
from the diagram to the actual length of the
house.

There are 100 cm in 1 m.

Convert the actual length to cm by
multiplying by 100.

- Remove the units and simplify the scale by

dividing both sides by 4.

- We need the length and width to calculate

the perimeter of the house. We know the
length, now we need to calculate the width.
Measure the external width of the house on
the scale diagram. (This time we have used
millimetres)

Calculate its actual measurement by using
the scale 1 : 250, which means multiply the
diagram length by the scale factor which is
250.

Convert the measurement to metres. There
are 1000 mm in 1 m, so we divide by 1000.
Calculate the perimeter.

Note that in the example above we could have calculated the scale from the width,

and used it to then calculate length. Any dimension can be used to calculate scales.
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Example 5

Calculate the area of the following shapes.

a , b 10 m
. T O
: 12m
112 cm 8 m H
o 5m
13 cm ! O
WORKING THINKING
a A= % Xbxh =« - Write the area formula for a triangle.
A= %x 13x12 = - Substitute the measurements into
the formula.
A=78cm? = Calculate the area of the triangle.
Include the units.
b 10 m Break the shape into two familiar
- H 12m shapes, which are rectangles. Call
8 m Al ‘ 0 them Al and A2.
} A2 5m
1 1 [
A=Ilxw = Write the area formula for a
Al=10x%8 rectangle.
For the first rectangle, substitute the
measurements into the formula.
Al=80m? « Calculate the area of the first
rectangle. Include the units.
A=IlXw = For the second rectangle, substitute
A2 =12%5 the measurements into the formula.
A2 = 60 m? Calculate the area of the second
rectangle. Include the units.
A=80+60 = Add the areas together to get the
A =140 m? total area, A.
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Example 6

The actual width of the toilet cubicle is 1 m. '
sliding

a Determine the scale for the diagram shown.
b Use the scale to determine the dimensions
(in metres) of:

LAUNDRY

I the laundry
il the bathroom
¢ Calculate the perimeter (in metres) of:
I the laundry
il the bathroom

WORKING THINKING
@ The width=1cm < The toilet cubicle is labelled W.C.
Diagram : Actual Measure the internal width of the W.C.
lecm: 1 m Write as a scale of the W.C. width on the
diagram to the actual W.C. width.
I cm: 100 cm Convert the actual width to cm by

multiplying by 100.
1:100 Remove the units.

b 1 Diagram dimensions are 2.2 cm«.- Measure the internal length and internal

by 2.2 cm width of the laundry.
Actual dimensions are 220 cm < Multiply both measurements by the scale
by 220 cm factor of 100.
=22mby2.2m Convert to metres by dividing by 100.
il Diagram dimensions are 2.1 cm <- Measure the internal length and internal
by 3.5 cm width of the bathroom.
Actual dimensions are 210 cm <~ Multiply both measurements by the scale
by 350 cm factor of 100.
=2.1mby3.5m Convert to metres by dividing by 100.
Ci P=l+w+l+w < Use the length and width to calculate the
P=22+22+22+22 perimeter of the laundry.
P=88m
i P=l+w+l+w € Use the length and width to calculate the
P=21+35+21+35 perimeter of the bathroom.
P=112m
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Photocopying is restricted under law and this material must not be transferred to another party.



170 | Chapter 4 Scale drawings

Example 7

The actual width of the toilet cubicle is 1 m.
a Determine the scale for the diagram below.
b Use the scale to calculate the area of the bathroom, in metres.

sliding

WORKING THINKING

a The width =1 cm <« Measure the width of the toilet.
Scale : Actual Write as a scale to the actual toilet width.
lcm: 1 m
lem:100cm < - - Convert the actual width to cm by

multiplying by 100.
1:100 Remove the units.

b Diagram dimensions are 2.1 cm < Measure the length and width of

by 3.5 cm the bathroom.
Actual dimensions are 210 cm by - Multiply by the scale factor of 100.
350 cm Convert to metres by dividing by 100.
=2.1mby3.5m
e B Write down the area formula for
a rectangle.
A = 2.1 X 3.5 i Substitute the values to calculate the area
= T of the bathroom and write the units.

EL“ Technology activity 4B: Using the measuring tool in Adobe Acrobat Reader to
L_# measure dimensions on a scale drawing in a PDF file. See the Interactive Textbook for
this activity.
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Exercise 4B

FUNDAMENTALS

1 Determine the missing words in the following sentences.
a A__ isthe outside distance on a 2D shape.
b The__ isthe number of unit squares in a 2D shape.
c We__ wvaluesinto____ to calculate areas.
d Area of a rectangle = X
e Area of a triangle = % X X

example 4 2 The actual length of the side of each shape is given in brackets. For each shape,
measure the side lengths to:

i determine the scale ii calculate the actual perimeter
(6 m) b 2m)
¢ (1.5m) d (7.5m)

o

m A scale is a ratio of S|ze
|n diagram to actual size

,_" , ', A
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EEEEEEE 5. 3 Calculate the area of the following shapes to 1 decimal place where necessary.
a b o
8 cm
Scm
24 cm
5 cm
c d 12.6 cm
10 cm
6.4 cm
o\
6 cm
e 9m f 15 mm
0
7 mm
15m j—\ 12 mm 8 mm
=

Ty These last two are
composite shapes that should




4B Identifying and calculating measurements of length, perimeter and area from scale diagrams | 173

APPLICATIONS
SF: 4-10 CF: - CU: -

example 6| 4 Refer to the plan below. The actual width of the garage is 6 m.

a Determine the scale of the plan.

b Use the scale to determine the actual dimensions (in millimetres) of the:
I bedroom 3 (including robe)
i W.C.
lii laundry
iv family/dining area
V ensuite
Vi garage

¢ Calculate the actual perimeter (in metres) of each part of the house in metres
from part b.

DINING

IS
(o= o I o
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example 7. 3 Refer to the plan below. The actual width of the garage is 5 m.

a Determine the scale for the plan.

b Use the scale to calculate the dimensions (in millimetres) of the:
i master suite (not including the ensuite and W.I.LR.)
Ii garage
iii bathroom
iv ensuite

¢ Calculate the area of the rooms listed in part b in square metres.

I:, ] I:l <«——sliding door
2
—
FAMILY
—
BEDROOM 4 @ L[
£5 LAUNDRY Bl
A
[l ]
: |@_| DINING
S )
BATH 0] 0
= - [ | o | )
linen
KITCHEN

>
=
BEDROOM 3 g

DQQD e vy

Dmﬁm SITTING

robe

BEDROOM 2
@ robe
ENSUIT< WIR. |2
[=]
ﬂ DOUBLE GARAGE
[
[© [MASTER suIT
ENTRY
PORTICO
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*6 Monica measured the actual length of the island bench to be

3.6 m. Determine the scale of the plan.

—
|
(e]e)

I

scale of the plan. ==

[ 1]
=

*7 Wayne measured the actual internal ?ength of OUTDOOR ROOM
the outdoor room to be 4 m. Determine the

«— Sliding door

*8 James measured the land
frontage to the road of his new
block (Lot 37) to be 20 m wide

‘
(This means the side of the plot
next to the road.). He wants to
determine the area of the block
so that he can choose a house
to fit on the block.

a Determine the scale for the

plan of the block of land.
b Use the scale to calculate the area of Lot 37.
Assume the block of land is a rectangle.
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*9  Wilma has bought a block of land named Lot 21. The actual length of the shortest
side is 20 metres.
a Determine the scale for this diagram of the block of land.
b Calculate the perimeter of her block of land.

Lot
21

*10 Henry is building a granny flat in his backyard for his mother. The council allows
a maximum area for a granny flat of 60 m?. One side length of the plan for the
granny flat is marked as 6 m.

a Determine the scale for the plan of the granny flat.
b Calculate the actual area of the Henry’s granny flat.

¢ Consider whether the granny flat meets YD Measure on the

council requirements. diagram the side length that
is labelled as 6 m, which will
give you the scale

0912 ASW

KITCHEN / DINING
42x28

|

? |

3

e 3

e &

©
LIVING
42x32

N\ T s
1212 ASW 2118 ASD 1212 ASW
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4C  Estimating and comparing quantities, materials and costs
from scale diagrams compLEX

LEARNING GOALS

® Determine costs from dimensions and areas calculated from scale diagrams
= Estimate quantities of materials needed
= Compare costs of materials to determine best values

Why is it essential to be able to calculate dimensions and areas
from plans?

Homeowners need to budget for home renovations,
building homes and landscaping. Many commonly-used
materials are sold by length or area. Skirting boards are
sold by length. Stores sell floor coverings such as carpet

and tiles by the square metre. Knowing how to calculate B e
Tilers are priced in dollars per m?,
and the tiler charges for labour in the
determine what tiles and carpet they can afford. same units.

areas in square metres from a plan helps people to

WHAT YOU NEED TO KNOW

= Use a ruler to measure to the nearest millimetre or tenth of a centimetre, and
ensure that you start at zero.

= Simplify a scale by changing both the scale and actual measurements to the
same units, and then simplifying the ratio using common factors.

= The area is the number of unit squares in a 2D shape.

= Substitute values into formulas to calculate areas.

= Area formulas for some familiar 2D shapes.

Square Rectangle Triangle
T 0 m 0 ;
w Eh
l 1
0 ] a
u| ] ! b
/ A=lxw A=Lbxh
2
A=DP

® A ‘linear’ or ‘lineal’ metre is just a metre of length, the term is used to
emphasise it is not a square metre.

= Cost is usually calculated as number of units multiplied by price in dollars
per the same unit. E.g. the cost of 3 m of material sold by length and priced at
$5.00 per metre is $15.
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Example 8

Ryan is tiling his home theatre, which is a rectangle with dimensions 5.5 m by

4 m. The tiles that Ryan has chosen cost $29.95 per square metre and the tiler

charges $45 per square metre to lay the tiles.

Calculate the area of Ryan’s home theatre.
Determine how much it will cost Ryan to tile his home theatre.

After tiling the tiler offers to install a decorative skirting board around the
perimeter of the room at a cost of $3.60 per metre. Calculate the extra cost,

ignoring the doorway.

WORKING THINKING
A= S Write the formula for area of a rectangle.
A=55%4 Substitute the values of length and width
A =22 m> into the formula.
Calculate the area.
Add cost of tiles and tiler: <o Add up the cost per m? of the tiles and the

$29.95 + $45 = $74.95 per m?
Total cost = 22 m? X $74.95

labour of the tiler.

Calculate the total cost by multiplying the

= $1648.90 area by the cost per m>.
Perimeter = e e The perimeter is the distance around the
length + width + length + width edge of the room.
—55+4+55+4 Add up the sides.
=19 m

Cost of skirting = 19 m X $3.60/m < Calculate the cost by multiplying the
=$68.40 perimeter by the cost per m.

Example 9

Erin is replacing the carpet in two of her
bedrooms as shown in the plan. The carpet that
Erin has chosen costs $43.75 per square metre
fully laid. The actual robe length is 2 m.
Determine the scale for the plan of the
bedrooms.
Determine the combined area of the

¢ INooYa3g

_/

U

€ Nooya3g
—.—

robe

A

robe

bedrooms, including the robes, ignoring the joining wall and robe walls.

Calculate the cost of the carpet.
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WORKING THINKING
a 16 mm < Measure the length of the robe on the drawing.
16 mm : 2000 mm Write the scale as a ratio of length in the
1:125 drawing to the actual robe length in the same
units.

Simplify the scale.

b The rooms are both < Measure the length and width of the 2 rooms
54 mm by 26 mm together, ignore the joining wall and robe
walls in your calculations.
54 mm X 125 by 26 mm X 125<- Determine the actual dimensions of the rooms

6750 mm by 3250 mm by multiplying by the scale factor of 125.
6. 75 mby3.25m < Convert to metres.

A=Ilxw = Use the area of rectangle formula.
A=6.75%x3.25 Calculate the area of the rooms.
A=21.94 m?

¢ Cost=21.94 m?x $43.75 < Calculate the cost by multiplying the area by
= $959.88 the cost per m>.

FUNDAMENTALS
1 Determine the missing words in the following sentences.
a We a scale by dividing both parts by the same number.
b A is the second number in the scale ratio when the first
number is 1.
¢ We calculate cost by multiplying the per unit by the
number of

eamples . 2 Bella has just completed her new rumpus room that she built underneath her
house. She wants to buy skirting boards to place around the edge of the rumpus
room. Bella’s rumpus room is 6 m by 4 m and the skirting boards cost
$20 per metre.
a Calculate the perimeter of the rumpus room.
b Calculate the cost of the skirting boards by multiplying the cost per metre by
the perimeter.

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



180 | Chapter 4 Scale drawings

3 Tom wants to carpet his bedroom. His bedroom is 3 m by 3.5 m in dimensions and
the cost of carpet is $52 fully laid per square metre.
P $ y persq T Total cost is the
a Calculate the area of the bedroom. price per unit times the
b Calculate the cost to carpet the room. number of units.

example 9 4 Tamika wants to tile her patio. The patio is 6 m by 5.5 m and the cost of tiling is
$65 fully laid per square metre.
a Calculate the area of the patio.
b Calculate the cost to tile the patio.

APPLICATIONS
SF: — CF: 5-14 CU: -

Henry is working on some extra features for the granny flat for his mother. Use the
following scale drawing to answer questions 5 to 7.

KITCHEN / DINING
42x28

e |

|

6.0 m
1212 ASW

T E——
1212 ASW 2118 ASD 1212 ASW

5 Henry has decided that he wants to have a concrete mowing strip poured around

the edge of the granny flat in his backyard.

a Determine the scale of the granny flat plan.

b Use the scale to calculate the length of the granny flat.

¢ Calculate the perimeter using the actual length and width of the granny flat.
The concreting will cost $20 per metre of the perimeter of the flat.

d Calculate the total cost of the mowing strip by multiplying the cost per metre
by the perimeter.
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6 Henry’s mum Dorethy has decided that she wants a special cornice (decorative
strip to border the ceiling and the walls) in her bedroom. The cost of the cornice
is $4.75 per linear metre.

a Measure the length and width of the granny flat bedroom on the diagram,
ignoring the robe and door.

b Using the scale you have found in the previous question, determine the actual
length and width of the bedroom.

¢ Calculate the perimeter of the bedroom.

d Calculate the cost of the cornice by multiplying the cost per linear metre by
the perimeter.

7 Henry wants to lay wooden floorboards in the kitchen, dining and living space.

The cost of the floorboards including laying is $62 per square metre.

a Measure the length and width of the kitchen, dining and living area ignoring
the cabinets and furniture.

b Using the scale you have found in the previous question, determine the actual
length and width of the kitchen, dining and living area.

¢ Calculate the area of the kitchen, dining and living area.

d Calculate the cost of laying the floorboards in the granny flat by multiplying
the cost per square metre by the area.

8 Alaskah is buying a block of land as shown in the

scale drawing. If she is fencing all 4 sides at a cost

of $47.50 a metre, calculate the total cost of fencing 20m

Alaskah’s property.
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For questions 9 to 13 use

the following house plan

where the actual width of
the garage is 6 metres.

* 9 Raeis a tiler who is
quoting to tile the
laundry floor. If Rae
charges $70 per square
metre to lay the tiles
and the tiles cost $34
per square metre,
determine the cost to
tile the laundry floor.

* 10 Julie wants to carpet the
living room, which is
beside the entry.

a If the carpet costs
$53.75 per square
metre, calculate the
cost to carpet the
living room.

b Julie sees an
advertisement for

BEDROOM 4

i
]

DINING

ull

ENSUITE

O

W.C.

MASTER SUITE

-

0o o 5
E j [ =
o s Y | | ©
==00=0 E

BEDROOM 2

_____

LAUNDRY — |
[ L]

DOUBLE GARAGE

N

[ —— |

LIVING

i

I
ENTRY

PORTIC(H

carpeting a lounge area for $600, determine whether this would be a cheaper

way for Julie to carpet her lounge area.

* 11 Aaston wants to buy paving paint to paint the floor of his garage. One litre of paint

covers 8 m” and costs $54.
a Calculate how many tins of paving paint are needed to paint the floor of

the garage.

b Determine the total cost for the paint.
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* 12 Jang has discovered that the garage does not have any ceiling insulation and she
has decided to purchase the insulation and install it herself.
a If it costs $11.50 per square metre, calculate the total cost for Jang to insulate
the ceiling herself.
b If the builder offers to insulate the garage for $450, determine which will be
the cheapest way for Jang to insulate her garage.

* 13 Jii built this house on a 30 metre and 20 metre block and he is going to lay turf
at a cost of $7.70 per square metre. He estimates YD The turf is laid on
the area of the house to the nearest square metre by the area of the block
measuring the greatest length by the greatest width. minus the area of the
Determine the approximate cost to turf the block. nouse.

* 14 Gerties Guttering is quoting for supplying gutters for the roof of the building
shown. Unfortunately, the plan does not have a scale but the owner knows that the
garage is 6.4 m wide. The guttering costs $12 per metre.

a Determine the scale.

b Calculate the perimeter of the building.

¢ Calculate the overall cost of the guttering assuming that the perimeter of the
roof is the same as the perimeter of the building.

DOUBLE GARAGE
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4D | Understanding and applying drawing conventions of scale
drawings COMPLEX

LEARNING GOALS

Identify drawing conventions for scale diagrams

Identify labelling techniques of ratio in scale diagrams

Read measurements from scale diagrams

Understand and apply drawing conventions of scale drawings

Why are drawing conventions essential?

In order for plans to be used by multiple people in the process of any construction, a
universally agreed convention must be used so that there is an understanding of what

the plans say. Some people create plans and other people need to read the plans to
build or construct so drawing conventions are vital.

Undercut

Using drawing conventions to draw scale plans helps others interpret the plans for building or manufacturing.
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WHAT YOU NEED TO KNOW

® Depending on what types of plans you are reading, the measurements are
marked in slightly different ways, either with arrows or with lines marked on a

parallel line.
fe— F———

= A very common scale is 1 : 100 for building plans meaning that 1 centimetre

on the plan indicates 1 metre in the actual building.

