
MathWorks11

Pacific Educational Press

M
athW

orks11
ISBN 978-1-89576-692-9

Pacif ic Educational Press • 6365 Biological  Sciences Road 
University of Brit ish Columbia • Vancouver,  BC, V6T 1Z4





MathWorks 11





MathWorks 11

Pacific Educational Press
Vancouver, Canada



Copyright Pacific Educational Press 2011

ISBN 978-1-8957669-2-9

All rights reserved. No part of this publication may be reproduced, stored in a 
retrieval system, or transmitted in any form or by any means, electronic, mechanical, 
photocopying, recording, or otherwise without the prior written permission of the 
publisher.

Printed and bound in Canada. 

Writers
Christa Bedwin, Cochrane, AB
Katharine Borgen, Vancouver School Board and University of British Columbia, 

Vancouver, British Columbia
Mark Healy, West Vancouver Secondary School, West Vancouver, British Columbia 
Angela Kaisser, J.H. Bruns Collegiate, Winnipeg, Manitoba
Michael Pruner, Argyle Secondary School, North Vancouver, British Columia
Paul Salvatore, Prince of Wales Secondary School, Vancouver, British Columbia
David Sufrin, Ballenas Secondary School, Port Alberni, British Columbia

Consultants
Katharine Borgen, PhD, Vancouver School Board and University of British Columbia
Barbara Dominik, Mathematics Reviewer
John Willinsky, PhD, Public Knowledge Project
Jordie Yow, Mathematics Reviewer

Design, Illustration, and Layout 
Warren Clark 
Laraine Coates
Sharlene Eugenio
Helen Luk
Kristen MacDonald
Eva Neesemann
Five Seventeen

Cover photograph: Mason Morfix/Getty Images

Editing
Vicki Austin
Theresa Best
Diana Breti
Barbara Dominik
Catherine Edwards
Leah Giesbrecht 
Deborah Hutton
Barbara Kuhne
Nadine Pedersen
Katrina Petrik
Jordie Yow



Contents 
How to Use this Book 8

1	 Slope	and	Rate	of	Change	 10

1.1 Rise Over Run 12

Puzzle It Out: The Bermuda Triangle 17

1.2 Grade, Angle of Elevation, and Distance 25

The Roots of Math: The Spiral Tunnels  
of Kicking Horse Pass  

33

1.3 Rate of Change 35

2	 Graphical	Representations 54

2.1 Broken Line Graphs 56

2.2 Bar Graphs 73

2.3 Histograms 85

The Roots of Math: Graphing:  
Inspired by the Bubonic Plague 

97

2.4 Circle Graphs 98

Puzzle It Out: Coin Conundrum  101

3	 Surface	Area,	Volume,	
and	Capacity

	 114

3.1 Surface Area of Prisms 116

3.2 Surface Area of Pyramids, Cylinders, Spheres,  
& Cones 

127

The Roots of Math: Archimedes’ Contributions 
to Surface Area Calculations 

137

3.3 Volume and Capacity of Prisms and Cylinders  138

Puzzle It Out: Cube 147

3.4 Volume and Capacity of Spheres, Cones,  
& Pyramids 

148



4	 Trigonometry of  
Right Triangles 

164

4.1 Solving for Angles, Lengths, and Distances  166

Puzzle It Out: Stained Glass Sailboat 184

4.2 Solving Complex Problems in the Real World 185

The Roots of Math: Navigation in History 200

5 	 Scale Representations 208

5.1	 Scale Drawings and Models 210

5.2 Two-Dimensional Representations 218

Puzzle It Out: Shape Shifting 225

5.3 Three-Dimensional Representations 232

The Roots of Math: Technical Illustrations 243

6 Financial Services 252

6.1 Choosing an Account 254

6.2  Simple and Compound Interest 264

The Roots of Math: The Canadian Dollar 275

6.3 Credit Cards and Store Promotions  276

Puzzle It Out: Who Has What? 287

6.4 Personal Loans, Lines of Credit, and Overdrafts 288



7 Personal Budgets  300

7.1    Preparing to Make a Budget 302

7.2 The Budgeting Process  313

7.3 Analyzing a Budget  326

Puzzle It Out: The Disappearing Dollar 337

The Roots of Math: The Origins of the Electronic 
Spreadsheet

338 

Glossary	 344	

Answer	Key	 348	

Index	 400	

Credits	 407



MathWorks 118

how to use this book

MathWorks 11 focusses on mathematics that you will use in the workplace, 
especially if you are planning to apprentice for a trade, take a college 
course, or enter the workplace directly after graduation from secondary 
school. Several of the chapters include a focus on consumer and business 
mathematics. Others concentrate on mathematics that will be essential 
knowledge for specific trades and occupations.

This textbook contains seven chapters, each focussed on a particular topic. 
Topics include slope and rate of change; graphical representations; surface 
area, volume, and capacity; trigonometry of right triangles; scale models and 
representations; financial services, and personal budgeting. 

Each chapter contains the following features that will aid in your learning.

Chapter IntroduCtIon Each chapter begins with an introduction that 
describes the overall themes of the chapter and lists the specific mathematical 
tasks you will learn as you work through it. A list of key concepts will help 
focus your learning.

Chapter projeCt Each chapter contains a project related to the 
mathematical theme of the chapter. You will be introduced to the project as 
you begin the chapter and will revisit it periodically to complete activities, 
sometimes with a partner or in a small group. You will add these new 
materials to a chapter file or portfolio. When you have completed the chapter, 
you will use these materials to create a presentation to share with your peers. 
The project gives you an opportunity to practise your mathematics skills in a 
real-life context.

Math on the job Each section of the chapter begins with a profile of an 
individual. The profile will give you a sense of the scope of the person’s job 
and the type of mathematics that someone with a similar job will need to 
know. Each profile ends with a typical mathematics problem that a person 
with this job would need to solve.

explore the Math This section of the chapter contains a brief lesson 
that outlines the main mathematical concepts of that section and links these 
to real-life examples. A series of examples and solutions shows you various 
strategies you can use to solve problems.

dIsCuss the Ideas These discussions focus on one aspect of the section 
you are working on. They will give you an opportunity to learn some details 
about the topic and investigate related issues.

8
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aCtIvItIes Each chapter contains several hands-on activities for you to 
complete. They provide an opportunity for you to collaborate with your 
fellow students and apply your learning in a realistic setting.

buIld your skIlls This is a set of problems for you to solve. It will give 
you practice applying the mathematical concepts you have learned.

puzzle It out Each chapter also contains a game or puzzle that uses the 
mathematical concepts. The puzzles and games challenge you to develop a 
personal strategy. Some of these puzzles and games are linked to workplace 
applications of mathematics; others challenge you to analyze mathematical 
thinking. All of them are fun!

the roots of Math Mathematics has a history. It has changed and grown 
through time. In The Roots of Math, a math history topic related to the 
chapter content is provided, along with a few questions for you to consider.

refleCt on your learnIng/praCtIse your neW skIlls The chapter 
concludes with a point-form summary of your main accomplishments to 
reflect on. A series of problems will allow you to practise the new skills you 
acquired while working on this chapter.

hInts Hints suggest strategies you can use to solve problems.

defInItIons Mathematical terms that may be new or unfamiliar are 
defined or explained in the sidebar columns. They are also included 
alphabetically in a glossary at the back of the book.

Mental Math and estIMatIon Mental Math and Estimation problems 
invite you to practise using mathematics in your head to solve problems or 
arrive at estimates.

T This symbol is used to alert you to opportunities to use technology 
tools to assist you or enhance your work.

ansWer key An answer key to the problems in this textbook is contained 
at the back of the book.
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Chapter 1
Slope	and	Rate	of	Change

goals

Slope occurs naturally in the world as well as in structures made by people. 
It affects the way we live, work, and play. In this chapter, you will learn how 
to use slope calculations to meet a need and to understand a relationship 
between two measurable quantities. You will use some familiar mathematics 
concepts, such as ratio, rate, trigonometry, and graphing, in a new context. 
You will use these mathematical ideas to

• develop an understanding of slope; and

• create and interpret line graphs.

key terMs

• dependent variable

• grade

• independent variable

• rate of change

• rise

• run

• slope

• undefined slope

• zero slope
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PRojeCt—DeSIGn	A	teRRAIn	PARK

start to plan

projeCt overvIeW

Your team has decided to bid on a contract to design a terrain park 
for a new ski resort. The resort owners want to build a park that is 
challenging for all levels of skiers and snowboarders. As part of your 
bid for the contract, your team will present a design for the terrain 
park that will include three model jumps designed for beginners, 
intermediates, and experts.

get started

Your first step is to research terrain parks and plan the features of 
your park. You can find ideas on the internet, in magazines, or by 
asking classmates who have visited terrain parks. Make a list of all 
the things you will need to consider. You may ask yourself:

• How can the jumps be designed for different skill levels?

• How will you test your jumps and measure the results?

• In addition to the jumps, what other terrain park features might 
you include in your design (rails, quarter pipes, etc.)?

sketCh your desIgns

Once you have decided on the design of your terrain park, make some sketches of your jumps. Later, 
you will use your sketches to build models of your jumps that you will test to determine whether they 
meet your design criteria.

• Sketch your designs for a beginner, an intermediate, and an expert jump.

• How will you modify your jumps to create three different levels of difficulty?

• How will you construct your models? What materials could you use?

fInal presentatIon CheCklIst

When you have completed this project, you will make a presentation that includes the following:

• a sales pitch to convince the resort to award the contract to your team;

• models of a beginner, an intermediate, and an expert jump;

• scale drawings of your three model jumps labelled with the dimensions and showing the slope as 
a ratio, an angle, and a percent.

In a terrain park, snowboarders can practise moves like basic 
jumps, frontside turns, or ollies. 



12

1.1 rise over run

MATH on the Job
Gilles is a contractor in Jasper, AB who designs and 
builds timber frame houses and other structures 
like carports and decks. He attended the Northern 
Alberta Institute of Technology where he completed 
a four-year carpentry apprenticeship and obtained 
an Alberta Journeyman Certificate. As a contractor, 
Gilles must ensure that the structures he builds 
conform to national and local building codes. 

The building code states that decks must slope 
1
4” for every 12” of deck to drain water away from 

the building. Gilles wants to build a 6’ deck. How 
much lower will the end of the deck be compared to 
where it is attached to the house? Gilles uses math to calculate the slope of the decks he builds to 

ensure that they have proper drainage and comply with the building 
code.

explore the Math

In many trades, calculating slope is necessary in order to ensure that designs 
meet building codes and have structural integrity. For example, a contractor 
may be asked to build a ramp to make a house wheelchair accessible. Why 
would it be necessary to calculate the correct slope for the wheelchair ramp? 

Slope is a numerical value that indicates how steeply something is slanted. You 
can calculate a numerical value that indicates how much slope, or steepness, an 
object has.

Slope is calculated by measuring the amount of vertical change in distance, 
called the rise, and comparing it to the amount of horizontal change in 
distance, called the run.

rise: the vertical distance 
between two points

run: the horizontal 
distance between two 
points

run

rise

slope = rise
run This comparison, or ratio, can be expressed as follows. 

slope  vertical distance
horizontal distance

The mathematical notation for slope is m. The formula for slope can therefore 
be written as follows.

m = rise
run

hInt 

The Greek letter 
Delta (∆) is used 
in mathematics to 
mean “change” or 
“difference.”
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dIsCuss the Ideas
desCrIbIng slope

1. How would you define “slope”? What are some other words that mean the 
same thing? 

2. How would you explain the meaning of “steep” to someone who had not 
heard that word before? 

3. Working with a partner, think of an object or landscape feature that has 
a steep slope. Describe the steepness of its slope to your partner without 
using the words “slope,” “steep,” or “steepness.” Then switch roles and let 
your partner describe the steepness of a different slope to you.

ACtIVIty	1.1

CreatIng a slope

Using classroom materials to create visual 
representations of math problems can help you 
answer these problems.

In this activity, you will work with a partner to create a series of 
slopes and describe your observations.

1. Place a textbook or other hardcover book on a flat, level 
surface (such as your desk, a table, or the floor). Place a pen 
or pencil on the long edge of the cover so that it can roll 
easily across the cover of the book. What do you observe? 
Why did this happen? Record your answers.

2. Have one partner put a thumb under one end of the 
book cover and place a pen or pencil on the long edge of 
the cover so that it can roll easily across the cover of the 
book. What do you observe? Why did this happen? What 
changed between this trial and trial 1? What stayed the 
same? Record your answers.

3. Put your fist under one end of the book cover and place your pen or pencil 
on the long edge of the cover so that it can roll easily across the cover of 
the book. What do you observe? Why did this happen? What changed 
between this trial and trial 2? What stayed the same? Record your answers. 

Have your partner measure the rise and run to the nearest millimetre. 
Sketch a right triangle and label it with the rise and run measurements. 
Calculate the slope of the book and write the result on your diagram.

4. Now have your partner place his or her fist under the book cover. Measure 
the rise and run and calculate the slope. Draw a diagram and label it 
with your calculations. Did you both arrive at the same result for your 
slope? Why?
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example 1

A bending brake is used to 
bend and crease sheet metal. 

Charlene is working on a project in her 
Art Metal class. She wants to make a 
brass cookbook holder like the one in the 
diagram. She does not have a protractor 
to measure the angle, but the diagram is 
drawn on graph paper. 

a) What is the slope of the cookbook 
holder? 

b) What does your answer tell you about 
the relationship between the vertical 
change and the horizontal change of 
the cookbook holder?

c) Andy says the slope is 3. Amanda 
 2

uses her calculator and gets the answer 1.5. Jennifer says the slope is 6:4. 
Explain who is correct.

solution

a) Determine the rise and run by counting the number of squares on 
the grid.

The rise is 6 units. The run is 4 units.

m = 6
4

 Substitute the rise and run values into the slope 
formula.

m = 3
2

Simplify the fraction.

The slope of the cookbook holder is 3.
 2

b) The slope is a comparison of vertical change (rise) with respect to 
horizontal change (run). In this example, the slope of the cookbook 
holder changes vertically a distance of 3 units for every 2 units it 
changes horizontally. 

c) They are all correct. In order to compare and verify the answer, convert 
all three representations to a decimal number: 3 divided by 2 equals 
1.5; 1.5 is already in decimal form; and 6:4 is 6 divided by 4, which 
equals 1.5. Therefore, all answers are correct because they all represent 
the same value of slope.
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example 2

Duncan and Casey are using hand trucks to move small boxes from a house to 
a garage. They lay a loading ramp against the house steps, which are 18ʺ high. 
The slope of the ramp is 0.2. What is the horizontal (run) distance, in feet, 
from the base of the ramp to point x?

x

solution

Ramps connected to trucks or loading docks 
allow people to safely transport goods for trade 
or personal belongings.

Substitute the known values into the slope formula.

0.2 = 18
run

run = 18
0.2

run = 90′′

Divide by 12 to convert inches to feet.

run = 90
12

run = 7.5′

The distance from the base of the ramp to point x is 7.5′.
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alternative solution

Convert 0.2 to a fraction and use proportional reasoning to find the 
distance.

2
10

= 18
run

2 × 9
10 × 9

= 18
run

18
90

= 18
run

run = 90′′

Divide by 12 to convert inches to feet.

run = 90
12

run = 7.5′

The distance from the base of the ramp to the steps is 7.5′.

ACtIVIty	1.2

a property of slope

triangular trusses are used 
to give a roof strength and 
stability.

In this activity, you will explore a specific property of slope by working with 
a drawing of a roof truss. Roof trusses are prefabricated triangular structures 
that support the roof of a building. Below is an example of a roof truss.

C

A

B
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1. Copy the roof truss diagram onto graph paper. Construct a right triangle 
with line AB as the hypotenuse. Calculate the slope of AB by determining 
the rise and run. 

2. Construct a right triangle with line BC as the hypotenuse. Calculate the 
slope of BC by determining the rise and run. 

3. Construct a right triangle with line AC as the hypotenuse. Calculate the 
slope of AC by determining the rise and run. 

4. Compare the slopes of the three lines. What do you notice?

5. How do your findings compare with another classmate’s?

6. Based on your findings, what can you conclude about the slope of a line?

Mental Math and estimation

A ramp has a slope of 3. What are two possible sets of values for 
rise and run?

puzzle It out

the berMuda trIangle

Four shapes are arranged to make the picture below.

When the same four shapes are rearranged, an empty square appears.

Can you explain why the square appears?
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ACtIVIty	1.3

analyzIng slopes

Creating a model ramp will 
help you visualize how ramps 
can be constructed in the real 
world.

In this activity, you will analyze how rise and run affect the steepness of 
slopes. Work in small groups to complete the activity. 

part a

1. Place one textbook on your desk, and place one end of a 30 cm ruler 
against the textbook to create a ramp. Measure the rise and run in 
millimetres and calculate the slope of the ruler. 

2. On graph paper, draw a scale diagram of a right triangle to represent your 
ramp. Use three different coloured pens: one colour for the slope, a second 
colour for the rise, and a third colour for the run. Label the three sides 
with your measurements. Label the diagram “Slope A.” 

3. Create a ramp by stacking five textbooks and leaning your ruler against 
the stack. Calculate the slope value. Draw a scale diagram and label it with 
your measurements. Label the diagram “Slope B.”

4. Now create a ramp by stacking ten textbooks and calculate the slope value. 
Draw a scale diagram and label it with your measurements. Label the 
diagram “Slope C.”

5. Using your ruler and textbooks, create a ramp with a rise that is the same 
length as the run. Calculate the slope value. Label your scale diagram 
“Slope D.” Note: You may not need to use the full length of a ruler.

6. Compare your slope diagrams. Which slope looks the steepest? Which 
slope has the largest numerical value? What is the relationship between 
steepness and slope value?

7. Compare the rise and run for Slopes A and B. How are they different? How 
does this difference affect the slope? 

8. Look at your diagram of Slope D. Write a sentence to describe the slope of 
a line whose rise and run are equal lengths. What do you notice about the 
position of Slope D in relation to the horizontal and vertical lines of the 
right triangle? 

9. Compare the slope lines and slope values of your four diagrams. What 
do you notice about the slope values as the lines that create the slopes get 
closer to the horizontal line of the right triangle? 

10. What do you notice about the slope values as the lines that create the 
slopes get closer to the vertical line of the right triangle?
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part b

1. On graph paper, draw a horizontal line 14 units long. What is the run of 
the horizontal line? What is the rise? Calculate the slope.

2. Draw another horizontal line 4.5 units long. Find the rise, run, and slope. 
Compare your calculations for the two horizontal lines. What can you 
conclude about the slope of a horizontal line? 

3. On your graph paper, draw a vertical line 14 units long. Predict what its 
slope will be.

4. What is the run of the vertical line? What is the rise? Calculate the slope. 
What do you notice? Why does this happen?

5. What can you conclude about the slope of a vertical line?

dIsCuss the Ideas
the bugaboo spIre

If you were a beginning alpine climber, which side of the 
bugaboo Spire would you climb, based solely on slope?

The Bugaboo Spire is a mountain in the Purcell 
Mountains in southeastern British Columbia. This 
granite peak is a popular destination for alpine rock 
climbers.

1. Which side of the Bugaboo Spire is steeper? 
Explain how you can tell.

2. What determines the difference in steepness 
between two slopes?

buIld your skIlls

the Coquihalla Pass is located in the Great bear Snow 
Shed, at an elevation of 1240 metres. the pass was first 
used in 1986.

1. A section of the Kootenay Pass in southeastern 
British Columbia gains 610 m of elevation over a 
horizontal distance of 12 100 m. A section of the 
Coquihalla Pass in south central British Columbia 
gains 845 m of elevation over a horizontal distance 
of 19 880 m. Which section of highway is steeper?
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2. The slope of a roof is called roof 
pitch. It is usually expressed as the 
number of inches of rise for every 12 
inches of run. For example, a roof 
that rises 6ʺ every 12ʺ of run is a 6:12 
roof (pronounced “six twelve roof”). 
It can be measured by placing a level 
on the roof, marking off 12 ,̋ and 
then measuring the vertical distance 
between that mark and the roof below.

Level

6" 12"
6:12 pitch

carpenter’s level

Calculate the slopes for these three roofs and then express each as a 
roof pitch.

a) b) c)

3. Mohinder is using a crane to place roof trusses in the correct locations at a 
construction site. The architectural plans state that the trusses with a slope 
of 0.25 are for the garage and the trusses with a slope of 0.5 are for the 
house. Where does this truss go?

23

5.75

4. Josh is looking for an 
intermediate skateboard rail so 
he can do rail slides. He wants 
a rail with a slope between 
0.171 and 0.294. Which of the 
following rails is suitable?

A

B

C
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5. Sarah and Amy are planning a trip to the local waterslides. They both 
love going down the steeper slides and they have a brochure that lists the 
slope of each slide. As they look at the brochure, Amy says that a slide 
with a 4:1 slope is steeper than a slide with a 1:4 slope. Sarah says that a 
slide with a 1:4 slope is steeper than a slide with a 4:1 slope. Who is right? 
Explain why and support your answer.

the part of the stair you step 
on is called a tread, while 
the vertical part of the stair 
your toe bumps against is 
called a riser.

6. Sandra is building a three-step staircase along the pathway in her rock 
garden. The total rise is 21 3 ʺ and the total run is 69 3 .̋ Assume that each 

4 8
step has identical dimensions.

a) What is the slope of the staircase?

b) What is the rise and run of each step?

c) What is the slope of each step?

d) What do you notice about the slopes you calculated in a) and c)? 
Explain.

e) What assumptions did you have to make in order to answer this 
question?

7. Tai and Jon are building gumball machines with wraparound ramps, like 
the ones in the photograph. The exit hole from the machine is 6ʺ above the 
base. The ramps have an average run of 3 1

2
ʺ each.

a) What is the average slope of the ramps on a gumball machine with 
six ramps?

b) What is the average slope of the ramps on a gumball machine with 
five ramps?

8. The National Building Code of Canada says that, for a 
private single dwelling, each step on a staircase must 
have a maximum rise of 200 mm and a minimum 
run of 210 mm. Karen is building a staircase to the 
basement of a house she is renovating, but because 
the space is so narrow, the stairs would be too steep 
to meet the building code. She decides to build two 
staircases with a landing halfway down, as shown in 
the diagram. 

1.3 m

2.5 m

a) Calculate the slope of each staircase. 

b) Do these stairs meet the building code? Justify 
your answer.

c) What assumptions did you have to make in order 
to answer this question?
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9.  To set up a ladder safely, you should follow the 1 in 4 rule. 
That is, the distance from the bottom of the ladder to 
the wall should be 1  of the distance from the top of the 

4
ladder to the ground, as shown in the diagram.

height

1
4

height

a) What is the slope of a ladder leaning safely?

b)  Daisuko needs to use a ladder to paint the trim 
around a window on the second floor. He places the 
bottom of his ladder 1.2 m away from the house. 
The top of his ladder touches the house 4.8 m from 
the ground. Calculate the slope of the ladder. Is this 
ladder safe?

c) Daisuko uses a longer ladder to paint the trim on 
the roof. If the top of the ladder touches the house 
10.68 m above the ground, how far from the house 
should he place the bottom of the ladder for it to 
be safe?

10.  Sharon is a roofing contractor who has been hired to 
install a roof flange around a chimney to prevent water 
from leaking into the house. She is constructing the roof 
flange from a metal tube and a rectangular metal plate, 
as shown in the diagram. The tube is 8ʺ in diameter, and 
the slope of the roof is 9 . Sharon needs to cut the bottom 

12
of the tube at an angle to match the slope of the roof. 
Explain, using a diagram, how Sharon can use the slope 
formula to calculate the measurements for the cut.

8"

flange
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extend your thinking

11. A topographic map uses symbols to represent 
the three-dimensional features of a landscape. 
The wavy brown lines on a topographic map are 
called contour lines; they indicate the landscape’s 
elevations. All points along a contour line are at 
the same elevation. The space between one contour 
line and the next is called a contour interval. The 
contour interval indicates a change in elevation, 
or vertical distance, between contour lines. For 
example, in the diagram to the right, the contour 
lines and contour intervals describe the shape 
of a hill.

Hill as shown on topographic map.
10 m

20 m

30 m

40 m

40 m

30 m

20 m

10 m

Hill as it would look from the ground.

Jordan and John are surveyors using a topographic 
map to look for a flat plot of land to build a house 
on. The contour interval of this map is 1 m, 
meaning that the vertical distance changes one 
metre between contour lines. Each grid square 
represents a horizontal distance of 2 m. 

D C

2 m

3 m

4 m

5 m

6 m

BA

a) Draw a triangle representing the 
rise and run of line segment AB, 
and calculate the slope of line AB to 
two decimal places.

b) Draw a triangle representing the 
rise and run of line segment BC, 
and calculate the slope of line BC to 
two decimal places.

c) Draw a triangle representing the 
rise and run of line segment CD, 
and calculate the slope of line CD to 
two decimal places.

d) Draw a triangle representing the 
rise and run of line segment DA, 
and calculate the slope of line DA to 
two decimal places.



24

PRojeCt—DeSIGn	A	teRRAIn	PARK

test your desIgns and gather data

An important stage in any design process is the testing stage, 
in which a prototype is created to see whether the design will 
meet the project criteria and produce consistent results. In this 
project activity, you will create a three-dimensional model of your 
terrain park designs and test them to ensure that your beginner, 
intermediate, and expert jumps have different levels of difficulty. 

Often, when a prototype is tested it doesn’t produce the expected 
results the first time. By repeating your tests and recording the 
results, you will create data that you can analyze in order to decide 
what changes need to be made to the slope length, rise, run, and 
distance between the downhill and uphill sections of your jumps. 

A prototype of a design allows you to test it to verify that 
the desired results occur.

1. Transfer your sketches to Bristol board or cardboard, cut out 
the shapes, and tape them together to create models of a 
beginner, an intermediate, and an expert jump. 

2. In a table like the one below, record the dimensions of each of 
your models.

3. Use a marble to represent a snowboarder. Release the marble 
from the top of the beginner slope and measure the distance it travels from the end of the 
jump to the first time the marble hits the ground. Record your result in the table.

4. Run two more tests and record the average distance travelled.

5. Test your intermediate jump. Does your marble travel farther off the intermediate jump? If 
not, you will need to revise your design. What can you change in order to get more distance? 
You may need to experiment with changing different aspects of the design. Each time 
you make a change, record the new dimensions in your table, run three trials, and find the 
average distance. Repeat the tests and revise your design until the marble travels farther off 
the intermediate jump 
than the beginner jump.

6. Repeat the tests for your 
expert jump, and revise 
your design until the 
marble travels farther off 
the expert jump than the 
intermediate jump.

BEGINNER JUMP

Rise/
run of 
downhill 
section

Rise/run 
of jump

Distance 
between 
downhill 
section 
and jump

DISTANCE MARBLE TRAVELLED

Trial 1 Trial 2 Trial 3 Average

SAMPLE
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 grade, angle of elevation, and distance 1.2
MATH on the Job
Richard Hall, a member of the Nuxalk Nation, is a building officer 
with the Canada Mortgage and Housing Corporation (CMHC). 
Richard grew up in Bella Coola, BC and obtained his Red Seal 
carpenter certification at the College of New Caledonia and 
Okanagan College. He also attended the British Columbia Institute 
of Technology, where he completed certificates in building 
inspection and barrier-free design (building design for persons 
with disabilities). As a building officer, Richard inspects houses 
to ensure the materials and construction meet the CMHC’s 
building code. He also advises clients on home renovations and 
modifications for persons with disabilities. Richard considers math 
to be vitally important in his job. He uses math daily to estimate 
the cost of materials and labour, take measurements, and convert 
between SI and imperial units. 

Richard was asked to inspect a new wheelchair ramp in an 
apartment building. The building code states that a wheelchair 
ramp can have a maximum slope of 8.3%. The ramp has a rise of 
32 cm and a run of 370 cm. Is this a legal wheelchair ramp?A building officer must be familiar with all aspects of 

the construction industry as well as with provincial and 
national building codes and standards. 

explore the Math

Have you ever seen a road sign like the one pictured here? Where have you 
seen this type of sign? What does the “8%” on the sign represent? What is the 
reason for giving this information on a road sign? 

The slope of a road or other surface is 
called its grade. Grade is generally 
expressed as a percentage. The steeper the 
slope, the higher its percent grade. To 
convert slope to percent grade, multiply 
the numerical value for slope by 100. The 
rise and run must be in the same units 
(for example, both in metres) when 
calculating percent grade.

grade: the slope of a 
physical feature such as a 
road or hill

percent grade = rise
run

× 100
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The slope of a line (rise/run) is the tangent 
(opposite/adjacent) of the angle of elevation. 
When you know the tangent ratio (slope), 
you can use the inverse tangent function 
[tan-1(x)] to find the angle of elevation. 

tangent ratio: the ratio 
of the side opposite the 
angle of elevation to the 
side adjacent to the angle 
of elevation in a right 
triangle 

angle of elevation: 
the angle formed by a 
horizontal line segment 
and an inclined line 
segment

θ

Because slope is equal to the tangent of the 
angle of elevation, you can convert an angle 
of elevation to a percent grade by using the 
following expression.

tan θ × 100 = percent gradehInt 

In trigonometry, the 
Greek letter theta (θ) 
is used to represent an 
unknown angle.

In addition to calculating the steepness of a slope, you will often need to 
calculate the length of the line that represents a particular slope. For example, 
if you are hired to build a 1:6 ramp to a doorway that is 20ʺ off the ground, 
you will need to know how to calculate the length of the ramp in order to 
achieve the required slope.

Building on the right triangle relationship between rise, run, and slope, you 
can use the Pythagorean theorem to calculate the length of the hypotenuse.

pythagorean 
theorem: the theorem 
that states that the 
sum of the squares 
of the lengths of 
the sides of a right 
triangle is equal to the 
square of the length 
of the hypotenuse; 
the theorem is written 
as the equation 
a 2 + b 2 = c 2

a
b c

ACtIVIty	1.4	

slope and tangent 

In this activity, work with a partner to illustrate the relationship between slope 
and tangent.

1. Draw a right triangle and label it Triangle 1. Label the rise and run.

2. Draw another right triangle the same size as Triangle 1 and label it 
Triangle 2. Label the angle of elevation with θ and write “angle of 
elevation.” Label the opposite and adjacent sides of the triangle. 

3. Compare the two triangles. What are the corresponding sides of the two 
triangles? Record your observations in a table like the one below.

SLOPE AND TANGENT RATIO

Triangle 1 Triangle 2

rise is the same as

run is the same as
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4. Using the information in your table, complete the following expression. 

Triangle 1 slope =

Triangle 2 slope =

slope = tan θ

example 1

A quad, or all-terrain vehicle, can travel along 
muddy, rocky, or otherwise difficult terrain.

Brad needs to unload a quad from the box of his pickup truck. 
He places an aluminum ramp against the truck bed at a slope of 
7:40. What is the angle of elevation of the ramp?

solution

tan θ = opposite side
adjacent side

tan θ = rise
run

 Tan θ is equal to rise over 
run.

tan θ = 7
40

 Substitute the known 
values into the formula.

tan θ = 0.175 Convert the fraction to a decimal.

θ = tan−1(0.175)  Use the inverse tangent key on your 
scientific calculator to find the angle of 
elevation.

θ ≈ 9.9°

The angle of elevation of the ramp is 9.9°.

hInt 

Make sure your 
calculator is in degree 
mode.



MathWorks 1128

example 2

When pouring a driveway, contractors are often supplied with a desired grade. 

The slope of a driveway must have a minimum angle of depression of 1° to 
allow surface water to drain away from the house. If the end of a driveway is 
8 m from the house, how many centimetres does the driveway need to drop in 
order to maintain proper drainage? Round your answer to two decimal places.

angle of depression:
the angle formed 
between the 
horizontal and the line 
of sight while looking 
downwards 

drop: the difference 
in height between 
one end of an object 
and the other end; 
equivalent to the rise

solution

Use the tangent formula to find the drop (rise) of the driveway.

tan θ rise
run

=

tan 1° rise
8 m

= Substitute the known values into the formula.

(8) tan 1° = rise

 0.1396 ≈ rise

0.14 m ≈ rise Round to two decimal places.

0.14 × 100 = 14 Convert metres to centimetres.

The driveway needs to drop 14 cm over a distance of 8 m for water to drain 
properly.

Mental Math and estimation

What is the percent grade of a hill with a slope of 5 ?8
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ACtIVIty	1.5	

length of a partICular slope

Skateparks consist of a variety of obstacles, 
including ramps, rails, and steps. 

In this activity, you will work with a partner and use what you 
have learned about rise, run, and slope to develop a formula for 
calculating the length of the line that represents a particular slope. 

1. Draw a right triangle and label it Triangle 1. Label the 
hypotenuse c and label the other two sides a and b. Under the 
triangle, write the Pythagorean theorem. 

2. Draw another right triangle of the same size beside it. Label the 
rise and run. 

3. Compare the two triangles. What are the corresponding sides 
of the two triangles? Record your observations in a table like 
the one below.

length of a partICular slope

Triangle 1 Triangle 2

a is the same as

b is the same as

c is the same as sample

4. How could you find the length of the hypotenuse of Triangle 1? Write out 
the formula you would use.

5. If you substitute the terms rise, run, and the length of the line of a 
particular slope into the formula you used in question 4, what does it 
look like? 

example 3

Josette wants to build a skateboard ramp with a 20% grade so that the top of 
the ramp is level with a rail that is 30 cm high. How long does the ramp need 
to be? Round your answer to the nearest centimetre.

30 cm
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solution

First, calculate the slope of a 20% grade. 

20 = rise
run

× 100

20
100

= rise
run

1
5

= rise
run

A 20% grade has a slope of 1:5.

The rise of Josette’s skateboard ramp is 30 cm. Calculate the run.

1
5

= 30
run Set up a proportion.

run = 5 × 30

run = 150 cm

The run is 150 cm.

Finally, use the Pythagorean theorem to find the length of the ramp.

length = run2 + rise2

length = 1502 + 302

length = 22 500 + 900

length = 23 400

length ≈ 152.97 cm

The ramp needs to be 153 cm long.

buIld your skIlls

1.  Shelley is a plumber who needs to install a 
basement drain pipe as shown in the diagram. 
Each square in the grid is equivalent to 15 cm. 
How many centimetres of pipe will she need?

A

B

C

D

E

F

hInt 

Usually you round 
a decimal with a 
value under 0.5 down 
but when you are 
measuring to obtain 
materials, you need to 
round up, or you will not 
have enough.
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2. Paved roads are designed to slope down on either side of the 
centre line, to enable water to drain away. The high point, or 
centre line crown, of a road is 3 3 ʺ higher than the edge of the 

4
road. The edge of the road is 9′ from the centre line. What is the 
percent grade of the centre line crown?

3. Sal wants to make a small picture frame from copper sheet metal, 
like the one in the photograph. He needs to bend the sheet at 
the correct angle in order for the frame to balance. The angle of 
the bend depends on the length of the front of the frame and the 
depth of the base.

5.3 cm

2.8 cm

1.9 cm

a) What is the angle at which he needs to bend the frame? 
Round your answer to the nearest degree.

b) What is the total length of copper sheet metal that he will need to 
make the frame?

4. Dana is a plumber who is installing a 2ʺ drainage pipe in a bathroom. The 
pipe must drop 1 ʺ per foot to ensure proper drainage. 

4

a) How many inches of drop are there over a distance of 11′?

b) What is the percent grade?

5. The type of roofing material used on a house depends on the slope of the 
roof. The table below shows three types of roofing material and the slope of 
roof each is suited for.

roofIng MaterIal CoMparIson

Angle of elevation Roofing material Characteristics

0–14° Tar and gravel Watertight seal

18°+ Asphalt shingles Sheds water, not watertight

26°+ Clay tiles Sheds water, not watertight

The Cardinal and Sebastian families are building houses and they need to 
choose the appropriate roofing material. 

a) The Cardinals’ roof has a rise of 3′ and a run of 18′. What is the angle 
of elevation? Which roofing material should they use?

b) The Sebastians’ roof has a rise of 6′ and a run of 16′. What is the angle 
of elevation? Which roofing material should they use?
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6. Adele needs to get water to her cabin from a reservoir 750 m away. She 
uses PVC pipe with a 0.8° slope to transport the water to a tank at her 
cabin. The intake on the tank at the cabin is 1.5 m above the ground. At 
what height above the ground must the other end of the pipe enter the 
reservoir?  

0.8°
1.5 m

7.  Shawn is installing a pipe between two sewer 
mains, shown in the diagram. The outgoing 
opening of the sewer main at Jarvis Street is at 
an elevation of 31.35′. The incoming opening of 
the sewer main at Wood Street is at an elevation 
of 30.60′. The distance between the sewer 
mains is 120′ 8 .̋ Shawn must set the pipe laser 
level to the correct percent grade in order to 
line up the two ends of the pipe. What is the 
percent grade setting for the laser level?

Jarvis Street  
sewer main

Wood Street  
sewer main

120′ 8ʺ

31.35′ 30.60′

8.  A 13.4 km length of 
railway track has a 
grade of 2.1%. What is 
the rise in metres? 

Railroad tracks must have 
modest grades to allow 
trains to move heavy loads.

extend your thinking

9. Sheep Mountain Trail, Yukon Territory, is 6.5 km 
long and has a 10° slope. Hickory Trail, also in 
the Yukon, has an 8° slope and the same elevation 
gain as Sheep Mountain Trail. How much longer 
is Hickory Trail?
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the roots of Math 

the spIral tunnels of kICkIng horse pass

In 1881, the Canadian Pacific Railway (CPR) was formed to 
build a transcontinental railway that would connect eastern 
and western Canada. Although the task was demanding, 
the CPR finished the railway six years ahead of schedule 
and drove the last spike at Craigellachie, BC in November 
of 1885. 

One of the most difficult sections to construct was the route 
through Kicking Horse Pass in the Rocky Mountains. CPR 
engineers suggested a route that tunnelled through the 
mountains. However, to save construction time and money, 
in 1884 the CPR built the line over the “Big Hill” near Field, 
BC. The resulting line had a grade of 4.5%, which was four 
times the recommended grade for a railway. One of the 
steepest railway tracks in the world at the time, the line 
dropped 300 metres over 6 kilometres. The CPR had to build 
special locomotives that were powerful enough to make it 
up the steep grade and three safety switches were installed 
to divert trains off the track if they lost control coming down 
the mountain. Despite these measures, the Big Hill was the 
site of numerous accidents and a few deaths.

The CPR needed to find a safer way to navigate this section of track. It considered looking for a 
less steep route through the mountains, but the threat of avalanches and landslides made this 
option unsafe. Eventually, John E. Schwitzer, a senior engineer for the CPR, found a solution. In 
1907, Schwitzer proposed constructing two spiral tunnels through the mountains. A spiral tunnel 
changes in elevation as it forms a 360° loop and crosses under itself. This enables the track to 
lose vertical elevation over a short horizontal distance. The CPR built one tunnel through Cathedral 
Mountain that loops back on itself and comes out 15 metres lower than it enters. The track then 
descends into the valley and enters Mount Ogden. This lower tunnel also spirals in the mountain 
and comes out another 15 metres lower than it enters. 

The addition of these two tunnels doubled the length of track; it took more than 1000 workers and 
$1.5 million to complete the project, but the track’s grade was reduced to 2.2%. The tunnel was 
surveyed from two ends and, despite the limitations of the tools of the time, the two ends ended 
up within inches of each other. An incredible feat of engineering and labour, the spiral tunnels of 
Kicking Horse Pass are still the only tunnels of their kind in Canada.

kICkIng horse tunnels

the spiral tunnels of Kicking horse Pass are unique in Canada.

1. What are some advantages and disadvantages of spiral tunnels? 

2. If you were planning a railway route through mountains, what other ways besides spiral 
tunnels would you suggest for safely crossing the mountains? Be prepared to explain how 
your method would address the issue of steep slopes.

3. Can you think of another example where a spiral would be a good way to increase or 
decrease slope?
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PRojeCt—DeSIGn	A	teRRAIn	PARK

doCuMent your desIgn

these students are documenting the results of their terrain park 
tests.

Once you have tested your models and arrived at the 
final design, you will need to record the technical 
specifications for the terrain park features. In this 
project activity, you will create scale drawings of 
your models and calculate their slopes, and you will 
document how you solved any design problems that 
arose during the testing phase.

1.  On graph paper, make a scale drawing of each of 
your model jumps.

2.  On each jump, label the rise and run and calculate 
the slope. Record the slope as a fraction and a 
decimal.

3.  Calculate the angle of elevation and the percent 
grade of the slopes and record them on your 
drawing.

4. Write a one-page description of your testing phase that answers the following questions. 

• Did your team’s design work the first time? 

• What aspects of the design did you change in each trial? 

• What adjustments created the most change in the distance the marble travelled? Why?

• What adjustments had little effect on the distance the marble travelled? Why?

• What compromises did you need to make in order to achieve your objectives for the different skill levels?

• What was the average distance the marble travelled for each of your jumps?

2 cm

5 cmB CC

A

A

B

4 cm
2 cm

20 cm

Beginner slope = 4
20

slope = 1
5

grade = 20%
angle ≈ 11.3°

slope = 0
2

slope = 0

slope = 2
5

grade = 40%

angle ≈ 21.8°
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rate of Change 1.3
MATH on the Job
Arlette is an avid gardener in Prince Albert, 
SK. She has a home-based business growing 
organic herbs, which she sells wholesale 
to a local grocery store. Arlette uses math 
when ordering equipment and supplies, 
recording her monthly income and expenses, 
and calculating her business profits. She 
could charge more for her herbs if she sold 
them directly to the public, so she wants to 
expand her business to include a small retail 
greenhouse. She discovered that the Conseil 
de la Coopération de la Saskatchewan 
(CCS) assists francophone entrepreneurs by 
providing small business loans.

When Arlette met with a CCS economic 
development officer to discuss her business 
plan, she brought along the graph shown 
here. What does the line on this graph 
represent?
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n

p
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explore the Math

Imagine that you work for a company that manufactures skateboards. If you 
make a certain number of skateboard decks per hour, how is your total output 
related to the number of hours you work? 

Your output increases according to the number of hours you work. This is 
referred to as a rate of change. As a rate comparing two variables changes, the 
change in one variable depends on the amount of change in the other variable. 
Therefore, one variable is known as the dependent variable and the other as 
the independent variable. In the case of the skateboard manufacturer, the 
dependent variable is the number of skateboard decks produced because it 
varies as the number of hours worked changes. The number of hours is thus 
the independent variable.

rate of change: the rate at 
which one variable changes 
compared to another 
variable

dependent variable: a 
variable whose value relies 
on the values of other 
variables

independent variable: a 
variable whose values may 
be freely chosen

When the relationship between the variables remains constant, it has a linear 
mathematical relationship. A graph is a convenient way to visualize a linear 
relation. The graph of a linear relation is a straight line.
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If your skateboard deck output is 
20 decks an hour, you can plot a 
graph showing skateboard deck 
output compared to hours worked. 
Graph your output over eight hours.

h
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(8, 80)
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You may notice that the line segment 
on your graph represents a slope. In 
this case, slope does not represent a 
physical relationship between rise and 
run but a mathematical relationship 
between two variables. The rise is 
the change in the dependent variable 
and the run is the change in the 
independent variable. What is the 
slope of line segment AB on this 
graph?

Plot another line segment on your graph in which you reduce the output rate 
to ten decks an hour but keep the same number of hours worked. What is the 
slope of line segment CD? What do you notice about the slope of the lines? 
Does one line segment have a steeper slope than the other? What does the 
slope of the line segment tell you about the rate of change you have graphed?

In section 1.1, you discovered that a horizontal line has a zero slope and 
a vertical line is an undefined slope. A slope representing a rate of change 
can also be positive or negative. If one quantity is rising with respect to 
another quantity, the graph of the relation shows a line rising upwards 
towards the right. If one quantity is falling with respect to another quantity, 
its graph drops towards the right. You can use this information to determine 
whether the dependent variable increases or decreases as the independent 
variable increases. Can you think of some examples where there might be a 
negative slope?

zero slope: a line with a 
slope of zero is horizontal

undefined slope: a line 
with a slope that cannot be 
calculated is vertical

y

x

5
4
3
2
1

1 5432

POSITIVE SLOPE

0

y

x

5
4
3
2
1

1 5432

NEGATIVE SLOPE

0

In this section, you will use your knowledge of slope to explore linear rates of 
change and how they are related to slope.

hInt 

Graph the dependent 
variable on the y-axis 
and the independent 
variable on the x-axis.

these students are working 
on skateboard decks.
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example 1

Kalirraq and Uyarak drive delivery trucks. Kalirraq gets 
paid $20.00 an hour and Uyarak gets paid $16.00 an 
hour plus a $20.00 gas allowance at the beginning of each 
workday for using his own vehicle. 

this truck driver from Arviat, nU delivers lumber to 
customers.

a)  Write an equation you can use to calculate each 
person’s earnings, using p for pay and h for hours. 
Graph 5 points of data for each person on the same 
graph. 

b)  Who makes more money after 3 hours of work? How 
much more? 

c)  When will they make the same amount of money? 

d)  Who makes more money after 9 hours of work? How 
much more? 

e) Find the slope of the line segments that represent 
Kalirraq’s and Uyarak’s pay for hours worked. What can you conclude from 
these values?

solution

a) Make a data table for each person that includes five points.

kalIrraq

Hours (h) Pay (p)

1 20

2 40

4 80

6 120

8 160

uyarak

Hours (h) Pay (p)

1 36

2 52

4 84

6 116

8 148

Write an equation for each person.

Kalirraq: p = 20(h) 

Uyarak: p = 16(h) + 20
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Draw a graph that compares 
the dependent variable 
(pay) on the y-axis to 
the independent variable 
(hours) on the x-axis. Plot 
both sets of points on the 
same graph. 

h

p
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b) Find the point on Kalirraq’s 
line segment that matches 
the 3-hour value on the 
x-axis and match it to its 
corresponding value on 
the y-axis. Kalirraq earns 
$60.00. Do the same for 
Uyarak’s line; Uyarak earns 
$68.00. 

$68.00 − $60.00 = $8.00

After 3 hours of work, Uyarak makes $8.00 more than Kalirraq.

c) The two lines intersect at 5 hours, so they are making the same amount 
of money when they work 5 hours.

d)  To find how much money they make after 9 hours, extrapolate by 
extending the line and finding the point where the line segments cross 
the 9-hour value. Kalirraq is making $180.00 and Uyarak is making 
$164.00. Kalirraq makes $16.00 more.

e) Kalirraq:

m = 120
6

m = 20

The slope is 20.

Uyarak:
148 − 20 = 128

m = 128
8

m = 16

The slope is 16.

The line representing Kalirraq’s pay is rising more steeply than 
Uyarak’s. The rate of change is greater for Kalirraq.
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ACtIVIty	1.6

ClIMbIng and CalCulatIng

For this activity, you will work in small groups to gather data, 
calculate slope, plot your findings, and interpret the resulting graph. 
To gather the data, your team will locate different objects inside and 
outside of your school that have inclines, such as the front stairs to 
your school, stairs between the floors of your school, and ramps. You 
will measure the rise and run of these objects and calculate their 
slopes. You will also measure how long it takes to climb these slopes, 
as well as determine how the slope of these objects affects the speed 
and ease with which people can use them.

Calculating and knowing the slopes of stairs and ramps is important. 
Slope makes stairs, bleachers, and ramps accessible or inaccessible to 
people, depending on how physically mobile they are. 

building codes govern how steep the slope 
of a staircase can be.

part a

1. As a team, brainstorm different slopes around the school. Try to find a 
variety of slopes. Choose three that you would like to measure. 

To gather your data, you will need a measuring tape or ruler, paper to 
record your findings on, a stopwatch, and some graph paper. You will also 
need to choose one member of your group to climb each object you are 
measuring.

2. Measure the rise and the run of each of your three objects and record these 
figures in metres on a table like the one shown below. When measuring 
the rise and run of a staircase, imagine the staircase as one large right 
triangle. The vertical leg of the triangle is the rise and the horizontal leg is 
the run. 

When you have finished recording your data, plot the rise and run of each 
object on graph paper and calculate its slope. Make sure the axes and 
scales for each graph are the same.

MeasurIng InClInes
Slope description Rise (metres) Run (metres) Slope
Main staircase 8.25 9 0.917

sample

hInt 

You can also calculate 
the rise and run of a 
staircase by measuring 
the rise and run of an 
individual stair and 
applying this calculation 
to the entire staircase.
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part b

1. Next, on a second table like the one shown below, record the time it takes 
your chosen team member to climb 10 stairs from each set of stairs (at a 
regular pace). If you are measuring a ramp, record the length of time it 
takes your team member to take 10 regular paces up the ramp. Based on 
this data, calculate how long it would take your team member to reach a 
height of 5 metres on each of the three slopes he or she climbed.

rate of Change
Slope Number of steps Time (seconds) Height (metres)
A

B

C sampleA wheelchair’s mobility 
is affected by the weight 
and design of the chair, the 
surface under the chair’s 
wheels, and the slope of the 
ground on which the person 
is travelling.

2. Next, for a given slope (Part A), compare the time it takes to climb to a 
specific height (for example, 5 m). You will draw two graphs. On the first 
graph, the x-axis, number of steps, will be your independent variable. The 
y-axis, vertical height, will be your dependent variable. On your second 
graph, the x-axis, time, will be your independent variable. Your y-axis, 
vertical height, will be your dependent variable. Once again, make sure the 
axes and scales are the same for each graph. Finally, calculate the rate of 
change for the time taken to climb each object.

3. How is this application used in real-life construction scenarios, and why?

4. Explain your findings and compare them with other teams’ results.

ACtIVIty	1.7

slope dIreCtIon

For this activity you will work 
with a partner to plot coordinates 
to sketch slopes. You will 
determine slope direction, as 
well as how positive and negative 
slopes can be represented.

1. Working with a partner, draw 
a coordinate plane on graph 
paper. Label the axes from 
−8 to 8.

x

y
8

7

6

5

4

3

2

1

-1

-2

-3

-4

-5

-6

-7

-8

-8	 -7	 -6	 -5	 -4	 -3	 -2	 -1	 0	 1	 2	 3	 4	 5	 6	 7	 8

sample
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2. Plot the coordinate (−5, 2) and label it A. From point A, draw a line 2 units 
in the positive y direction and put an arrow on the end of it. Now, from 
that arrow, draw a line 4 units in the positive x direction, put an arrow at 
the end of it, and label it B. Draw a line to connect A and B. 

a) Where would you put the arrow on line AB to indicate the slope 
direction?

b) Is line segment AB a positive, negative, undefined, or zero slope? 

3. Plot coordinate (1, 5) and label it C. From C, draw a line 3 units in the 
negative y direction and put an arrow on the end of it. From that arrow, 
draw a line 3 units in the positive x direction, put an arrow on the end and 
label that end D. Draw a line to connect C and D. 

a) Where would you put the arrow on line CD to indicate the slope 
direction?

b) Is line segment CD a positive, negative, undefined, or zero slope?

4. Plot coordinate (−4, −5) and label it E. From E, draw a line 2 units in the 
positive y direction and put an arrow on the end of it. From that arrow, 
draw a line 2 units in the negative x direction, put an arrow on the end and 
label that end F. Draw a line to connect E and F. 

a) Compare line EF with AB and CD. What do you notice? 

b) Where would you put the arrow on line EF to indicate the slope 
direction?

c) Is line segment EF a positive, negative, undefined, or zero slope?

5. Plot coordinate (8, −2) and label it G. From G, draw a line 4 units in the 
negative y direction and put an arrow on the end of it. From that arrow, 
draw a line 6 units in the negative x direction, put an arrow on the end and 
label that end H. Draw a line to connect G and H. 

a) Compare line GH with AB and CD. What do you notice? 

b) Where would you put the arrow on line GH to indicate the slope 
direction?

c) Is line segment GH a positive, negative, undefined, or zero slope?