® An engineering scale where a small part is drawn enlarged on a plan would
be 10 : 1 meaning that 10 millimetres (1 centimetre) on the plan would be
1 millimetre in reality on the part.

= Common symbols, as discussed in section 4A, are used in plans creating a

uniformity such as the symbol for a shower. E
® In order not to crowd the plans, not all measurements are named; however, all
the measurements can be found from other markings on the plans.

Example 10
Determine the missing side measurements on the following diagram.
4 m

[T O]

10 m
O]
3m
0 N
12 m
WORKING THINKING
Vertical measurement - Determine what is left when the 3 m side is
=10m-3m=7m subtracted from the 10 m side.
Horizontal measurement < Determine what is left when the 4 m side is
=12m-4m=8m subtracted from the 12 m side.
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Example 11

200 200
‘)‘ = 5800 1 2000 | 1400 |
| | | |
T % .
Piry LD pwiwMm O
S
N
a 88 Bathroom | WIR
Kitchen / Laundry k )
—%— >~
3 FR
[ele}
| | Living / Dining Bed 1
o
S
<
[\ |
L % Gt 2 I | % 2

Use the plan shown to answer the following questions. Measurements are in mm.

a Identify the width of the external walls.

b Identify the internal dimensions of the kitchen/laundry/living/dining area.

¢ Determine what the measurement of 2000 mm found on the top side of the
plan measures.

d Determine the internal measurements of bedroom 1.

e The council requires a granny flat to be less than 60 m*. Calculate the area of
this plan to determine if it will fit council requirements.

WORKING THINKING

a 200 mm - The width of the external wall is shown as
the first measurement along the length.

1400 )
|

WIR
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WORKING THINKING
b Read the dimensions of the kitchen/
laundry/living/dining area.
Length = 5800 mm < Length = 5800
Width = 3000 + 800 + 2400 Width = 3000 + 800 + 2400 — 200 — 200
—200-200 (subtracting the external wall from
= 5800 mm each end)
Dimensions are 5800 mm by
5800 mm.
¢ The width of the bathroom. < Follow the lines on the measurement to

identify the measured section.

d  Width = 2000 + 1400 = 3400 mm < Reading the dimensions from the plan.

= 3600 mm Length = 3000 + 800 — 200
Dimensions are 3600 mm by (subtract the width of the outer wall)
3400 mm.

e Length =200+5800+2000 <« Read the outside dimensions of
+1400 + 200 the building.
= 9600 mm
Width  =2400+800 + 3000
= 6200 mm

9600 mm = 9.6 m
6200 mm = 6.2 m

Convert the measurements to metres.

A =9.6mx6.2m Calculate the area by multiplying the
A =59.52 m? length by the width.

The area will fit within the council Identify whether or not the granny flat
requirements as it less than 60 m>. fits the council requirements.
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FUNDAMENTALS
1 Determine the missing words in the following sentences.
a A common scale used for is : 100.
b Common___ create uniformity in plans.
¢ Notall are always marked on a however
all can be calculated from a plan.

d Dimensions in plans are not always marked the same, but they usually have

or lines on parallel lines.

example 10, 2 Determine the missing side measurements in the following diagrams.

a H 4 b 3cm
T O
3cm YT The unknown
9 em 6cm O Scm | side lengths are the
2cm B difference between two
u [ u ] or more known side
10 cm 10 cm lengths.
c 2m d 14 cm
|:| O 3ceml” H
0 N
4m 4 cm 3 cm
3m 7 cm
1 ] 1 N
5m

APPLICATIONS
SF: - CF: 3-6 CU: -

* 3 Janice wants to work out the actual height of the base cabinets from this kitchen

plan shown.
A
I 720 mm
2223 mm 1630 mm
33 mm
A f
h
v Y Y150 mm

She realises that 33 mm is the thickness of the benchtop and 150 mm is the
height of the kickboards under the bench. Use the measurements from the plan to

calculate A, the height of the bottom cabinet doors for Janice.
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example 11 % 4 Use the plan shown to answer the following questions. The measurements are
in millimetres.

_ Lo
T &
_ i
(=]
[e%e]
o
42 . . -
ki Garage S
O
(e
= Storeroom
o
o | o
ARG 4 | m o
NPT TR
2|3O | 23|0
5800 ! 6200 !

a Determine the actual internal dimensions of the garage, in metres.
b Determine the actual external dimensions of the garage, in metres.
¢ Determine the actual width of the external walls.

d Identify the internal dimensions of the storeroom.

*5 Use the plan shown to answer the following questions. The measurements are
in millimetres.

SN N

J
7 I | % . 200
800
P 1200
o lo|li{pw
- 1000
1400
. 4
' Ptry | | 600
600

| | | | | l) |
[ [ [ [ [ (N I
1200 800 1000 1000 800 600 600

a Identify the window width in the kitchen plan.

b Identify the dimensions of the island bench in the kitchen.

¢ Determine the walk space distance between the island bench and the
external wall/window.
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*6 Use plan 1 and plan 2 shown to answer the following questions. The
measurements are in millimetres.
Plan 1

1100
ROBE | |20 I
Kitchen 2800
Bedroom — Study \
—|0|0o
——
800
B ath / Dining Lounge 1T
Laundry 2000
0l o
00 0o
1PO | I
| 4000 | 6200 |

a Identify the width of the external walls in both plans.
b Identify the internal dimensions of the:
i dining/lounge area in plan 1
ii bathroom/laundry in plan 2.
¢ Determine what these measurements indicate:
I 2000 on the right-hand side of plan 1
ii 1960 on the left-hand side of plan 2.
d Determine the internal measurements including the robes of:
i the bedroom in plan 1
ii bedroom 1 in plan 2.
e The council requires a granny flat to be less than 60 m?. Calculate the area of
both plans to determine if they will fit council requirements.

Plan 2
e
T O
3 =
] Bed 2 g Dll’lll’lg L1V1ng
To
w
N
VA
2 Y E
gl
) =g I
s Bed 1 m|0 § 2
7 as) M 4 -
2 L Kitchen
| X Q Pl Tl 1S
]
1520 IO 0 |0
4400 2000 3720
|
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4E  Constructing scale diagrams compLEX

LEARNING GOALS

= Construct enlargement scale diagrams by hand
= Construct reduction scale diagrams by hand
= Construct scale diagrams using technology

Why is it essential to be able to construct scale diagrams?

Although there are many jobs that construct
scale diagrams such as landscaper, builder,
architect and cabinet makers, it is a useful skill
for everyday people. It allows us to create an
image to share our vision for renovating around
our own homes and any landscaping we might
do over the years. It is a useful process allowing

us to share ideas, visions and inventions with Scale drawings are necessary to renovate
homes and kitchens.

other to help our dreams become a reality.

WHAT YOU NEED TO KNOW

= Recall the use of a scale to determine measurements in diagrams and how to
indicate it with a ratio.

= Enlargement makes something bigger and reduction makes something smaller.

= Scales used so far have a small number first for a dimension in the diagram
and a larger number second for the actual dimension in real life, such as 1 : 10.
This indicates the diagram is a reduction of a large thing such as a building, a
machine or a piece of furniture.

= Small objects such as machine parts are usually drawn with an enlargement,
which is indicated by a scale where the first number is larger than the second,
such as 10 : 1. This means 10 mm on the diagram is 1 mm of the actual object.

= To calculate by how many times the object is enlarged or reduced in the
diagram, express the scale as a fraction with the first number on top and the
second number on the bottom, and simplify if necessary. So 1 : 10 indicates

the object in the diagram is 0 of its actual size, and 10 : 1 indicates it is

10 times larger in the diagram.
® Grid paper is useful for drawing lines and shapes accurately with the help of
a ruler.
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Example 12

Use an enlargement scale of 2 : 1 to construct a scale diagram of

the following shape.

WORKING

The diagram has to be % =2 <
times bigger than the original
shape.

Example 13

Use a reduction scale of 1 : 4 to construct a scale diagram of the

following shape.

WORKING THINKING

THINKING

The scale of 2 : 1 has the first number larger

than the second which confirms it means an
enlargement. Express it as a fraction with the first
number on top and the second number on the
bottom; this is how much bigger the diagram has
to be.

The original shape is on a grid of 3 by 3 squares.
3 X 2 =6 so to draw it two times bigger, construct
a grid of 6 by 6 squares of the same size.

Draw the same shape on the new grid, and label it
with the scale (2 : 1).

The diagram has to Express the reduction scale as a fraction with the first number
be % the size of the on top and the second number on the bottom; this is the
original shape. fraction of the original shape that the diagram has to be.

The triangle has a height of 6 squares and a base of 4 squares,

dividing by 4 gives a height of 1.5 squares and a base of 1 square.
A grid of 3 X 3 squares of the same size will be enough for
the diagram. Draw the reduced shape on the gird with the new
dimensions.
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Example 14

Use the following steps to construct a scale

diagram of the garage.

Use a scale of 1 : 100.

a Convert the measurements to mm, given the
measurements are in metres.

b Apply the scale of 1 : 100 to convert the
actual measurements.

¢ Draw a rectangle using the scale
measurements on the grid paper.

WORKING
a 7315mx1000 = 7315 mm«

8.534m

4E Constructing scale diagrams | 193

7.315m

8.534 m x 1000 = 8534 mm

b 7315 mm =100 =73.15 mm

A

8534 m +100 = 85.34 mm

¢ 1:100

A

ISBN 978-1-108-45977-8 © Capps et al. 2019

THINKING

- Multiple the measurements

by 1000 to convert metres
to millimetres.

Apply the scale by dividing
the measurements by the
scale factor, 100.

Draw a rectangle using the
measurements on the grid
paper. The longer side is
about 8.5 squares and the
shorter one is about 7.3
squares. To make it more
accurate you could use grid
paper with 1 mm squares,
or use a ruler.
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FUNDAMENTALS
1 Determine the missing words in the following sentences.
a of scale drawings enables people to ideas.
b We can create scale diagrams by and using
¢ An constructs scale of a house
and a will build the house.

example 12, 2 Use an enlargement scale of 3 : 1 to construct a scale diagram of the following
shapes.

X Work out how many times
bigger the scale diagram is to
the original shape

NG

example 13 3 Use a reduction scale of 1 : 4 to construct a scale diagram of the following shapes.

X Work out from the scale ratio what fraction
of the original shape the scale diagram dimensions
need to be

NG
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APPLICATIONS
SF. - CF:4-8

* 4

Construct a scale enlargement diagram

using grid paper and a scale of 5 : 1 for an
outline of the bolt shown. It has an overall f I\ \ TR
length of 18 mm, a head with dimensions ; ‘ m N “ Mlm
10 mm by 4 mm and the threaded portion
has a diameter of 4 mm. Do not show the

\

|

‘Q

Ah

|

threads, draw the outline of that part with
straight not zig-zag lines. Indicate the scale on the diagram.

*5 Construct a scale enlargement diagram using grid paper and a scale of 4 : 1 to
show the outline of this drill bit. It has a length of 20 mm and a diameter of 2 mm.
Do not show the cutting edges (called the flutes), use a straight line for the outline.
Indicate the scale on the diagram.
example 14 6 Use the following steps to construct a scaled diagram of the garage. Use a scale
of 1:100.
a Convert the actual measurements to mm, given the measurements are in metres.
b Apply the scale of 1 : 100 to convert the actual measurements to diagram
measurements.
¢ Draw a rectangle using the scale measurements on the grid paper.
: 6.90 m :
=
o
=
| 2772 |
7 Use the following steps to construct a scale ; +
diagram of the outline of these kitchen %J' 8 8
cabinets using grid paper and a scale of 1 : 50.
a Apply the scale to the actual measurements —
to convert to diagram measurements. S
b Draw the outline using the scale
measurements on the grid paper. You do
not have to draw the individual kitchen 1
units, just the outline. ]
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* 8 Construct a scale diagram of the exterior dimensions of this garage conversion
using grid paper and a scale of 1 : 75.

1800W x 2100H
SLIDING DOOR

) -
SHOWER >
8 ! BAR FRIDGE
% c}) BASIN DOUBLE UNDER —>|
BED
TOILET S KITCHENETTE \\/ /
TOILET TABLE @
|
600 x 600 1200-WIDE SLIDING
WINDOW WINDOW
6000

*9 Construct a 1 : 100 scale drawing showing the boundary of a rectangular block
of land and the exterior walls of a rectangular shed placed in the centre of it. The
block of land is 26 m X 16.5 m, and the shed is 12.5 m by 9 m. The longer side
of the shed runs in the same direction as the longer side of the block. The yard is
of equal width on opposite sides of the shed. Label the dimensions of the block of
land in metres and of the shed in millimetres. Add the scale to the drawing.

10 Use technology to create a kitchen of your own design. Online kitchen programs
are available through the internet and most schools will have a CAD (Computer
Aided Design) program that can be useful.

11 Use technology to create a bathroom of your own design. Online bathroom
programs are available through the internet and most school will have a CAD
(Computer Aided Design) program that can be useful.
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Problem-solving and modelling task

Background: Floor plans of dwellings are the most common kind of scale
drawing that most people will experience in their lives.

Task: The council have rezoned the rules for the construction of granny flats in
the Sunshine Coast area. They are now allowing an area of 90 m?. Your task is

to design a granny flat that meets the council requirements. You can either use
technology or draw by hand the granny flat plan. Your client wants to have a
separate laundry and two toilets in the granny flat and a spare bedroom for guests
and family to stay.

Approach to problem-solving and modelling tasks:

_stage1 Stage 1: Formulate

e » Formulate ) ; B
i 1 Determine the elements you want to include in the

granny flat.
2 Research minimum bedroom and bathroom sizing.
Stage 2: Solve

Solve 3 Sketch the outline of your granny flat ensuring it is

l less than or equal to 90 m?.
4 Sketch the rooms into the outline of the granny flat.

______ @ _______ 5 Draw symbols onto the plan to identify fixtures and
features.

6 Use abbreviations to label the smaller rooms on the
Yes plan.

Stage 3 Stage 3: Evaluate and verify

Evaluate

and verify 7 Show someone else your work for comment and

i check your area.

Yes
Stage 4 Stage 4: Communicate

C icat ; i
ommunicate 8 Submit your plan along with a paragraph

identifying the positive traits of your design and the
mathematical expression showing that it will meet

council requirements.
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|:| I understand and interpret scale symbols and abbreviations.

Convert 3.54 m into mm.
Simplify the scale 8 mm : 48 cm.
Identify the meaning of the abbreviation ROBE.

A O N =

Identify the | * | symbol.

|:| I can identify and calculate measurements of length, perimeter and area from
scale diagrams.

5 Calculate the area of a rectangle with a length of 6.4 m |
and a width of 5.3 m.

6 Jayden measured the actual internal length (wall
above the word laundry) of the laundry to be 2.7 m
long, determine the scale of the plan.

LAUNDRY

|:| I can estimate and compare quantities, materials and costs from scale
diagrams. [complex]

7 Tutu wants to carpet his bedroom. His bedroom has dimensions of 4 m by
4.2 m and the cost of carpet is $48 fully laid per square metre.
a Calculate the area of the bedroom.
b Calculate the cost to carpet the room.

8 The internal length of the garage from the plan shown is 6 m. Jonah
wants to tile the ensuite. If the tiles and tiling costs $62 per square metre,
calculate the cost to tile the ensuite.
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|:| I can understand and apply drawing conventions of scale drawings. [complex]

9 Determine the missing side measurements from the following diagram.

4 cm
[T O]

2 cm

O

4 cm

O O
2 cm

10 Use the following plan to complete the following.
a Identify the width of the external walls.
b Identify the internal dimensions of the entire apartment.

¢ Determine what the measurement of 800 mm found on the left-hand side of
the plan measures.

d Determine the overall area of the building including external walls.

— «—200

Sofa bed

1

T

3600

800
[ © |
8o

— k—200 200 —
9600

|:| I can construct a scale diagram. [complex]

11 Construct a scale enlargement diagram using grid paper and a scale of 4 : 1
for a bolt. It has a length of 15 mm, a head with dimensions 12.5 mm by
5 mm and the threaded portion has a diameter of 5 mm. Indicate the scale on
the diagram.

12 Construct a scale diagram of a garage with dimensions of 5.8 m by 6 m using
grid paper and a scale of 1 : 100.
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All questions in the review are assessment style.

Simple familiar

Refer to this diagram for Questions 1 to 5.

= wdng ccor

e el
[ KITCHEN o off
o2l

e —

1 Simone is reading the plans of the house she would like to have built on her
block of land. She does not know what the abbreviations W.C. and W.IL.R.
mean. Interpret these abbreviations for Simone.

2 Amanda knows that the internal width of the garage is 5.75 m.
a Determine the scale for the house plan.
b Calculate the area of the sitting room.
¢ Calculate the area the master suite (not including the W.I.LR. and ensuite).

Complex familiar

3 Aaron wants to retile the ensuite in his home. The costs of laying the tiles is
$35 per square metre and the tiles cost $42.25 per square metre. Determine
the area of the ensuite and calculate the total cost for Aaron to have it retiled.

4 Gina wants to paint the floor of the garage with paving paint. If the paint
covers 6 m? per litre and she needs to do 2 coats of paving paint, calculate
the number of 4-litre tins Gina will need to purchase.

5 Dan is going to carpet bedroom 3 excluding the walk-in robe. Calculate the
cost if the carpeting costs $34 per square metre fully laid.

6 Use the plan shown below to answer the following questions, given that the
measurements are in millimetres.
a Identify the width of the external walls.
b Identify the dimensions of the bedroom including the robe.
¢ Determine what the measurement of 4000 mm found at the top side of the
plan measures.
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d Determine the internal measurements of the living/dining area.

e The council requires a granny flat to be less than 60 m?. Calculate the

0ser

area of this plan to determine if it will fit council requirements.