6. Plot coordinate (−1, 1) and label it I. Draw a line zero units in the 
y direction and a line 3 units in the negative x direction and label the 
end of it J. 

a) Where would you put the arrow on line IJ to indicate the slope 
direction?

b) Is line segment IJ a positive, negative, undefined, or zero slope?
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7. Plot coordinate (1, −1) and label it K. Draw a line 4 units in the negative 
y direction and a line zero units in the x direction and label it L. 

a) Where would you put the arrow on line KL to indicate the slope direction?

b) Is line segment KL a positive, negative, undefined, or zero slope?

8. A line with a slope of 4  was drawn on a coordinate plane.11

a) What is its rise and run?

b) In which direction does this slope point?

c) What could be another possible rise and run for this line?

9. A line with a slope of −7 was drawn on a coordinate plane.3

a) What is its rise and run?

b) In which direction does this slope point?

c) What could be another possible rise and run for this line?

10. a)  Does a line with a positive slope increase or decrease from left to right?

b) Does a line with a negative slope increase or decrease from left to right?

dIsCuss the Ideas
ConneCtIons and ConversIons

1. What ways can you use to represent and apply slope? List as many ways as 
you can.

2. You have learned how to express slope as a ratio, an angle, and a 
percentage. Working with a partner, write the formulas to convert between 
the slope forms given below. For example, to convert slope to percent 
grade, use this formula:

slope × 100 = percent grade

a) Convert percent grade to slope.

b) Convert slope to angle of elevation.

c) Convert angle of elevation to slope.

d) Convert angle of elevation to percent grade.

e) Convert percent grade to angle of elevation.
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extend your learnIng

You have learned how to calculate slope 
using the coordinates on a linear graph. 
You can also calculate the length or 
distance represented by a particular 
line segment representing a slope using 
the coordinates on a graph and the 
Pythagorean theorem.

 Examine the diagram shown here. You 
want to find the length between the two 
points marked on the graph. Notice that 
you can visualize the rise and run as a right 
triangle, and the line representing the slope 
is the hypotenuse of that triangle. How 
might you use the calculation for slope to 
find the length of this line segment?
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example 2

Doug wants to install angled shelves in a display case, so he is 
using a computer numeric controlled (CNC) router, an automated 
woodworking tool, to cut a groove in the sides of the display 
case. A CNC router uses coordinates to identify where the router 
should begin (A) and stop (B) cutting a groove. Doug wants the 
cutter to begin cutting a groove at A(4, 12) and stop cutting at 
B(14, 28). What is the slope and the length of the groove?

(0, 0)

B(14, 28)

A(4, 12)

solution

First, calculate the slope of the groove. 

m =
y
2
− y

1

x
2
− x

1

m = 28 − 12
14 − 4

 Substitute the known values into 
the formula.

m = 16
10

Simplify.

m = 8
5

The groove has a slope of .5
8
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Next, calculate the length of the groove, which forms the hypotenuse of a 
right triangle.

length = (x
2

− x
1
)2 + (y

2
− y

1
)2

length = (14 − 4)2 + (28 − 12)2

length = 102 + 162

length = 100 + 256

length ≈ 18.9

The length of the groove is 18.9 units.

ACtIVIty	1.8

usIng CoordInates to CalCulate slope

You have used the rise over run 
formula to calculate slope. In 
this activity, you will work with 
a partner to develop a formula 
that uses the coordinates of a line 
segment instead.

1. Use a copy of ∆ABC and a table 
such as the one below. Record 
the coordinates of point A and 
point B in your table.

2. Using the coordinates of points A and B, determine the coordinates 
of point C and record them in your table. How did you determine the 
coordinates for point C? 

B (10, 8)

A (3, 2) C
x

y

CoordInates and slope

x coordinate 
of point A

y coordinate 
of point A

x coordinate 
of point B

y coordinate 
of point B

coordinates 
of point C

Rise Run Slope

sample
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3. Which values would you use to calculate the rise? Record your 
calculation in your table.

4. Which values would you use to calculate the run? Record your 
calculation in your table.

5. Calculate the slope of ∆ABC and record your answer.

6. Repeat steps 2 to 5 using the coordinates A(−3, 12) and B(5, 1). 
Record your answers in your table. Then choose two points of 
your own and repeat steps 2 to 5. Looking at the chart, what 
patterns do you see? 

7. Refer to the triangle below. How could you calculate the rise 
and the run using only the x and y coordinates of two points, 
P

1
(x

1
, y

1
) and P

2
(x

2
, y

2
)?

8. Copy the triangle and formula below in your notebook. Fill in 
the boxes with the correct coordinates to complete the formula.

x

y

P2 (x 2, y 2)

P1 (x 1, y1)

m = difference between coordinates
difference between coordinates

m = ?

9. In the previous section, you used a formula to calculate the length of the 
line segment representing a particular slope. 

length = run2 + rise2

Rewrite the Pythagorean theorem using the x and y coordinates of two 
points, P

1
(x

1
, y

1
) and P

2
(x

2
, y

2
) to solve for the length of the hypotenuse.

tube slides are designed with varying runs 
and rises to control the speed of descent.  
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dIsCuss the Ideas 
the order of CoordInates

1. In Example 2 on p. 43, the values A(4, 12) and B(14, 28) were substituted 
into the slope formula like this.

m = y2 − y1
x2 − x1

m = 28 − 12
14 − 4

m = 16
10

m = 8
5

What has been done differently in the following expression? 

m = 12 − 28
4 − 14

Calculate the slope. What do you find? Is it acceptable to do this? Explain.

2. What would happen if you substituted the values like this?

m = 12 − 28
14 − 4

Calculate the slope. What do you find? Is it acceptable to do this? Explain.

3. What is an important rule to remember about the order of the coordinates 
when substituting into the slope formula?

4. Is the order in which you substitute coordinates important for calculating 
the length of a particular slope? Explain why or why not.

buIld your skIlls

1. Nick and Sergio are laying shingles on a new roof. Nick laid 8 shingles 
after 11 minutes and 31 shingles after 66 minutes. Sergio laid 4 shingles 
after 7 minutes and 29 shingles after 57 minutes. 

a) Which would be the independent variable and the dependent variable?

b) How could you represent Nick and Sergio’s work as coordinates?

c) Graph Nick and Sergio’s work on the same graph. 

d) Find the rates at which Nick and Sergio are working.

e) How long would it take Nick to lay 1 shingle? How long would it take 
Sergio to lay 1 shingle?

f) How many shingles would each man lay in 5 hours?
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2. Christian is a plumber, and she needs to drain a full 170 L hot water tank. 
After 6 minutes, there were 130 L left in the tank.

a) Draw a graph with the y-axis labelled 0–180 L and the x-axis labelled 
0–30 minutes. Plot the first two points.

b) Calculate the slope. What does this slope mean?

c) Extend the line all the way down to the x-axis. Pick two different 
points and calculate the slope. What do you notice?

d) How much water will be left after 12 minutes?

e) How much water will have drained in 18 minutes?

f) How long will it take to completely drain the tank?

g) Create an equation for draining this hot water tank using w for the 
amount of water and t for time.

A computer numerical controlled (CnC) 
lathe allows its user to enter precise 
coordinates to create an end product that is 
dimensionally very accurate.

3.  Kevin and Rocco are machinists using a CNC lathe to turn a 
taper on the end of some brass round stock, as shown in the 
diagram. They use the centre of the end of the round stock as 
the origin for the coordinate system and input the coordinates 
(−4, −3) and (−12, −13) to cut the angled section.

12

16

x

y

−12

−8

−4

0

4

8

−4−8−12−16

a)  What is the slope of the angled section (shown in red), to 
two decimal places?

b)  If one unit on the grid is 1 mm wide, what is the length of the angled 
section in millimetres?
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4. To check that the corners of a rectangle are 90°, carpenters measure the 
length of the two diagonals. If the lengths are equal, the corners are 90°. 
Alynn is building a garage behind her house. She staked out the 4 corners 
for the foundation, as shown in the diagram below. She has referenced 
them from the corners of the house in metres and has marked their 
locations using coordinates A(4, 1), B(13, 10), C(24, −1), and D(15, −10).

a) Determine whether the corners in Alynn’s layout are 90° by comparing 
the lengths of the two diagonals, AC and BD.

b) What is the length and width of the garage in metres, to one 
decimal place?

c) What is the relationship between the diagonal measurement that 
carpenters take and the 90° corners in a rectangle?

B(13, 10)

A(4, 1)

D(15, −10)

(0, 0)
C(24, −1)

10
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1 1098765432
0
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al

 H
ei

gh
t (

cm
)

A

B

C

D

E

Horizontal Travel (cm)

x

y5. The graph shown here 
represents the change in the 
vertical position of a marble as 
it travels along a track. 

a) Calculate each slope.

b) Describe what is 
happening to the marble at 
each slope.

c) Draw the track that is 
creating the marble’s path.

48
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6. Tina is trying to determine which slope is greater, so she asks her friend 
Suzanne for help. Suzanne says, “Oh, that’s easy, my teacher just taught 
us that a steeper slope is greater, so it’s graph B.” Is she correct? What is 
needed in order to compare different graphs?
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7. Frank and Maxine are facing the opposite ends of a house looking at the 
same roof. Frank claims that line segment AB is negative. Maxine argues 
that line segment DE is positive. Who is correct? Explain your answer.

A

B
C

D

E F

Frank

Maxine

8. Phil noticed something interesting when he looked at his tape measure, so 
he decided to graph the relationship between the millimetres and inches.

a) Use the tape measure shown here to create a table for the first 6ʺ and 
their corresponding millimetre values. Round to the nearest millimetre.

b) Graph millimetres as the dependent variable and inches as the 
independent variable. Plot six points.

c) Calculate the slope. What does this slope represent?

d) How does your calculation compare with the actual value? Explain why.

e) Write an equation for this graph using i for inches and m for 
millimetres.
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9. Marie measured the slopes of two different staircases in her school and 
then plotted a graph of each, shown below.

a) Which slope appears steeper? 

b) Calculate the slopes. Which has a larger slope? Explain your findings.
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extend your thinking

10. Reena is a self-employed electrician who earns $75.00/h on the job. Her 
gross earnings can be calculated using the equation p = $75.00h, where p is 
her pay and h is the number of hours worked.

a) Create a table of values for the first 6 hours of work.

b) Identify the dependent and the independent variables.

c) Plot the data and calculate the slope of the line.

d) What does this slope represent?
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PRojeCt—DeSIGn	A	teRRAIn	PARK

Make a presentatIon

You are now ready to present your terrain park proposal. Start 
by planning your presentation. What will you tell the ski resort 
owners to convince them that you should be awarded the 
terrain park contract? Be sure to include the following in your 
presentation:

• a sales pitch for your terrain park design;

• a model of a beginner, an intermediate, and an expert jump; 
and

• scale drawings of your three model jumps labelled with 
the dimensions and showing the slope values as a ratio, an 
angle, and a percent. 

Be prepared to demonstrate one of your model jumps and 
explain how you achieved a design with three different levels of 
difficulty.

this student is putting the final touches on her presentation.

refleCt on your learnIng
slope and rate of Change

Now that you have finished this chapter, you should be able to

r

r

r

r

r

understand the relationship between the measurable quantities of rise, run, 
and slope;

calculate the slope of physical objects made by people, such as roads, 
ramps, and roofs;

express slope as a ratio, angle, or percent;

create and interpret line graphs and calculate the rate of change; and

create a slope that meets safety and functionality requirements. 

In addition, you have completed a project that applied your new skills in a 
practical context.
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praCtIse your neW skIlls

1. State whether graphs of the following scenarios would produce positive, 
negative, undefined, or zero slopes.

a) Steve’s motion came to a stop when he applied the brakes on his quad.

b) After 2 months, Bev’s bank account balance had not changed.

c) Alicia gave 3 haircuts in 2 hours and 6 haircuts in 4 hours.

d) After a trip to the Royal Tyrrell Museum in Drumheller, AB, the 
Simpsons created a graph that compared the volume of gas in their 
tank to the distance travelled. What is the slope of the line segment 
that represents where they stopped to fill up the tank?

2. Compare the lines in the diagram below.

a) What influences the steepness of lines AF, BF, and CF? 

b) What influences the steepness of lines CF, DF and EF? 

c) Is there one particular factor that influences steepness? Explain.

A

B

C D E

F

3.  Alejandro is building a lean-to against his house 
to use as a greenhouse. He sketched a diagram 
on graph paper. Calculate the slope of AB and 
express it as a fraction, decimal, percent grade, 
and angle.

ground line
top of wall

floor level

concrete footing

south wall

A

B
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4. Carmen is creating a map of her community for a school 
project. The position of the flag pole at her school is 
represented by the coordinates (371, 85). The flag pole at 
City Hall is shown at (127, 444). Each unit on the map 
represents 100 m. How far apart are the flag poles?

0
100 200 300 400

x

y
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Hall
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Art 
Gallery

Park

400

300

200

100

(127, 444)

(371, 85)

5. A hill on Fir Street has an angle of elevation of 18.1°. 
A hill on Balsam Street has a 32.6% grade. Which hill 
is steeper?

6. Shizuko wants to improve her health, so she goes for a 
walk every evening after dinner. Yesterday, after walking 
for 4 minutes, she was 3 blocks north of her house. 

a) Assuming Shizuko continues walking at the same 
pace and that each block is the same length, draw 
a graph up to 20 minutes. Plot the first point at 
4 minutes. 

b) Calculate the slope of the graph.

c) What does this slope represent?

d) By looking at your graph, determine how far Shizuko was from her 
house after 13 minutes.

e) Write an equation that Shizuko could use to calculate d, the distance 
from her house after she walks for t minutes. 

f) Use your equation to check your answer to question 6(d). Did you 
get the same answer? If not, how could you improve the accuracy of 
your graph?

7. Julio is installing a motion sensor light above his back 
door for improved security. His ladder is 3.7 m long, and 
he has placed the bottom of the ladder 1.2 m from the 
house. A ladder leaning safely follows the 1 in 4 rule. Is this 
ladder safe?

A view upstream of third Canyon in nahanni 
national Park Reserve, northwest territories.

8. Patrick and Kathleen are on a backcountry hiking trip in 
Nahanni National Park Reserve, NT. 

a) They have just hiked up a 4 km section of trail with a 
slope of 0.65. What is their elevation gain? Express your 
answer in metres, to one decimal place.

b) Assuming the slope of the trail remains constant, if 
they continue up the trail another kilometre, how much 
higher will they be?
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Chapter 2
Graphical	Representations

goals

In this chapter, you will explore different types of graphs and discover how 
they are used in the workplace and in daily life. Graphs can be used to display 
data, and it is important to consider which type of graph best displays your 
message. In this chapter, you will

•  interpret data that have been graphed to discover patterns and predict 
trends;

•  graph data yourself, with and without technology aids, and interpret the 
results to solve problems;

• investigate the appropriate use of different types of graphs; and

• compare the effects of different graphing strategies.

key terMs

•  bar graph

•  broken line graph

•  circle graph

•  histogram

•  statistics



55

PRojeCt—CReAte	A	touRISm	BRoChuRe

start to plan

projeCt overvIeW

Skiing, hiking, mountain biking, eating at great restaurants, and relaxing 
are activities that most people enjoy when they visit a resort. Resorts hire 
marketing managers to promote their business to tourists. One effective piece 
of promotional material is a brochure. Brochures help people get a quick visual 
and factual impression of a product or place. 

For this project, you will act as a junior marketer for a year-round Canadian 
resort. Your task is to prepare a two-page brochure promoting your resort to 
potential tourists. The brochure will include photos, text, and two graphs.

Whether you want to see a great work of art, hike to a 
remote hot spring, or eat a great meal, a brochure can 
help you find places to visit that fit your interests.

get started

Start your project by choosing a resort that you want to promote. The resort 
should be an existing Canadian resort that is open year-round. To choose which 
resort you would like to promote, perform some internet research or contact 
a local travel agent. Travel agents can provide you with information about 
different destinations around the country.

Next, start thinking of ways you can promote your resort through a brochure. 
Remember, the goal of a brochure is to get the reader to take a certain action. 
When designing a brochure, ask yourself, “What do I want the reader of this 
brochure to do?” If you are promoting a resort, the answer will likely be, “I 
want him or her to visit this resort!” Think of how you can persuade people 
to visit your resort with the items you will include in your brochure, such as 
pictures, graphs, and bulleted lists of facts. Thinking of answers to the  
following questions will help you start your project.

• Who will read this brochure?

• What will they want to know?

• What are the features of my resort that will attract tourists?

• How can I make my resort look exciting and appealing?

• How can I use graphs, photos, and text to interest tourists in my resort?

fInal presentatIon CheCklIst

Your final brochure will be presented to and viewed by your classmates in a mock marketing fair. Your 
presentation should include the following: 

• a two-page brochure that includes photos, text, and two graphs;

• two tables that contain the raw data you based your graphs on, plus the sources of your data;

• a sheet of paper displaying your graph data as the four different types of graphs you will explore 
in this chapter; and

• a short talk (30–60 seconds) about why tourists would enjoy visiting your resort.

T



56

2.1 broken line graphs

MATH on the Job
Trevor is a small business owner who recently opened his gallery 
and café in Saskatoon, SK. Before opening his business, Trevor 
took business administration courses at Great Plains College in his 
hometown of Warman. He wrote a business plan and conducted 
research to find a business location that was accessible, visible, and 
in a popular part of the city. Trevor’s gallery sells paintings, jewellery, 
prints, carvings, and souvenirs made by Dene and Cree artists.

A business owner uses different methods such 
as graphing and invoicing to track expenses and 
determine how profitable the business is.

As a business owner, Trevor is always busy keeping track of stock, 
employees’ hours and salaries, and profits. During his first year of 
business, after he had paid all the bills for the month, Trevor tracked 
his net income on a broken line graph to see how profitable his 
business was, and determine which months had the highest sales.

net income: income 
earned after all expenses 
have been paid

Below is Trevor’s graph of net income for the last year.
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1.  In what two months did Trevor make the most net 
income? Why might this be so?

2.  From March to August, Trevor’s net income was 
relatively low. Suggest two reasons why this might be 
so.

explore the Math

A broken line graph is a visual representation of data that usually shows 
change over time. Points representing values are connected by line segments 
on a broken line graph. In the last chapter, you used line graphs to represent 
slope and rate of change. The line graphs you drew in chapter 1 display 
numerical relationships, but broken line graphs are usually used to display 
data or to show a trend. They are often used by businesses to help inform them 
and their clients of patterns.

broken line graph: 
graph that uses points 
joined by line segments 
to display data
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In the scenario on the previous page, Trevor used a simple broken line graph to 
visualize his profits. If he compares the profits to specific items sold during 
that period of time, he might be better able to manage his stock and make 
better choices about what to provide during different seasons to increase his 
profits. Trevor is able to use statistics to compare his profits during different 
periods of time.

statistics: the collection, 
presentation, and analysis of 
numerical data

Broken line graphs can also be used to compare sets of data using a multiple 
broken line graph. A multiple broken line graph needs to indicate what each 
line represents. This can be done by using a legend in the corner that indicates 
what each colour or pattern represents.

example 1

every day, fragrant, healthy bread comes out 
of the wood-burning ovens at Whitehorse’s 
Alpine bakery.

Nutritious, great-tasting food is the focus of the Alpine Bakery in 
Whitehorse, Yukon. The bakery makes specialty breads such as 
German rye, Volkenbrot, and Expedition Bread. Expedition Bread 
is extremely healthy and keeps well unrefrigerated because of its 
ingredients. Hikers and canoeists planning lengthy trips often 
take this bread along.

The bakery owner thinks that he generally sells more German 
rye bread, but he wishes to compare the number of loaves of each 
type of bread that were sold each month over a one-year period. 
This will help him determine which products are more popular 
and which breads sell better at different times of the year. 

sales of loaves by Month

Month J F M A M J J A S O N D

Expedition Bread 78 110 98 105 74 124 140 132 65 50 96 84

German rye 68 86 88 86 104 78 96 80 55 72 83 62

Volkenbrot 45 82 78 58 65 68 65 65 42 140 75 42

a) Using the data provided in the table, draw a broken line graph to represent 
sales of each type of bread.

b) Does it appear that any one type of bread sells consistently better than the 
others?

c) During what part of the year do bread sales generally decrease?

d) What might explain the increase in Expedition Bread sales in June, July, 
and August?
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solutIon

a) 

0

30

60

90

120

150
Volkenbrot
German rye
Expedition Bread

Dec.Nov.Oct.Sept.Aug.JulyJuneMayApr.Mar.Feb.Jan.

Number of Loaves Sold by Type

N
um

be
r o

f L
oa

ve
s 

Legend

n

m

Month

hInt 

When graphing data, it 
is important to select 
scales for the vertical 
and horizontal axes that 
appropriately convey 
the information.

 Note that in this graph, a legend is needed to identify what each line 
represents. The vertical scale begins at 0 and rises in increments of 
30. The bakery owner is not looking for the exact number of loaves 
sold each month. Rather, he wishes to know the general pattern of 
sales from month to month, so this scale is appropriate.

b) The Expedition Bread and German rye generally appear to sell better 
than the Volkenbrot.

c) Sales appear to decrease in January and December, or during the 
winter.

d) The increase in sales of Expedition Bread could be caused by more 
people planning outdoor trips during warmer weather, and buying 
food to take with them.

example 2

A weather observer records, observes, and transmits weather information 
such as temperature and precipitation levels. Weather observers often work 
at local airports and provide weather information to government, media, 
and the public. A weather observer for Banff, AB, obtained the following 
information on average monthly precipitation there. 
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Monthly preCIpItatIon

Month J F M A M J J A S O N D

Precipitation 
(mm)

27.5 21.9 23.4 32.4 59.6 81.7 54.2 60.1 42.1 29.4 26.8

a) Graph this information on a broken line graph.

b) What month would be best for camping? Skiing? Hiking?  
Justify your choices.

c) Use the graph to predict what the average amount of 
precipitation might have been in December. What assumptions 
have you made?

About four million visitors come to banff every year.

solutIon
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b) Based on the graph above, the best month for camping would be July 
because it is the driest month during camping season, and likely the 
warmest. The best month for skiing would be January because it receives 
the most snow during ski season. The best month for hiking would be 
September because it is drier and likely cooler than previous months. 

c) The previous January, there had been 27.5 mm of precipitation and in 
November there was 26.8 mm. There is likely about the same amount of 
precipitation in December, especially considering the similar amounts in 
November, February, and March. 
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dIsCuss the Ideas
extrapolatIng and InterpolatIng values

Sleet or sunshine? In the example on the previous page, a value was 
extrapolated from the data on precipitation levels. You may be able to 
extrapolate a new value from the data shown on a broken line graph if there is 
a general trend of increase or decrease. It may also be possible to extrapolate 
from one year to the next if the time of year affects the data in a seasonal 
pattern.

extrapolate: to estimate 
a value beyond a known 
range of values
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When you estimate 
a value between two 
known values, you are 
interpolating. In a 
small group, look at the 
graph to the right. This 
graph was made by a 
health inspector whose 
weekly duties include 
checking and recording 
the temperature of a 
large walk-in cooler 
in a hospital kitchen. 
The temperature must 
be at a certain level 
to ensure that food is 
stored safely. In order to 
deter bacteria growth, 
food must be stored at a 
temperature of 4° C or 
lower. 

interpolate: to estimate 
a value between two 
known values

1. The cooler’s temperature measured 4° C in the first week of January, 3.9° 
in the second week, and 3.7° C in the fourth week of January. What do you 
think the cooler’s temperature was in the third week of January? 

2. The cooler’s temperature was 3.5 ° C in the second week of February and 
3.3° C in the fourth week of February. What do you think the temperature 
was in the third week of February?

3. Predict what the cooler’s temperature will be in the second week of March. 
What do you estimate it will be in the fourth week of March?

4. Discuss with a partner the accuracy you might expect when extrapolating 
and interpolating values.

health inspectors examine 
the cleanliness of 
commercial and industrial 
kitchens. they also ensure 
that refrigerated food 
is being stored at safe 
temperatures.
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Mental Math and estimation

Jennifer is a competitive swimmer who 
is part of her school’s swim team. On the 
wall near the pool, each member of the 
swim team tracks his or her performance 
by graphing how long it takes them to 
swim a certain distance, using a certain 
stroke. Jennifer is currently training for 
the 200 m freestyle race. This graph 
shows her performance times for the 
past 30 days. Based on the graph, how 
long do you think it will take Jennifer to 
complete the 200 m freestyle on day 33? 
On day 36?

30 33272421181512963

t

Jennifer’s Times, 
200 m Freestyle, January
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If you are a competitive athlete, how do you keep track of your performance to determine if it is 
improving?
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ACtIVIty	2.1

jobs for young people

T How do you want to spend 89 784 hours of your life? That is the amount of 
time a person will spend at work if they work an eight-hour day, five days a 
week, from the age of 22 to their retirement at age 65. As a young person, what 
are your chances of finding employment? This activity will help you find out.

1. Working with a partner, research the youth employment rate over a 
30-year period, from around 1975 to 2005, using data you can find on 
the Statistics Canada website. You can find relevant data by performing 
keyword searches, such as “youth employment rate” and “employment 
rate.” Because data are collected periodically, it may be difficult to find 
more recent statistics.

2. Next, research the general employment rate over the same period.

3. Once you have found this information, construct a multiple broken line 
graph that compares the youth employment rate to that of the general 
employment rate.

4. Once you have graphed the data, answer the following questions.

a) What population was included in the youth employment rate data? 

b) Was the general employment rate higher or lower than the youth 
employment rate? Why might this be?

c) Has the youth employment rate recently gone up or down? What does 
this imply for young people looking for work?

d) Has the general employment rate recently gone up or down?

e) Using your research, who do you think has a better chance of finding a 
job: a young person, or someone from the general population?