75 4000 75 5600 75 3600 75

al SESEEESLEEEE
e B L DRY -

@’?@ Living
Kitchen Dining

S8E \
=3

[oozr |

Robe

Bedroom

0S¢y

SLST
oo
oo

7 Construct a scale enlargement diagram using grid paper and a
scale of 3 : 1 for the U-bolt shown. It has a height of 30 mm, a
width of 15 mm and a thickness of 1.5 mm. Indicate the scale
on the diagram and label its actual dimensions.

Complex unfamiliar

8 Construct a 1 : 100 scale diagram of a granny flat on grid paper with the

following rectangular dimensions. Draw the first dimension in each pair

horizontally on the plan, and the second dimension vertically on the plan.

External dimensions 8950 mm by 5500 mm, with the longer side
horizontal in the plan

Bedroom 1 located at the top left of the plan, internal dimensions

3000 mm by 3760 mm

Bathroom located at the top centre of plan, next to bedroom 1, internal
dimensions 2400 mm by 2800

Study located at bottom left of plan, next to bedroom 1, internal
dimensions 3000 mm by 1340 mm

The kitchen/dining and living areas make up the space left over, with the
living area at the top right of the plan, and kitchen/dining in the bottom
right of the plan.

Show the front door at the top of the plan, and doors to the enclosed rooms.
Don’t show windows or fixtures and features. Label the plan with the
external dimensions, the names of the rooms and indicate their internal
dimensions in a suitable way. Indicate the scale.
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Maths for a builder/painter:
John Vreeling

| am a qualified painter and have also completed courses as an
owner builder and have built three houses. | have built three homes
from scratch, one in Darwin, one in Grantham where our house was
destroyed by the floods and our current home in Peachester.

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

When working as a builder, | make sure | have all my tools and keep them maintained. | use my
phone to coordinate other trades to schedule them and being a builder requires good organisation to
keep the project running smoothly.

What maths did you study in school?

| did two levels of maths at school, | did 3 unit maths but unfortunately | bombed out of that subject
and did general maths predominately.

How do you use mathematics in your job?

We constantly use Pythagoras’ theorem in construction to make sure the groundwork has been set
out correctly and is square. It is vital in construction to have correct foundations or your project will
end up a disaster.




In this chapter

5A  Calculating the hypotenuse by applying
Pythagoras’ theorem

5B  Calculating a short side length by applying
Pythagoras’ theorem

5C  Determining the unknown side lengths
with elevation and depression problems by
applying the tangent, sine and cosine rules
[complex]

5D  Determining unknown angles with
elevation and depression problems by
applying the tangent, sine and cosine rules
[complex]
Problem-solving and modelling task
Chapter checklist
Chapter review

Syllabus reference
Unit 3 Topic 2 Scales, plans and models
Right-angled triangles (5 hours)

In this sub-topic, students will:

’ e apply Pythagoras’ theorem to solve problems
for all side lengths

e apply the tangent, sine and cosine ratios to
find unknown angles and sides [complex]

e use the concepts of angle of elevation
and angle of depression to solve practical
problems [complex].
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Calculate the squares of the following numbers using your calculator.
ao

b 8

c 11

d 24

e 33

Calculate the square roots of the following numbers using your calculator. Round to 2
decimal places where necessary.

a 169
b 289 X On most
calculators, type in the
¢ 320 number followed by the
d 3600 key with the square root
e 4336 il
Determine the value of the unknowns in the following problems using your calculator.
Round to 2 decimal places where necessary. YD Follow “order of I
a c=+I122+162 operations’. Remember
b c=+10% + 24?2 also that the root sign
with a bar over the top of
C c=+21%* +43? an expression means to
d a=+39%*-15 treat the expression as if
e b= m U is in brackets.

Determine the value the following problems using your calculator. Round to 2 decimal
places where necessary.
a 15xcos20°

Xmo If your calculator

b sin62°x13 has a mode for radians
¢ tan45° <21 (‘Rad’), make sure it is in
d 78 = cos12° degree mode (‘Deg’).

Construct a diagram using a right-angled triangle to show a firefighter who is looking
to the top of a 60 m wall of a building and standing on the ground 100 m horizontally
from the base of the wall of the building. Draw a line to show the firefighter’s line of

sight to the top of the wall. A link to a HOTmaths

lesson is provided in the
Interactive Textbook to
revise this topic.
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A | Calculating the hypotenuse by applying
Pythagoras’ theorem

LEARNING GOALS

= Understand Pythagoras’ theorem

Identify the sides of a right-angle triangle

Identify the hypotenuse of a right-angled triangle
Calculate the hypotenuse given the other two sides
Calculate the hypotenuse in a real-world context

Verify square angles in construction by using Pythagoras’

Why is it essential to understand the use of Pythagoras’ theorem?

Pythagoras’ theorem is a very practical
way to help builders verify right angles

on building sites as it is vital on most
constructions to have a perfect right angle
on edges. This is a method of checking the
edges of the walls are square. It is one of
the most common mathematical theorems
used in many occupations such as farming,
landscaping, metalworking, and other

Pythagoras’s theorem can be used to check that the
manufacturing and construction industries. corner of this soccer field is a right angle.

WHAT YOU NEED TO KNOW

= A right angle is a 90° angle, the same as is found at the corners of squares and
rectangles, and it is also known as a square angle.

® The hypotenuse is the longest side of a triangle, which is found opposite the
right-angle.

The formula is known as ¢? = a? + b?, where ¢

is the length of the hypotenuse. u c
b
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= Pythagoras’ theorem states that the square of the longest side is equal to the
sum of the other sides squared in a right-angled triangle.

®» To find the value of ¢ rearrange the formula to ¢ = Va® + b>.

= Rounding a decimal to a specific number of places.

Example 1

Identify the length of the hypotenuse in each of the following triangles.
a 53 b

35
45
28 37
12
WORKING THINKING
a The hypotenuse is 53. < The hypotenuse is the longest side and is also
opposite the right angle.
b The hypotenuse is 37. < The hypotenuse is the longest side and is also
opposite the right angle.
Example 2

Complete the following steps to determine the value of the hypotenuse for the
triangle shown.
a Identify the values of a, b and c.

: : 7.5 &
b Substitute the values into the formula, ¢? = a® + b2
¢ Calculate the value of the hypotenuse using your
calculator. Round to 1 decimal place when necessary. 18
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WORKING THINKING

a c=x,a=17.5,b=18 < Identify the hypotenuse, which is the longest side
opposite the right angle. The other sides are a and b
in any order.

b ?=a?>+b* < Write the formula.

x2=175%+182 Substitute the values for a, b, c¢ into the formula.
C x=+752418% < Calculate the value of the hypotenuse.

x =+~/380.25

x=19.5 Round the final answer to 1 decimal place.
Example 3

A ladder is leaning against a vertical wall at a height
of 5 metres up the wall. If the base of the ladder is
4 metres from the base of the wall, determine the

length of the ladder, correct to 1 decimal place. lﬁdder

wall

WORKING THINKING

a=5m, b=4m, c=length of ladder «---- Identify the hypotenuse, which is
the longest side opposite the right
angle. The other sides are a and b

5m length of ladder
in any order.
< Draw a diagram with the known
4m information.
c?=a*+b*= - Write the formula.
c? =52 + 42 < - Substitute the values of a, b, ¢ into the
formula.
c =47 ¥5?2 « Calculate the value of the hypotenuse.
c =41
c = 6.403124237
c =64m« - Round the answer to 1 decimal place.
The length of the ladder is 6.4 m. < Communicate your answer in a sentence.
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Example 4

Ziza is building a shed in her backyard. She wants to verify that the concrete slab
she is having poured has been set out correct and is at right angles. She measured
the two adjoining sides as 5 m and 6 m and the diagonal as 7.8 m. Verify the
concrete slab will be square (within 0.2 m difference is allowable).

WORKING THINKING
a=5m,b=6m,c=78m <« Identify the hypotenuse and the other two sides.
¢t =a*+b’ Write the formula.
c? =782 Compare both sides of Pythagoras’ theorem.
c* =60.84
a’*+b*=5"+6°
=25+36
=61
Each side of the equation is < Communicate your answer in a sentence.

the same within 0.2 m.

FUNDAMENTALS

1 Determine the missing words in the following sentences.
a The__ theoremisthe _ squared equals the
of the other two sides squared.

b The__ theorem can only be applied to
triangles.
¢ The formula for Pythagoras’ Theorem is 2= 24+ 2

example 1 2 Identify which side is the hypotenuse in these right-angled triangles.
a b c 5.4
4 5 13 12 35
6.4
3 5
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Calculate the value of the following using your calculator. Round to 1 decimal
place where necessary.

a V32 +47
b V57 +127
c V7P +117
d V137 +24%

Complete the following for each of the triangles shown.

i Identify the values of @, b and c.

ii Substitute the values of a, b and c into the formula ¢* = a* + b

iii Calculate the value of the unknown side by using your calculator. Round your
answer to 1 decimal place when necessary.

a
Sh
6
d
xi :7
8

5

-

b c
A i
10
e 6
X The value of ¢ is
13 important to identify; a
y and b are just the other

2 short sides.

Verify that the triangles with the following side lengths are right-angled triangles.
An allowance of 0.1 difference may be applied due to rounding.
a 8,15, 17

b 7,24,25

¢ 33,56, 65

d 45,63,7.74 I The hypotenuse is
e 12.7,18.6,22.52 \_the longest side.
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APPLICATIONS
SF: 6-14 CF: - CU: -

example 3. 6 The ladder rests against a tree 10 m above the ground. The base of the
ladder is 3 m from the base of the tree.
a Substitute the values of a and b into the formula ¢? = a* + b2
b Determine the length of the ladder using your calculator.
Round to 1 decimal place.

Xy The diagrams all
involve right-angled
triangles. A

7 Khia is flying a kite that is at a vertical height of 80 metres and is 40 metres away
from her measured horizontally along the ground. The string of the kite forms a
straight line.

a Draw and label a diagram to show the situation.

b Identify a right-angled triangle in your diagram. Label the horizontal and
vertical sides of the triangle with the values given. Label the hypotenuse as the
unknown side length.

¢ Write the formula to find the hypotenuse. Substitute the values for a and b.

d Calculate the length Khia’s kite string, correct to 1 decimal place.

8 Chen is on top of a vertical cliff with a height of 120 m. He is about to ride a
flying fox that lands at a horizontal distance of 175 m from the base of the cliff.
a Draw and label a diagram to show the situation.
b Label the horizontal and vertical side with the values given.
¢ Write the formula to find the hypotenuse. Substitute the values for a and b.
d Calculate the length the flying fox ride, correct to 1 decimal place.
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Arthur is participating in a re-enactment and he needs to organise a siege on

a castle that has a 10-metre wide moat around the castle. If the castle wall is

8 metres high, calculate the minimum ladder length needed to reach over the moat
to the top of the castle wall. Round your answer correct to 1 decimal place.

Anmarie is designing a cable-stayed bridge. She needs to calculate the length of
a cable that will attach to the bridge pylon (the column) with a vertical distance
of 40 metres above the bridge deck. The other end of the cable will attach to the
bridge deck at a horizontal distance of 20 metres from the middle of the bridge
pylon. Calculate the required length of the cable, correct to 1 decimal place.

Holly is building a gate in the shape of a rectangle and she needs to add a diagonal
brace (a piece of wood running along the diagonal of the rectangular face of the
gate). If the gate is 1.2 metres high and 2.6 metres wide, calculate the length of the
brace needed. Round your answer correct to 1 decimal place.

Hayden has designed a television that is 140 cm wide and 90 cm high. He is
told that to market his television he needs to advertise the length of the screen
diagonal, which is the measure commonly used for screen size. Calculate the
length of the television screen diagonal, correct to 1 decimal place.

Bitta the builder is checking the right angle between two walls in a rectangular
room by measuring the lengths of the sides of the rectangle and its diagonal. She
measures the sides of the room as 8 metres and 6 metres, and the diagonal as

10 metres. Verify that the walls are built with a right angle between the two walls.

Lance is wanting to renovate his kitchen. Before he orders new cabinets, he wants
to confirm that the room is actually square. If one wall is 3 m and the adjoining
wall is 3.6 m and the diagonal is approx. 4.69 m, verify the kitchen is square
(within 0.1 m difference is allowable).
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- Calculating a short side by applying Pythagoras’ theorem

LEARNING GOALS

= Understand Pythagoras’ theorem
= Identify the hypotenuse on a right-angled triangle
= Calculate a short side given the hypotenuse and the other short side

Why is calculating side lengths in a right-angled triangle essential?

Right angles are everywhere in manufacturing and construction. Roof trusses are a
good example. But they also occur in surveying, landscaping, sewing, graphic design,
and other arts and crafts.

The importance of calculating side lengths is well illustrated by the image of the
timber roof truss below. Its base length is determined by the width of the building, and
its height is determined to give a practical and attractive slope to the roof. The length
of every other piece of timber from which the truss is made can then be calculated
using right-angled triangles and Pythagoras’ theorem.

NI MV / ‘/}‘
~

This roof truss is in the shape of two right-angled triangles joined along their shortest sides.
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WHAT YOU NEED TO KNOW

= [t does not matter which side is labelled a or b, as long as they are not
the hypotenuse.

= Pythagoras’ theorem states that the unknown side squared in a right-
angled triangle is equal to square of the longest side minus the square of
the other side.

® The formula is known as ¢? = a? + b?%, where c is the c
length of the hypotenuse.

® To find the value of a rearrange the formula to
a’ =c* - b b

® Rounding to a specific number of decimal places.

Example 5

Complete the following steps to determine the

unknown side for the triangle shown. 15m
a Identify the values of @, b and c. 7m
b Substitute the values of a, b and ¢ into the

formula a* = ¢* - b? a

¢ Determine the value of the short side using your
calculator. Round your answer to 1 decimal place if necessary.

WORKING THINKING

a c=15m,a="? b="7 m<«- ldentify the hypotenuse, which is the longest side
opposite the right angle. The other sides are a and
b in any order.

b @2 = % — b? < Write the formula.
P =15 -7 Substitute the values for a, b, ¢ into the formula.
PR TN 1 B Calculate the value of the short side.
a=+~176
a =13.26649916
a =133 o Round the final answer to 1 decimal place.
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Example 6

A 10-metre ladder is leaning against a vertical wall
at a height of 4 metres. If the base of the ladder is

5 metres from the base of the wall, calculate the
height that the ladder reaches up the wall, correct to
1 decimal place.

WORKING THINKING

a=hmb=5m,c=10m < Identify the hypotenuse, which is the
longest side opposite the right angle. The
other sides are a and b in any order.

a*=c*-b? Write the formula.

h? =102 - 52 Substitute the values of a, b, ¢ into the
h2 =100-25 formula.

h* =15

h=+75 =« Calculate the value of the height of the
h=866m ladder up the wall.

h=87m < - Round the answer to 1 decimal place.
The ladder reaches a height <o Communicate your answer in a sentence.
of 8.7 m.

Exercise 5B

FUNDAMENTALS
1 Determine the missing words in the following sentences.
a The__ theoremisthe __ side squared equals the
squared minus theother __ squared.
b A___ isusedto calculate the
¢ The formula to calculate a short side on a right-angled triangle is
2 _ 2 2
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2 The unknown side is ‘a’ in these right-angled triangles shown. Write the rule to
find the value of a using the other values on the triangles.

3 Calculate the value of the following using your calculator. Round to 1 decimal

place where necessary.
a V132 -12? b v252-20° c V17*-147

example 5. 4 Complete the following for each of the triangles shown.
i Identify the values of @, b and c.
ii Substitute the values of a, b and c into the formula a* = ¢* — b*
lii Calculate the value of the unknown side by using your calculator. Round your
answer to 1 decimal place when necessary.

a b c 4
f X K
8 10
24 26 9\ |[*
X
d 28 e
w
23 : ;
% 14
7

APPLICATIONS

SF: 5-12 CF: - CU: -

5 A plane has just taken off and has travelled 500 m in a straight line sloping
upwards. It is 300 m vertically above the ground. )
a Substitute the values of ¢ and b into the Xﬁr 5
equation a® = ¢* — b
b Determine the horizontal distance the plane has 500 m 300 m
travelled, using your calculator. Round your
answer to 1 decimal place. 1
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6 Paul has been flying a kite but it is now stuck in the top of a tree. He had the full
50 metres of line out and it is pulled tight. The line forms a straight line from
where he is standing, which is 29 metres horizontally from the base of the tree.
a Draw and label a diagram to show the situation.

b Label the known sides with values given.

¢ Write the formula to find a short side. Substitute the known values into
the formula.

d Calculate the height of the tree, correct to 1 decimal place.

7 Barbie has climbed up the ladder of a radio mast. She is level with the attachment
point of a cable. The other end of the cable is attached to a point that is 40 metres
horizontally from the base of the mast. The cable forms a straight line and is
known to be 234 metres long.

a Draw and label a diagram to show the situation.
b Label the known sides with values given.
¢ Write the formula to find a short side. Substitute the known values into
the formula.
d Calculate the height that Barbie is above the ground, correct to 1 decimal place.

example 6| X8  Boyd has 5 metres of a ladder to climb onto a roof 3 metres high. Calculate how
far from the base of the wall that base of the ladder should be placed.

*9 Julie wants to design a slippery slide to fit in her townhouse courtyard. She only
wants it to take up 3 metres across the ground and has 3.5 metres of material for
the actual slide. Determine the vertical height of the slide from the ground.

*10 Jonah has a television with a 150 cm screen, which is measured as the length of
the diagonal. If the screen is 75 cm high, calculate the width of the screen.

*11 Melanie has bought an odd-shaped block of land in the shape of a right-angled
triangle. If the two longest sides are 50 metres and 40 metres respectively,
calculate the length of the third side of the triangle.

* 12 Sally wants to know what width of tarp
material she needs to buy to make a two
person tent. She has a 1.5 metre pole for the
middle of the tent and wants to allow 2.5
metres across the bottom of the tent for two

people to fit inside the tent. Determine the
width of the tarp that Sally needs to buy, R _
rounded to 2 decimal places. M D e R -
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oC | Determining unknown side lengths in problems by applying
trigonometric rules compLEX

LEARNING GOALS

® Understand the concept of a trigonometric ratio

= Determine the adjacent and opposite sides to an angle in a right-angled triangle
= Learn how to use the rules for a trigonometric ratio

= Use the rules to calculate the unknown sides of a right-angled triangle

= Calculate unknown sides in right-angled triangles in a real-world context

Why is it essential to understand other applications of calculating
sides lengths of a right-angled triangle?

Several questions in the chapter so

far have asked for calculations of
vertical height and horizontal distance.
These are examples of the use of
right-angled triangles in calculating
location and position, which is used in
surveying, map-making, navigation and
positioning systems.

WHAT YOU NEED TO KNOW

= For a right-angled triangle with an angle labelled 6,
the three sides should be named adjacent (next
to the angle), opposite (not touching the angle)
and the hypotenuse (the longest side opposite the
right angle).

Hypotenuse

Opposite

Adjacent

= We use trigonometric ratios to form a relationship between two sides and an
angle in a right-angled triangle. The abbreviation SOH CAH TOA is used to
help remember the trigonometric formulas shown in the diagram.

SOH CAH TOA

—— | T

e Opposite - Adjacent . _ Opposite
s " Hypotenuse coso= Hypotenuse ano= Adjacent
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® QOur calculators must be set to degree mode often seen by deg or D on the top
of the calculator screen. Sin, cos and tan buttons can be found on all scientific
calculators. To calculate the angle, shift or 2nd function sin, cos or tan is used.

= The angle of elevation is the angle from the horizontal going up. The angle of
depression is the angle from the horizontal going down.

--""'ﬁhgle of elevation

@i
w “..angle of depression

Example 7

Solve for the unknown value in the following. Round the answer to
2 decimal places.

a sin48=1i b cos22=2
5 y
WORKING THINKING
a sin48 = % SR— Rewrite the equation.
15 % sin48 = x Move divided by 15 to.the other side as multlphed 15.
11147 (If the unknown value is on the top, then multiply.)
e Determine the unknown value using your calculator.
x=11.15 As the third decimal place is a 5 or greater, round your
answer up to 2 decimal places.
b cos22= % ............................. Rewrite the equation.

y=19 + cos22 Swap the cos 22 with the y (If the unknown is on the
bottom, then swap the values.)

=20.492 : .
J Determine the unknown value using your calculator.
7= 2048 As the third decimal place is below 5, your answer
stays the same at 2 decimal places.
ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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Example 8

Complete the following steps to calculate the unknown

side in the triangle shown. h 3
100 m

a Identify the known sides on the triangle.

b Determine which trigonometric ratio is required.
¢ Substitute the values into the ratio.

d Solve the ratio for the unknown value. Round answer to 1 decimal place.

WORKING THINKING
a The angle is 18°. <. Identify the known sides in relation to the
100 m is the adjacent side. named angle in the triangle. The 100 m is

next to the angle but is not the hypotenuse
so it is the adjacent side.

h is the opposite side. The h is opposite the named angle is the
opposite side.
b tan@ = ﬂ < The ratio that has the adjacent (A) and
adj opposite (O) side named is tangent. (TOA)
¢ tanl8 = % < Substitute the values into the tangent ratio
with § =18°, O =h, A =100 m.
d 100X tan 18 = h < Multiply tan 18 by 100 to solve for 4.
h =32.491 Calculate the answer using your calculator.
h=325m Round your answer to 1 decimal place.

Land surveying makes extensive use of trigonometry.
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Example 9

Complete the following steps to calculate the unknown side in

the triangle shown. k
a Identify the known sides on the triangle.
b Determine which trigonometric ratio is required. u [
¢ Substitute the values into the ratio. 45
d Solve the ratio for the unknown value. Round your answer to 1 decimal place.
WORKING THINKING
a The angle is 53°. <-es Identify the known sides in relation to the named
angle in the triangle.
45 is the adjacent side. The 45 is next to the angle but is not the
hypotenuse so it is the adjacent side.
k is the hypotenuse. The k is opposite the right angle so is the
hypotenuse.
h cos@ = ;ﬂ < The ratio that has the adjacent (A) and
P hypotenuse (H) side is cosine. (CAH)
¢ cos33 = ‘2_5 < Substitute the values into the cosine ratio with
9:53O,H:k,A:45.
d 00155 > Swap the position of the 45 and the k within
k=747 the ratio. ‘
= Calculate the answer using your calculator.

ISBN 978-1-108-45977-8
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Example 10

Rex is fishing 100 metres from the base of a cliff. His wife Adel waves to him to

come home for dinner and looks down to him with an angle of 40 degrees. Determine
the height of the cliff given that Adel’s eyeline is 1.5 metres above the cliff.

WORKING
0 =40°«
adj =100m
opp = X
tan9=%<

tan40° = — <

100
100 x tan40° = x
x =839

The cliff is 83.9 — 1.5 = 82.4 m<-

THINKING

Identify the values given for the right-
angled triangle.

Identify the correct ratio required from
SOH CAH TOA. The tangent ratio uses
O and A.

Substitute the values into the tangent ratio.

Rearrange the ratio to determine the
unknown value.

Calculate the height of the cliff by
subtracting Adel’s height from x.

The cliff is 82.4 metres high. <o Communicate your answer in a sentence.

ISBN 978-1-108-45977-8
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Example 11

Jane climbs to the top of a tree. She sees her friend standing 34 metres from the
base of the tree with an angle of depression of 57 degrees. Determine the height of
the tree that Jane has climbed.

WORKING THINKING

S — Draw a diagram to represent the
information given.
Label the information on the diagram
noting the angle of depression from

570/ Jane is equal to the angle of elevation
34 m from her friend 34 m away.
X = opposite =« Identify the known sides in the diagram.
34 m = adjacent Identify the correct ratio required from
o SOH CAH TOA. The tangent ratio uses
e = E O and A.
tan57 = ;_4 < Substitute the known values into the
tangent ratio.
34 xtan57 = x Rearrange the ratio to determine the
x=52.35 unknown value.
x=524
The height of the tree is 52.4 metres. < Communicate your answer in a sentence.

Photocopying is restricted under law and his%‘gﬁm‘m
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FUNDAMENTALS
1 Determine the missing words in the following sentences.
a The tangentratioequalsthe _ side+the_ side.
b Thesineratioequalsthe _ side+the __ side.
¢ Thecosineratioequalsthe _ side+the _ side.
d Drawinga__ and labelling it will help solve trigonometric
2 Label the sides of the triangles below Y The names relate to
with A (adjacent), O (opposite) and H (hypotenuse). e el

3 Calculate the value of the following, rounding the answer rounded to 1 decimal
place where necessary.
a 24 xcos50° b 33xsin37° Cc 48 +tan82° d 67 +cosl2°

example7| 4 Solve for the unknown value in the following, rounding to 2 decimal places.

. y a
a sin23=-=> b cos47=—=— ¢ tanl2=—
17 86 36
23 . 16
d tan68 = = e sin4l=— f cos62 =18
X 4 b
Estimating the height of tall objects uses angles
of elevation, and trigonometry.
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eamplesz9 | 9  Complete the following steps to calculate the unknown side in the triangle shown.
i Identify the known sides of the triangle.
Ii Determine which trigonometric ratio is required.
lii Substitute the values into the ratio.
iv Solve the ratio for the unknown value. Round your answer to 1 decimal place

b N c X
& 62°
om 16 km
d < 5 e
12 cm
7 cm
S
X

APPLICATIONS

43 km

SF: — ' GF: 6-15

example 10 6 Bridget is in the tower at 45 m above the ground, and she can see her Aunty Maree
on the ground at an angle of 40°. Complete the following steps to calculate how
far her Aunty Maree is from the base of the tower.

40°

45 m

X

Determine which sides are the known sides (A, O, H).

Determine the correct ratio to use from SOH CAH TOA.

Substitute the values into the appropriate ratio.

Calculate the correct value for the distance Aunty Maree is from the base of the
tower. Round your answer to 1 decimal place.

o O T o
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7 Rove can see the top of a tree in the distance at an angle of 20°. The height of the
tree is 31 metres. Complete the following steps to calculate how far he is standing
from the base of the tree.

e
[ {

20°

d

Determine which sides are the known sides (A, O, H).

Determine the correct ratio to use from SOH CAH TOA.

Substitute the values into the appropriate ratio.

Calculate the correct value for the distance Rove is standing from the base of
the tree. Round your answer to 1 decimal place.

Q O T o

8 Karen is looking up to the top of a building at an angle of 60 degrees. The base of
the building is 36 metres from her on the ground. Complete the following steps to
calculate the height of the building.

a Draw and label a diagram with the known sides and angle.
b Determine which ratio is needed to calculate the
unknown side. Y The diagram
¢ Substitute the values into the appropriate ratio. involves a right-angled
d Calculate the height of the building. triangle.

eample 11 9 Heidi is flying her rescue helicopter 1200 m above the ocean and sees a person in
trouble at an angle of depression of 38 degrees. Complete the following steps to
calculate the direct distance that the helicopter is from the person in the water.
a Draw and label a diagram with the known sides and angle.
b Determine which ratio is needed to calculate the unknown side.
¢ Substitute the values into the appropriate ratio.
d Calculate the direct distance that the helicopter is from the person in the water.

AL . . : )
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10 Roland is sailing his boat and sees the top of the 120 m cliff at an angle of
elevation of 15 degrees from the boat to the top of the cliff. Complete the
following steps to calculate the distance to the boat is to the base of the cliff.

Draw and label a diagram with the known sides and angle.

<Y

b Determine which ratio is needed to calculate the unknown side.
¢ Substitute the values into the appropriate ratio.
d Calculate the distance the boat is to the base of the cliff.

*11 A cable is to be attached to the top of a large antenna that is 32 metres tall. If the
cable is to have an angle from the ground to the top of the antenna of 65 degrees,
calculate the length of the cable.

*12 Pebbles is flying a kite and has let out the entire 55 metres of string. If the angle of
the kite string is 44 degrees from the ground, calculate the horizontal distance to
the kite.

*13 Billy is running down a 322-metre slope on the hill. If he found the angle of
depression of the hill to be 21 degrees, calculate how high the hill is above ground
level.

*14 A straight waterslide has an angle of elevation of 38 degrees and is 12 metres
high. Calculate the actual length of the waterslide.

*15 The school flagpole is casting a 4.5-metre shadow. If the angle of depression of the
sunlight is 36 degrees, calculate the actual height of the flagpole.

*16 Margret has seen a lighthouse 1350 metres horizontally from her boat. She has
measured the angle of elevation from her boat to the top of the lighthouse as
52 degrees. Margret knows that the lighthouse is 50 metres tall on the top of the
cliff. Determine the height of the cliff.
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- Determining unknown angles in problems by applying
trigonometric rules compLEX

LEARNING GOALS

= Determine the named sides in relation to the unknown angle in a right-
angled triangle

= Use the rules to calculate the unknown angle of a right-angled triangle

= [dentify which trigonometric rules are required to solve real-world context
questions, and hence calculate the unknown angle

Why is it essential to calculate angles in right-angled triangles in a
real-world context?

Wooden or metal supports and also
cabling use angles within a specific
range in order to maintain strength
within a structure. Building inspectors
use length and width measurements of
a roof to check that the roof pitch meets
building codes.

Many buildings use right-angle triangles in their
construction.

WHAT YOU NEED TO KNOW

= Inverse sine (sin™'), inverse cosine (cos™') and inverse tangent (tan™') can be
used to find angles in right-angled triangles.

o sin@ = % means 6 = sin™ (%)

b b
* cos@ = _ means 6 = cos™' (?) y a
o tan6 = £ means 0 = tan! (£ £ ]
b b b
= Note that sin™' x does not mean Sl%
X
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Example 12

Complete the following steps to calculate the unknown side in the D
triangle shown.

a Identify the known sides of the triangle in relation to the angle L
you want to find. s

b Determine which ratio uses the two sides given from ]
SOH CAH TOA.

¢ Substitute the values into the ratio.

d Solve for the unknown angle in the ratio, rounding to 1 decimal place.

WORKING THINKING

a 8 = opposite side<— The 8 is opposite the named angle and 11 is the
11 = hypotenuse hypotenuse.

b sin6 = % D Identify the correct ratio required from SOH CAH

P TOA. The sine ratio uses O and H.
¢ sinf = % ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Substitute the values into sine ratio with 8°, O = 8
and H=11.

d 6 =sin" 18—1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Move sin to the other side of the equals sign as sin™'.
0 = 46.65° Calculate the angle size using your calculator.
0 =46.7° Round the answer to 1 decimal place.

Example 13

Ranger Yogi wants to build a flying fox (cable glider) to go from the top of the
lookout to the ranger station on the ground. The lookout is 50 metres high and the
base of the lookout is 400 metres from the ranger station. Determine the angle of
depression of the cable connecting the top of the lookout to the ranger station.
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WORKING THINKING
e S Draw a diagram.
(0) Identify that the angle of depression equals
50 m the angle of elevation at the opposite side of
. P the right-angled triangle.
400 m (A) Label the information on the diagram

S —. indicating A, O, H.

400 m = adjacent « Identify the correct ratio required from SOH
opp CAH TOA. The tangent ratio uses O and A.
tanf = —
adj
tanx = % < - Substitute the values into the tangent ratio

with O =50 and A =400.

x = tan™ % Move tan to the other side of the equal sign
as tan’.

x=7.12° Calculate the angle size using your calculator.

x=7.1° Round your answer to 1 decimal place.

FUNDAMENTALS
1 Determine the missing words in the following sentences.
a The ratio equals the side + the adjacent side.
b The ratio equals the adjacent side + the
¢ The sine equals the side + the hypotenuse.
d To solve a word problem, we should always a diagram and
it.

2 Calculate the following, rounding to 2 decimal places where necessary.

12
-1 14
a cos 13 T Remember that a )
b sin-! 37 fraction can be reduced
S to a single decimal
7 number by dividing the
C ftan 38 top number by the bottom
18 one on a calculator.
d tan™' =
16 \_
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. 12
a sinf= I YD You need the inverse )
5 trigonometric ratio buttons (sin”, etc.)
b cos@ = el on your calculator to solve these
equations. Such buttons are usually
Cc tan 0 = 14 ‘second function’ buttons meaning
;; you have to press a button labelled
i = =2 ‘2nd’ before using or accessing them.
d sin @ % - g )
example 12 4 Complete the following steps to calculate the unknown side in the triangle shown.
I Identify the known sides of the triangle.
ii Determine which trigonometric ratio is required.
lii Substitute the values into the ratio.
iv Solve the ratio for the unknown value. Round your answer to 1 decimal place.
a b 32m c 20 km
0
40 m
14 m
29 km
26 m
d 27 cm e / f A
12 cm
& &
19 m 71 km
APPLICATIONS
SF: - CF: 5-12
5 Peta the pilot has just taken off ;
Example 13 p J ) ~’7 -
from the runway from a point A as ; = e
shown in the diagram. Complete the
following steps to calculate the angle
of take-off from the ground. 300 m
a Determine which sides are the
known sides using A, O, H. ’ |
b Determine the correct ratio to use 400 m
from SOH CAH TOA.
¢ Substitute the values into the appropriate ratio.
d Calculate the angle of take-off from the ground, correct to 1 decimal place.
ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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6 Charlie is on top of a building that is 50 metres above the ground and she can see
her friend Georgie outside the building on the ground. The direct distance between
Charlie and Georgie is 70 metres. Complete the following steps to calculate the
angle of depression from Charlie to Georgie.

a Determine which sides are the known sides using A, O, H.

b Determine the correct ratio to use from SOH CAH TOA.

¢ Substitute the values into the appropriate ratio.

d Calculate the angle of depression from Charlie to Georgie, correct to
1 decimal place.

q\ / angle of

mmia . depression

-
s
-
~J
S
=

50 m \

7

a

\
\
L L | \
/\b
X s

7 Douglass has climbed a big tree which is 20 metres high. His father leans
a 30-metre ladder against the tree so that he can climb up the tree and help
Douglass down to the ground. Complete the following steps to calculate the
angle that the ladder makes with the tree.
a Draw and label a diagram with the known sides.
b Determine which of the known sides are A, O, H.
¢ Determine the correct ratio to use from SOH CAH TOA.
d Substitute the values into the ratio and calculate the angle that the ladder makes
with the tree, correct to 1 decimal place.

*8 Holly has climbed to the top of Mount Coolum, which is 208 metres high
above sea level. She saw the ocean, which is 1100 metres horizontally from
Holly’s current position. Determine the angle that Holly is looking down
towards the ocean.
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*9 A ski lift travels 324 metres to the top of a hill that is 212 metres high. Calculate
the angle of elevation the ski lift is from the start of the ski lift.

*10 A castle has a 20-metre wall and a 40-metre wide moat. If an archer wanted to fire
an arrow from the top of the wall at someone on the edge of the moat, determine
the angle of depression that the arrow would need to be fired. (Assume the arrow
will travel straight.)

*11 A right-angled triangular roof is being built on a house that is 20 metres wide. The
roof has a slope length of 28 metres. Calculate the angle of elevation of the roof.

*12 A straight slippery slide has a height at the top of 2.5 metres and the slide itself is
5 metres long. Determine the angle of depression from the top of the slide.

*13 Henry is 1.80 metres tall and sees a 24-metre flagpole while he is standing
20 metres away from the base of the flagpole. Determine the angle of elevation
that Henry must raise his eyes to see the top of the flagpole. (Assume his eyes are
1.8 metres above the ground.)

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



Chapter 5 Problem-solving and modelling task | 233

Problem-solving and modelling task

Background: If you don’t have an electronic range-finder, how do you find
the height of an object that you can’t climb or reach the top of with a long tape
measure? A common solution is to use shadow lengths. The sun’s rays are for
practical purposes parallel, which means the length of shadows of objects
measured at the same time of day are proportional to their height.