During the summer, many 
students earn extra income by 
being self-employed.
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example 3

Paul was studying labour force participation rates across Canada and wanted 
to examine trends by gender. He found the following information graphed by 
Statistics Canada.
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a) In 1976, what was the percentage of men who were in the labour force? 
What was the percentage of women?

b) Between 1976 and 2005, what was the general trend in the percentage of 
men who were in the labour force? Percentage of women?

c) What might account for this change?

d) What do you notice about this graph that may be a bit misleading?

e) Think about your answer to the last question. Redraw the graph based on 
your conclusions. Does your new graph allow the viewer to interpret the 
data more clearly? Why?

f) In the graph above, the difference between the data points, or values, is 
difficult to see. The two lines almost appear to be flat, and most of the 
values look the same or similar. What could you do to make the difference 
between the data points more obvious?
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employees with time management 
and communication skills are 
valued in the workplace.

solutIon

a) Approximately 78% of men and 46% of women were in the labour 
force in 1976.

b) The percentage of men in the labour force dropped slightly to 
about 72% while the percentage of women in the labour force rose 
considerably to about 61%.

c) More women joined the labour force because of the need for a second 
income due to the increased cost of living. This would also mean there 
were fewer positions for men so that their percentage decreased.

d) The percentages start at 40%, not 0%.

e) The graph could be misleading because the values on the vertical axis 
do not start at zero. Redrawing the graph so that the values on the 
vertical axis begin at zero provides a more accurate perspective of the 
relationship between the two lines.
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f) If the scale on the vertical axis was in units of 1 instead of units of 
10, the difference between the data points would be easier to see. 
Differences between data points would also be easier to see if each unit 
on the horizontal axis represented four years, instead of one year. 
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dIsCuss the Ideas
InfluenCIng InterpretatIons

In the preceding example, you considered the scaling of the graph and how 
this might affect your perception of the data presented. There are many ways 
to influence how a viewer interprets a graph. Consider the examples below, 
which show two different ways to graph the same data. 
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James works for a catering company. One of his tasks is to track expenses by 
recording the number of dishes that are taken to an event. At the end of the 
event, James must record whether any dishes were lost, forgotten, or broken. 
Every six months, he must present this data to his supervisor in a report 
summarizing kitchen expenses.

With a partner, discuss the following questions. 

1. How do these graphs differ in their presentation of data? In what ways 
does this affect a viewer’s perception of the data?

2. Which graph do you think most accurately represents the data? 

3. Why might a person want to present their data as in graph 2?
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ACtIVIty	2.2

Invest In the best

T Enter a world full of superhuman athletes, attacking blobs of slime, or skilled 
warriors. You or someone you know does this each time he or she plays a video 
game. Which game is your favourite? While video games can be entertaining, 
they also earn a great deal of money for the corporations that create the games 
and the consoles they are played on.

Would it be a wise decision to invest in a company that manufactures game-
playing equipment? In this activity, you will find out. First, research the name 
of the company that makes your favourite game console, plus the name of one 
of its competitors.

Video game technology has 
improved greatly, but some 
people still prefer classic games 
from 25 years ago.

Next, look in the newspapers or online and locate your companies on the 
NASDAQ Stock Exchange. Check the closing price of your companies’ stocks 
each day for a week. Keep a printout or a clipping from the newspaper as a 
record of the prices.

1. Graph the information on a double broken line graph.

2. Which game company had a better week? Explain your reasoning.

3. If you were to buy shares in one of the companies, which one would you 
choose and why?

4. Compare your two companies with the companies one of your classmates 
researched. What general trend does there seem to be in the game console 
business this week?

buIld your skIlls

1. Jean-François is the caretaker for an apartment building in Estevan, 
Saskatchewan. He is responsible for cleaning the building’s common 
areas and repairing its equipment, such as washing machines, hot water 
tanks, and furnaces. Jean-François suspects that one of the building’s hot 
water tanks is not working properly, so he records the temperature of the 
machine’s hot water on a daily basis. The water should be 130° F. Use the 
data in the table to construct a broken line graph showing the hot water 
temperatures.

hot Water teMperatures

Day 1 Day 2 Day 3 Day 4 Day 5

90° F 82° F 78° F 81° F 69° F

building caretakers maintain 
and repair the interior and 
exterior of apartment buildings 
or condominiums. their jobs can 
include vacuuming hallways, 
repairing equipment, and 
gardening.



67Chapter 2 Graphical Representations

2. Julie started working as a community government assistant housing 
manager for the city of Brandon, Manitoba, in April of last year. Her boss 
has been asked to write a report on the average number of people placed in 
community housing monthly. Julie has been given the task of recording the 
number of people who have been placed in community housing each month.
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a) In which month were the most people placed? How many people were 
placed?

b) In which month were the fewest people placed? How many people 
were placed?

c) Can you make any prediction about a trend in the number of people 
placed in community housing, and if so, what would it be?

d) Previous statistics show that, on average, ten people were placed in 
community housing in Brandon each month. Compare the average 
of the data that Julie collected with the previous average. Predict the 
reasons for any differences in the averages.
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3. Consider the graph below.
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Average Weekly Earnings of Canadians

a) What does the graph tell you?

b) What were the approximate average weekly earnings of a Canadian 
during 2003?

c) Describe the general trend in weekly earnings from 1997 to 2008. Why 
might this trend exist?

d) How might the way this graph is constructed be misleading?
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4. Chi was trying to decide what type of work he would pursue after 
high school. His career counsellor had the following graph on the 
wall and suggested that it might help him make his decision.
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a) If Chi is most concerned about income, what choice do you suggest he 
make?

b) Which job has the highest hourly wage? The lowest? By how much? 
Why do you think this is?

c) Do you know anyone who has a job that is listed on the graph? Is his 
or her hourly wage similar to the one displayed on the graph? Why 
might wages be higher or lower than those shown on the graph?

d) Before Chi tries to find a job in one of these professions, what other 
factors will he have to consider?

A career counsellor can help you decide 
where to go to college. they can also 
provide information on how to apply for 
scholarships or write a resumé.
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5. Arseno is a researcher for the Summer Olympic Organizing Committee. 
In reviewing the participation of women during the twentieth century, he 
recorded the number of countries from which female athletes originated 
over the years. 
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a) Graph the information, taking careful note of the years.

b) What is the trend in the number of countries from which women 
athletes originated?

c) Using your knowledge of history, explain the gaps in the years.

d) Extrapolate the number of countries women might have represented 
in the 2004 and 2008 Summer Olympic Games. Research the actual 
numbers.

6. Census takers need to follow trends in population. Canada is a country with 
a relatively high immigration rate. Net immigration refers to the difference 
between the number of emigrants leaving Canada for permanent residence 
in another country and the number of immigrants to Canada. Theresa 
researched the approximate net immigration to Canada from Confederation 
until 2007 by twenty-year increments, shown in the table below.

net IMMIgratIon to Canada

year 1867 1887 1907 1927 1947 1967 1987 2007

Net # of immigrants 
(thousands)

15 90 150 100 100 200 130 260

a) Draw a broken line graph of the data. Discuss the net immigration 
pattern for Canada, based on this data.

b) Use your knowledge of Canadian history to help explain some of these 
trends.

c) Do you think this graph presents an accurate picture of net 
immigration in Canada since Confederation? Why or why not?

70

First nations people were the first
to live in what is now Canada.

today, Canada’s population
includes people from all around

the globe. this photograph shows
a group of First nations people

from bC taking part in a Chinese
new Year parade, a multicultural
event in Vancouver’s Chinatown.
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extend your thinking

7. Use the following information obtained from Environment Canada on the 
Cypress Hills, SK and Richmond, BC to draw three comparative broken 
line graphs and use them to discuss the differences in the climates.

average daIly teMperature (°C)

month J F M A M J J A S O N D

Cypress Hills −9.5 −7 −2.7 3.5 8.8 12.7 15.4 15.3 9.5 4 −4 −8.7

Richmond 3.4 5 7.3 9.9 13.1 15.8 18 18 14.9 10.3 5.8 3.2

average Monthly raInfall (mm)

month J F M A M J J A S O N D

Cypress Hills 0 0.1 1.7 14.4 52.5 96.7 69.6 46.3 50.2 14.7 2.2 0.2

Richmond 151.2 123.2 109.3 94.2 73.9 66.3 39.1 43.7 61.6 119.9 195.1 162.1

average Monthly snoWfall (cm)

month J F M A M J J A S O N D

Cypress Hills 35.1 28 40.2 26.1 24.3 0.1 0 1.3 8 22 32.9 40.4

Richmond 12.4 8.4 1.8 0.2 0 0 0 0 0 0.4 1.8 13

because of their elevation, the Cypress hills, 
Saskatchewan, has lower temperatures and 
receives more precipitation than the land 
that surrounds it.
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8. In question 6, you drew a graph of the net immigration to Canada between 
1867 and 2007. Below is a more detailed graph obtained from Statistics 
Canada. Compare this graph with the one you drew.

a)   What differences do you notice between the two graphs and what 
might explain them?

b)   What might have affected immigration numbers in 1905 and 1949?

c)  Why was immigration so low from about 1930 to 1946?
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2.2bar graphs

MATH on the Job
James Parks works at the flight services station located 
at Yellowknife airport. This station is operated by NAV 
CANADA, the company responsible for air navigation 
services in Canadian airspace. As a flight service 
specialist, James’ job is to help planes fly safely and 
efficiently. He does this by:

• advising pilots of other air traffic nearby;

•  controlling the movement of vehicles on the airport 
surface;

•  providing reports on runway conditions; and

• observing and reporting on the weather. throughout Yellowknife’s winter, James Parks converts freshly 
fallen snow, which is measured in centimetres, to the water 
equivalent, which is measured in millimetres.

Because James is the team supervisor, he also 
monitors these services to make sure they are 
completed properly.

Part of James Parks’ job involves converting 
Yellowknife’s weather into mathematical data. 
“Math is used every day in my job,” says James. 
“When observing the cloud cover in the sky we use 
fractions to represent how much of the sky each 
cloud layer covers.” He also makes calculations to 
convert atmospheric pressure at different levels, 
including sea level, and displays information in 
graphs and charts.

James went to high school at Booth Memorial High 
in St. John’s, Newfoundland. Afterwards, he attended 
the NAV CANADA Training Centre to receive his 
training as a flight service specialist. NAV CANADA is 
now James’ employer. 

Weather data, such as the data James and his 
colleagues collect, can be referred to in order to 
summarize monthly and yearly conditions. Above is a bar graph displaying monthly precipitation amounts for Yellowknife.
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Monthly Precipitation Levels in Yellowknife, 
January−December, 2006

1. What is the title of this graph? What does the title imply that the graph is showing you?

2. What was the total amount of precipitation that fell in 2006?

3. What percentage of the total precipitation fell in July?

4. Can you suggest any reasons why there seems to be higher amounts of precipitation in May, June, July, and August?
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explore the Math

June works at a call centre. She is employed by a pharmaceutical company. Her 
job is to provide information to callers about the company’s products. June 
must ask each caller which province he or she is from, and where he or she 
found the company’s contact information. Consider June’s data table below, 
which includes her caller data for the month of May. If you were graphing this 
data in a bar graph:

bar graph: uses 
horizontal or vertical bars 
to display data

1. What scale would you choose for the vertical axis? 

2. What scale would you choose for the horizontal axis? 

3. What would be an appropriate title for the graph?

Call Centre data

Source Internet Information on 
product packaging

Television 
commercial

Print 
advertisement

Doctor Other

Number of callers 97 134 17 180 78 12

When drawing or interpreting a bar graph, remember that it can provide a 
visual representation of discrete data or data across categories, or can be used 
to compare data. Like all graphs, a bar graph needs a title and the axes need to 
be clearly labelled so that the person looking at the graph can understand what 
it depicts.

In Math on the Job on the previous page, James used a vertical bar graph. Bar 
graphs can also be horizontal. The graph is ordered by precipitation levels per 
month; bar graphs can be more randomly arranged, as shown in Example 1 
below.

example 1

Okpik is an archaeologist who has worked at a dig near Rankin Inlet, 
Nunavut, over several years. Her records help her analyze which 
hunting methods were most commonly used by people in the past. The 
artifacts she has obtained include ulus, which are knives with semi-
circular blades used by women to cut food, clean game, and scrape 
skins, and stones that formed part of ka-lum-ik-touns, which are hunting 
weapons used to catch birds.

InuIt artIfaCts

Hunting hooks Ulus Harpoon tips Goggles Ka-lum-ik-touns

4 7 14 3 25

Ulus are traditional tools 
used by Inuit women to cut 
food and clean game. 
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a) Display the data on a horizontal bar graph.

b) From the numbers, you can see which artifacts were more plentiful 
and which artifacts were rarely found. In what way does the graphical 
representation give more information than simply looking at numbers?

solutIon

a) 
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b) One can better see the relationship between the type of artifacts and 
the total number of artifacts that was found.

the weights of a ka-lum-ik-toun can be made of 
stone, bone, or wood.

traditional Inuit snow goggles were sometimes 
carved from bone.

this fish hook is made from sinew, antler, and 
copper.

A harpoon can be used to hunt sea mammals.
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dIsCuss the Ideas
ConvertIng a graph forMat

Often the information presented on a broken line graph can be presented on a 
bar graph. Consider the information from Example 2 on p. 59 on the average 
amount of precipitation in Banff, AB, which is repeated below.

Monthly preCIpItatIon

month J F M A M J J A S O N D

Precipitation	
(mm)

27.5 21.9 23.4 32.4 59.6 81.7 54.2 60.1 42.1 29.4 26.8

1. Present the material on a vertical bar graph.

2. Since the material could have been presented on a horizontal bar graph, 
why do you think you were asked to use a vertical bar graph?

3. Which graph, the line graph or the bar graph, seems to display the 
information in a more meaningful manner?

4. Describe any type of information that is not as easily obtained from one as 
the other.AC

ACtIVIty	2.3

CoMMutIng to sChool

There is much discussion today about the environment, and people are often 
encouraged to take public transit, car pool, walk, or bike to work. For this 
activity, your workplace is your school. You and a partner will survey at least 
50 students in your school to determine their means of transportation. Record 
the results on a table like the one below. 

Means of transportatIon

Public transit (bus) Car (pool or 
dropped off)

Bicycle Walk

I I I I I I I I I I

sample

Once you have collected your data, analyze your findings to complete the 
following.

Riding a bike is an 
environmentally friendly 
transportation alternative.
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1. What was the most common means of transportation? Explain why you 
think this was so.

2. Display the data on a bar graph. Did you choose a vertical or a horizontal 
bar graph? Why?

3. Describe any information that you can get from the bar graph that was not 
so obvious from the numbers.

4. Compare your graph to that of at least one other pair of students. Are the 
results the same or different? Explain why this may be so.

5. If your school were located in a different place, do you think the results 
would be the same or different? Explain your reasoning.

Surveying other students 
will help you find out more 
about their opinions and 
preferences.Mental Math and estimation

Which teams won more medals than Canada? More silver medals?
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example 2

Akiko is a car salesperson. She is comparing the rate of fuel consumption for 
different makes of cars her company sells. She has the following table, which 
indicates the litres per 100 kilometres used by each car when travelling on the 
highway and when travelling in the city. She feels that it would be better to 
display the information in graphical form for presentation to her customers.

fuel ConsuMptIon

Car Car A Car B Car C Car D

City 11.5 11.8 12.2 10.6

Highway 9.8 8.9 8.6 10.0

a) Use a double bar graph to display the data.

b) Which car would you buy based on the fuel consumption data and why?

solutIon

a) 

0 3 6 9 12 15

Highway
City

D
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B
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Litres per 100 kilometres 

Fuel Consumption

b) You will want a car that uses the least number of litres per 100 
kilometres. If most of your driving is city driving, this would be car 
D. However, in highway driving it has the highest fuel consumption. 
Car C has the lowest highway consumption, but it also has the highest 
city consumption. You would choose car C if most of your driving was 
on the highway. Cars A and B are not considerably different from car 
C. You would want to balance your city/highway driving in deciding 
among these.
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dIsCuss the Ideas
graphIng Condensate teMperatures

Steamfitters take and graph the temperature of condensate 
(condensed water vapour) on the inlet and outlet of a 
steam trap, then compare these readings to the acceptable 
temperatures given in the manufacturer’s data. Steamfitters 
do this to determine if the trap is working correctly and 
releasing average amounts of steam. Steamfitters may also 
record the age of the steam trap to determine whether or not 
it should be replaced. Ashok, a steamfitter, records this data 
on the graph to the right.
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Ashok used a double bar graph. The graph allows him 
to compare the condensate’s actual temperature, the 
manufacturer’s suggested temperature, and the temperature 
by age.

1. Which temperatures are higher, the actual temperatures or the 
temperatures suggested by the manufacturer?

2. Which steam trap age group has the most accurate temperature?

3. Why do you think Ashok used a double bar graph to display this 
information? 

4. Suggest two workplace situations where it would be helpful to compare 
two or more sets of data.

5. Would a line graph be a more effective way to display this information? 
Why or why not?

this is an industrial steam 
condensate trap.

ACtIVIty	2.4

explorIng graphIng softWare

For this activity, you will need access to the internet. Work with a partner or 
complete the activity at home on your own.

1. Search the internet to find at least two different sites that you can use to 
draw bar graphs by inputting data. 

2. Use one of the site programs to draw a bar graph of the condensate data in 
the Discuss the Ideas section above. How does the graph compare to the 
one shown above?

3. If possible, use the program to draw the broken line graph of the same 
data. How does it compare to the original?

4. What are some advantages to drawing a graph manually? What are some 
advantages to drawing it with a software program?

T
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buIld your skIlls
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1. Ms. Runson posted a graph on her 
notice board.

a) What does the graph tell you?

b) How many students wrote a 
perfect paper?

c) What was the most common 
score?

d) How many students got 0 on 
the quiz?

e) How many students wrote Ms. 
Runson’s quiz?

2. Jessica is a cost estimator who has been hired by a construction company 
in The Pas, Manitoba. The company has asked her to find the most cost-
efficient type of concrete to use for the construction of a new apartment 
block.

Cost of ConCrete

Company Company A Company B Company C Company D Company E

Cost of concrete 
per m3

$70.00 $85.50 $102.00 $67.00 $74.00

While most of today’s research 
is done on the internet, excellent 
data can be found in your local 
library’s collection.

Display the information on a bar graph. What, if any, other factors might 
Jessica consider when she selects the concrete supplier?

3. Stéphane is a library technician who works in a school library. He is 
collecting statistics about the most popular book genres with students in 
different grades. He has compared the number of murder mystery books 
to the number of science fiction books borrowed by students in different 
grades. Display the results on a vertical double bar graph and describe the 
trends.

Most popular book genres

Grade Grade 9 Grade 10 Grade 11 Grade 12

Murder mystery 25 24 20 22

Science fiction 28 32 38 35
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4. Jarvis works as a representative for a cleaning supplies company. He earns a 
bonus when he surpasses a certain level of sales. To make sure he is paid the 
bonuses he earns, Jarvis uses a spreadsheet to track the amounts and types 
of cleaning supplies he sells to different hotels in Saskatoon, Saskatchewan. 
The part of his spreadsheet containing data on the two types of fabric 
softener he sells by the bucket is shown. Display the data on a horizontal 
double bar graph and discuss the sales trends shown in the graph.

CleanIng supplIes

month January February March April

Florasoft 12 11 13 10

Freshex 15 22 29 31

5. Kay saw the following graph displaying graduation 
rates of boys and girls at three local high schools. 
She concluded that girls have a better graduation rate 
than boys and that School B is a much better school 
based on its graduation rate.
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a) Do you agree or disagree with Kay’s conclusions? 
Justify your response.

b) What are the graduation rates in  
each school?

6. Trinika is designing a logo for her new company and 
has narrowed her choice down to two designs. She 
asked 20 people in each of four age groups which 
logo they preferred, A or B.

a) Display the data on a double bar graph.

b) Sheer numbers indicate that Logo A is the favoured logo. However, 
Trinika chose Logo B. Why might she have decided to do this?

logo preferenCe (by age group)

Age Age 10–14 Age 15–19 Age 20–24 Age 25–30

Logo A 19 17 6 4

Logo B 1 3 14 16
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7. A community centre distributes a survey among the people who use its 
drop-in story hour for young children. The centre will use the information 
from the survey to determine whether it should develop new programs for 
single mothers, single fathers, or families with two parents. 

types of faMIlIes usIng drop-In story hour

month Jan. Feb. Mar. Apr. May Jun.

Single mothers 9 11 8 10 13 10

Single fathers 4 2 6 4 7 5

Two-parent families 17 20 18 23 21 25

a) Draw a triple bar graph to depict the information.

b) Based on your graph, for whom do you think the community centre should 
develop new programs? Do you think this is an accurate way to assess 
whether more programs should be developed for certain family types? 
Discuss why or why not.

c) Do you think this information would be better displayed using a triple 
line graph? Discuss why or why not.

extend your thinking

8. There has been some 
discussion about whether 
teenagers work more 
efficiently if they are able 
to stay up later at night and 
sleep in later in the morning. 
If true, this could imply a 
later start to the school day. A 
local high school surveyed its 
students about their views on 
this issue.
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a) Approximately how many 
grade 12 students voted 
to change the school day?

b) Approximately how many 
students voted?

c) Mary used this graph to state: “Grade 10 students clearly want a later 
start and end time for school but grade 11 students don’t seem to care 
as much.” Is this a fair statement? Explain your reasoning.
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9. Ginger is making a presentation to a meeting of the ten partners of a small 
distribution business. She is trying to persuade them that they need to 
improve the work environment. To do this, she compares some data with 
data from a rival firm of the same size. She drew a double bar graph to 
display the data. 

0

2

4

6

8

10

12
Ginger’s company

Competitor’s company

Offic
e 

Staf
f

Work
ing

 

Spa
cesCom

pa
ny 

Cell
 Ph

on
es

Com
pu

ter
s

Company Expenses
N

um
be

r o
f I

te
m

s

Items

a) How many computers does each company have?

b) How many working spaces does each have?

c) Would it make any difference that one has more 
computers than working spaces and the other vice 
versa? Justify your response.

d) Think of a situation in which the number of office 
staff could be considered equal.

Reports and presentations often rely on graphs to 
quickly convey information.
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PRojeCt—CReAte	A	touRISm	BRoChuRe

WrIte to proMote your resort

T Now that you have decided on which resort 
to promote, use the internet to locate three 

or four photos that you can use to illustrate your 
brochure. After you have found photographs that you 
think would catch a tourist’s eye, place them in your 
brochure.

Next, write two to three short paragraphs that 
promote your resort and make it seem attractive to 
tourists. You could write about your resort’s features, 
such as swimming pools, restaurants, or the activities 
you can do there. You can also include a list of 
attractions or selling points.

Finally, prepare a short talk (30–60 seconds) about 
why tourists should visit your resort. If you have 
actually visited the resort you are promoting, you 
could talk about some of your memories of the place 
or the experiences you had there. You will give this 
talk during the mock marketing fair where you will 
make your presentation.

You will promote your resort at a mock marketing fair.
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2.3histograms

MATH on the Job
Elaine Lichtenwald has worked in real estate for a number of years. She 
was born and raised in Vancouver, BC, but spent ten years in property 
management in the United States. When she moved back to Vancouver 
in 2003, she started a property management consulting business. 
She was Rookie of the Year in 2004, which means that she sold more 
property than any other new person that year. Since that time, she has 
bought into a real estate office in West Vancouver and has been active 
in sales while overseeing seven real estate offices.

Real estate agents must be familiar with local 
markets, know their client’s budget, and be 
mindful of zoning laws.

Elaine uses mathematics on a daily basis in determining if an 
individual qualifies to purchase a home, to calculate taxes and 
mortgage, and in conducting comparative analysis. For the 
latter, a graph is often a good way to depict the data. Shown is 
a graph displaying the number of apartments in different price 
ranges sold in Vancouver in September 2009. 
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1.     What trend does the histogram seem to indicate?

2.     Give as many explanations as you can for the trend that 
seems to be apparent from the histogram.

explore the Math

A histogram looks similar to a bar graph. The main difference between a 
histogram and a bar graph is that on a histogram, the timeline or amounts 
graphed are continuous rather than discrete. In a histogram, categories must 
be adjacent, and they are usually the same size. Histograms can usefully depict 
ranges of information.

histogram: graph 
representing the 
distribution of data

The bars on a histogram are usually labelled with a lower and upper 
boundary. For each bar, the data will include the lower boundary but not 
the upper boundary. For example, in the histogram above, the first bar 
includes the number of apartments sold for $100 000.00 or more, but less than 
$200 000.00.

lower boundary: the 
lowest value of the 
interval on a histogram

upper boundary: the 
highest value of the 
interval on a histogram
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example 1

French-speaking students from Manitoba and around the world attend 
Manitoba’s Collège universitaire de Saint-Boniface, a university-college that 
offers most classes in French.

Adèle is a student at the college who is completing a research project for one of 
her courses. She is interviewing people across Canada to determine the average 
number of hours of television they watch per week. Adèle recorded her survey 
results below.

televIsIon vIeWIng

time 0 ≤ h < 5 5 ≤ h < 10 10 ≤ h < 15 15 ≤ h < 20 20 ≤ h < 25 25 ≤ h < 30 h ≥ 30

no.	of	people 254 875 684 912 345 123 62

Manitoba’s Collège universitaire de Saint-
boniface offers students opportunities such 
as snow sculpting so they can experience 
francophone culture.

a) Draw a histogram that fairly represents this data.

b)  How many people watch between 10 and 15 hours of 
television a week?

c) How many people watch less than 15 hours a week?

d)  How many people watch 15 or more hours of television 
during the week?

e)  What information is more obvious from the histogram than 
from the numerical data or vice versa?

f) What information is not displayed in this histogram?

g)  Would this survey accurately represent the number of hours 
of television watched throughout the province? Discuss why 
or why not.
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solutIon
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b) 684 people watch between 10 and 15 hours of television per week.

c) Add to find the number of people who watch less than 15 hours of 
television each week.

254 + 875 + 684 = 1813

d) Add to find the number of people who watch more than 15 hours of 
television each week.

912 + 345 + 123 + 62 = 1442

e) The histogram gives a more visual representation and one can see clearly 
that a lot of people watch between 5 and 20 hours of television each week.

f) Technically it does not show that there are people who watch more than 
35 hours a week. However, you could include another bar that indicates 
this. 

g) Depending on the survey method, it could be accurate or not. Many people 
prefer not to answer telephone surveys or they are unavailable when called, 
so the results could be biased by that. Also, you would need to have more 
information. Was the survey done across age groups? Was it done across 
socioeconomic groups? Was it done across cultural groups? Was there fair 
representation of rural and urban districts?
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ACtIVIty	2.5

keepIng aCtIve

Working with a group is an 
efficient way to conduct 
research and document your 
findings.