Task: In a group, you are to use shadows to determine the heights of 3 different objects.
An example may be the height of the football posts, the flagpole and a building. You are
to use your knowledge of trigonometry and a ruler to determine the angle of depression
of the sun by measuring a person’s height and the length of their shadow. You are to
then measure the length of the shadows on the various objects and use trigonometry to
calculate the heights of the objects given your calculation of the angle of depression.

Approach to problem-solving and modelling tasks:

| Stage1 | Stage 1: Formulate

e » Formulate
E 1 Decide which objects to determine their heights.
2 Allocate jobs to each person in the team.
Stage 2: Solve
Solve
3 Measure the height of a member of the team.
l 4 Measure the length of that person’s shadow.

5 Use trigonometry to calculate the angle of elevation of

------ [1lo S the sun.

6 Measure the length of the shadows of the chosen
objects.

Yes 7 Use trigonometry to calculate the heights of the chosen
objects using the angle of depression of the sun and the
Stage 3 length of the object’s shadow.
Evaluate
and Ie”fy Stage 3: Evaluate and verify
; 8 Estimate the heights of the chosen objects.
e @ """" 9 Compare the calculated height with your estimations
for validity.
23 Stage 4: Communicate
Stage 4 10 Communicate your results by writing a report showing
Communicate all your calculations and results. I
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|:| I can calculate the hypotenuse using Pythagoras’ theorem.

1 Calculate the value of b in the triangle shown, rounding to 1 decimal place.

6 cm

b 10 cm

2 Calculate the hypotenuse of a right-angled triangle given its base is 8 m
and its height is 18 m. Round your answer to 1 decimal place.

3 Kiisty is making a gate that is 2600 mm by 1800 mm and she needs to
build a diagonal brace. Determine the length of the brace that Kristy will
need to cut, rounding to the nearest whole number.

|:| I can calculate unknown short sides using Pythagoras’ theorem.

4 Solve for a in the diagram shown, rounding to 1 decimal place.

7m 15 m

a

5 Calculate the base of a right-angled triangle given its hypotenuse
is 26 metres and its height is 11 metres. Round your answer to
1 decimal place.
6 Brad ran 2.5 km due west and then ran due north for some distance.
If he then ran 4.2 km back to his starting point, determine how far north
Brad had run.
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|:| I can apply the tangent, sine and cosine rule to determine unknown sides lengths.
[complex]

7 Calculate the value of y in the triangle shown, rounding to 1 decimal place.
9

/ DN
15

8 A right-angled triangle has an angle of 30 degrees and an adjacent side of
25 metres.

a Calculate the length of the opposite side.
b Calculate the length of the hypotenuse.

9 Terri is walking her puppy with a 2.5 m lead. The puppy is walking ahead
and pulling the lead tight and it makes an angle of elevation from the dog
to Terri’s hand of 21°. Determine how much higher Terri’s hand is than the
puppies’ collar.

|:| I can apply the tangent, sine and cosine rule to determine unknown angles.
[complex]

10 Freda is standing on the top of a cliff and can see a person in a boat fishing in
the ocean. The person in the boat is 50 m from the base of the 32 m-high cliff.
Ignoring the height of Freda, calculate the angle of depression from Freda to
the person in the boat.

50 m

11 A stunt ramp is 14 metres long and 5 metres high. Determine the angle of
elevation of the ramp from the ground.
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All questions in the review are assessment style.

Simple familiar

1

A castle drawbridge is 20 metres long and has chains connecting the end of the
drawbridge to the top of the castle wall which is 25 metres high. Determine the
length of the chains to 1 decimal place.

An old tree needs a steel cable to help hold it upright. If the cable is attached
2 metres from the base of the tree and 5 metres high on the tree, determine the
length of cable between the tree and the ground to the nearest whole number.

Esmae walked due north on a 4 km hike and then turned 90 degrees and
walked a further 2.5 km due west. Determine how far Esmae is from her
starting point to 1 decimal place.

Tarek has a 3.5-metre ladder and leans it against a wall that is 2.5 metres
high. Calculate the distance the base of the ladder is from the base of the
wall, rounding to 1 decimal place.

A tent pole that is 2.1 metres high has a rope attached that is 2.6 metres long.
Determine how far the peg needs to be hammered into the ground from the
base of the pole so that the rope will be tight.

Complex familiar

6

River is standing 40 metres from the base of a waterfall. If she measured
the angle to the top of the waterfall as 52 degrees, calculate the height of
the waterfall.
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7 Zek is flying a plane and approaching a runway at 1000 metres above
the ground. He notices that the beginning of the runway is at an angle of
28 degrees from the plane. Calculate the distance the plane still needs to
travel before reaching the beginning of the runway.

8 Nell slides down a straight slippery slide that is 6.2 metres long and
2.5 metres high. Calculate the angle of the slippery slide from the ground.

9 James hang glides from the top of a 368-metre cliff to land 823 metres
away from the base of the cliff. Assuming James travelled in a straight line,
determine the angle of depression that he flew.

10 The lighthouse keeper looks due east from the top of her lighthouse 182
metres above sea level and sees a ship at an angle of depression of 12 degrees.
She sees another ship in the same direction at an angle of depression of 18
degrees. Calculate the distance between the two ships.

S '»& ?
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Maths for a police officer: Brendan Harding

Brendan Harding joined the police straight out of high school and initially
went to the police academy in Brisbane. He was then transferred to Innisfail
where he worked in several stations within the Innisfail District. He also
had the opportunity to go to Kowanyama for a short period of time. In 2010
Brendan was promoted to Sergeant in the Toowoomba Road Policing Unit.

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

It’s hard to describe a typical day as no two days are the same. One day,

I might be in the office checking correspondence such as court briefs for the prosecutor and risk
management paperwork. A day on the road could involve school patrols making sure the kids are
safe coming to, and going from, school. Another day could be a major traffic operation where my
team and | conduct high visibility static interceptions of motor vehicles looking for drink drivers,
drug drivers, unlicensed drivers, unregistered and defective vehicles. The days on the road are the
best as you get out of the office and get to talk to lots of different people. Today, I'm sitting on a
cordon waiting for a stolen car to come past that has just done a fuel drive off.

What maths did you study at school?

| wasn’'t necessarily the smartest kid at school and, if honest, was pretty average. | really didn’t like

study but did it when | had to. When | think about it, | should have asked my teacher more questions

at school but didn’t want to appear stupid in front of the class. v
-

How do you use maths in your job?
A lot of what | do comes down to statistics and dictates where we conduct our enforcement
activities. Many times, | will have to collect raw data such as traffic count data from Main Roads
and match that data with times, days and locations of traffic crashes to identify the right time to be
at the right place for specific enforcement.
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We even use maths to ensure our
roster is fair and that everyone has
equal amounts of work. This means
calculating equal shifts across 12
months.

The real maths comes into play
when conducting investigations on
behalf of the coroner or for court.
Many of these investigations are
conducted by the Forensic Crash
Unit and require the calculation of
speed, vehicle position and virtually
anything else you can think of. An
example of a speed calculation must
include the type of road surface

and the grip it offers, the type of
vehicle and the tyres contacting

the road and the force with which
the vehicle impacted an object.

Syllabus reference

Unit 3 Topic 3 Summarising and
comparing data

Summarising and interpreting data

(8 hours)

In this sub-topic, students will:

e identify the mode from a dataset

e calculate measures of central tendency,
the mean and the median from a dataset

¢ investigate the suitability of measures of
central tendency in various real-world
contexts [complex]

e investigate the effect of outliers on the
mean and the median [complex]

ISBN 978-1-108-45977-8

These investigations aren’t just restricted to
motor vehicles on a road, they can also include
industrial accidents and even plane crashes.

6A

6C

6D
6E
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In this chapter
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Identifying and calculating the measures of
central tendency

Investigating the suitability of measures of
central tendency [complex]

Determining quartiles, deciles and
percentiles [complex]

Describing the spread of data [complex]
Calculating and interpreting measures of
spread and outliers [complex]
Problem-solving and modelling task
Chapter checklist

Chapter review

calculate quartiles from a dataset
[complex]

interpret quartiles, deciles and percentiles
from a graph [complex]

use everyday language to describe spread,
including spread out, dispersed, tightly
packed, clusters, gaps, more/less dense
regions and outliers

calculate and interpret statistical measures
of spread, such as the range, interquartile
range and standard deviation [complex]
investigate real-world examples from the
media illustrating inappropriate uses of
measures of central tendency and spread
[complex].
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1 Evaluate the following correct to 2 decimal places.

— b5 b y=2

a - 3

c x=3
2 Arrange the following numbers into order from lowest to highest and identify

the median (middle number).
11,13,7,9,4,1, 17, 19, 21, 6, 5, 10, 13

3 Evaluate the following.

22 + 31 b 43 + 45 56 + 71

a 2 2 2

4 Evaluate x, leaving your answer as a percentage.

4 b x 7

aX:E :E

5 Determine the value of x that satisfies each percentage.
X _ X _
a £=125% b T =25%

6 Evaluate the following squares.
a 2’ b 7 ¢ 0.5°

7 From this graph, estimate how many minutes it took to collect 24 mushrooms.

Mushroom finding

« 60

g

§ 20

= OO/'2O 40 60
Minutes

8 Identify the smallest, largest and most common number in this stem-and-leaf plot.

Stem-and-leaf plot

411
512 7 8 A link to a HOTmaths
6|5 6 lesson is provided in the
710 5 8 8 8 Interactive Textbook to
810 0 revise this topic.
915
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6A | Identifying and calculating the measures of
central tendency

LEARNING GOALS

= [dentify the mode from a dataset
® Calculate the mean from a dataset
® Calculate the median from a dataset

Why is it essential to understand how to determine the measures of
central tendency?

There are three main measures of central tendency: the mode, the mean and the
median. The aim of each measure is to pinpoint the location of the centre of a data
distribution with numerical data.
The measures can be used as a
summary of the data, and any
conclusion drawn from the data
should refer to them. Careers that
might use measures of central
tendency are car salespeople,

real estate salespeople, scientists,
business administrators and any
vocation that requires the use of
statistics.

Measures of central tendency help us to make sense of a large
data distribution.

WHAT YOU NEED TO KNOW

= A measure of central tendency describes a set of data by identifying the
central position within that dataset. There are three main measures of central
tendency: the mode, the mean and the median.

® The mode reveals the most frequent value in the dataset, i.e. the value that
occurs most often.
e A dataset can also have two modes (it is bimodal), or no mode at all.
* An example for using the mode is when a dress shop wants to know the

most popular size when ordering stock.
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= The mean is the average; it is equal to the sum of all the values in the data set
divided by the number of values in the data set.
* The symbol for mean in mathematics is Xx.

« The formula for identifying the mean is ¥ = = Ol G i,

number of data values

* An example for using the mean is when a teacher wants to calculate the
average marks for a class, as this value summarises how well the class is
going as a whole.

= The median is the middle value of a dataset, when the dataset is sorted in
order from the smallest value to the largest value.

* The median is the number that falls exactly in the middle of the data.
n+1
2
largest where n is the number of pieces of data. So if a dataset has 21

values, then the median will be the 11th value because % =11-

th value when ranked in order from smallest to

¢ The median is the

 If the dataset has an even number of values, then the median is the average
of the two middle values.

Odd number of values Even number of values
4,679, 11 4,607,911, 14
Median = 7

et Median = { er 2
=8

* An example for using the median is when a real estate agent uses the
median for house prices in a particular suburb, especially if the suburb
includes either some very expensive or very cheap properties that might
have a big effect on the mean.

Cafnbridge University Press &
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Example 1

Emily is a dressmaker and needs
to make some more dresses for her
pop-up shop. She recalls the sizes
of the dresses she sold over the past
three months:

Size 6 — 15 dresses

Size 8 — 5 dresses

Size 10 — 6 dresses

Size 12 — 12 dresses

Size 14 — 2 dresses

Size 16 — 22 dresses

Identify the mode for the dataset.

WORKING THINKING

The mode is size 16 at < The mode is the most common value.

22 dresses. The dresses purchased the most are size 16
at 22.

Example 2

The following are the term grades for a student’s tests.
67%, 18%, 65%, 12%, 64%, 16%, 18%, 80%, 82%, 85%
Calculate the mean for the student’s grades.

WORKING THINKING
— _ 67+78+65+72+64+76+ 78+ 80+ 82+ 85 — _ sumof all data values
2 <- Mean=x =

10 number of data values
x =747
The mean of the student’s tests for <. Add all the values and divide by
the term is 74.7%. the number of values (with this

dataset, 10).
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Example 3

The following are the prices of some houses in a particular area.
$345000, $300000, $450000, $290 000, $390 000, $670 000, $345 000,
$410000

Calculate the median of the house sales.

WORKING THINKING
290000, 300000, 345000,345000) < The data must first be ordered
G90000 410000, 450000, 670000 from smallest to largest. The

median is the middle value.
The number of scores is 8. S0, 77 = 8 < Determine the number of scores.
This is an even number of scores,

The median score will be % = % =4.5th .
so we need to average the middle

score.

The median will lie between the 4th and tWo scores.

Sth scores.

The 4th score = 345000

The 5th score = 390000

Median = (345000 +390000) +2 < Add the scores and divide by 2.
= 367500

The median for the house prices is <o Communicate your answer in a

$367500. sentence.

FUNDAMENTALS

1 Determine the missing words in the following sentences.
a The aim of measures of central tendency is to pinpoint the location of the
of data distribution.

b There are three main measures of central tendency:the | the
and the
¢ _isthe most frequent value in the data.
d A datasetcanhave ______ modes (whichmeansitis ), oritcan
have no mode at all.
e Themeanisthe _ :itisequaltothe _ of all the values in the
dataset by the number of values in the data set.

f The formula for identifying the mean is
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g The median is the value of a dataset, when the dataset is sorted in
order.
h If the dataset has an number of values, then the median is the average
of the middle values.

example 1-3| 2 For each dataset, identify:

i the mean XY The mean is the N
. . average.
il the median 5 — sum of all data values
iii the mode \_ number of data values
a 6,4,3,5,6,2,7,6,5,9,5, 4 X The median is the )
b 85, 85,95, 55,75, 85,75, 85,55 middle score. Place all
c 6.7,85,86,92,74,7.5,7.9,8.0 of your data in order
d 12,18, 19, 11,23, 24, 21, 18, 35 e EENEAUD KTy
before finding the

(7 ]-9 39 23 2s 3, 2, 25 19 39 39 0’ 3’ 39 2 \median.

3 Identify the mode for the following datasets. YD The mode is the

. \most frequent.

a Number of children

I ——
01 2 3 4

b Number of goals

0[9
11225 |2/3=23

c Exam results

Frequency
S =Wk W

55 65 75 85 95
Score (%)
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APPLICATIONS
SF: 4-8 CF: - cU: -

4 A doctor is researching anaemia and he has recorded the following systolic
pressure values from a group of patients’ blood pressure readings.
115, 115, 107, 128, 122, 113, 108, 130, 115, 170, 120, 106
a Calculate the mean number of systolic pressure values.
b Identify the median number of systolic pressure values.
¢ Determine the mode.

X Mean is average;
median is the

middle; mode is the
most frequent.

5 Markus wants to purchase a new laptop. The following are the amounts recorded
from a selection of options.
$700, $900, $200, $1200, $400, $300, $900, $1000, $700, $850, $2600
a Calculate the mean price for a laptop.
b Identify the median price for a laptop.
¢ Determine the mode.

6 Micaela is a hockey coach and she is preparing for a new season. The following
dataset is her team’s scores for the previous season.
0,4,1,1,2,1,2,1,5,4,3,5,2,1,0,2,1,0,3,2,3,3,2,1,0,2,1,2,4,0
a Calculate the mean score.

b Identify the median score.
¢ Determine the mode.

7
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7 For the data in the following stem-and-leaf plots, identify:

i the mean
ii the mode

ili the median

a 0|89

1122357

21469

0138

67
0135

N

222379

21

204=24 22

23
24

11
12

13

X A stem-and- N
leaf plot splits each
value into a stem (the
first digit/s) and a
0013 leaf (usually the last
digit). For example,
23455 225 is 225.

4555589
68

0034

000017
1223459
1122468

007 13|7=137

8 For the data in the following dot plots, identify:

i the mean il the mode iii the median
a ) b . .

M —

1 2 3 4 34 5 6 7 8

Number of goals Number of strokes

c : . d ° ° °

T T T T T T I T I T

01 2 3 4 0O 1 2 3 4

Number of pets Number of musical instruments

ISBN 978-1-108-45977-8

© Capps et al. 2019

Cambridge University Press

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



248 | Chapter 6 Summarising and interpreting data

6B Investigating the suitability of measures of central
tendency compLEX

LEARNING GOALS

= Jnvestigate the suitability of measures of central tendency in various real-
world contexts

= [nvestigate real-world examples from the media illustrating inappropriate uses
of measures of central tendency

Why is it essential to be able to determine the suitability of the
measures of central tendency? g / ,

Deciding which measure of central
tendency to use in real-world contexts
is important when trying to understand
the distribution of a dataset. Measures
of central tendency are the most typical
representation of the collected data and
have their own purposes.

Deciding which measure of central tendency to use can
be important when interpreting datasets.

WHAT YOU NEED TO KNOW

= The mode reveals the most frequent value in the dataset.
* Advantages of using the mode:
o Simple to understand (the value that occurs most often).
O Not affected by extreme values (outliers).
* Disadvantages of using the mode:
O Not based on all the values in a dataset.
o Sometimes the data has more than one mode, and sometimes there is no
mode at all.
® The mean is the average of the dataset.
* Advantages of using the mean:
o All the data is taken into account.
O Easy to understand (the value you would have if all the data points were
equal) and calculate.
* Disadvantages of using the mean:
O Outliers (extreme values) can distort the results.
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o If the data is in the form of percentages or ratios, it could be challenging
to calculate the mean.
® The median is the middle value of a dataset, when the dataset is sorted in order
from the smallest value to the largest value.
* Advantages of using the median:
O Simple to understand (the data point in the middle, with an equal number
of greater and lesser values) and easy to calculate.
O Not affected by outliers.
* Disadvantages of using the median:
O The median is based only on the middle value of an ordered dataset and
does not include values from the other data points at all.
O Need to remember that if there is an even number of data points to take
the average of the middle two.
* For example: For the dataset 1, 2, 1, 2, 20 (outlier):

The mean including the outlier The mean not including the outlier

1+2+15+2+20=5.2 1+2+1+2 _ 45
4
The mean with the outlier is 5.2. The mean without the outlier is 1.5.