Exercise is almost as important to health as eating healthy food. If you like 
to exercise with a group, it can even lead to a wider circle of friends. How 
much do your classmates exercise? In this activity, you will find out how often 
your peers hit the gym, go for a swim, or take a walk. Work with a partner to 
conduct a survey to find out how much exercise students get on a daily basis. 
Ask at least 50 students how much time, in minutes, they spend exercising 
each day, and tally the data on a table like the one below. 

daIly exerCIse survey
0 ≤ t < 30 30 ≤ t < 60 60 ≤ t < 90 90 ≤ t < 120 120 ≤ t < 150

sample

Once you have collected your data, display your findings on a histogram. 
Formulate three questions that could be answered by examining the 
histogram.

Mental Math and estimation

Examine the histogram on the right. How 
many more employees earn $20 000.00 or 
more per year than those employees that 
earn less than $20 000.00 per year?
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dIsCuss the Ideas
traffIC engIneerIng

Some traffic intersections include sound cues that let 
people with visual disabilities know when the “walk” 
signal is on and it is safe to cross the road.

Have you ever wondered how it is decided that a stop 
sign or traffic lights should be installed at a particular 
intersection? Traffic engineers study traffic patterns and 
determine the appropriate speed limits and placement 
of traffic control devices. Years of study have revealed 
that drivers are often the best regulators of a safe 
driving speed or the placement of a stop sign or traffic 
light. For example, traffic engineers have found that for 
a speed limit to be effective, at least 85% of drivers must 
voluntarily comply with it. Also, they have found that 
stop signs introduced to slow traffic often do so around 
that intersection but that drivers speed up between signs 
to make up for what they consider lost time, thus creating 
a more dangerous situation. 

By studying the traffic patterns at an 
intersection, traffic engineers can determine 
if traffic lights are warranted, if a stop sign 
would be more appropriate, or if a pedestrian 
controlled signal should be installed.

Ari works as a traffic engineer. He has installed 
a counter to determine the number of vehicles 
that use a particular intersection during the 
afternoon rush period on a given day. His results 
are displayed on the histogram shown here. 
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Using the Intersection

1. During what time period was there the most 
traffic?

2. Approximately how many vehicles used the 
intersection between 5:30 pm and 6:00 pm?

3. Approximately how many vehicles passed 
through the intersection between 3:00 pm 
and 7:30 pm?

4. What other information, other than the 
number of vehicles using the intersection,  
might be useful for Ari if he is going to  
determine the traffic light sequence and  
timing?
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buIld your skIlls

1. During the winter, Simone spends every second of her spare time 
snowboarding. When not on the mountain, she works as the housekeeping 
manager at a hotel in Nelson, BC. As a manager, Simone is responsible for 
recording the number of hours the housekeepers work to ensure they are 
paid the correct amount. During the winter, when business is slower than 
it is in the summer, the housekeepers work part-time hours. Simone graphs 
their hours on a histogram on a weekly basis.
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a) How many people 
worked less than 16 
hours?

b) What was the most 
common number 
of hours worked 
by the part-time 
housekeepers?

c) How many people 
were working part-
time, assuming that 
Simone recorded 
the hours for all the 
housekeepers?

nelson, bC has a thriving tourism industry and arts scene.
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2. The histogram on the right shows the distribution 
by ten-year age groupings of Canada’s population 
in 2006, rounded to the nearest thousand. Use the 
histogram to answer the following. 
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a) Some people think that population distribution 
by age groupings should be fairly even, slowly 
declining with age. Is this apparent from the 
histogram? 

b) Which age group has the greatest population? 
What is the approximate size of this group? 

c) Approximately how many Canadians were in 
their 90s?

d) Approximately how many people between the 
ages of 10 and 19 lived in Canada in 2006?

e) Approximately how many children under 10 were 
there in 2006? What does this imply about the 
Canadian population?

f) Sometimes when discussing the population of a country, the first 
category is “under 15” and the last category is “65 and over.” Even 
though the ranges of these two age categories are not the same as the 
others, why might they be used ?

g) Make a table that indicates the 
approximate number of people in 
each age grouping.

h) From this data, it appears that there 
are no Canadians over the age of 
100. Do you think this is true? 
Check to verify your opinion.

i) Research to find out the age of the 
oldest Canadian.

Canada’s Inuit population is characterized as “young and growing.” 
In 2006, Statistics Canada reported that the median age of the Inuit 
population was 22 years, while the median age of Canada’s general 
population, based on the graph above, was around 40 years.
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3. Examine the double bar graph; 
if you look at the age groupings, 
you will notice that they form a 
continuous timeline. Use this data 
to make two histograms, one for 
females and one for males. Do you 
prefer one means of representation 
over the other? Why?
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4. Jenny manages a surf shop in 
Tofino, BC. The shop sells and 
rents equipment, and recently 
started offering surfing lessons. 
Every two weeks, Jenny tallies 
and records the number of people 
who took beginner, intermediate, 
and advanced surfing lessons. 
She keeps biweekly data because 
this allows her to better note when tour and school groups visit, and when 
her busiest times were. At the end of the year, she will use this data to 
determine which lessons she should hire more instructors to teach.

nuMber of people Who took begInner surfIng lessons, 2009
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a) Draw a histogram to represent the data.

b) Do you see a trend in the number of people who took beginner surfing 
lessons? Why might this be?

c) In which month did the greatest number of people take beginner 
surfing lessons?

d) Judging from what you see on your histogram, predict (extrapolate) the 
number of people who will take surfing lessons in the first and second 
half of October.

e) Explain why or why not a histogram is the best method to display this 
data.
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5. In research about people with disabilities, Jeff and Lisa found the following 
two histograms that deal with the percentage of people in the general 
population with disabilities. 
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this skier is learning to use 
adaptive equipment.

a) What percent of the male population between 45 and 64 years of age 
has a disability?

b) What percent of the female population in the same age group has a 
disability?

c) By comparing the two histograms, make a general statement about the 
percentages of men compared to women who have disabilities.

d) Carrie, one of Jeff and Lisa's classmates, said that she thinks that 
66% of the population between the ages of 65 and 74 is disabled and 
that this is a rather high percentage. Do you agree or 
disagree? Explain.

e) Look closely at the histograms. What two things about 
them could be misleading?

6. Consider the following histogram.
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a) What information does it display?

b) How many employees earn less than $33 000.00?

c) What appears to be the highest salary that an employee 
can earn?
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7. Marcel works in the personnel department of a large store. His new 
manager is concerned about employee retention and has asked Marcel to 
compile a set of data for her. Among other things, Marcel searched the 
records to find the length of time employees have worked at the store. 
Display the data on a histogram.

nuMber of years eMployed

Years 0 ≤ y < 2 2 ≤ y < 4 4 ≤ y < 6 6 ≤ y < 8 8 ≤ y < 10 10 ≤ y < 12 y ≥ 12

Number of 
employees

56 62 48 21 9 15 4

8. Lise works as a secretary at an animal shelter. When pets arrive at the 
shelter, a volunteer veterinarian records details about the animal that 
prospective owners will want to know. These details include gender, age, 
weight, temperament, and whether or not the animal has been vaccinated 
against various diseases. This data are given to Lise, who compiles them 
each month, according to species, so that the animal shelter can track the 
number and type of animals that were dropped off.

a) Which of the details that Lise records could best be graphed using a 
histogram?

b) If you were to draw this histogram, what units of measurement would 
you use?

c) What title would this graph have? What labels would you put on the 
horizontal and vertical axes?

d) Based on your answers to the above questions, draw a sample of what 
this histogram might look like.

extend your thinking

9. a)  Write and answer four questions that the 
histogram can be used to answer.

b) What other information would you need to 
use this histogram accurately?
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In Canada, secretaries earn an 
average of $15.53 an hour. this 
wage translates to a yearly 
salary of around $32 000.00.
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10. Mary is researching the real estate business in Prince George, British 
Columbia. She obtained information from the Canadian Mortgage and 
Housing Corporation (CMHC) regarding the number and costs of houses 
listed for sale in Prince George during the month of November 2009.

housIng prICes

 Price	(in	dollars) 150 000– 
199 999

200 000– 
249 999

250 000–
299 999

300 000–
399 999

400 000–
499 999

500 000 or 
more

Number of units 1 8 4 12 6 2

a) Draw a histogram that represents the data.

b) What do you notice about the ranges of housing prices?

c) Why do you think the data is presented in this manner?

d) If you had been presented with the histogram rather than the raw data, 
do you think you would have been misled about the numbers? Why or 
why not?

e) Redraw the histogram to reflect more equal pricing lists. (Choose some 
numbers that you think are realistic.) Which graph seems to give a 
more realistic view of the situation?
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researCh resort statIstICs

Mountain biking? A spa? Movies under the stars? What types of 
activities does your resort offer? Is it well known for the amount 
of snow it gets, or the hot temperatures that make tourists want 
to suntan on the resort’s lakeside beach? Earlier, you started 
planning your promotional brochure. Now it is time to research 
the resort your brochure will promote, and find out more details 
about the types of activities tourists will want to do there. 

british Columbia’s Fairmont hot Springs are a popular resort 
destination. the springs are located in the Columbia Valley 
and can reach temperatures of 45° C.

Think of your resort’s features that can be represented using two 
graphs. There are many ways to do this. If your resort is known 
for skiing, you could graph monthly snowfall. You could include a 
graph of daytime temperatures if your resort is a popular summer 
destination. If your resort offers a variety of outdoor activities, 
you could use a graph to represent the popularity of each activity. 
To show tourists how successful your resort is, you could graph 
visitor numbers throughout different seasons. Pricing information 
is also interesting to tourists, and can be represented as a graph 
that displays how fees differ throughout the seasons. Remember 
to record the names of your data sources, or links to their 
websites.

After you have finished your research, record your data in two tables. Next, graph your data, either by drawing them by hand or 
using a computer program or online graphing software.

Graph each set of data in two ways (choose from a broken line graph, bar graph, histogram, and circle graph). Which graph 
best presents your information? Does one type of graph convey the information in a way that will promote your resort more 
effectively?

Choose the best graph for each data set to include in your brochure, and add it to your word processing file.
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the roots of Math 

graphIng: InspIred by the bubonIC plague

Graphing, which is now a common practice, is a fairly recent 
introduction to the field of mathematics. Who would imagine that 
something as nasty as the bubonic plague would have provided the 
motivation to pictorially represent statistical data?

the fleas on rats were responsible for spreading the 
bubonic plague.

In 1538, it was precisely such a disaster—a plague epidemic—that 
inspired the English to begin gathering statistics on the number of 
births, deaths, and marriages. These data, compiled and referred to 
as the bills of Mortality, were at first circulated only to government 
officials and were not made available to the public until 1594. The first 
serious analysis of them was done by John Graunt in 1662. This data 
collection and the need to represent it in an easy-to-understand way 
provided the impetus for scientists and mathematicians of the time to 
begin a form of statistical graphing. 

William Playfair (1759–1823), a Scottish engineer and political 
economist, is credited with inventing the line graph, bar graph, 
and circle graph, although a few single instances of line graphs 
existed before his time. Playfair acknowledged the contribution 
of a contemporary, Joseph Priestley, who had represented time 
geometrically. As with many other mathematical discoveries, others 
introduced similar graphical representations at about the same time, 
including Jacques Barbeu-Dubourg, a French physician, and the Scottish 
philosopher, Adam Ferguson. Because graphical representation made it easier to understand the data, its use spread rapidly. It 
must also be acknowledged that, from the beginning, William Playfair also discovered that he could misrepresent data using 
graphing techniques, and did so at times if it was to his benefit!

Among the first uses of graphing, we find a graphical representation of:

• christenings in London between 1630 and 1710 (a broken line graph used by Dr. John Arbuthnot to "prove the existence of 
God");

• life spans of famous people (a line chart by Joseph Priestley);

• exports and imports to Scotland, 1780–1781 (a double bar graph by William Playfair);

• national debt of England in 1801 (a broken line graph by William Playfair); and

• availability of various vegetables in Washington in 1802 (a line chart by Thomas Jefferson).

1. Why do you think it became important to gather statistics about births and deaths around the times of plagues?

2. If graphing techniques were used as far back as 1538, why do you think the credit for inventing them goes to William 
Playfair who lived much later?

3. Check on the internet to see if you can find images of some of the first graphs mentioned above.

4. Make a list of people your class considers famous during a 300-year period. Draw a line chart similar to Priestley’s for them.
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MATH on the Job
neechi can be translated as “friends” in both the Cree and Ojibwa 
languages. Neechi Foods Co-op Ltd. provides healthy food to the 
people living in Winnipeg, MB. 

As the co-op’s manager of member services, Trina Monias plays an 
essential role in providing customers with the products that attract 
them to the co-op. She orders merchandise, sets retail prices, and 
plans promotions. Trina is a member of the Garden Hill First Nation. 
She received her high school diploma from Garden Hill First Nations 
High School.

Trina uses her math skills every day to do her job. She oversees 
cashier operations, supervises staff preparation of invoices, 
including invoices for tax calculations and case-lot discounts, and 
sets up cash floats. Trina also prepares bank deposits and ensures 
that the amount of money stored in the co-op’s safe corresponds to 
its written records.

The co-op sells different brands of the 
same type of product. If a product seems 
to be selling poorly, Trina can compare 
the popularity of that product to others 
by making a circle graph using data from 
her merchandise orders. Based on this 
evidence, the co-op might decide to stop 
selling an unpopular product. 

trina Monias works at Winnipeg’s neechi Foods Co-
op, a store that sells Aboriginal specialties. You can 
find wild rice, local produce, Manitoba-caught fish, 
and Aboriginal art and books on the co-op’s shelves.

The co-op sells specialty jam made 
from Manitoba fruit, as well as common 
commercial brands. Shown is a circle graph 
based on twelve months of sales data. It 
displays jam sales by brand and is based on 
the number of jars sold.

Green Orchards 

Big River Products 

Shannon Foods 

LaBelle's Jams 

Triple Fruit 

Wild Products 

Sunrise Farms 

McArthur's 

Product Popularity, Jam by Brand

4% 11%

18%

24%
4%

9%

2%

28%

1. What percentage of sales comes 
from Wild Products?

2. Which brand is the least popular? 

3. Why do you think the data is 
displayed using a circle graph? What 
are some advantages of displaying 
data in a circle graph? 
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explore the Math

A circle graph is a visual representation of how a whole is divided. Sectors of 
the circle represent the percentage of each aspect of the data being considered. 

circle graph: a visual 
representation of data 
made by dividing a circle 
into sectors that each 
represent parts of a 
whole

A circle graph may provide a very good visual representation of a set of data 
because the size of the slices varies visibly compared to the whole. Thus, you 
can more readily see proportional amounts. Also, it is less likely that you 
can misrepresent the data and mislead observers unless important data are 
omitted. While there are various automated aids for drawing circle graphs, it is 
important to understand how they are constructed. Example 1 shows you how 
to draw a circle graph manually.

example 1

Orillia has kept track of the amount of time she spends on different activities 
throughout the day and has recorded it on the following table.

daIly aCtIvItIes

Sleep School Job Homework Meals Relaxation Travel

7 hours 7 hours 4 hours 1.5 hours 2 hours 1.5 hours 1 hour

Display the information on a circle graph.

solutIon

1. To make a circle graph, the first thing you must do is determine the 
percentage of the day Orillia is involved in each activity. Since a day has 24 
hours, to find the percentage, divide the hours by 24 and multiply by 100 
(round to the nearest percent).

 Sleep and School: 7 hours each
7
24

× 100 ≈ 29%

Job: 4 hours
4
24

× 100 ≈ 17%

Homework and Relaxation: 1.5 hours each
1.5
24

× 100 ≈ 6%

Meals: 2 hours 
2
24

× 100 ≈ 8%

In 2008, Statistics Canada released the 
results of a survey that asked teenagers 
how they spent their time. Among other 
things, the survey found that girls do an 
average of 2.5 hours of homework each day, 
while boys do 2.2 hours.
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Travel: 1 hour
1
24

× 100 ≈ 4%

Notice that these percentages only add up to 99%. Why don’t they add up 
to 100?

Since the Meals time was the closest to being rounded up, you may treat it 
as 9% in the rest of your calculations. This is what may be called a “value 
judgment.” 

hInt

Remember to include 
a percent for each 
category in the graph, 
even if you grouped 
them together in your 
calculation.

2. The second step in drawing a circle graph is to determine how many 
degrees of the circle are included in the given percentage. Recall that there 
are 360° in a circle. Change the percent to a decimal by dividing by 100, 
then multiply 360° by this decimal. 

You may ask: Why did you multiply by 100 in the calculation above? It is 
because you need to indicate the percentage on the final circle graph.

Sleep and School: 29% each
0.29 × 360° ≈ 104°

Job: 17%
0.17 × 360° ≈ 61°

Homework and Relaxation: 6% each
0.06 × 360° ≈ 22°

Meals: 9%
0.09 × 360° ≈ 32°

Travel: 4%
0.04 × 360° ≈ 14°

Add up the degrees. What do you notice?

3. Now draw your graph. Draw 
a circle and use a protractor 
to determine the number of 
degrees. Colour each sector 
a different colour or use a 
different fill pattern.

Job 

Homework 

Meals 

Relaxation 

Travel

Sleep 

School 

Percent of Day Spent on Activities

17%

6%

9%

6%

4% 29%

29%
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puzzle It out

CoIn ConundruM

You and your friend have hiked up to a remote cabin in the woods, far from 
civilization. The sun has gone down. There is no cell phone reception. Since 
there is no electricity in the cabin, there is no radio or TV, either, and it is 
getting dark. The only light you have is a flashlight. To pass the time, your 
friend tells you that he will teach you a magic trick. 

He pulls out 12 coins and places them on the table in front of you. You look 
at them briefly and see that 7 of the coins have the tails side facing up and 
5 coins have the heads side up. Before you have a chance to memorize the 
positions of the coins, your friend turns off the flashlight and says, “OK, reach 
out and feel where the coins are.” You touch each of the 12 coins. Your friend 
says, “It’s your job to separate the coins into two piles so that when I turn the 
flashlight back on, there will be an equal number of heads in each pile. You 
can move and flip over some of the coins if you want.”

Is it possible to do this? Actually, it is. In groups of two or three, take five or 
ten minutes to discuss how you could solve the puzzle. Next, cover the eyes 
of the person who wants to try and solve the problem, and ask him or her to 
apply your problem-solving strategies.

After a long day hiking, playing a game around the campfire is a good way to relax.
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example 2

Rochelle is an environmental monitor working out of Chilliwack, BC, who 
gathers water samples from different rivers. The samples are tested for the 
presence of various pollutants. The graph below represents the percentage of 
rivers that contain a certain level of nitrogen, a nutrient often associated with 
agricultural fertilizer and animal waste. 

The nitrogen is measured in milligrams per litre (mg/L).

1.3–1.5 mg/L

1.1–1.2 mg/L

0.9–1.0 mg/L

0.6–0.8 mg/L

0.0–0.5 mg/L

Rivers by Nitrogen Level 
(measured in mg/L)

14%

13%

32%

27%

14%

a) What is the most common nitrogen level?

b) What is the least common nitrogen level?

c) What else would you need to know to determine the number of rivers 
at each of the different nitrogen levels?

d) What may be misleading about this graph?

solutIon

a) The most common nitrogen level is 0.6–0.8 mg/L.

b) The least common nitrogen level is 1.1–1.2 mg/L.

c) To determine the number of rivers at each nitrogen level, you would 
need to know the total number of rivers that were tested.

d) This graph may be misleading because the nitrogen level ranges are 
different.



103Chapter 2 Graphical Representations

dIsCuss the Ideas
representIng data on a CIrCle graph

Max is a freshwater angling guide who works for an outdoor guiding company 
in northern Alberta. Max tracks the expenses associated with his job, such as 
fuel for the boat and fishing tackle. At the end of each month, Max’s employer, 
Ben, requests that Max submit his receipts for his monthly expenses, as well as 
a circle graph displaying how he spent this money.

1. Why do you think Max’s employer requires him to graph his monthly 
expenses using a circle graph?

2. What mathematical operations does Max have to complete before he can 
make the circle graph showing his monthly expenses?

3. Which professions do you think use circle graphs at work? What type of 
data might they display on the graphs?

ACtIVIty	2.6

graphIng CharItable donatIons

Camp Tamarack, a summer school for teenagers and children 
with learning disabilities, is located in Saskatchewan. Donations 
help this charitable organization run programs for the young 
people who visit it.

Prince Albert, Saskatchewan, is the third 
largest city in the province. Camp tamarack is 
located nearby.

If a charitable organization wishes to increase its fundraising from 
donations, the organization will first examine the sources of its 
current donations. It could then identify the sources it would like 
to target for increased or new donations.

1. Consider the sources of donations listed below. Draw a circle 
graph that represents the percentages of donations that come 
from different sources.

Individuals: $3540.00

Provincial government: $800.00

Local businesses: $1278.00

Corporations: $4421.00

Religious organizations: $630.00

Educational organizations: $367.00

2. Which three sources should the organization try to increase donations 
from? What is your reasoning?

3. Which two sources donate the most? Why do you think this is so?
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Mental Math and estIMatIon

Vancouver Island marmots 
live in the sub-alpine 
meadows near Courtenay, bC.

There are four species of marmot in Canada, one of which is the Vancouver 
Island marmot. Currently, there are around 100 Vancouver Island marmots in 
the whole world, with very few living in the wild.

Below are two graphs displaying the Vancouver Island marmot population. The 
blue section of the graph represents the percentage of the population that is 
composed of adult marmots and the green section represents the percentage of 
the population that is composed of juveniles. 

Juvenile

Adult

1979 1998

Vancouver Island Marmot Population,
Adult and Juvenile Composition

In 1998, about what percentage of the Vancouver Island marmot population 
was composed of adults? Estimate by how much the percentage of adults 
decreased between 1979 and 1998.

buIld your skIlls

1. Raymond works in the tourism 
industry. His information shows 
him that five of the most popular 
countries for Canadians to visit 
are Mexico, the United Kingdom, 
France, Cuba, and the Dominican 
Republic. The following graph 
indicates the percentage of visits to 
each of these countries.

Cuba is a popular destination for Canadian tourists. 
this photo was taken in the capital city of havana 
or, as the locals call it, Ciudad de la habana.



105Chapter 2 Graphical Representations

Cuba

France

United Kingdom

Mexico

Dominican Republic

Top Five Tourist Destinations of Canadians

a) Which country is most popular with Canadian tourists?

b) Approximately what percentage of people visiting these countries 
visited Cuba?

c) This graph indicates the percentage of visits to the various countries. 
List at least two things you cannot determine from the graph.

blood donation can help to 
improve or save the lives of 
others. blood and blood products 
are used in emergency surgeries, 
cancer treatment, and organ 
transplants.

2. Some nurses work at blood donor clinics. When a person donates blood, 
they must match it into one of four categories: Type A, Type B, Type AB, 
and Type O. They then further classify it as positive or negative. Through 
the general population, blood types are distributed as shown in the table 
below.

blood type dIstrIbutIon

Blood type % of population Blood Type % of population

A+ 34 A¯ 6

B+ 10 B¯ 2

AB+ 4 AB¯ 1

O+ 37 O¯ 6

Manually construct a circle graph showing all your calculations, including 
the number of degrees in each section.
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3. The following circle graph shows the average expenses per Canadian 
household in 2008. Food prices fluctuate, depending on how available or 
plentiful products are. If the prices of commonly used ingredients, such 
as flour, meat, or oil, increased substantially, and food expenses went up, 
what effect would that have on the other slices of the circle? What would 
that mean for people’s spending habits?

Other

Recreation

Health care

Transportation

Clothing

Taxes

Housing and related expenses

Food

10%

27%

20%
4%

14%

3%

6%

16%

Average Expenses Per Canadian Household, 2008

4. Marc is the foreman on a construction site. He is concerned that some 
workers are accidentally injured at work and has prepared the graph below 
to indicate percentages of workers from each occupation who were injured 
on the job in the past five years.

Painter

Metal Worker 

Plumber 

Drywaller

Woodworker 

Machine Operator

Electrician

3%

Occupations of Injured Employees

6%

21%

11%

16%

27%

16%

a) If a total of 33 workers were injured, how many of them were 
electricians?

b) What percentage of the injured workers were painters?

c) Which appears to be the most dangerous job? Can you say this for 
certain? Why or why not?

106
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Many colleges offer certificate courses for 
automotive services and small engine repair.

5. Garth runs an auto repair shop. He says that, by number 
of customers, 28% of his business is regular oil and lube 
maintenance, 13% is brake work, 10% is tire-related 
(balancing, rotation, alignment), 8% involves power 
steering, 7% coolants, 8% air filter, and 12% belt work. 
What percentage of his work is unaccounted for in this 
data? Put this in a catagory called miscellaneous. Display 
the information using a circle graph.

extend your thinking

6. The following bar graph indicates the number of clients 
who received each hair treatment from Gina in her salon 
in a given time frame.

0 5 10 15 20 25

Shaved Head

Streaked

Cut and Style

Shampoo and Style

Perm

Colour

Number of Each Type of 
Hair Treatment

Number of People Receiving 
Hair Treatment

a) Use the information from the bar graph to create a circle graph displaying 
the same information.

b) Which graph is a better representation of the treatments Gina’s customers 
received? Explain your reasoning.



108

PRojeCt—CReAte	A	touRISm	BRoChuRe

proMote your resort!

T You have researched your resort and drawn graphs that convey important information about it. Now 
that you have completed that step, get ready to present your brochure and promote your resort at a 
mock marketing fair. You will need the following things for your presentation:

• a finished copy of your two-page brochure, including photos, text, and two graphs;

• two tables that contain the raw data you based your graphs on, acknowledging the sources of 
your data;

• a sheet of paper that includes the four graphs you drew to display your data; and

• a copy of the short talk (30–60 seconds) you wrote to promote your resort.

Assemble all of the material you will need and make your presentation. Be prepared to answer 
questions your classmates and friends might ask about your resort during the presentation. Be ready 
to explain why you chose certain graph types to convey your information.

After the presentation, reflect on how effectively you promoted your resort through your brochure, 
talk, and answers to your classmates’ questions.

refleCt on your learnIng
Graphical	representation

Having completed this chapter, you are now able to:

 •    determine the types of graphs that can be used to represent a given data 
set, and explain the advantages and disadvantages of each;

•   create, with and without technology, a graph to represent a given data set;

•   describe the trends a graph represents for a given data set;

•   interpolate and extrapolate values from a given graph;

•    explain how the same graph can be used to justify more than one 
conclusion;

 •    explain how different graphic representations of the same data set can be 
used to emphasize a point of view;

•    solve contextual problems that involve the interpretation of graphs; and

•    critically analyze data presented graphically to determine accuracy and 
reliability.

You will also have finished a chapter project that allowed you to use your 
graphing skills in a realistic workplace context.
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praCtIse your neW skIlls

1. Mango rice pudding and spicy dumpling soup are some of the foods made at 
Chiang’s Cafe in downtown Regina. Mei is the head cook at the café. Her manager 
has asked Mei to tell him how much money is lost each month due to food waste, 
so that Mei will know when to order fewer perishable supplies such as fresh 
vegetables and dairy products. Mei must record the amount and type of food waste, 
and then calculate and record its cost. Display Mei’s information on a suitable 
graph.

food Waste

Month J F M A M J J A S O N D

Cost of food 
waste

$135.00 $125.00 $92.00 $53.00 $86.00 $72.00 $97.00 $89.00 $112.00 $98.00 $82.00 $47.00

2. Wilhelmina found the following graph while she was doing a research project.
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a) What does the graph seem to indicate? 

b) In what way is the graph misleading? 
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3. In his beauty salon, Gus sells 
eight different colours of nail 
polish. He used the following 
broken line graph to display the 
number of people who chose 
each colour.
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a) Was this the most suitable 
way to display the data? 
Explain your answer.

b) Identify and justify another 
type of graph that could 
have been used and display 
the data on that graph. 

4. Canada is known to be a 
multicultural/multilingual 
country. Thus, Canadians have many different first languages. A recent 
census recorded the following mother tongues of Canadians and the 
number of people who spoke them (in thousands). 

soMe CanadIan languages

Language Number (1000s) Language Number (1000s)

English 17 883 French 6817

Cantonese 361 Mandarin 171

Hakka 4 Chinese (other) 457

Italian 455 German 451

Polish 211 Spanish 345

Portuguese 219 Punjabi 368

Ukrainian 135 Arabic 262

Dutch 129 Tagalog 236

Greek 117 Vietnamese 142

Cree 79 Inuktitut 32

Other 1956

a) Choose a suitable type of graph on which to display the data and draw 
the graph. 

b) Think of a second type of graph you could have used to display the 
data. Explain any advantages or disadvantages of one over the other. 

hInt

A graphing program 
may make it easier to 
convert from one graph 
to another.

Currently, the largest number 
of new Canadian immigrants 
come from China and South 
Asia.
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5. Census takers for Statistics Canada listed the population of Canada (in 
thousands of people) on July 1, 2009 as 33 739.9. The following table 
indicates the population by province and territory from this census. 

Canada's populatIon

Province NL PE NS NB QC ON MB SK AB BC YT NT NU

Population 508.9 141.0 938.2 749.5 7828.9 13 069.2 1222.0 1030.1 3687.7 4455.2 33.7 43.4 32.2

a) Represent the population by province and territory as a horizontal bar 
graph by number of people.

b) Represent the population by province and territory as a circle graph by 
percent of population.

c) Discuss which graph seems to give a better view of the population 
distribution.

6. Harpinder is a plumber who specializes in small household repairs. He 
keeps an inventory of some basic stock in his truck so that he can usually 
repair the plumbing without returning to his store. This saves him a lot 
of time so that he can make more visits each day. Last week he made the 
following numbers of house calls: Monday, 5; Tuesday, 3; Wednesday 7; 
Thursday, 5; Friday, 2.

a) Represent the information on a graph. 

b) Explain why you chose this type of graph.

c) Could you have represented the data with a 
different graph, and if so, what kind? 

7. While considering the job market for electricians, 
Jody found the graph to the right depicting 
average incomes for different types of electricians. 
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a) Which type of electrician has the highest 
average salary? Approximately how much does 
he or she make a year? 

b) High voltage, aircraft, commercial, and senior 
electricians earn approximately the same 
amount. How much is this a year?

c) Could this information have been presented 
on a different type of graph? Explain why 
or why not for each of the other three graph 
types.
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8. While working in the forestry 
industry, Ray had to determine 
the number of trees at each height 
in a given area. He displayed the 
information on the following chart.
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a) Discuss the suitability of this type 
of graph for displaying the data.

b) According to this chart, what is 
the height of the tallest tree in  
the area?

c) How many trees are 50 feet tall  
or more?

d) How many trees are shorter than 
50 feet?

e) Could the information have been displayed effectively on a different 
type of graph and, if so, what type?

9. Louise has indicated that she has 45% of her farmland seeded in wheat, 
20% in oats, 15% in canola, and the rest is summer fallow. Display this 
data on a suitable graph and justify your choice. Are there any alternative 
graphs that could be used? List them, and explain why.

10. For the following data, low wage refers to the hourly wage of the bottom 
10% of the workers in the field, and high wage refers to the hourly wage of 
the top 10% of workers in the field.

hourly Wages In Calgary

Job Low wage Average wage High wage

Electrician $29.00 $30.00 $37.00

Plumber $15.00 $21.00 $30.00

Carpenter $12.00 $30.00 $35.00

Painter and decorator $12.00 $19.00 $32.00

Truck driver $14.00 $20.00 $30.00

Cable worker $14.00 $22.00 $45.00
Crops grown in Canada 
include flaxseed, durum 
wheat, and canary seed. 
Canada leads worldwide 
production of canary seed, 
which comes from the canary 
grass plant and is used in 
birdseed mixes.
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a) Make a triple bar graph to compare the low, average, and high wages 
for workers in Calgary.

b) Which occupation has the greatest discrepancy in wages?

c) Which occupation has the least discrepancy in wages?

d) Discuss how you can use the average wage in comparison to the 
highest and the lowest to determine if more people are in the upper or 
lower wage category.

11. Similar figures are available for workers in Winnipeg.

hourly Wages In WInnIpeg

Job Low wage Average wage High wage

Electrician $14.00 $24.00 $28.00

Plumber $14.00 $20.00 $29.00

Carpenter $15.00 $30.00 $35.00

Painter and decorator $9.00 $16.00 $25.00

Truck driver $13.00 $20.00 $33.00

Cable worker $11.00 $17.00 $25.00

a) Using the same scale as for the previous question, draw a triple bar 
graph to represent this data.

b) Are the highest and lowest paid occupations the same in both cities? 
Justify your response.

c) Compare the Calgary graph to the Winnipeg graph. Discuss any 
general trends or patterns you see.

d) On average, a carpenter in Calgary makes $10.00 an hour more than a 
carpenter in Winnipeg. If you were a carpenter free to move to either 
city, what considerations other than average wage could be important?

12. Using the data from the previous two questions, make at least one graph 
that compares the salaries between the two cities.
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Chapter 3
Surface	Area,	Volume,	and	
Capacity

goals

Many of the objects that you see every day are common three-dimensional 
objects. The soccer ball you played with is a sphere, the ice cream cone you 
ate is a cone, and the cereal box that holds your breakfast is a rectangular 
prism. When your soccer ball was created, someone measured how much 
leather would be needed to cover the ball. When your cereal box was 
designed, someone measured the space inside to determine how much cereal 
it could hold.

In this chapter, you will 

• estimate and calculate the surface area of a three-dimensional object;

• estimate, measure, and calculate the volume of a three-dimensional 
object;

• modify your surface area and volume measurements when their 
dimensions increase or decrease; and 

• explore the relationships between several objects and determine how 
their volumes are related. 

key terMs

• cone

• cylinder

• dimension

• prism

• pyramid

• sphere

• surface area

• volume

• capacity
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PRojeCt—DeSIGnInG	PACKAGeS

start to plan

projeCt overvIeW

Good packaging promotes a product through interesting design while protecting it with 
practical design features. It should be colourful, eye-catching, and tailored to the object it 
contains.

Packaging is designed to attract 
customer attention and protect the 
product inside.

In this project, it will be your job to give a product visual punch. You will take on the role of 
a packaging designer who must create three different packages for the same item. 

You will propose three different packages to the executive team of your company, along 
with the associated costs for each package. To do this:

• each package must have a different shape (for example, you cannot design three boxes 
of the same shape and size);

• one package should incorporate two shapes (for example, a box with a domed lid).

get started

Your packaging can be designed for an item of any size and price. It can be as small as a ring or as 
large as a car. Think of an item you would like to buy and something you would enjoy promoting, as 
well as how you would package it.

Three-dimensional packages are usually in the shape of a rectangular prism, but you needn’t limit 
yourself to this shape. Think of wedge-shaped boxes for individual pizza slices, curvy cylindrical 
beverage bottles, or semi-spherical containers for headphones. 

List and answer the different choices you will need to make to design your packaging. For example:

• What shapes will your packages be?

• How can you combine different shapes into your packaging?

• How can you design your packaging to fit, contain, and protect your item?

• How will you calculate the surface area, height, width, length, and volume of your different 
packages? 

• Which unit will you use to measure these variables?

fInal presentatIon CheCklIst

Your final project and presentation will contain the following information:

• a drawing of your item and three packages;

• the associated dimensions and three-dimensional measurements for each package;

• your research on package dimensions, your customer, and the materials commonly used to build 
your package; 

• the cost to create each package; and

• a poster, handout, or electronic presentation.
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3.1 surface area of prisms

MATH on the Job

Proper safety gear, such as goggles and gloves, is required when 
installing drywall.

Shay is a drywall installer who works in Iqaluit, 
Nunavut. To become a drywall installer, Shay 
completed the Trades Access program at Aurora 
College in Yellowknife, NT. Two months later, he 
was employed in a full-time job. At work, Shay 
is responsible for measuring and cutting drywall, 
laying out reference lines and points, and reading 
blueprints to determine the best way to install 
drywall. 

When he started working, Shay earned $20.00 an 
hour. As a drywall installer, Shay needs to be in 
good physical condition and be aware of proper 
lifting techniques because he has to lift large 
drywall sheets. When drywall is cut, it produces 
gypsum dust, so avoiding exposure to this dust is 
also important for Shay’s health and safety.

At work, Shay applies plasterboard or other 
wallboard to ceilings and interior walls of 
buildings. A standard sheet of drywall measures 
4 feet by 8 feet, with the 8-foot length installed 
horizontally. For his next job, he has been asked 
to cover one wall in each of four different rooms. 
The dimensions of each wall are

• Wall 1: 14 feet wide by 12 feet high

• Wall 2: 16 feet wide by 12 feet high

• Wall 3: 10 feet wide by 12 feet high

• Wall 4: 20 feet wide by 12 feet high

1. How many sheets will Shay need to cover each wall?

2. What is the minimum number of sheets Shay will need to cover all of the walls?

explore the Math

Have a look around you. How many objects can you see that can be described 
by only two dimensions (for example, length and width)? Flat surfaces can be 
described this way, such as the surface of a desk, the size of a window, and the 
cover of a book. However, we live in a three-dimensional world, and almost 
all objects need a third dimension to describe them. For example, a box has 
length, width, and height.
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boxes are commonly constructed in the shape 
of a prism.

Imagine a pizza box: it is a rectangular prism. Each of its sides is a 
flat surface whose area can be calculated using length and width.

rectangular prism: 
a three-dimensional 
shape with ends that are 
congruent rectangles 
and with sides that are 
parallelograms

The box can be made from a single sheet of cardboard; you 
assemble the box by first dividing the cardboard into rectangles 
that make up the sides of the box, and then folding the cardboard 
along the sides of the rectangles. This flat representation of the box 
is called a net.

net: two-dimensional 
pattern that can be 
folded to form a three-
dimensional shape

The surface area of the pizza box is found by adding up the areas 
of each of its sides. You can find the surface area of the box by 
adding up the areas of the rectangles that make up the net because 
the area of the sheet of cardboard is the same when it is flat as when 
it is folded.

surface area: the area 
required to cover a three-
dimensional shape

On flat surfaces, the units of area are squared, such as square 
metres or square inches. In three dimensions, the units of surface 
area are also squared.
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dIsCuss the Ideas
CalCulatIng surfaCe area of a staIned glass lantern 

A three-dimensional object is a prism if it contains 
two parallel polygons that are congruent. 

prism: a three-
dimensional shape 
with ends that are 
congruent polygons 
and with sides that are 
parallelograms

Congruent polygons

• have the same shape and size

• have sides and angles in the same positions 20 cm

10 cm

Each of the parallel faces is called a base, and the 
faces connecting the bases are called lateral faces.

base: one of the 
parallel faces of a 
prism

lateral face: a face 
that connects the 
bases of a prism

If the lateral faces are perpendicular to the bases, 
the prism is a right prism.

Right hexagonal prism
Oblique prism

Shabina makes stained-glass garden lanterns in the shape of hexagonal prisms. 
The bases (top and bottom) are hexagons and are made of metal. The faces are 
coloured glass.

1. Look at the lateral faces of the right hexagonal prism above. Draw a net of 
the right hexagonal prism.

2. If each edge of the hexagonal base is 10 cm long, and the lanterns are 
20 cm high, what is the area of each piece of glass used as a lateral face?

3. What is the total surface area of glass that Shabina needs for one lantern? 
Can you think of two ways to calculate the total surface area?
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Mental Math and estimation

Each shape below has been placed on a grid. If each square on the grid has a 
side length of 1 cm and an area of 1 cm2, estimate the area of each shape.

example 1

When constructing a fence, builders use their 
knowledge of angles and trigonometry.

Davinder builds a fence around his yard. To make the gate, he cuts 
four pieces of 2 × 4 lumber for a frame and one piece as a diagonal 
brace to keep the gate from sagging. For the fence pickets he uses 
2 × 2 lumber, and cuts the ends at 45 degrees, as shown below.

Hinges this side 2 × 4 frame

2 × 4 brace

Garden gate

2 × 2 lumber 
45° each end

Fence pickets

a) What is the shape of each of the pieces he uses for the frame? 

b) What is the shape of the piece he uses for the brace? 

c) What is the shape of the pickets? 

solutIon

a) Each piece of the frame is in the shape of a right rectangular prism.

b) The brace is in the shape of a trapezoidal prism.

c) Each picket is in the shape of a right trapezoidal prism.
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example 2

Nicholas ships posters and reproduction art prints to customers in shipping 
boxes made in the shape of an equilateral triangular prism, as shown in the 
diagram.

a) Draw a net of the box and label the dimensions of each side.

b) Calculate the surface area of the box.

13.2 cm

96.5 cm

15.2 cm

15.2 cm

15.2 cm

solutIon

a) The net of the box would look like the following diagram.

96.5 cm

96.5 cm

15.2 cm

15.2 cm

15.2 cm

13.2 cm

b) The box is made up of three identical rectangles and two identical 
triangles.

Area of one rectangle 
A = ℓ × w
1466.8 = 96.5 × 15.2

Area of one triangle 

A = 1
2

(bh)

100.32 = 1
2
(15.2 × 13.2)
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Find the surface area. 

Surface area = 3(1466.8) + 2(100.32)

Surface area = 4400.4 + 200.64

Surface area = 4601.04 

Since all the measurements have one decimal, the answer should 
be rounded to one decimal place. The surface area of the box is 
4601.0 cm2.

ACtIVIty	3.1

hexoMInos

A hexomino is a shape made of six identical squares connected along their 
sides. There are 35 different patterns that can be made from six squares to 
create 35 hexominos. Below are five different hexominos.

Work with a team to complete the activity.

1. Which of these hexominos can be folded to form a closed cube?

2. Create the remaining 30 hexominos. Identify which hexominos will create 
a closed cube. Be prepared to defend your choices to the rest of your class.
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dIsCuss the Ideas
surfaCe area of CabInets

1. Karl is building a set of cabinets. He makes the first one 40 cm long × 
40 cm deep × 70 cm high. When the cabinet is fully closed, it is the shape 
of a rectangular prism. What is the surface area of the cabinet?

2. Karl makes the second cabinet 2 times as long, but with the same depth 
and height. What is the surface area of the second cabinet?

3. Karl makes the third cabinet 2 times as long and 2 times as high as the first 
one, but with the same depth. What is the surface area of the third cabinet?

4. Examine the following table showing how the surface area changes when 
the dimensions are changed.

surfaCe area ratIos

Cabinet Length Depth Height Surface 
area

(Surface Area )
(Surface Area of Cabinet 1 )

1 L D H 14 400 1.00

2 2L D H 23 200 1.61

3 2L D 2H 40 000 2.78

4 2L 2D 2H ? ?

What do you notice about the surface area ratio when the length is 
doubled? How do the surface areas compare when length and height are 
doubled?

5. Calculate the surface area of a cabinet where all three dimensions are 
double those of cabinet one, and calculate the ratio of surface areas. What 
can you conclude about the relationship between the scale factor used to 
create the new dimensions and the ratio of the surface areas?

example 3

A simple child’s wagon is 
constructed out of wood and 
a t-handle bar.

Katie is building a child’s wagon. The wagon box is to be 3 feet long and 
18 inches wide. The sides of the wagon will be 10 inches high.

a) Draw a net of the wagon box and label the dimensions.

b) Calculate the surface area of the box, in square inches.

c) One square foot equals 144 in2. What is the surface area of the box in 
square feet? 

d) Can she make the box from a single sheet of 4 feet × 8 feet plywood?



123Chapter 3 Surface Area, Volume, and Capacity

solutIon

a) 

36 in

10 in

18 in

b) Find the surface area using this formula.

SA = area of base of wagon + area of ends + area of sides

SA = (36 × 18) + 2(36 × 10) + 2(18 × 10)

SA = 1728 in2

The surface area of the box is 1728 in2.

c) To find the number of square feet, divide the number of square inches 
by 144.

1728 ÷ 144 = 12

The surface area of the box is 1728 in2, which is equal to 12 ft2.

d) Calculate the number of square feet in a sheet of plywood.

4 × 8 = 32 ft2

Since there are 32 square feet of plywood, it looks like the wagon box 
can be made from a single sheet of plywood. Further calculations need 
to be done, though, to make sure that the dimensions of the net will fit 
on one sheet.

(length of the base + 2 side heights) = 36 + (2 × 10)
(length of the base + 2 side heights) = 56

56 inches is less than 8 feet.

(width of the base + 2 side heights) = 18 + (2 × 10)
(width of the base + 2 side heights) = 38

38 inches is less than 4 feet.

Therefore, the net will fit on a single sheet of plywood.
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ACtIVIty	3.2

buIldIng a shIppIng Crate

Shipping crates come in 
different sizes.

Gerald is building a shipping crate. Each crate is a right rectangular prism, 
and needs to hold 24 cubic boxes. What arrangement of boxes in the crate 
will result in the least amount of material required to build the crate?

1.  Use a table like the one shown to figure out the different ways the 24 
boxes could be arranged into a right rectangular prism. (Hint: You 
should find 6 boxes.) To do this

• determine the surface area for each resulting right rectangular prism; 
and 

• each box should be different in shape, meaning do not create a box that 
can be turned to look like another one of your boxes.

Crate dIMensIons

Length Width height Surface area

sample

2. Which box will require the least amount of material to create?

3. If each cubic box has a side length of 10 ft, what is the surface area of the 
box you chose above?

buIld your skIlls

1. Darcy has a summer job painting houses. He is asked to paint the wooden 
siding on a house that is 28 feet wide and 35 feet long. The siding extends 
6 feet up the side of the house.

a) What is the total surface area that he must paint? (Ignore the area of 
windows, doors, and stairs.)

b) A one-gallon can of the stain that Darcy is using covers approximately 
225 ft2. If Darcy applies 2 coats of stain, how many cans of stain 
should he buy?
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2.  Maillardville is one of the oldest French-speaking settlements in British 
Columbia. The town’s Festival du Bois celebrates francophone culture. 
Festival-goers enjoy francophone-inspired music, dance, and treats. 

Maillardville, bC hosts the 
annual Festival du Bois. 
the festival celebrates 
francophone music, food, and 
culture.

Mireille builds wooden dividers, which are placed between vendors. After 
the dividers are built, she must cover them in canvas. 

Each rectangular divider is 3 inches wide, 80 inches high, and 60 inches long.

a) Draw the net of one divider and label its dimensions.

b) How much material will be needed to cover one divider? (Do not take 
into account any overlapping material.) 

3. Arapoosh is a glazier. She is building a display case for a shopping mall. 
The display case has a wooden hexagonal base and top. Each lateral face 
will be a trapezoid with a bottom width of 80 cm, a top width of 40 cm, 
and a height of 2 m. 

a) What is the area of one lateral face of the display case? 

b) What is the total area of glass she needs, in square metres?

4. Mingmei builds a shipping crate out of 1 ʺ plywood. The crate is a cube 
4

with a side dimension of 3 feet. 

a) What is the surface area of the crate?

b) She buys plywood in standard sheet sizes of 4 ft × 8 ft. How many 
sheets of plywood does she need to build one shipping crate?

c) She builds a second crate that is twice the height, but has the same 
length and width. How many sheets of plywood will she need to build 
the larger shipping crate? Explain.

5. Dirk fabricates a section of furnace duct out of sheet metal. What is the 
total area of sheet metal that he needs? The duct is open at the upper right 
face and left bottom face.

8"

x

y

open on bottom

24"

F

12"

B

C

D

E

A 8"

36"
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6. Zyanya looks at the floor plan of a house to estimate the area of floor tile 
he needs for the bathroom. He calculates that he will need approximately 
64 m2 of tile. Is this a reasonable estimate? Explain. What is a possible 
source of Zyanya’s error? (What would be the size of a bathroom having 
this square footage?)

before laying tile, any old 
material must be removed 
and the surface of the floor 
must be made clean and 
level. 

extend your thinking

7. Wolfgang wants to paint the roof of his workshop, which has a corrugated 
steel roof as shown in the diagram below.

The length of the roof is 25 feet, and the width is 20 feet. He calculates the 
area of the roof using the following dimensions:

25’

20’

4”
6”

Area = length × width

Area = 25 × 20

Area = 500 ft2

He buys enough paint to cover 500 ft2. Just over halfway through the job, 
he runs out of paint. Explain why this happened. What is the area that he 
should have used to calculate the amount of paint?
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3.2surface area of pyramids, Cylinders, spheres, & Cones

MATH on the Job
Marc works as a graphic designer for a large advertising agency 
in Regina, Saskatchewan. His past projects include creating logos, 
print advertisements, flyers, and web pages.

Marc specializes in doing branding for companies across Canada. 
He uses shape, texture, colour, and research about the target 
audience to complete his projects. He also uses the measurements 
he gets from his clients to determine the best type of image to use 
for their product.

A client has hired Marc’s company to develop a new label for their 
fruit smoothie drink. 

The cylindrical plastic container that the smoothie comes in has a 
height of 12.1 cm and a diameter of 6.6 cm. What two-dimensional 
shape should the label have so that it fits around the container 
properly? What is the area of the label?

When designing a new logo or advertisement, Marc 
consults with his clients to incorporate their ideas and 
produce the results they want.

explore the Math

Many of the objects around us are not prisms. Below are some examples of 
such objects.

• Cylinders—some bottles, cans, pipes, and tunnels

• Pyramids—some roofs 

• Cones—piles of materials (such as gravel) poured onto the ground

• Spheres—baseballs and globes

pyramid: a three-
dimensional shape with 
a base of a polygon and 
lateral sides that are all 
triangles that meet at a 
vertex opposite the base

cylinder: a three-
dimensional shape 
with two circular bases 
that are parallel and 
congruent; the side 
is a rectangle that is 
“wrapped around” the 
circular faces at the ends

sphere: a three-
dimensional shape whose 
surface consists of points 
that are all the same 
distance from the centre 
of the shape

cone: a three-
dimensional shape with a 
circular base and a vertex 
opposite the base

Pyramid Cylinder Sphere Cone

The method for calculating the surface area of these objects is the same as for 
prisms: you add up the areas of the individual surfaces making up the object.
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The surface area of a pyramid can be calculated easily because all the faces of 
the pyramid are flat. However, cylinders, cones, and spheres all have curved 
surfaces.

Suppose that you take a label off a soup can. Can you visualize the shape 
of the label? The label will be a rectangle. It will have the height of the soup 
can, but its width will be the distance around the can (that is, the can’s 
circumference). To calculate the area, unroll the label and lay it flat.

Cylinders and cones can both be unrolled and drawn as a net on a flat surface. 
Can a sphere be unrolled in this way?

The mathematical relationships between curved surfaces and their surface 
areas are usually expressed in terms of the surface’s radius, r, and the constant 
pi, π (π ≈ 3.1415).

dIsCuss the Ideas
the Muttart Conservatory

The Muttart Conservatory is a botanical garden in 
Edmonton, Alberta. The conservatory is composed of four 
gardens, each of which is in the shape of a pyramid.

Vanilla orchids and over 700 other species of plants 
are found within edmonton’s Muttart Conservatory.

When designing the conservatory, the architect had to draw 
a plan for each pyramid. Each pyramid is made up of four 
glass walls with plants and walkways for visitors on the base. 

1. The four glass walls of one of the smaller pyramids have 
a total surface area of 410 square metres. What is the 
area of each of the glass walls?

2. The four glass walls of one of the larger pyramids have a 
total surface area of 660 square metres. If each wall is an 
equilateral triangle with a height of 16.5 metres, what is 
the side length of each triangle?



129Chapter 3 Surface Area, Volume, and Capacity

example 1

these conveyor belts, 
located on burrard Inlet, bC, 
transport sulphur.

Conveyor belt drive pulleys (the cylindrical drums that drive a conveyor) 
sometimes have a rubber coating, called lagging, on their lateral surface to 
help stop the belt from slipping. The conveyor belt shown below has a width of 
24 inches. The drive pulley has a 30-inch diameter.

Drive pulley, 30-inch diameter

24 inches

What is the area of rubber coating, expressed in both square inches and square 
feet, that is needed to cover the lateral surface of the drive pulley?

solutIon

Only the lateral surface of the drive pulley is covered (not the bases). The 
lateral surface of the drive pulley is a rectangle.

The formula for calculating the area is

A = ℓ × w

In this case, ℓ is the circumference of the drive pulley.