An outlier does not affect the median so much:

The median including the outlier: The median not including the outlier:

11Q)220 1(22
The median with the outlier is 2. The median without the outlier is 1.5.
® The misuse of measures of central tendency may arise from the

following issues:

* The mean may be misleading when there are outliers or extreme values.

* The median does not consider the exact value of each observation and is
capable of misleading when all information is required.

* The mode should not be used if the data is continuous, such as the heights
of people in a basketball team, as it is not likely to have any one value that
is more frequent than any other, or if the most frequent value is far away
from the rest of the data.

= To sum up, measures of central tendency can be very useful for understanding a
dataset, but each measure has the potential to give a misleading representation
of the data if used in the wrong context. That’s why it is important to consider
the characteristics of the data before choosing an appropriate measure.

¢ Is the data continuous? If so, be wary of using the mode.

* Does the data have extremely large or small values compared to the rest of
the data? If so, be wary of using the mean.

 Is it possible to logically order the data? If not, don’t use the median.
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Example 4

Henry’s goal is to achieve 50% correct on his weekly maths test across 10 weeks.

He has recorded his grades out of 20 questions for the past 8 weeks. He has two

weeks to go.
4,6,9,11,8,10,12,6

a Calculate the mean grade.
b Identify the median grade.
¢ Determine the mode grade.
d

Which is a better measure to assist with Henry’s preparation to reach his goal?

Give a reason.

WORKING

a ¥= 4+6+9+11-;8+10+12+6 I

x =825
The mean of grades is 8.25.

b 4,6,6,8)9 10, 11,12 <

The number of scoresis 8. Son =8 <

The median score will be % = % =4.5th
score

The median will lie between the 4th and
Sth scores.

The 4th score = 8

The Sth score =9
Median = (8 +9)+2 =

=85

The median for the grades is 8.5. <

¢ The mode for the grade is 6. <

ISBN 978-1-108-45977-8 © Capps et al. 2019

THINKING

sum of all data values
number of data values

Mean=Xx =

Add all the values and divide by
the number of values (with this
dataset, 8).

The data must first be ordered
from smallest to largest. The
median is the middle value.
Determine the number of scores.
This is an even number of scores,
so we need to average the middle
two scores.

Add the scores and divide by 2.

Communicate your answer in a
sentence.

The mode is the most common
value.
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WORKING THINKING

o The better measure would be mean, = Consider the pros and cons of
as it is the average score of all grades. each measure of tendency and
The median score does not take into determine the purpose of the real-
account all grades recorded. The mode world central measure.

has nothing to do with how well the other
grades have contributed to his results.

mﬁ Worksheet 6A Investigating a real-world example from the media illustrating
g inappropriate uses of measures of central tendency: see the Interactive Textbook for
this activity

Exercise 6B

FUNDAMENTALS

example 4 1 Describe the advantages and disadvantages of each measure of central tendency.

Measure of central Advantages Disadvantages
tendency

Mean
Median
Mode

APPLICATIONS
SF:- | CF:2-6

2 Verity is a shoe designer and
she is preparing for a new pop- bt
up shop. Verity has recorded the
size of shoes purchased over the
past week.
12,7,7,7,7,8,6,7,7, 10, 10, 5,
9,9,10,9, 11
a Calculate the mean shoe size.

b Identify the median shoe size.

¢ Determine the mode shoe size.

X Mean is average; median

d Which is a better measure to assist with is the middle; mode is the most
Verity’s preparation? Give a reason. frequent.
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3 Noabh is trying to improve his test scores and has been

X Give examples
recording his results out of 40 questions in preparation from your findings in
for passing the term. your reasons.

26, 13,8, 2, 30, 17

Calculate the mean result.

Identify the median result.

Determine the mode result.

Clarify which measure would best assist Noah with his preparation to improve
his test scores. Give a reason.

o 0 T o

The following back-to-back stem-and-leaf plot displays the homework results over
the term of two students.
a For each student, identify:
i the mean ii the mode ili the median
b Compare the performance of the two students

T Include examples
of central tendency in
your comparison.

using the measures of central tendency.

Homework scores (%)

Jamie Scarlett
85| 6 |7
64| 7 |55
552 8 |899
715=75%| 865 9 [5559
5 Mitchell is a town planner and he needed to determine YD Think of a way )

the number of children in families from two high you could do this
schools. He chose 300 students from the two local high without writing out

schools and asked how many siblings each student had. ol lulee

Determine the median number of siblings for all the students surveyed.

Number of siblings Town High School Rangeville High School
0 118 142
1 82 108
2 59 31
3 31 9
4 10 10
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6 Ben and his father were trying to Friend Monthly pocket money $
work out a fair way to determine
how much per month Ben ! 50
should have for pocket money. 2 50
Ben surveyed 13 of his friends 3 40
(one being the daughter of an 4 70
extremely w§a1thy family) and S T
wrote out a list of how much
pocket money they received each 6 140
month. 7 120
Ben’s father says he should go by 8 S0
the median, Ben’s younger sister 9 100
says he should go by the mode, 10 50
Ben éays the mean is the fairest 11 75
solution.
a Calculate the mean. 12 110
Identify the median. 13 50

b
¢ Determine the mode.
d

Why do you think each person suggested their particular measure of central
tendency? Give a reason to which is the fairest in this situation.
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*7 Kenzi, a maths teacher, needs to choose who to give the maths award to in her
class. She records all the results for her top three students.

Student A 33 45 23 24 47 48 46 25 45

Student B 30 43 20 26 50 50 49 30 47

Student C 30 42 20 23 48 50 48 32 43

Determine which student should win the maths award. Justify your answer, using
the mean median and modes for the students and explaining which of these is the

fairest for her class.
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6C | Determining quartiles, deciles and percentiles compLEx

LEARNING GOALS

Calculate quartiles from a dataset
Interpret quartiles from a graph
Interpret deciles from a graph
Interpret percentiles from a graph

Why is understanding quartiles, deciles and percentiles essential?

The mean and median both describe the ‘centre’ of a distribution; however, there are
other parts of the distribution that could be of more interest. To identify these, data
can be divided into smaller equal parts, such as quartiles, deciles and percentiles.

These can be used to break down the data and describe the information contained in
the data more clearly.

When data is put into specific parts, such as quartiles, deciles and percentiles, the information begins to make more
sense and you can see the overall ‘picture’ more clearly.
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WHAT YOU NEED TO KNOW

= Parts or groups in an ordered dataset are divided by values that collectively
are known as quantiles. (‘Ordered’ means the dataset is sorted in order from
the smallest value to the largest value.) Quantiles are not groups; they are the
boundaries between the groups.

* Quantiles that divide ordered data into four equal parts are called quartiles
(like ‘quarters’). There are three quartiles, Q,, Q,, Q,, shown on the diagram
on the next page.

* Quantiles that divide ordered data into 10 equal parts are called deciles
(think of ‘decimal’, which relates to tenths). There are nine deciles, as shown
on the diagram on the next page. (They can be called D , D,, D, etc.)

* Quantiles that divide ordered data into 100 equal parts are called
percentiles (think of ‘percentage’, which relate to hundredths). There are 99
percentiles, as shown on the diagram below. (They can be called P, P,, P,
etc.)

® Quartiles, deciles and percentiles can be compared and converted with this
diagram. The first quartile lies between the 2nd and 3rd decile, and it is the
same as the 25th percentile. The first decile is the same as the 10th percentile,

and so on.
Q Q Q3
v v v
Quartiles 0 Ist 2nd 3rd 4th
| | | J
Deciles 1st 2nd 3rd 4th S:th 6th 7th 8th 9th  10th

— O

I
Percentiles 10th  20th , 30th  40th Sch 60th  70th , 80th 90th 100th

25% 50% 75%
Lower quartile Median Upper quartile

® There are the same number of data points between the quartiles. So, from
0 to Q, there are the same number of data points as there are between Q, and
Q,, and so on. Remember that quantiles divide the number of data points (not
their values) into equal groups. The same principles apply to the deciles and
percentiles: there is an equal number of data points between each one.

* Q, is the median of the whole dataset, the data point that splits the ordered
data into two equally sized groups. It is the same as the 5th decile and the 50th
percentile. Then Q, is the median of the upper half of the data, and Q, is the
median of the lower half of the data. Q, is also called the lower quartile, and
Q, is also called the upper quartile. Q, is the same as the 25th percentile, and
Q, is the same as the 75th percentile.

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



6C Determining quartiles, deciles and percentiles | 257

= Cumulative frequency graphs are often used with quartiles, deciles, and
percentiles. Cumulative frequency is the running total of the frequency
distribution of the dataset, which is shown in a frequency table. The
frequency table for a dataset of scores of 1 to 6 is shown below left. (These
scores could be any kind of data, such as throws of a single die in a board
game). Next to the frequency table is a table showing how we could add up
the running totals of the frequencies in a cumulative frequency column.

Score | Frequency Cumulative frequency | Cumulative frequency %
1 3 3 =3/24 x100 = 12.5%

2 2 342=5 20.8%

3 5 5+5=10 41.7%

4 8 10+8 = 75.0%

5 4 +4= 91.7%

6 2 +2 =24 100.0%
Total 24 Total 100%

* The cumulative frequencies could also be calculated as a cumulative
frequency percentage of the final total (which is 24 in this case). This is
shown in the fourth column.

* The frequency table shows that the dataset contains 24 data points (the total of
the frequencies, and the last value of the cumulative frequency). As this is an even
number, the median is the average of the two middle values: the 12th and 13th.

= Graphs of cumulative frequency and cumulative frequency percentage:

* The cumulative frequency graph is represented by the cumulative frequency
on the vertical axis and scores on the horizontal axis (shown in graph on left).

* If you plot the cumulative frequency percentage against the score, you get the
same graph but now the vertical axis is in percentages (shown in graph on right).

Cumulative frequency graph Cumulative frequency percentage graph

> 25 e 100
2 ~. 90
g 20 2 80
g g 70
& 15 g 60
D) <= 50
2 10 2 40
& = 30
= 5 20
g 9 E 0
=) =)

O 0 O 0

1 2 3 4 5 6 1 2 3 4 5 6
Score Score
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= A very useful characteristic of a cumulative frequency graph is that the
quartiles can be easily marked on both axes, as shown below.

> 25 < 100

g <. 90

S 20 2 80

g 2 70

& 15 g 60

) <50

2 10 2 40

= g 30

: - 3

= =

O 0 O 0

1 2 3 4 5 6 1 2 3 4 5 6
Score Score

Cumulative frequency graph Cumulative frequency percentage
For the cumulative frequency graph, graph
the maximum value is 24. On the It is even easier to mark Q,, Q, and
vertical axis, Q, is a quarter of Q, on the cumulative frequency

the maximum value (6), Q, is half the ~ percentage graph. On the vertical axis,
maximum value (12) and Q, is three- Q, is at 25% on the vertical axis, Q, is
quarters the maximum value (18). at 50% and Q, is at 75%.

e Vertical lines can now be drawn from the intersection of each quartile with
the graph down to the horizontal axis for the scores. This gives the Q,, Q,
and Q3 of the scores, 1.e. Q, =2, Q, =3, Q; =4 on both graphs.

* The same method can be applied to finding deciles and percentiles of
the scores.

= Interpretation of quartiles, deciles and percentiles mainly involves determining
where a particular value lies in relation to them, and the percentage of scores
that are above or below a particular quartile, decile or percentile. For example:

* 75% of scores are above Q, and 25% are below it.

* 40% of scores are above the sixth decile and 60% are below it.

* 70% of scores are above the thirtieth percentile and 30% are below it.

= Further interpretation depends on the subject of the data, and whether higher
or lower scores are ‘better’. For example, if the subject is marks in a test, it is
better to be in the 80th percentile than the 20th, but if the data is the amount
of time it takes to download 1 gigabyte, it is better to be in the 20th percentile
than the 80th.
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Example 5

Consider this dataset.

9,10,7,7,8,6, 12,28, 6
a Identify the median (2nd quartile: Q,).
b Determine the lower quartile (1st quartile: Q,).
¢ Determine the upper quartile (3rd quartile: Q,).
d Interpret what the quartiles mean in relation to the fraction and percentage of
scores that lie above and below each one.
WORKING THINKING
a 6,6,7,7,8 9,10, 12, 28
The number of scores is 9. < The data must first be ordered from
The middle value is the 5th, which smallest to largest.
is 8.
The median (Q,) is 8. D The median is the middle value.
b (6, 7,)8,9,10,12,28 <« The lower quartile is the middle number
Average of 6and 7 = of the lower half of the data.
647 _ ¢ 5 Place brackets around the lower half
2 of the dataset, excluding the median,
and identify its middle data point or
points (ringed).
There is an even number of scores, so
the middle value is the average of the
two middle scores (ringed).
The lower quartile Q, is 6.5. < This score is Q,.
c 6,6,7,7,8, (9, )/ 3)) PR —— The upper quartile is the middle number
Average of 10 and 12 = of the upper half.
Place brackets around the upper half
10+12 =11 of the dataset, excluding the median,
and identify its middle data point or
points (ringed).
There is an even number of scores, so
the middle value is the average of the
two middle scores (ringed).
The upper quartile Q,is 11. < This score is Q,.
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WORKING

d A quarter or 25% of the data has a«---
value that is less than or equal to
6.5, and three-quarters or 75% of
the data has a value that is more
than or equal to 6.5.

Half or 50% of the data has a
value that is less than or equal to 8,
and half or 50% of the data has a
value that is more than or equal to 8.

S .

Three-quarters or 75% of the data -
has a value that is less than or equal
to 11, and a quarter or 25% of the
data has a value that is more than or
equal to 11.

Example 6

THINKING

One quarter is 25%, a half is 50%,
three-quarters is 75%.

25% of the data has a value that is less
than or equal to Q,, and 75% of the
data has a value that is more than or
equal to Q,.

50% of the data has a value that is less
than or equal to Q,, and 50% of the
data has a value that is more than or
equal to Q,.

75% of the data has a value that is less
than or equal to Q3, and 25% of the
data has a value that is more than or
equal to Q,.

The graph below shows the cumulative frequency of test scores (out of ten) in a

class’s test results. Determine the lower quartile Q,, median Q, and upper quartile

Q, of the test scores.

Test scores cumulative frequency

35
§30
5 25 el
£ 20 /
215 /
E /
= 10
E 5 /
Q /
O T T 1T T T T 1 7
0123456718 910
Score
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WORKING THINKING

The cumulative frequency total is 29. <. Write down the cumulative
frequency total.

Ql =725 oo QI (Ol'le quarter of the total)

Q3 = 2175 Q] (three quarters of the total)

Test scores cumulative frequency ~ Draw horizontal lines at 7.25,

. 35 14.5, and 21.75 on the cumulative
9 30 fi i d label th
2 requency axis and label them Q ,
O
3, 25 o Q,and Q..
L Qs ’ °. .
= 20 9 / Draw vertical lines from where these
-% 15 2 horizontal lines meet the graph to the
= 10 horizontal axis.
§ 5 Q
0 / T T T T T T T
0123456728910
Score
Q, score = 4 . REAd Off the values of the vertical

lines Q,, Q, and Q, on the horizontal

Q, score = 6
axis and round to the nearest whole

Q, score =7
number.

The lower quartile of the test scores is 4. < Communicate your answers in
The median of the test scores is 6 sentences.
The upper quartile of the test scores is 7.
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and B (55 g).
. . O T T T T T T T T T T v T v T v 1
a Determine the deciles of mass between 0 10 20 30 40 50 60 70 80
which these two specimens lie. Mass (2)
b Interpret what this means in terms of
the proportion of the population that are lighter or heavier than the two new
specimens.
WORKING THINKING
a Mass of antechinus < Mark the position on the graph for
> 6000, - A (30 g) and B (55 g).
=
5 5000 4
g 4000
8= / B
0 3000 /
§ 2000 Vi
=
g 1000 .
O 0 ] T T T T T T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80
Mass (g)
Maximum cumulative frequency - Read the maximum cumulative
is 5300. frequency on the graph.
Position of A on vertical axis is 1250. < Determine the position of A on the
1250 + 5300 = 0.24 vertical axis.
A lies between the 2-3 deciles. <« Decide between what deciles A lies.
Position of B on the vertical axis <o Determine the position of B on the
is 4000. vertical axis.
4000 + 5300 = 0.75
B lies between the 7-8 deciles. <o Decide between what deciles B lies.
ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
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The cumulative frequency graph shows Mass of antechinus

the results of a survey of the mass 6000,
of marsupial mice (antechinus) in a
population.

Two more antechinus specimens have
been weighed, with mass of (A) 30 g

5000

4000 - e
1 ////’

2000

1000: ////

Cumulative frequency
(O8]
S
S
S
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WORKING THINKING

So we should mark D, D,,D, and D, < Calculate the values for D,, D,, D,
D, =2/10 x 5300 = 1060 and D, on the vertical axis.

D, =3/10 x 5300 = 1590

D, =7/10 x 5300 = 3710

D, =8/10 x 5300 = 4240

Mass of antechinus .
6000 Draw the position of D,,D,,D, and

5000 7 D, as horizontal lines against the
4000 o vertical axis.