ℓ = πd

A = (π30) × 24

A ≈ 2262 in2

To convert in2 to ft2, divide by 144, since one square foot contains 
144 square inches.

A = 2262
144

A ≈ 15.7 ft2

The lateral surface of the drive pulley will need to be covered with 15.7 ft2 
of rubber.
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example 2

Welders fabricate cylinders, spheres, and 
prisms in the form of canisters, hoppers, 
and water tanks.

Darius is designing a water tank to hold rain water for his cabin 
on Mayne Island, BC. He decides to use a spherical tank that has a 
diameter of 1.5 metres. Darius needs to know how much metal he 
will need to make the tank. If the surface area of a sphere can be 
found by using the formula SA = 4πr2, how much metal will Darius 
need? 

solutIon

SA = 4πr2

SA = 4π(0.75)2

SA ≈ 7.07 m2

Darius will need a little more than 7 m2 of metal to make the 
water tank. 

ACtIVIty	3.3

desIgnIng objeCts usIng pyraMIds and CylInders

Rhashan has been contracted by a company to design a large balloon for the 
city’s parade. He makes a sketch of his design, as shown below.

9 m

9 m

15 m

20 m

To find the surface area of the balloon, it can be divided into sections.

• The front of the balloon is a hemisphere, which is half of a sphere. 

• The body of the balloon is a cylinder. 

• The end of the balloon is a cone. 

The surface area of the cone section can be found by πrs, where s represents 
the 15 m slant height of the cone’s lateral face.

In pairs, determine the amount of material Rhashan will need to make the 
balloon. The balloon will only need material for the outside part and not for 
any of the parts inside the balloon.
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dIsCuss the Ideas
surfaCe area of CIrCles and spheres

Surface area involves calculation in two dimensions. For surfaces made up of 
straight lines, the two dimensions are often easy to identify, such as length and 
width. 

Because area is a product of the two dimensions, you can also easily observe 
what happens to the area when one or both of the dimensions changes.

• If one dimension is doubled, the area is doubled. 

• If both dimensions are doubled, the factors of 2 multiply together, and the 
area is 4 times larger. 

Area 1 = length × width ℓ

w

Area 2 = (2 × length) × width
Area 2 = 2 × (length × width)
Area 2 = 2 × Area 1

2ℓ

w

Area 3 = (2 × length) × (2 × width) 
Area 3 = 2 × 2 × (length × width)
Area 3 = 4 × (length × width)
Area 3 = 4 × Area 1

2ℓ

2 w

The area of a circle can be found using this formula

Area = πr2

What is the relationship between the area of a circle and the area of a circle 
having twice the radius?

r 2r
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example 3

Using r to represent the radius of the small sphere, compare the surface areas 
of the two spheres below.

Sphere A

r

Sphere B

3r

solutIon

Surface area of Sphere A = 4πr2

Surface area of Sphere B = 4π(3r)2 

Surface area of Sphere B = 4π(9)r2

The ratio of surface areas is:

Surface area of Sphere B
Surface area of Sphere A

= 4(9)πr2

4πr2

Surface area of Sphere B
Surface area of Sphere A

= 9

Although the radius is only one dimension, it is used twice in the area 
calculation.

r2 = r × r

Therefore, tripling the radius increases the area of the sphere by a factor of 9. 
3 × 3 = 9

example 4

Yotin is estimating the cost to re-shingle her roof. To 
determine the number of shingles, she must calculate 
the surface area of the roof. The roof is shaped like 
a pyramid with each side having a base length of 
25 feet and a slant height of 15 feet 3 inches.

15′ 3ʺ

Top view of house

25′

a) What is the total surface area she needs to cover?
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b)  Yotin chooses a 3-tab asphalt shingle that has dimensions 
of 40 3

4 ʺ long by 13 3 ʺ wide. She calculates the area of one 
4

shingle and divides the total area of her roof by the area 
of the shingle to determine the number of shingles she 
needs. Will she buy the right quantity of shingles using this 
method?

Roof tiles can be made of wood, slate, asphalt, 
or ceramic.

c)  Asphalt shingles are sold in bundles (usually 15–20 shingles 
in a bundle). The manufacturer specifies the area coverage 
per bundle. Yotin’s shingles will cover 30 ft2 per bundle. 
How many bundles does she need?

d)  Each bundle costs $31.50. What is the total cost of the 
shingles?

solutIon

a) Use the formula for finding the surface area of a pyramid.

Surface Area = 4 × 1
2
(bh)

Surface Area = 4 × 1
2
(25 × 15.25)

Surface Area ≈ 762.5 ft2

b) No, she is neglecting the fact that roofing shingles must overlap each 
other, often by as much as one half of their width. She will not buy 
enough shingles. 

c) 762.5 ft2

30 ft2 per bundle
≈ 25.4 bundles

Since you must purchase whole bundles, round up to 26 bundles.

d) 26 bundles × $31.50/bundle = $819.00

Mental Math and estimation

Calculations with curved surfaces often involve the value of π.

1. What simplification could you make so that you could estimate answers 
without using a calculator? Will this simplification under- or overestimate 
your calculation?

2. Estimate the circumference of a circle that has a radius of 8 cm.

3. Estimate the surface area of a sphere with a radius of 3 inches.
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ACtIVIty	3.4

MortICe and tenon vs. doWel joInts

Mortice and tenon  
joints are frequently used by  
furniture makers.

Celeste is a furniture maker who lives in Kamloops, BC. She is building a 
couch and needs to join the legs to the body by making and gluing together the 
joints. Celeste considers two types of joints:

• a mortice and tenon joint, which joins two components by inserting a 
rectangular piece into a rectangular hole;

• a dowel joint, which joins items by inserting a cylindrical piece into a 
cylindrical hole.

Cabinetmakers use dowel 
joints to support shelves.

Celeste determines the surface area of each kind of joint. She will use the joint 
with the larger surface area because it will have more glue covering it, and so 
will be stronger. 

• The mortice and tenon joint has a length of 5.5 cm and a square base with 
1.5 cm sides.

• The dowel joint has a length of 5.5 cm and a radius of 1.5 cm. 

In pairs, complete the following tasks.

1. Make a sketch of the dowel joint and the mortice and tenon joint. 

2. Determine the surface area of each type of joint.

3. Which joint should Celeste use?

buIld your skIlls

1. Sasha is a set designer and is painting a column for an upcoming show. 
She needs to paint all the surfaces of the column. The column is a cylinder 
with a height of 130 cm and a radius of 13 cm.

a) Draw a net of the cylindrical column.

b) Determine the surface area she will need to paint to cover the entire 
column.

2.  The insides of tunnels, such as vehicle and pedestrian underpasses, 
culverts, and railway tunnels, are often lined with corrugated steel sheets 
using a construction method called multiplate construction. 

A livestock tunnel passing under the Coquihalla Highway between 
Vancouver and Merritt, BC, has a length of 20 m and a diameter of 6 m. It 
is lined with corrugated steel sheets each having a length of 1.3 m and a 
width of 2.0 m.this livestock tunnel, lined 

with corrugated steel, 
passes underneath bC’s 
Coquihalla highway.
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a) Estimate the number of steel sheets used to line the tunnel.

b) Consider the shape of corrugated steel sheet. If the inside of the 
tunnel were to be painted with rust-protective paint, would the 
surface area of the tunnel be a good estimate of the area to be 
painted?

3.  M’Girl is an ensemble of First Nations musicians from Vancouver, 
BC. M’Girl’s members play drums made from animal hides 
stretched over a circular wooden hoop. These kinds of traditional 
hand drums are used in ceremonies, cultural events, and 
as artwork. They should be handled with respect following 
appropriate protocol.

the members of M’Girl compose songs 
by incorporating musical talent, different 
musical genres, and their Cree, Métis, 
ojibway, and Mohawk perspectives. 

Determine the amount of hide and wood needed to build a circular 
hide drum 5 cm high and 45 cm wide. (Consider that the hide’s 
diameter must be 14 cm larger than the drum’s diameter, since it 
must cover the hoop’s exterior and part of its interior.)

4. A grain stockpile cover in the shape of a cone has a diameter of 
96 m and a height of 23 m. How much material is needed for the 
cover?

extend your thinking

the Pyramid of Kukulcan is found at Chichen 
Itza. Chichen Itza was a Mayan city on the 
Yucatan Peninsula. Its name means “at the 
mouth of the Itza well.”

5.  The Pyramid of Kukulcan at Chichen Itza in Mexico is a 
square pyramid. The pyramid has a base length of 180 feet 
and a vertical height of 98 feet.

a)  What is the slant height, or the length from the base to 
the top, of the pyramid?

b)  What is the lateral surface area, or the area of the four 
triangular sides, of the pyramid?

c)  The pyramid is made up of blocks that have a 
rectangular face with dimensions of 1 ft by 3 ft. What 
is an estimate of the number of blocks that are on the 
outside of the pyramid?

6. a)  What is the side length, ℓ, of a cube having a total surface area of 
1350 cm2?

b) What is the diameter, d, of a sphere having a surface area of 1350 cm2?
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PRojeCt—DeSIGnInG	PACKAGeS

researCh your Ideas

For the next section of your project, you will need to research the dimensions of your 
item and the packaging commonly used to ship or store it. Researching the following 
about the people who buy your item will help you design your packaging:

• age

• expendable income

• likes

• dislikes 

T

You will want to design packaging that makes people notice it, and then makes them 
want to try the product inside.

• Using the internet, research the most common dimensions of your item in 
Australia, Europe, North America, Asia, South America, and Africa. Next, research 
the packaging commonly used for your item in these countries. 

• Try to find one or two dimensions and packaging types for each continent. Record 
this research in a document.

� Remember that you must list at least three examples of packages used 
for your item. As you do your research, you can make sketches of what the 
packaging looks like to help you when you are designing.

• In a separate document, research the people who buy your item. Record your 
answers to these questions: 

� How old are they, on average? 

� How much money do they have to spend? 

� What shapes appeal to them: angular or rounded? 

� Would they be drawn to a package that is understated or one that is flashy, shiny, and 
busy? 

• Research and list three to five materials commonly used to build your packaging.

• Complete handouts from your teacher, if any.

When you conduct research, record 
the names of the sources that you 
take information from. this creates 
a record that you can refer to in the 
future and allows your teacher to see 
your sources.
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the roots of Math

arChIMedes' ContrIbutIons to surfaCe area CalCulatIons

Mechanics, geometry, and physics were some of 
the subjects Archimedes wrote about. he was also 
interested in astronomy and mathematics.

Archimedes of Syracuse, Sicily (now Italy), was a Greek 
mathematician considered by many historians to be the greatest 
mathematician of all time. He was born in 287 BCE and died in 212 
BCE. Archimedes was an aristocrat and the son of an astronomer. 

Syracuse’s harbour, as well as the olives and grapes grown on nearby 
hillsides, attracted trade. Growing up in a port town, Archimedes 
was likely exposed to European and African cultures, languages, 
and goods that came through the port. Syracuse also attracted 
the Greeks and Romans, who wished to gain control of the area. 
Historical accounts report that Archimedes invented a catapult that 
was used to fling heavy stones at invading Roman ships. 

Little is known of Archimedes’ early life, except that he studied for 
a time in Alexandria, Egypt. Alexandria was an important centre for 
trade and learning. Scholars from many different countries were 
making discoveries related to anatomy, chemistry, and mathematics. 
Archimedes became one of these scholars. Several of his books were 
preserved by the Greeks and Arabs into the Middle Ages. In many 
areas of mathematics, as well as in hydrostatics (the study of the 
stability of motionless liquid and the pressure it exerts), Archimedes' 
work and results were not surpassed for over 1500 years.

Archimedes wrote an essay, on the Sphere and Cylinder, in which he 
explained two important discoveries involving the surface areas of 
spheres and cylinders.

One of these discoveries was that if a cylinder and sphere share the 
same radius and height, the surface area of the sphere will be equal 
to the curved surface area of the cylinder.

r
2r

r

1. The surface area of a sphere is 4πr 2. The surface area of the curved section of a cylinder is πdh. Can you determine how the 
two formulas can result in the same answer?

2. Another important discovery Archimedes made was that the above sphere’s surface area is two-thirds of the above 
cylinder’s surface area. The surface area of a sphere is 4πr 2. The surface area of a cylinder is πdh + 2πr 2. Can you determine 
how the sphere’s surface area is two-thirds of the cylinder’s surface area?
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3.3 volume and Capacity of prisms and Cylinders

MATH on the Job
Old photographs and plane tickets become a personal artistic 
project when arranged on the pages of a scrapbook. Tamye 
Dunbar runs a stamping and scrapbooking company in Edmonton, 
Alberta. Traditional or electronic, scrapbooks can be made by 
pasting keepsakes onto book pages or generated using computer 
software. Scrapbooking is a million-dollar industry. As a hobby, it 
recently equalled golf in popularity. 

tamye Dunbar supplies her clients with scrapbooking 
and stamping materials.

Scrapbooking supplies include feathers, stickers, ribbon, 
and coloured, textured paper. People often choose to base a 
scrapbook on a colour scheme, as well as an event, such as a 
birthday, wedding, or vacation. 

Tamye’s customers order scrapbooking and stamping materials 
from her, which she ships in several different-sized boxes. 
She determines which size of box to use based on how many 
materials she needs to ship.

As a business person, Tamye determined that her most popular 
item is a greeting card kit. Her customers receive all the materials they need to make original greeting cards for special 
occasions, such as weddings or holidays. The greeting card kit comes in a box that is in the shape of a cube with a side 
length of 10 cm. If she needs to ship 125 of these items to one customer, which of the boxes below should she use?

50 cm

10 cm
10 cm

100 cm

10 cm

10 cm

50 cm

50 cm

50 cm

explore the Math

Every day, in many of your activities, you use volume and capacity without 
really thinking about them. Some examples of this are judging

volume: the measure 
of the space a three-
dimensional object 
occupies

capacity: the amount a 
three-dimensional object 
can hold 

• which pot will hold your can of soup

• how many boxes can fit in the back of a car

• how much gasoline you need to fill your gas tank

• how much clothing you can fit into a suitcase
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The volume of an object is the amount of space an 
object takes up (in three dimensions). 

these containers have different capacities.

Because the world is three-dimensional, all objects 
have volume. Think of a sheet of paper—one sheet 
may not have much thickness, but when you stack 200 
sheets, their volume becomes noticeable.

Volume is measured in cubed units, such as m3, in3 or 
ft3, reflecting the fact that volume is measured in three 
dimensions.

Capacity is closely related to volume. Capacity is the 
amount of material that can be contained in a hollow 
volume. A brick has volume in that it occupies space. 
A box has volume in that it occupies space, but it also 
has capacity because it can contain another material 
or other objects within it. Hollow objects have volume and capacity, but solid 
objects have only volume.

Capacity is often measured in units such as litres or gallons.

dIsCuss the Ideas
CalCulatIng the voluMe of pavIng stones

Julia is stacking small cubic paving stones on a pallet. One layer is 10 stones 
long and 10 stones wide, forming a square.

1. How many paving stones are in one layer?

2. Julia now stacks four more layers on top, so there are now a total of five 
layers. How many cubic paving stones are on the pallet?

3. If the edge length of each paving stone is one unit of length, what formula 
expresses the total number of paving stones?

4. What formula expresses the volume of the paving stones?
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example 1

Luis sells different sizes of fish tanks in his pet store. 

60 cm
20 cm

20 cm

Tank 1

40 cm
20 cm

20 cm

Tank 2

20 cm
20 cm

20 cm

Tank 3

a) How much water will be needed to completely fill each tank?

b) Look at tanks 2 and 3. How many dimensions have changed? By how 
much? How does the volume of tank 2 compare with that of tank 3?

c) Look at tanks 1 and 3. How many dimensions have changed? By how 
much? How does the volume of tank 1 compare with that of tank 3?

d) One litre equals 1000 cubic centimetres. Convert the volumes of the fish 
tanks to capacity in litres.

before purchasing an 
aquarium and fish from a pet 
store, ensure that you have 
enough space at home to 
house them safely.

solutIon

a) Tank 1: (60 × 20 × 20) = 24 000 cm3

Tank 2: (40 × 20 × 20) = 16 000 cm3

Tank 3: (20 × 20 × 20) = 8000 cm3

b) One dimension, the length, has changed. It has doubled. Tank 2 has 
twice the volume of tank 3.

c) One dimension, the length, has changed. It has tripled. The volume of 
tank 1 is three times the volume of tank 3.

d) Tank 1 
24 000
1000

= 24 L

Tank 2 
16000
1000

= 16 L

Tank 3 

8000
1000

= 8 L
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example 2

Indoor climbing walls are built to mimic cliffs and steep slopes, and many rock 
climbers practise on them. Shapes, called climbing grips, are inserted into the 
wall for climbers to grasp. Some climbing grips are made of polyester resin 
that is poured into molds of different shapes. A mold for a cylindrical grip has 
a radius of 1.5 inches and a height of 3 inches. The machine that pours the 
polyester resin must be programmed by a technician to pour the amount that 
will fill the volume of the mold. What is the volume of the mold?

this rock climber has just 
finished scaling a 30-foot 
climbing wall. Climbing 
grips of different shapes are 
inserted into the wall for 
climbers to grip or step on as 
they ascend and descend.

solutIon

Use the formula for the volume of the mold:

area of base = πr 2

area of base = π(1.5)2 
area of base = 2.25π

volume of mold = area of base × height
volume of mold = 2.25π × 3
volume of mold = 6.75π
volume of mold ≈ 21.2

The volume of the mold is 21.2 cubic inches.

ACtIVIty	3.5

voluMe of an oblIque prIsM

Tatyana and Sherri have been asked to find the volume of the oblique 
rectangular prism below.

8.5 cm

34 cm
5 cm

Sherri doesn’t think that it is possible to find the volume since it is not 
a rectangular prism. Tatyana remembers that you can find the area of a 
parallelogram by turning it into a rectangle.

8.5 cm

With a partner, decide if you can find the volume of an oblique rectangular 
prism using the same method. Be prepared to defend your position to the rest 
of your class. 
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dIsCuss the Ideas
InvestIgatIng voluMe

Julia is a landscaper. She will be planting flowers in 15 planters. There are 
three sizes of planters she can use. She has to determine how much soil will go 
into each so she knows how much soil to buy. The planters come as three cubic 
boxes, one with 1-ft sides, a second with 2-ft sides, and a third with 4-ft sides. 

1. Determine the volume of each box.

1′

1′

1′

2′

2′

2′

4′

4′

4′

2. As the side length is doubled, what happens to the volume? Explain why 
you think this is the case.

3. If she has five of each size of planter, how much soil, in cubic feet, does she 
need?

the concrete planters outside this popular cafe in Victoria, bC, were fabricated 
by Mackay Precast, a company based in nanaimo, bC, that specializes in making 
precast concrete planters, picnic tables, benches, and  garbage containers for 
clients across north America.
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example 3

A car’s engine is a complex  
machine consisting of many 
moving parts all working in 
unison. 

Engine displacement is the volume swept by the pistons in an engine’s 
cylinders. The following formula can be used to calculate engine displacement.

engine displacement = π ( bore2 )2 (stroke)(number of cylinders)

The bore is the diameter of the engine’s cylinder. The stroke is the distance 
that the piston moves in the cylinder.

A 4-cylinder engine has a bore of 75.5 mm and a stroke of 82 mm. 

a) What is the engine displacement in cm3?

b) Engine displacement is commonly stated in litres. What is the 
displacement, in litres, of this engine? (Hint: One litre equals 1000 cm3.)

c) Until recently, the engine displacement of cars manufactured in the United 
States was stated in cubic inches. What is the displacement, in cubic 
inches, of the engine in part a)? (Hint: One inch equals 2.54 cm.)

d) A car with a larger engine displacement generates more power than one 
with a smaller engine displacement. How would the displacement change 
if the stroke were doubled?

e) How would the displacement change if the bore were doubled?

solutIons

a) engine displacement = π (7.552 )2 (8.2)(4)
engine displacement ≈ 1468

The engine displacement is 1468 cm3.

b) engine displacement = 1468
1000

engine displacement = 1.468

The displacement is 1.468 L.

c) 1468
2.54 × 2.54 × 2.54

≈ 89.6

The displacement is 89.6 in3.

d) Stroke appears as one dimension in the volume calculation; therefore, 
doubling the stroke would double the volume, or displacement.

e) Bore (or twice the radius) appears twice in the volume calculation 
(bore)2. Therefore, doubling the bore would increase the displacement 
by a factor of 4.

2 × 2 = 4
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buIld your skIlls

Swimming helps to build 
muscle strength and 
endurance. 

1.  A community swimming pool is 100 feet long and 50 feet wide. It is 7 feet 
deep at the deep end and has a beach entry (0 feet deep) at the shallow 
end. The bottom of the pool has a constant slope.

a) Sketch the shape of the pool and label the dimensions.

b)  What is the water capacity of the pool in cubic feet and in US gallons? 
Remember that one cubic foot equals 7.48 US gallons.

c) What is the surface area of the inside of the pool?

Long cylinders of metal 
called rebar are used to 
reinforce building walls.

2. Concrete foundation walls for houses usually have a T-shaped bottom, 
called a footing. The footing spreads the weight of the house over a larger 
surface area to prevent settling (sinking) of parts of the house. The width 
of a footing is typically twice the width of the foundation wall. The footing 
thickness is equal to the width of the wall.

2 w

w

w

a) The foundation wall of a house is 8 inches wide and the height of the 
wall and footing together is 4 feet. What volume of concrete, in cubic 
feet, is needed for a one-foot length of wall?

b) Concrete is usually ordered in cubic yards. One cubic yard equals  
3 ft × 3 ft × 3 ft, or 27 ft3. How many cubic yards of concrete are needed 
for a 25-foot section of foundation wall?
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bakers must store all of their dry goods, 
such as flour, dried fruit, and spices, in 
airtight containers to prevent spoilage.

3.  A bakery stores flour in a cylindrical bin 70 cm high and with a 
diameter of 50 cm.

a) What volume of flour does the bin hold?

b)  The bakery orders flour in 20-kg sacks. Each sack is 
approximately 46 cm wide, 80 cm long, and 15 cm thick. 
How many sacks of flour fit in the bin?

c) How many kilograms of flour does the bin hold?

d)  The bakery stores salt in a bin that has one half the height 
and one half the diameter. Using your answer from part a) 
and proportional reasoning for volume, what is the volume 
of salt in the bin?

4. A hot water tank consists of a heavy steel tank, a layer of insulation, and 
an outer shell. The outer dimensions of a cylindrical hot water tank are 
62.2 cm diameter and 149.9 cm height, and the rated water capacity 
is 270 L.

a) What is the total volume, in litres, of the hot water tank? 

b) Compare the total volume of the hot water tank to its rated capacity, 
expressed as a percent.

Many people have a hot 
water tank in their homes, 
which they use to heat water 
for everyday tasks such as 
cooking, bathing, and space 
heating.

5. A machine shop ships a machined steel shaft section to a customer by 
courier. To protect the surface finish, they wrap the shaft in a layer of 
bubble wrap plastic and put it in a cardboard box.

The shaft has a diameter of 40 mm and a length of 475 mm. The bubble 
wrap is 10 mm thick. The box is 6 cm square by 50 cm long.

a) What area of bubble wrap (in cm2) is needed? (The ends of the shaft 
are not covered.)

b) How much additional packing material is needed to fill the box?
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6. Plastic extrusion is an efficient method of manufacturing complex shapes. 
Melted plastic is squeezed through a shaped die or nozzle into long 
sections whose cross-sections have the desired shape.

A plastic extrusion has the cross-section shown in the diagram. The outer 
pipe has three internal channels for separate flows. What volume of plastic 
is needed per metre (1000 mm) of extrusion?

6 mm

3 mm 3 mm

20 mm

extend your thinking

7. What is the volume of the cylindrical section shown in the diagram?

a = 218°

r = 0.47 m

h = 1.5 m
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PRojeCt—DeSIGnInG	PACKAGeS

desIgn your paCkagIng

Now that you have researched the dimensions commonly used for packaging your item, it 
is time to put together your own version. You can start by producing a professional-looking 
sketch of the item you are designing the packaging for, labelled with its measurements.

Next, make sketches of three versions of packaging for your item. As you design, consider 
cost and eye appeal. Your package should be relatively inexpensive to produce, but its 
shape and colour should also be appealing enough to attract your customer. 

• Determine the measurements of your three packages and label them with these 
values. 

• Determine and record the length, height, width, and surface area of your three designs. 

When you have completed these steps, you can use your three designs to make materials 
for your presentation. Materials can include a poster that displays your designs, handouts, 
or an electronic presentation.

After you draw your packaging 
designs, you will need to label 
each one with its dimensions and 
determine its surface area.

puzzle It out

Cube

Sarah has created a cube where the numerical value of the surface area is equal 
to the numerical value of the volume. What is the side length of the cube?
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3.4 volume and Capacity of spheres, Cones, & pyramids

MATH on the Job

As a plumber, gas fitter, pipefitter, and sprinkler fitter, Kristi hansen has 
learned that “mathematics is the foundation of construction and it’s 
exactly the same math students learn in their high school years!”

Kristi Hansen’s Red Seal Certification for plumbing 
and her BC Gas Fitter licence provide her with 
the skills to work on limitless projects. She has 
completed residential, commercial, and industrial 
jobs in buildings ranging from family homes to 
pulp mills. 

Along the way, Kristi has worked as a plumber, 
gas fitter, sprinkler fitter, pipefitter, as well as 
the owner of her own plumbing company. Kristi 
graduated from the British Columbia Institute of 
Technology (BCIT). The high level of skills she 
acquired there allows her to work internationally.

Drawing up isometric projections —two-
dimensional drawings of three-dimensional 
objects—helps Kristi understand the 
requirements of a project in a three-dimensional 
way. “I do it all by hand straight off the blueprints, 
but some people use computers to help them with graphing and accuracy,” Kristi 
says. The drawings allow her to calculate the amount of pipe, fittings, and fixtures 
she will use in the entire structure she will install. She also calculates the pipe 
sizing for the entire plumbing system. “This involves understanding flow and 
friction rates of water, and designing the system to handle the correct capacity. 
If you have too many fixtures connected to pipes that are too small, the whole 
system will back up and not work,” says Kristi.