5
/
2000 /
1000 ————=2~

Cumulative frequency
(O8]
S
S
<)

0 10 20 30 40 50 60 70 80
Mass (g)
Mass of antechinus

6000 Where the horizontal lines meet the
> 1 5 o
2 5000 —_ graph, draw vertical lines down to
?-; 4000 - the horizontal axis, and label as D,,
2 ]
2 3000 7 / D3, D7 and DB.
‘—; 2000
§ 1000 5

D2 D3 D7 DS

O — T T T T T T —T T
0 10 20 30 40 50 60 70 80
Mass (g)
Specimen A lies between the second < Communicate your solution in
and third deciles, and specimen B lies words.
between the seventh and eighth deciles.

b Specimen A is heavier than two- < Two-tenths of the data lies below the
tenths of the population and is lighter second decile, and seven-tenths lies
than seven-tenths of the population. above the third decile (10 -3 =7).

Specimen B is heavier than seven-tenths  Data lower than a decile are lighter
of the population and is lighter than two- and data above a decile are heavier.
tenths of the population.
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ISBN 978-1-108-45977-8

Example 8

The cumulative frequency graph below

shows the results of scores in a test.
Student A had a score of 44 and Student
B had a score of 80.

a

Determine which percentiles of the
scores between which these two
scores lie.

Interpret what this means in terms of
the percentage of the students who
did better or worse on the test than
students A and B.

WORKING

Test scores
5000

Cumulative frequency

4500

4000

W W
oS W
(=]
oS O

2500 /

/IA
2000 ,

1500 /
/

Cumulative frequency

1000
500 /

/

Score

is 4250.

A is about 2350 on the vertical axis. <

B is about 4000 on the vertical axis.

A _ wxloo% = 55.3% O

4250

— 4000 —
B= 1250 % 100% = 94.1%

0 10 20 30 40 50 60 70 80 90 100

© Capps et al. 2019

Test scores
5000

4500
4000
3500

3000 /
2500 /
2000 /

1500 /
/

1000
500 /
0 10 20 30 40 50 60 70 80 90 100
Score
THINKING

Mark the position on the graph for A
at a score of 44.

Draw a vertical line from A to the
horizontal axis.

Draw a horizontal line from A to the
vertical axis.

Mark the position on the graph for B
at a score of 80.

Draw a vertical line from B to the
horizontal axis.

Draw a horizontal line from B to the
vertical axis.

Read the maximum cumulative
frequency on the graph.

Read the position of A and B on the
vertical axis.

Calculate the vertical axis reading of
A as a percentage of the maximum
cumulative frequency.

Calculate the vertical axis reading of
B as a percentage of the maximum
cumulative frequency.
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WORKING THINKING

Student A’s score of 44 lies between ---- Percentiles are equivalent to

the 55th and 56th percentiles. percentage points, so 55% is the

Student B’s score of 80 lies between the  55th percentile. 55.3% lies between

94th and 95th percentiles. 55th and 56th percentiles, and 94.1%
lies between the 94th and 95th
percentiles.

Student A scored better than ... 55% of scores lie below the 55th

55% of students and worse than percentile and 44% of scores

44% of students. lie above the 56th percentile

Student B scored better than 94% of (100 — 56 = 44).

students and worse than 5% of students.  Scores lower than a percentile are
worse and scores above a percentile
are better.

FUNDAMENTALS

1 Determine the missing words in the following sentences.

a Datasets can be divided into parts or groups by values that collectively are
known as .

b Cumulative frequency is the of the frequency
distribution of the dataset.

C Quartilesare _ values that split the datainto___ equally sized
groups.

d Aquartileisa___ nota group of numbers.

e Deciles of a distribution arethe _ values that split the data into

equally sized groups.

f Percentiles of a distribution arethe ___ values that split the dataset into

a__ equal parts.
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2 Copy and complete this table to show cumulative frequency, cumulative frequency
percentage and the totals.

Score Frequency Cumulative Cumulative
frequency frequency %
1 1
2 6
3 25
4 19
5 31
6 12
Total

3 Draw a graph of cumulative frequency against score for the data in question 2.

4  On the graph in question 3, draw horizontal and vertical lines to show Q , Q, and
Q,, and determine the approximate value of the score for each of them.

APPLICATIONS

I s

eample 5 9 The dataset below is the number of matches won by YD Determine the
teams in a league. median, and then the
12,10,2,4,6,7,.6,9.9,8,5 medians for the upper and

. . . lower halves of the data.
a Identify the median (2nd Quartile > Q,).

b Determine the lower quartile (1st Quartile > Q,).

¢ Determine the upper quartile (3rd Quartile > Q,).

d Interpret what the quartiles mean in relation to the fraction of matches won that
lie above and below each one.
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Caroline is a trampoline park operator.
She has recorded the ages of the visitors
to the park to plan new equipment for

the following year. Caroline has made a
cumulative frequency graph of the results.

Age of visitors to trampoline park
800

—

(S e N
[l
oS O

N

(O8]

=

S
\

Cumulative frequency
N
S
=)

200

100 ~

10 11 12 13 14 15 16 17 18 19 20
Age in years

a Determine the median of the ages
(2nd Quartile > Q,).

b Determine the lower quartile of the ages (1st Quartile > Q,).

¢ Determine the upper quartile of the ages (3rd Quartile —> Q,).

This cumulative frequency graph shows the scores of students sitting a science test.

Test scores
1000

900

= @
o O
o O

D
=]
=)

~

(e}

(e}
\

Cumulative frequency
W
S
S
™~

Scores
Andrew scored 4% and Brad scored 9.

a Determine the deciles of the scores between which these students’ scores lie.
b Interpret what this means in terms of the proportion of the students that did
better or worse than Andrew and Brad.
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Example 8 8

Cumulative frequency

*9

*10

*11

The mass of individual brolgas arriving at a site in North Queensland has been
recorded and the results are shown in the cumulative frequency graph. Two new
brolgas visit, brolga A weighs 4.2 kg and brolga B weighs 7.5 kg.
Mass of individual brolgas
6000
5000 /’
4000
3000 //
2000 /
1000 /

0 1.0 20 3.0 40 5.0 6.0 7.0 8.0 9.010.0 = ~ -
Mass (kg) == = —_—

a Determine the percentiles of the masses between which the masses of A and
B lie.

b Interpret what this means in terms of the percentage of the brolgas that are
heavier or lighter than A and B.

Using the quartile information from the trampoline park graph in question 6.

a 75% of the visitors are younger than Virat. Determine his age.

b Zara is younger than three-quarters of the visitors to the trampoline park.
Determine how old she is.

¢ What percentage of the visitors to the park are between the ages of Zara
and Virat?

When receiving results for an exam, is it better to receive results with a high or
low percentile? Explain your answer.

Troy is currently in his
doctor’s waiting rooms.

He has been there for 32
minutes, which is the 85th
percentile of waiting times.
Is this good or bad? Explain
your answer.
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*12 Katrina and Elliot are looking at purchasing a house. Their real estate agent has
told them that the most expensive house they can afford is in the 25th percentile.
Their research has shown that the 25th percentile of houses in the area that they’re
looking at is currently $350000. Does that mean they can afford 25% of the
houses in their area or 75% of the houses?
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- Describing the spread of data compLex

LEARNING GOAL

= Use everyday language to describe the spread of the data, including spread out,
dispersed, tightly packed, clusters, gaps, more/less dense regions and outliers.

Why is essential to be able to use everyday language to describe
spread in data?

One very useful way to describe the graphs of datasets is talk about the spread of the
data. The spread describes the relationship with measures of central tendency, and
explains how the data is distributed. We can use the language of spread to describe
how well the mean, for example, represents the data. Being able to describe the spread
of data also allows us to compare and contrast sets of related data to each other.

il

Datasets are easier to understand when you are able to identify and describe the spread.

WHAT YOU NEED TO KNOW

= Data needs to be displayed to show spread. A good kind of graph to show
spread is a histogram or a column graph.

= Two distributions differ in spread if the values of the data in one distribution are
more spread out or dispersed than the values of the data in the other distribution.
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Histogram B

40

60 0 20 40 60

Words describing a distribution that  Words describing a distribution that

is not spread out

is spread out

not spread out spread out

tightly packed loosely packed
clustered dispersed

more dense less dense
narrowly (or tightly) distributed widely distributed
narrowly dispersed widely dispersed

The spread also describes how a dataset is distributed around the mean

or median. The location of the median can be estimated, and when the data
is displayed using histograms, the total area of the columns either side of
the median will be equal. Looking at the histograms above, we would say
‘Histogram A shows data that is tightly packed around the median, whereas
histogram B shows data that is loosely packed around the median’.

A cluster is produced when several data points lie in a group.

= A gap is a section that contains no data.

in the set.

cluster

An outlier has a value that is much greater than or much less than other data

gap outlier

e N

0 1

2

3

L
5 6 7 8 9 10 11 12

= A large dataset may have a distribution that is mixed, with some parts or
regions being tightly packed or clustered and other parts being loosely packed.
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Example 9

An organic store is conducting research into the shelf life of a variety of berries.

Shelf time for a variety of berries

!
0O 1 2 3 4 5

| | | |
7 8 9 10 11 12 13

Expand on each description below in as much detail as you can.

a The distribution has an outlier.
b The distribution has gaps.
¢ The distribution has clusters.

WORKING

a The distribution has an outlier <

at day 13, which is much greater
than the other observations.

b There are two gaps in the dot <

plot, between 3 and 6, as well as
between 8 and 13.

THINKING

Does the distribution have an outlier?
Is there a data point situated away from
the other data points?

Does the distribution have a gap? Is there
a section that contains no data?

¢ The distribution has clusters < Is there a cluster of points?
between 1 to 3 days and 6 to
8 days.
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Example 10

A coach is recording how many players are attending football practice.

Player attendance for football practice

X = mean
(I) L 1I0 L 2I() L 3I()

Number of players
Describe the distribution, making use of the terms below where possible.
* spread out * more/less dense regions
* tightly packed ° clusters
* loosely packed ° gap
e dispersed * outliers.
WORKING THINKING
The data is tightly packed around <. Go through each term and see if they
the mean. correspond to the distribution.
The dot plot has a small dispersion. Where possible include examples from
There are two clusters. One between the dataset.
18 and 20, and the other between
24 and 30.

The data has two gaps, one between
14 and 18, the other between 20 and 24.
14 could be considered an outlier.
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FUNDAMENTALS
1 Determine the missing words in the following sentences.
a Dataneedstobe __ to show the spread.
b The spread is used to describe the ___ between datasets.
¢ The best kinds of graphs to show spread is a or a graph.
d The spread can be described by how it is distributed around the
e A__ isproduced when several data points lie in a group.
f A___ isasection that contains no data.

APPLICATIONS
SF: - CF: 2-6 CU: -

example9 . 2 Rain has just opened her new bakery and has recorded the number of customers
who purchased cakes from her shop.

Number of customers at Rain's Bakery
50

B
o

Number of days
3} w
S S

—
o
!

0-
Q\q 5 (.>°) (\°) X \0) (\.Jo) \50) A \o)o)
YRS QQQ,Q » & &

Number of customers
Expand on each description below in as much detail as you can.
a The distribution has an outlier.

b The distribution has a gap.
¢ The data is tightly packed around the mean.
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example 10, 3 A teacher is recording her students’ Student maths results out of 20
. 16
test scores (out of 20). Describe the i
distribution, making use of the terms below 2 |,
where possible. S 10
* spread out %’ 2
* widely scattered g .
e dispersed Z 5
 tightly packed 0
T BRAN BN I S SR
TV X O T A e o
e clusters v RIS
* gaps Score
* more/less dense regions
e outliers. YD A gap is a section
that contains no data.

*4  An apiarist was doing some research on his honey farm. He counted how many
bees were seen in January and February and compiled the data in a stem-and-leaf
plot. Describe and compare the spread for both months.

Bees seen in a day

Jan Feb 17/3=173
1100| 10 |01
11 |01

53321000 | 12 | 0134
988732000 | 13 [1789
986542110 | 14 |1233

Y A stem-and-leaf plot is like a column

15 graph turned on its side. This is a back-
to-back stem-and-leaf plot, so it’s like a
16 | 135556 double column graph, with one dataset on
9| 17 1022334 the left and one on the right.
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*5 Two graphs were used in research. Describe and compare the spread for

both graphs.
Graph A Graph B
100 - 100
80 - 80 |
60 | 60 -
40 40
20 20 -
0 0 T T T T T
-2.25-0.750.75 2.25 3.75 5.25 6.75 -2.25-0.750.75 2.25 3.75 5.25 6.75

*6 A teacher uses dot plots to display how her students are progressing after each
semester. Describe and compare the spread for both semesters.

Semester 1
L]
L] L] L]
L] L] L] L] L]
L] L] L] L] L] L] L]

T T T T T T T T T T
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100

Semester 2
L]
L] L]
L] L] L]
L] L] L] L]
L] L] L] L] L] L]

T T T T T T T T T T
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100

=7
S
0
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6E | Calculating and interpreting measures of spread and
outliers compPLEX

LEARNING GOALS

® Calculate and interpret statistical measures of spread using the range

= Calculate and interpret statistical measures of spread using interquartile range

® Calculate and interpret statistical measures of spread using standard deviation

= Jnvestigate real-world examples from the media illustrating inappropriate uses of
measures of spread

= [dentify an outlier using a formula

= Jnvestigate the effect of outliers on the mean

= Investigate the effect of outliers on the median

Why is it essential to understand how to calculate and interpret
statistical measures of spread and outliers?

Being able to describe the spread using everyday language goes some way to
understanding a data distribution, but the next step towards working mathematically is
to measure the spread. When the spread of values in a dataset is large, then the mean

is not as effective a representation of the data as when the spread of data is small.
Understanding how to calculate and interpret the spread using range, interquartile range
and standard deviation allows us to analyse data with a greater degree of precision.

The same goes for outliers. Intuitively, an outlier is a score or observation that lies
beyond the ‘obvious edge’ of a dataset but in this section we will learn to determine
outliers (and whether there are any in the first place) using a precise formula.
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WHAT YOU NEED TO KNOW

= The range, interquartile range and standard deviation are useful measures of
spread to compare datasets.
® The simplest measurement of spread is the range.

* The range represents the limits of a dataset and only gives basic detail about
the spread.

* It explains how wide or narrow the spread is, especially when compared to
another dataset.

* The range is found by subtracting the minimum value in a dataset from the
maximum value.

* The range can be distorted by extreme values (outliers), which are values
that are very large or very small compared to the rest of the dataset.

® The interquartile range (IQR) is the range of the central half of the data,
either side of the median. It is calculated by subtracting the lower quartile

(Q,) from the upper quartile (Q,): IQR =Q, — Q,.

e If the IQR is small compared to the range, the dataset likely contains
outliers. In such cases the IQR is often a better measure of spread as it
excludes outliers.

 If the IQR is half or more of the value of the range, the data is likely to be
evenly spread or tightly packed.

* There may be good reasons for examining only the data within the IQR. For
example, if you are studying how to improve the shelf life of pawpaws and
customers do not want fruit that is too small or too large, you include only
pawpaws from the IQR for size in the results of your study.

Pawpaw size

\ Range J
) 1
k= IQR <
= =
T T T T T T T T T T T T T T T T T T T T T T T T T
1 2 Q,Q, Q; 3
Mass (kg)
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The most important purpose of standard deviation from the mean is to

understand how spread out a data set is. It is a measure of the average distance

of data away from the mean.

* A low standard deviation means that most of the numbers are tightly packed
around the mean.

* A high standard deviation means that the numbers are spread out from the mean.

The variability of a dataset is the amount by which data points differ from

the mean and from each other, similar to the spread, and which can also be

measured by the range, IQR and standard deviation.

As we have learned previously, an outlier is an observation that appears to be

inconsistent with the remainder of that set of data.

Outliers can be determined mathematically using the following formula:

A data point is an outlier if it is either:
less than (Q, —1.5 % IQR) or
greater than (Q, + 1.5 X IQR).

* The mean can be affected by outliers; therefore, it should not be used when
outliers are present.

* An outlier may be due to an inconsistency in the measurement or it may
indicate experimental error. They are therefore sometimes removed from the
dataset, but this needs to be justified.

* The mean is usually affected more by the outlier than the median, especially
for small datasets.

Misuse of measures of spread may arise in the following cases.

* Standard deviation may be misleading when there are extremes in the data
(extremely high or low values) as the average is skewed.

* The range may be misleading to measure spread when there are outliers or
extreme values.

-, ‘\\\\\\‘}“w \
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Example 11

Kari has measured some of today’s temperature.

Temperature
30

[ —_ [\ N
= 9] (e) (91
| | | |

Temperature (°C)

9]
|

€]

Time

T T T T T T T T T
Ipm 2pm 3pm 4pm 5pm

a Identify the maximum and minimum temperatures recorded in the dataset.

b Calculate the range.
¢ Interpret the range of the dataset.

WORKING

a The maximum temperature is <.
25°C. The minimum temperature
is 16°C.

b 25°-16°=9° <
The range of the data is 9°C.

¢ The range of the data represents <~
the limits of the dataset. Given the
data was collected for four hours
during the afternoon, it may not give
an accurate measure of spread of the
day’s temperature range. However
it might be useful if compared with
measurements taken during the
same part of the day across several
days, weeks or months.

THINKING

Identify the maximum (the highest) and
minimum (the lowest) temperatures.

Range = Highest value — Lowest value

Refer to the definition of range.
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Example 12

The test results of ten students are 5, 7, 10, 5, 6,7, 9,4, 6, 9.

a Arrange the data in order from the smallest value to the largest value.
b Identify the median (Q,), lower quartile (Q,) and upper quartile (Q,).
¢ Calculate the interquartile range.

d Interpret the interquartile range.

WORKING THINKING
a 455667799 10 <« Put values in order from lowest to highest.
b 4556 799 10 = To determine the median of a distribution:
Q, = 6+T7 e The number of scores is 10, so n = 10.
e The median score will be
Q, = % ]02+1 = % = 5.5th score.
Q,=65 ¢ The median will lie between the 5th and

6th scores.

“4 5 @ 66)779910 The lower quartile is the middle number of
the lower half. Place brackets around the

lower half of the dataset.

Q1:5<
45566 (770909 10

Identify the median of the lower half.

The upper quartile is the middle number of
the upper half. Place brackets around the
upper half of the dataset.

Q=9 « Identify the median of the upper half.

¢ IQR=Q;-Q, =« The interquartile range is the difference
IQR=9-5 between Q, and Q.
IQrR=4

d The IQR is the range of the <« Refer to the definition and usefulness of
central half of the data. the
value of 4 compared to the

interquartile range.

range of 6 indicates that there
are no outliers in the data
and it is fairly evenly spread
across the range.
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Example 13

Note: In the assessment for this course you will not be asked to calculate standard
deviation without using technology. It is done here to help you learn what the
standard deviation is. It is suggested that you work through part a in order to see
what the technology does when it calculates standard deviation.

A dog breeder records the number of pups in each of their dogs’ litters (2, 4, 4, 4,
5,5,7,9).

a Calculate the standard deviation, without using technology.

b Interpret the standard deviation of the dataset.

WORKING THINKING

a Step one: The mean for the eight < Step one: Calculate the mean.
litters is
- _2+4+4+4+5+5+7+9
X = 8
x=5
Step two: = - Step two: Find the difference of
2-5=-3 5-5=0 each number from the mean.
4-5=-1 5-5=0
4-5=-1 7—-5=2
4-5=-1 9-5=4
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WORKING THINKING
Step three: Step three: Square the difference of
(-3)2=9 02=0 each number from the mean. This
(=12 =1 02 =0 makes all of them positive, so they
-12 =1 224 don’t cancel each other out.
-D* =1 4> =16

It also magnifies larger differences
and minimises smaller differences.

O+1+1+4140+40+4416 _ 4 Step four: Calculate the mean of the

8
squared differences.
V4 =2 Step five: Finally, calculate the
square root of the answer. This
The standard deviation from the mean counteracts the squaring from

for the litter of puppies is 2. step three and allows the standard

deviation to be expressed in the
original units.

The standard deviation is 2 from the Refer to the definition of standard
mean of 5. this indicates neither a very deviation.

narrow nor a very wide dispersion of

the data. The standard deviation would

be most useful for comparing to another

dataset.

-
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Chapter 6 Summarising and interpreting data

Example 14

Sally recorded the heights of her friends

in centimetres:

160, 171, 158, 167, 163

Calculate the mean, standard deviation,
range and IQR using a calculator.

The instructions given below are for a
Casio fx.

WORKING

The mean 1s 163.8. o

Standard deviation for the heights of
Sally’s friends is 4.71 from the mean.
Range = 171-158
=13
IQR =169 -159
=10

THINKING

Clear any data already in the calculator.
Press Mode [setup] > > (1).

A table appears.

Type individual data values followed by the
= key to enter the data, then click AC[off].
For these statistics press these keys:

Mean, x: Shift > > > > enter
Standard deviation, SX: Shift > >

> > enter
Minimum value, minX: Shift > >

> > enter

Maximum value, maxX: Shift > >
> > enter

Median, med: Shift > > >

> enter

Quartile 1, QI: Shift > > >

> enter

Quartile 3, Q3: Shift > > >

> enter

For the range, subtract the minimum
value from the maximum value.
For the IQR, subtract Q3 from Q1.

Calculator activity 6E: Calculating statistical measures of spread with scientific

calculators.

Spreadsheet activity 6E: Calculating statistical measures of spread using a spreadsheet:
L_§' These technology activities are in the Interactive Textbook.
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Example 15

The following is a dataset representing the number of wedge-tail eagles spotted
each day on a property.

5,1,2,17,3,1,4,5,3,4,3
(Q, =2Q, =3Q, = 5IQR = 3)

a Determine whether any numbers are outliers using the given formula.

A data point is an outlier if it is either:
less than Q, —1.5 X IQR or
greater than Q, +1.5 X IQR

b Give a possible reason for the outlier.

¢ Calculate the mean:
I with the outlier
il without the outlier

d  Compare your answers to ¢ | and il and consider if the outlier should be
included or removed.

e Calculate the median:
I with the outlier
il without the outlier

f Compare your answers to € i and ii and consider if the outlier should be
included or removed.

WORKING THINKING
a Q-15xIQR=2-15%x3 < A data point is an outlier if it is either:
—2-45 e lessthan Q, —1.5xIQR or
- 95 » greater than Q, + 1.5 X IQR
Q, +15xIQR =5+1.5%3 There is no number in the dataset less
=54+45 than —2.5, but 17 is greater than 9.5.
=95

17 is an outlier.

b There may have been an D What possible reason could there be for
abundance of prey on the property this larger amount of wedge-tail eagles?
or a large dead animal.
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WORKING THINKING

B0 sylin (e euiilEer < Calculate the mean including 17.

S+1+2+174+3+1+4+5+3+4+3
11

The mean, with the outlier= 4.46

il without the outlier < Calculate the mean, removing 17 from

S+1+2+3+1+4+5+3+4+3 the dataset.

10

The mean, without the outlier = 3.1

0 446-3.1=1.36 « Compare the answers with/without the
With the difference between the two  outlier and determine whether the data
means being larger than some of the s affected.
actual observations, it is reasonable
to determine that the outlier greatly
affects the data and should be
removed.

e | with the outlier e Calculate the median including 17.
1,1,2,3,3(3,4,4,5,5,17
The median, with the outlier = 3

il without the outlier < Calculate the median, removing 17 from
1,1,2,3,3,3.4,4,5,5 the dataset.
The median, without the outlier = 3
f Both datasets have a median =~ < Compare the answers with/without the
of 3. Therefore, the outlier does outlier and determine whether the data
not affect the median and should is affected.

be included in the dataset.

L‘k Worksheet 6D Investigating a real-world example from the media illustrating
L_g inappropriate uses of measures of spread: see the interactive textbook for this activity
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FUNDAMENTALS

1 Determine the missing words in the following sentences.
a The simplest measurement of spread is the

b Therangeisthe __ betweenthe ___ value and the
value.

¢ The (IQR) is calculated using the central section of data,
either side of the median.

d Standard deviation is a of the distance of data away from
the mean.

e Anoutlierisascorethatlies__ the obvious edge of a dataset.

f When a small set of data has an outlier,the __ is usually affected more
by the outlier than the

2 For the dataset shown, calculate the range, IQR and standard deviation.
2,11,5,15,17,12,7,2, 11,3

3 Complete the following for the following dataset.

15,17, 14, 22,0, 25, 13, 19, 16, 20, 15, 14, 17, 11, 20

a Calculate Q, Q, and the IQR.

b Calculate the value of the formula Q, — 1.5 X IQR and determine if any data
value in the dataset is less than this.

¢ Calculate the value of the formula Q, +1.5 X IQR and determine if any data
value in the dataset is greater than this.

d State whether there are any outliers in the data.

APPLICATIONS

SF: - CF: 4-12 CU: -
. .. . Customers in shop
example 11/ 4 Ken is deciding whether he needs to hire 25
an assistant and is recording the number of
customers in his shop on an hourly basis. g2 201
a Identify the maximum and minimum values. E s
b Calculate the range of the distribution. E
]
5 10 -
o
£
=
Z 5.
T T T T T T T 1
101112 1 2 3 4 5
Time
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Example 12

Example 13

Example 14

5

6

7

A maths teacher has recorded some of her students’ results.

Results %
Amy 85
Fari 40
Grace 37
Sarah 80
Blake 75
Craig 100
Skye 20

a Arrange the data in order from lowest to highest.
b Identify the median (Q,), lower quartile (Q,) and upper quartile (Q,).
¢ Calculate the interquartile range of the spread.

Rose was trying to explain to her friends that they need to eat more vegetables.
She recorded how many different types of vegetables were in each of her friends’
refrigerators.

23569

Without the use of technology:

a calculate the mean

b calculate the standard deviation

Carrie and her friends are currently trying to lose weight. They have recorded their
current weights (kg).

90 120 72 78 85

Using a calculator:

a calculate the mean

calculate the standard deviation

identify the minimum, Q,, median, Q, and the maximum values

calculate the range

calculate the IQR

O o o T
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1
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Sheree has recorded the heights (cm) of some children in her class.
150 140 130 102 105 163 110 152 145 143 147 139 140

Using a calculator:

calculate the mean

calculate the standard deviation

identify the minimum, Q " median, Q3 and the maximum values
calculate the range

calculate the IQR

(-2 - T+ I -

Rodney records the weekly weather temperatures for the local newspaper.
Calculate the mean and standard deviation using a spreadsheet.
25°C 27°C 32°C 31°C 29°C 32°C 30°C 29°C

A couple are recording home loan rates in preparation to buying a home.
Calculate the mean and standard deviation using a spreadsheet.
2.5% 3% 4.5% 3.5% 2.7% 3.4% 2.7% 4% 3.7% 2.8%

Cooper has been practising shooting baskets every day in preparation for his basketball
tournament. He recorded the number of shots he made each day from 20 shots.

13,20, 17,2, 17, 20, 15

a Find the mean of the basketball shots.

b Identify any outliers using the formula.

¢ Explain whether the outliers affect the mean.

d Determine whether outliers need to be removed.

Faith is researching the purchase of a new car. Her top seven car prices are:
$45000, $34 000, $40000, $120000, $52000, $27 000, $30000

a Find the median of the car prices.

b Identify any outliers using the formula.

¢ Explain whether the outliers affect the median.

d Determine whether outliers need to be removed.
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Problem-solving and modelling task

Background: Being able to organise and analyse data to present statistics and
describe the data is a highly regarded skill in the workplace and for many interests
that people have outside of work.

Task: Your task is to use statistics to report on a topic or area that is of interest to
you. You will need to gather one or two datasets (we suggest they should contain
20 to 50 values) relevant to your interest. You will need to:

1 organise the data into either a stem-and-leaf plot or a graph of your choice

2 determine the mean, median and mode

3 determine the range, interquartile range and standard deviation

4 describe the centre and spread.

With this information, create a report including your calculations to communicate

and perhaps promote your interest, demonstrating that statistics promote expertise.

Some ideas for data that you could collect:

* sports or digital game results or scores that you or your team have achieved

 results or scores of a sportsperson, team or gamer that you support

e data from things that you or your family create or collect as a hobby, pastime
or business

* data collected from reliable internet sources to do with places, people, animals
or plants that interest you.

B

4

o
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Approach to problem-solving and modelling tasks:

| Stage1 | Stage 1: Formulate

e » Formulate 1

What is of particular interest?

2 What data do you need?

3 Do you already have some data?
4 How can you find the data?

| Stage2 | Stage 2: Solve

Solve 5 Collect the required amount of data.
6 Produce the required plots and/or graphs.

l 7 Complete the calculations and descriptions
required.

Yes

Stage 3 Stage 3: Evaluate and verify
Evaluate
and verify Once the data has been collected and compiled,
l consider:
. 8 Are they reasonable?
. @ _______ 9 Have you presented them in the most
suitable way?
10 Are all statistics measured correctly?
Yes
Stage 4 Stage 4: Communicate
ol 11 Communicate your findings in a short report that
justifies your findings. Include:
Introduction (What is your particular interest?)
Body (include evidence in the form of statements,
graphs and statistics)
Conclusion (How has statistics enabled you to be
more of an expert?)
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I:l I can identify the mode, mean and median from a dataset.

1 Identify the mode from this dataset.
548736758759497789102

|:| I can calculate the mean and median from a dataset.

2 Calculate the mean and median from the dataset in question 1.

|:| I can investigate the suitability of measures of central tendency in various real-
world contexts, and their inappropriate use in the media.

3 Determine the best measure of central tendency for this house price data.
$145000, $360000, $1700000, $650000, $170000, $300000, $390000
4 a List the measures of central tendency that are not much affected by
extreme values.

b Explain which measure of central tendency is best to use when you
want the value of all the data points in the dataset to be included in its
calculation.

5 List the features of datasets that could make the mean, median and mode
misleading as measures of spread.

l:l I can calculate quartiles from a dataset.

6 Calculate the 1st, 2nd and 3rd quartiles for this dataset:
548736758759497789102

|:| I can interpret quartiles from a graph.

7 From this graph of history test scores, 1000 History test scores
determine the lowest score needed to be _ 900
2 800
2 700
8 600
© 500
£ 400
g 300
& 200
100

in the top quarter of the history class.

0123456738910
Scores
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|:| I can interpret deciles from a graph.

8 On the history test score graph from question 7, my score is better than 3
tenths of the class. Determine the value of my score.

|:| I can interpret percentiles from a graph.

9 On the history test score graph in question 7, determine the percentile of a
score of 8, and explain what percentage of the class did better than this score.

|:| I can describe the spread of data including the terms spread out, dispersed, tightly
packed, clusters, gaps, more/less dense regions and outliers.

10 Use as many of the terms listed to describe spread of data to describe the
spread of the data in this graph.

Distance people run in a week
30

225

—
9]

Distance (km)

~
)

NI NN N NN N SN NI NN
NSNS SR SN S R SN N SN
S S S N N
W E S PSS P

Number of people

0

|:| I can calculate statistical measures of spread using the range, interquartile range
and standard deviation. [complex]

11 Calculate the range, interquartile range and standard deviation of the data.
675242527300145
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|:| I can interpret statistical measures of spread using the range, interquartile range and
standard deviation.

12 Explain what the range, interquartile range and standard deviation of the dataset
in question 11 tells us about the spread of the data.

I:l I can identify outliers and investigate their effect on the mean and the median.

13 The following is a dataset recording the number of crows found in a field
each day.
50494050107 45373520106 18
Identify any outliers and then calculate the mean and median with and without
the outlier.

|:| I can investigate real-world examples from the media illustrating inappropriate uses
of measures of spread.

14 Give examples of features of datasets that could make the standard deviation
and range misleading as measures of spread.
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All questions in the review are assessment style.
Simple familiar

section6A 1 A netball coach was preparing for a new season. The following dataset is her
team’s scores for the previous season.

5676 4578 67 48 65 45 65 60 65 59 79

Use the dataset to:

a identify the mode

b calculate the mean

¢ calculate the median

2 Explain which measure, or measures, of central tendency are the best to use

in the following situations.

a You don’t want the measure of central tendency to be distorted by
extreme values.

b You want to include the value of all the points in the measure.

¢ You want a measure that has an equal number of data points above it as
below it.

d You want a measure that tells you which value occurs most often in the
dataset.

sectionen 3 A golf club recorded how many holes-in-one its scratch handicap members
achieved during their memberships at the club.

Holes-in-one by scratch handicap members
40

30 -

20

Count

0 5 10 15 20
Total holes-in-one

Use everyday language to describe the measure of spread.
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Complex familiar

4 Abel’s goal is to achieve a 50% grade on his mathematics tests. He has
recorded his grades out of 20 for the past 8 weeks. He has two weeks to go.

5,8,9,3,2,4,12, 15

a Calculate the mean grade.

b Determine the median grade

¢ Determine the mode grade.

d  Which is a better measure to assist with his preparation to reach his goal?
Give a reason.

5 The test scores for a class are displayed in the cumulative frequency graph.

Test scores
5000

4500

4000
/
3000
2500 /
2000
1500 /
1000 /
500
4

0 10 20 30 40 50 60 70 80 90 100
Score

(O8]
9]
)
(e}

Cumulative frequency

a Calculate the median of the test scores (2nd Quartile > Q,).

b Determine the lower quartile of the test scores (1st Quartile > Q,).

¢ Determine the upper quartile of the test scores (3rd Quartile ~> Q,).

d Determine below which test score will a quarter of the test scores lie.
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6 The cumulative frequency graph below shows the results of a survey of the
mass of marsupial mice (antechinus) in a population.

Mass of antechinus

5000 - /
4000 /
2000 - //

1000

0 10 20 30 40 50 60 70 80
Mass (g)

Cumulative frequency
(O8]
S
S
S

a Estimate the 90th percentile of the mass.
b An individual antechinus weighs 25 g. What percentage of the
populations are heavier than the antechinus?

7 Tom is recording the following rainfall (mm) for the past number of days.
Determine the range; interquartile range and standard deviation.

3752252300145
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8 Tom has recorded the following maximum temperature (in °C) for the past
number of days. Using a calculator, determine the range, interquartile range,
mean, five-number summary (the minimum value, Ql, median, Q3, the
maximum value) and standard deviation.

18 18 16 22 22 25 23 27 20 25 25 27

9 Tom has recorded the following minimum temperatures (in °C) for the past
number of days. Using technology determine the range, mean and
standard deviation.

474785578757

10 The following is a dataset recording the number of dolphins seen from a
cruiseship each day.

35493650107 433734201067
a For the dataset, determine:
I the median (Q,)
il the upper quartile (Q,)
iii the lower quartile (Q,)
iv IQR
b Determine whether any numbers are outliers. Remember that:

A data point is an outlier if it is either:
less than Q, —1.5 X IQR or
greater than Q; +1.5 X IQR

¢ Give a possible reason for the outlier.
d Determine whether outliers need to be removed.

ISBN 978-1-108-45977-8 © Capps et al. 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



Chapter 6 Review | 299

Complex unfamiliar

11 Mitchell works five days a week, Tuesday to Saturday, in sales. He receives
a set wage as well as commission from his sales. Mitchell is currently
saving to buy a house and has a set budget requiring his commission to be
an average of $50 per working day. He has recorded his commission for the

week so far.
Day Commission ($)
Tuesday 80
Wednesday 20
Thursday 30
Friday 40
Saturday

Calculate the minimum commission that Mitchell needs to earn on Saturday
to meet his weekly budget.

12 Jackie works in administration and is concerned with her current salary.
She surveys some colleagues working in administration in other companies
and finds that her salary is in the 78th percentile. Should she be concerned?
Explain your answer.

13 Consider the three datasets A, B, C
A={8,10,13,7,12}
B ={10,10,10,10,10}
C ={1,1,10,19, 20}
a Calculate the standard deviation of each dataset.

b Determine which dataset has the largest standard deviation.
¢ Is it possible to answer question b without completing question a?
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Maths for a store owner:
Kristy Catania

Kristy Catania and her husband own a supermarket.

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

| oversee the daily operations of the business, serve
cu