Kristi’s job also involves capacity calculations. She often needs to determine 
how much hot water will be required in a project, so that she can install an 
appropriately sized hot water tank. 

Kristi is installing a hot water tank that is 2.5 m tall and has a diameter of 120 cm. 
The tank’s insulating material is 20 cm thick. How much water can the tank hold in 
litres? (Hint: 1 L = 1000 cm3)

20 cm 20 cm

120 cm

explore the Math

Bulk materials, such as mining ore, gravel, coal, and grain, are often poured 
from conveyors or trucks into large piles, called stockpiles. When such 
materials fall into a pile, the pile takes the shape of a cone. In processes 
involving bulk materials, it is important to know the volume of material that 
can be stored in a stockpile of a particular height so that quantities of the 
materials can be monitored.



Cylindrical water tanks made of plastic 
or sheet metal are often used to store 
water for livestock or agriculture.
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Storage silos and bins with a square cross-section have funnels at the 
bottom in the shape of inverted pyramids. Again, the volume of the 
pyramid must be calculated and added into the volume of the silo so 
that the silo capacity can be determined.

Spheres are commonly found in nature, from microscopic particles 
to planets. Knowing their volume allows scientists to calculate their 
mass, which is key to understanding their physical behaviour. Much 
of today’s rotating machinery runs on ball bearings—steel spheres 
that reduce friction and energy consumption between moving parts. 
Tanks and reservoirs for liquids are often spherical. And, of course, 
many recreational pastimes involve a ball!

Calculating the volume of cones, pyramids, and spheres is not as 
direct as calculating the volume of cylinders and prisms. To calculate 
the volume of cones, pyramids, and spheres, we rely on formulas that 
were developed and proven by mathematicians over the ages.

V
cone

= 1
3

× area of base × height

V
pyramid

= 1
3

× area of base × height

V
sphere

= 4
3
π × (radius)3

dIsCuss the Ideas
MatheMatICal forMulas for CylInders and spheres

Richard melts a large spherical lead fishing sinker to make new, smaller ones. 
He melts the sinker in a cylindrical container that has the same height as the 
sinker’s diameter. When the lead has cooled, he finds that it fills exactly 23  of 
the crucible.

d

r

h

Using this information, determine how the formula for a sphere can be derived 
from the formula of a cylinder. (Remember that the height of the cylinder is the 
same as twice the sphere’s radius, 2r).
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example 1

tennis balls are made of two rubber 
pieces that are fastened together. 
Regulations state that a finished ball 
must weigh a little over two ounces.

A tennis ball has a diameter of 6.7 cm.

a)  What is the volume of the tennis ball?

b)  Tennis balls are commonly sold in a cylindrical tube in packs of 
three balls per tube. What is the volume of the container?

c)   What is the ratio of the volume of the three balls to the volume of 
the container?

d)  Using d to represent diameter, show that the volume of a sphere is 
2  the volume of a cylinder that completely encloses it.
3

solutIon

a)V
ball

= 4
3
πr3

V
ball

= 4
3

6.7
2

3

V 3
ball

≈ 157.5 cm

b) The height of the container is three times the diameter of a tennis ball.

V
container

= πr2h

V
container

= π 6.7
2

2

× (3 × 6.7)
V
contaainer

≈ 708.7 cm3

c) V
balls

V
container

= 3 (157.5)
708.7

V
balls

V
container

≈≈ 0.667

d) The height of the cylinder equals the diameter of the sphere.

V
sphere

V
cylinder

=
4
3
πr3

πr2h

V
sphere

V
cylinder

=
4
3
πr3

πr22r

Divide the top and bottom by 2πr3.

V
sphere

V
cylinder

= 2
3

( )

( )

( )
( )
( )
( )
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example 2

A stockpile creates a cone-like shape.
 

When bulk granular materials, such as sand, gravel, or 
grain, are poured onto a flat surface, the shape of the pile 
will be a cone. The angle between the horizontal surface 
(the ground) and the slope of the pile is called the angle 
of repose. The angle of repose of a material stays the same 
regardless of what the height of the pile.

A gravel pile in a maintenance yard has a diameter of 
3.5 metres and a height of 1.2 metres. 

a) What is the volume of gravel in the pile?

b) What will be the volume of a stockpile with double the
dimensions? Use proportional reasoning.

solutIon

a) V
cone

= 1
3
(area of base) × height

V
cone

= 1
3
π ( 3.52 )2 × 1..2

V 3.8 3
cone

≈ m

b) All dimensions are doubled (the radius is used twice), so the volume of 
the pile is increased by a factor of 8. 

New volume = 8 × 3.8

New volume = 30.4 m3
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ACtIVIty	3.6

usIng MICroMeters and CalIpers

Some common measurement tools used to measure lengths are a ruler and 
a tape measure. When measuring the diameter of a cylindrical or spherical 
object, you can use two other tools: a caliper and a micrometer.

A micrometer can be used to measure the diameter of a sphere or a cylinder by 
reading the measurements on the sleeve and the thimble:

Anvil Spindle

Frame

Sleeve

Thimble

The value on the sleeve represents millimetres and the value on the thimble 
represents hundredths of a millimetre.

Using the reading below, look at the value on the sleeve first (1), which in this 
case is 22 millimetres. Then, look at the value on the thimble (2), which is 36, 
or 0.36 mm. That means the length you’ve measured is 22.36 mm.

0 5 10 15 20 25 30 35 40 45 50

35

40

30

0.01 mm
0–25 mm
0.01 mm
0–25 mm

25

45

(1)
(2)

35

40

30
2525

45

0 5 10 15 20 25 30 35 40 45 50

35

40

30

0.01 mm
0–25 mm
0.01 mm
0–25 mm

25

45

1. In pairs, get a micrometer from your teacher and measure the items given 
to you for this activity. 

a) What is the diameter of each item?

b) How can you use the diameter to find the surface area of the object? 
How can you use the diameter to find the volume? Choose one item 
and find its surface area and volume.

A caliper can be used to measure the diameter of an object, inside or outside 
the object. For example, a paper towel roll is hollow, so the caliper can be used 
to measure the inside diameter.
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The top ruler measures the number of centimetres and millimetres. For this 
measurement, find the nearest millimetre reading to the left of the 0 on the 
lower ruler, which in this case is 31 mm (1). The lower ruler is in hundredths 
of a centimetre. From the 0 on the bottom ruler (2), find the line that matches 
up perfectly with a line on the top ruler (3). This is at 0.02 cm, so the 
measurement is 3.12 cm.

(1)

(2)
(3)

(1)
2. In pairs, get a caliper from your teacher and measure the items given to 

you for this activity. 

a) What is the outside and inside diameter of each item?

b) How could you use the two diameters to find the amount of material 
used to create the item?

ACtIVIty	3.7

usIng dIsplaCeMent to Measure voluMe

Another way to find the volume of an object is to use the displacement 
method. This uses the amount of liquid displaced by an object to determine 
its volume.

Do the following in pairs.

• Collect a cup, a graduated cylinder, a pan, and several items to measure. 

• Fill your cup to the very top with water. Place the cup in the pan.

• Place an object in the cup. 

• Place the displaced water now in the pan into the graduated cylinder to 
measure how much water was displaced. This value will be the volume of 
your object.

Record the volume measurement for each item you measured and compare 
with pairs around the room who measured the same item.

1. Are your measurements similar to those measured by others? If not, what 
might be some sources of error?

2. What is an advantage of using this method to calculate volume?
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example 3

this spherical storage tank is 
used to contain oil.

A spherical tank containing heating oil has a diameter of 1.5 m. 

a) What is the volume in m3?

b) One cubic metre is equal to 1000 litres. How many litres are in the tank?

c) One US gallon contains 3.785 litres. How many US gallons does the tank 
hold?

solutIon

a) V = 4
3
πr3

V = 4
3
π (1.52 )3

V ≈ 1.767 m3

b) Capacity = 1.767 × 1000
Capacity = 1767 litres

c)  1 US gallon
3.785 L

= V
1767 L

V = 1767
3.785

V ≈ 467 US gallons

example 4

Mikhail is casting garden gnomes out of concrete. He wants to know how 
much concrete he will need to make 20 gnomes. Because the gnomes are an 
irregular shape, he approximates the gnome as a series of simpler shapes: the 
hat is a cone, the head is a hemisphere, and the body is a cylinder.

2”

6”

7”

3.5”
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ornamental garden gnomes 
originated in europe. they 
can be made of resin or 
concrete and painted by 
hand.

a) What volume of concrete in cubic feet will he need for 20 gnomes?

b) After he has made several gnomes, Mikhail wants to verify the exact 
amount of concrete that each gnome requires. How might he do this?

solutIon

a) First calculate the volume of the cylinder.

V = πr2h

V = π (3.5)2 (7)
V ≈ 269 in3

Next, calculate the volume of the cone.

V = 1
3
πr2h

V = 1
3
π (2)2 (6)

V ≈ 25 in3

Then calculate the volume of the hemisphere.

V = 1
2 ( 43 ) πr3

V = 1
2 ( 43 ) π (2)3

V ≈ 17 in3

Add the volumes together and multiply by 20.

Volume of one gnome = 269 + 25 + 17
V = 311 in3

Volume of 20 gnomes = 20 × 311 
V = 6220 in3

Convert to cubic feet.

1728 in3 = 1 ft3

6220 ÷ 1728 ≈ 3.60
He will need approximately 3.60 ft3.

b) He could immerse one gnome in a known quantity of water (in a 
5-gallon bucket, for example). After removing the gnome from the 
bucket, the amount of water needed to fill the bucket to the same 
volume is the volume of the gnome. 
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buIld your skIlls

1. Jayne built a model of a house using a rectangular prism for the base and a 
rectangular pyramid for the roof. If the model is solid, what is the volume 
of her model? 15 cm

30 cm

25 cm
53 cm

ball bearings are used to keep 
moving parts, or bearings, of 
machinery separate. the metal ball 
bearings shown in this picture are 
inside a pump.

2.  Ball bearings are mechanical assemblies that are used to join two 
parts that must turn against each other, such as a bicycle wheel 
turning on an axle. Steel balls are held in place between an inner 
and an outer ring (called races) and held apart by a spacer part 
called a cage. For the bearing to work properly, the balls must be 
perfectly spherical.

a) What is the volume of a bearing ball with a diameter of 
6 mm?

b) If a second ball has twice the diameter of the first ball, by 
what factor will the volume differ?

c) A third ball has a diameter 4 times that of the first. By what 
factor will the volume differ?

3. Using the images below of micrometers, determine the measurement being 
shown by each micrometer.

a) 
0 5 10 15 20 25 30 35 40 45 50

20

25

30

10

15

0.01 mm
0–25 mm
0.01 mm
0–25 mm

0 5 10 15 20 25 30 35 40 45 50

20

25

30

10

15

0.01 mm
0–25 mm
0.01 mm
0–25 mm

b) 
0 5 10 15 20 25 30 35 40 45 50

15

20
25

5

10

0.01 mm
0–25 mm
0.01 mm
0–25 mm

0 5 10 15 20 25 30 35 40 45 50
15

20
25

5

10

0.01 mm
0–25 mm
0.01 mm
0–25 mm
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c) 
0 5 10 15 20 25 30 35 40 45 50

50

55

40

45

0.01 mm
0–25 mm
0.01 mm
0–25 mm

0 5 10 15 20 25 30 35 40 45 50
50

55

40

45

0.01 mm
0–25 mm
0.01 mm
0–25 mm

4. Using the images below of calipers, determine the measurement being 
shown by each caliper.

a) 

b) 

c) 
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5. A simple method of manufacturing stone balls for architectural 
ornamentation was developed centuries ago. The marble was first cut into 
cubes. Then the edges and corners were roughly rounded. The rough cubes 
were placed between two stone plates with grooves to keep the balls from 
rolling out. The upper plate was turned by a water wheel. After several 
days of grinding, the rough cube would be ground into a perfect sphere.

a) What volume of marble was ground away from a cubic block to 
produce a ball of 54 mm diameter?

b) What percentage of the marble cube is wasted using this method?

extend your thinking

6. Compare the height h
p
 of a square pyramid of base length ℓ with the height 

h
c
 of a cone of diameter ℓ given that the two shapes have the same volume.

7. An elongated stockpile of crushed ore, shown in the diagram, can be made 
by moving an ore conveyor along a straight track from A to B. The ends of 
the stockpile are half cones, and the centre portion is a triangular prism.

A B50 m

18 m 18 m

51.4 m

The stockpile is 50 m from A to B and is 18 m high. The width at the base 
is 51.4 m.

a) What volume of ore does the stockpile contain?

b) What is the angle of repose (angle between the ground and the slope of 
the stockpile)?

c) What would be the height and diameter of a single conical stockpile 
having the same volume?
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PRojeCt		—DeSIGnInG	PACKAGeS

present your paCkagIng

Before you complete the last section of this project by making your presentation, calculate the 
amount of materials you used to build your packaging, its cost, and each package's volume. When 
you calculate cost, use a cost of $0.05 per square centimetre of material.

Put your sketches and research about dimensions, materials, and customers into a portfolio that 
you can give to your teacher. 

After you draw your 
packaging designs, you will 
need to label each one with 
its dimensions and determine 
its surface area.

Before you hand in your project, ensure that you have all of the following:

• a drawing of your item, labelled with its measurements;

• your research on packaging dimensions, materials, and customer preferences;

• drawings of your three packages, labelled with their measurements and volume. Ensure that 
your packages will fit your item and make sense as a package for that item;

• the amount of material needed to create the package. Ensure that these measurements are 
expressed in a unit that makes sense; 

• the associated costs for creating each package; and

• a poster, handout, or electronic presentation.

Be prepared to explain to your classmates why you designed your packaging the way that you did. 
You can tell them the measurements of each package, and how much it costs to make each one. 
Explain to your classmates why you think one design is the most practical or the most creative. 
Ask for their feedback on your designs.

refleCt on your learnIng
surface	area,	volume,	and	capacity

Now that you have finished this chapter, you should be able to:

• Explain, using examples, the difference between volume and surface area.

• Explain, using examples and nets, the relationship between area and surface area.

• Estimate and calculate the surface area and volume of a three-dimensional object.

• Explain, using examples, the difference between volume and capacity.

• Convert a volume in one unit of measure, such as cm3, to another unit of measure, such as m3.

• Determine the volume of a three-dimesional object using a variety of measuring tools, such as rulers, 
tape measures, micrometers, and calipers.

• Determine the capacity of a three-dimensional object using a variety of measuring tools and methods, 
such as graduated cylinders, measuring cups, measuring spoons, and displacement.

• Describe the relationship between the volumes of cones and cylinders with the same base and height.

• Describe the relationship between the volumes of pyramids and prisms with the same base and height.

• Explain the effect a change in dimensions of a three-dimensional object has on its surface area and 
volume.
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praCtIse your neW skIlls

1. Calculate the following ratios.

a) Volume to surface area of a cube of side length ℓ.

b) Volume to surface area of a sphere of radius r.

c) A sphere and a cube have the same surface area. What is the relation 
between the length of the cube and the radius of the sphere?

d) A sphere and a cube have the same volume. What is the relation 
between the length of the cube and the radius of the sphere?

the trans Alaska pipeline is about 800 
miles long. It transports oil.

2.  The Trans Alaska Pipeline System (TAPS) extends from 
Prudhoe Bay, Alaska, 800 miles to the port of Valdez, Alaska. 
The pipeline has a diameter of 48 inches.

a)  What volume of crude oil, in ft3, does one mile of pipeline 
hold? (One mile equals 5280 feet.)

b)  How many gallons are in one mile of pipeline? (One cubic foot 
equals 7.4805 gallons.)

c)  Crude oil is commonly measured in units called barrels (bbl). 
One bbl equals 42 US gallons. How many barrels of crude oil 
are in one mile of pipeline?

d)  How many barrels of crude oil could be in the entire 800-mile 
pipeline?

Many people believe that the 
coffee plant was first grown 
in ethiopia.

3. A bulk food bin in a 
supermarket, as shown in the 
diagram, contains coffee beans. 
The bottom has a sliding gate 
so that the beans can be poured 
into bags.

25 cm

25 cm

40 cm

25 cm

7.5 cm
7.5 cm

a) What is the volume of the 
bin?

b) One kilogram of coffee beans 
has a volume of 2250 cm3. 
How many kilograms of 
coffee beans does the bin 
hold?
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4. A cone has a radius r, height h, and slant length s.

h
s

r

a) Draw a net of the cone when it is cut in a straight line from the peak to 
the bottom edge. Assume the cone has no bottom.

b) How long is the curved part (partial circumference) of the net?

Grain silos are commonly 
made of stainless steel. they 
can be used to store animal 
feed, flour, and seeds, as 
well as grain.

5. A steel storage silo for livestock feed pellets is shown below.

1570 mm

1930 mm

1800 mm

a) What area of sheet steel is needed to fabricate the silo? Include a top 
cover.

b) What is the area in square metres?

6. Ara has a contract to supply hanging planter baskets to the city to be hung 
from lampposts along the main street. The baskets are hemispherical with 
a diameter of 50 cm. She needs 48 baskets to cover six blocks.

a) How much potting soil, in litres, does she need to fill all the baskets?

b) Ara can buy a 60-litre bag of soil for $13.50 or a cubic yard for $41.50. 
Which is the cheaper option? (One cubic yard equals 27 cubic feet; one 
cubic foot equals 28.23 litres.) Justify your choice.
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7. Seth works for a tent and awning company. He is asked to give a quote on 
a shop awning as shown below. What area of fabric should he use in his 
estimate?

20 ft

1 ft 6 in

2 ft

4 ft

8. Calculate the surface area of a hemispherical dome tent with a diameter of 
7 feet.

9. a)  What volume of concrete, in cubic yards, is needed to make the stairs 
shown below? Assume the stairs are all the same size.

48 in 48 in

7.5 in
10 in

30 in

b) If the stairs are to be painted, what surface area must be covered?
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three main pyramids compose the Pyramids of Giza. the 
Great Sphinx is located nearby.

10.  The Great Pyramid at Giza in Egypt is 138.75 m 
high. Each side of the base has a length of 
230.56 m.

a) Neglecting the volume of the inner chambers, 
what is the volume of stone used to build the 
pyramid?

b) Limestone weighs around 2.56 metric tonnes 
per cubic metre (1 metric tonne equals 
1000 kg). Estimate the weight of the pyramid in 
tonnes.
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Chapter 4
trigonometry	of	Right	triangles	

goals

Trigonometry—the mathematics of right triangles—has been used as 
a practical mathematical tool for thousands of years. Today, surveyors, 
carpenters, road builders, and metal fabricators are just some of the trades 
people who use trigonometry in their work.

In this chapter, you will

• use trigonometry to calculate distances and angles; 

• solve complex problems by breaking them down into two or three  
right-angled triangles; and

• use right triangles to solve problems in three dimensions.

key terMs

• two-triangle problem

• three-triangle problem
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PRojeCt—PlAn	A	CommunIty-FRIenDly	PARK

start to plan

projeCt overvIeW

You can enjoy outdoor sports, meeting with friends, or a calm place 
to relax if there is a park nearby. As a member of your community, 
you can help to provide such a place when you design and map 
a park made to be enjoyed by people of different ages and with 
varying interests. The park will be built on a piece of land shaped 
like the one shown in the diagram below. It will include a semi-
circular open-air theatre, which you will design and build a model 
of, to scale.

A bandstand, art gallery, gardens, and sculptures are some 
of the features that visitors enjoy in Regina, Saskatchewan’s 
Wascana Centre park.

get started

Plan a new, accessible park for your community. List three things 
you will include in the park that will attract people to it. Along with 
these features, include:

• space reserved for a farmers’ market or craft vendors;

• a semi-circular outdoor theatre with seating;

• parking spaces;

• washrooms; and

• paths that are accessible by wheelchairs and scooters used by people with 
limited mobility. 

You can adapt this assignment to suit a rural area by designing an educational 
nature walk instead of a park. Rather than designing a theatre capable of 
seating a large crowd, design a smaller covered stage and a set of semi-circular 
bleacher-style seating. Space reserved for vendors can contain informative, 
illustrated write-ups, explaining the different plants, animals, geographic 
formations, and history of the area. Space reserved for a farmers’ market can 
contain children’s play equipment or exercise equipment.

After brainstorming the features you would like your park to include, make a 
preliminary plan of your park.

fInal presentatIon CheCklIst

Your finished project will include the following:

• a scale map of your park. The map will be labelled with your park’s features, as well as its paths. 
The paths will have their angles and slopes labelled; 

• a scale model of your outdoor theatre or stage and seating; and

• a basic sketch of your theatre or stage labelled with the angle of depression or elevation from a 
seat that is at the back, middle, and front of the seating area, as well as the seat’s distance from 
the centre of the stage.



4.1 solving for angles, lengths, and distances

MATH on the Job
George Hill works as a surveyor on Vancouver 
Island. He graduated from George Mason Dawson 
Secondary School in Masset on Haida Gwaii (Queen 
Charlotte Islands), and moved to Port Hardy on 
Vancouver Island when he was twenty years old. 
George is a member of the Haida First Nation.

Surveyors like George hill use measuring devices such as 
compasses, transits, and levels when they work.

George and his survey team use an instrument 
called a transit to measure angles to objects in the 
distance to help them determine road grades. The 
transit has a telescope to help the operator view a 
grade stick held by a co-worker in the distance, and 
two measurement wheels that work like protractors 
with level bubbles on them to read horizontal and 
vertical angles. In this way, the surveyors are able to 
make detailed grade and distance maps of locations 
for new roads before road builders come in to work.

George and his crew have been hired by a property owner to locate the corner pins of his property. They locate pin 1 in the 
south corner of the property. George and the crew find pin 2 directly north of pin 1. Pin 3 is located and measured to be 40 m 
away from pin 1 on a bearing of 68°. The three pins create a right triangle as shown in the diagram below. How far is pin 2 
from pin 1? How far is pin 3 from pin 2?

68°

40 m

pin 2 d2

d1

pin 1

pin 3

166
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Raymond hill, a surveyor with Maltais Geomatics Inc., drills in a rock post near haines Junction, Yt, 
as part of a survey conducted for the Champagne and Aishihik First nations. the cairn was built by 
the surveying company as an easy-to-spot marker showing the boundary between First nations’ land 
and Crown land.

explore the Math

Surveyors commonly work with lengths and bearings, which they can then 
convert to geographical coordinates using trigonometry. Surveying is only one 
of many trades that makes use of trigonometry to help determine distances 
and dimensions that may be difficult to measure. Welders, machinists, and 
optical lens makers are other trades that use trigonometry to find distances 
and angle measures. 

Sketch a right triangle in your notebook. Label the right angle. What is the 
minimum amount of information that you can have about a right triangle that 
still allows you to solve the triangle? Try different combinations of lengths and 
angles, and use the relationships for sine, cosine, and tangent. Use the terms 
“opposite side,” “adjacent side,” and “hypotenuse” in your investigation.

transit: a surveying 
instrument used to 
measure horizontal and 
vertical angles

sine: the ratio of the 
length of the side 
opposite a given angle 
to the length of the 
hypotenuse (abbreviated 
as sin) in a right triangle

cosine: the ratio of 
the length of the side 
adjacent to a given angle 
to the length of the 
hypotenuse (abbreviated 
as cos) in a right triangle

tangent: the ratio of 
the sides opposite and 
adjacent to a given angle 
(abbreviated as tan) in a 
right triangle

Now sketch a non-right triangle. How might you divide this into two right 
triangles? Consider how you could use this strategy to find an angle measure 
or length.
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example 1

When solving questions 
involving trigonometry, 
sketching the scenario can 
help you to find the answer.

Ethan buys a used portable conveyor for stockpiling landscaping materials 
such as gravel in his maintenance yard. The conveyor has a length along the 
belt of 12 m, and makes a maximum angle of 15° with the ground.

a) Sketch the conveyor. Label your diagram with the information you have.

b) What is the maximum height of gravel stockpile that this conveyor can 
make?

c) The gravel stockpile is in the shape of a cone and makes an angle of 
37° with the ground. What volume of material can Ethan store in the 
stockpile?

solutIon

a) 

h

15°

15°

12 m

b) The unknown height, h, is the side opposite the known angle. The 
conveyor length forms the hypotenuse of a triangle. The trigonometric 
ratio that uses the opposite side and the hypotenuse is the sine ratio. 

sinθ = opp
hyp

sin15° = h
12

12 × sin15° = h
12

× 12

12 × sin15° = h

3.106 ≈ h

The maximum height of the stockpiled material is 3.106 m.
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After slate, ore, and 
limestone are mined, they 
are stored in stockpiles until 
they are sold and shipped to 
buyers.

c) In this problem, you will use measurements from one right triangle 
(formed by the ground, the conveyor, and the line drawn to connect 
the two) to solve the measurements of a second right triangle (formed 
by the ground, the slope of the cone, and the line connecting the two). 
This is a two-triangle problem.

3.106 m

37°

r

In part b), you solved for h, which is the line connecting the ground 
and the top of the conveyor, and found that it equaled 3.106 m.  

You need to know the radius of the stockpile, r. You know that the 
angle between the ground and the slope of the cone is 37°. You can use 
the tangent ratio to calculate the radius of the stockpile.

tanθ = opp
adj

tan 37° = 3.106
r

r tan 37° = 3.106

r = 3.106
tan 37°

r ≈ 4.122

The radius of the stockpile is 4.122 m.

Now you can substitute the radius and the height into the formula for 
calculating the volume of a cone.

V = 1
3

× (area of base) × height

V = 1
3

× πr2 ×

V = 1
3

× π(4.122)2 × 3.106

V ≈ 55.264

The volume of material in the stockpile is 55.264 m3.

h
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ACtIVIty	4.1

anCIent trIgonoMetry: sIne ratIos

Early mathematicians used triangles drawn 
within circles to study trigonometry. They 
noticed that the ratio of the length of a 
half-chord, marked by BD and CD on this 
diagram, to the angle measure was always 
the same. O

B

C

D A

chord: a line that 
links two points on the 
circumference of a circle

euclid was a Greek 
mathematician who lived 
around 300 bCe. Many 
say euclid’s work laid the 
foundations of modern 
geometry.

1. Draw a circle with centre O like the one 
on the right.

2. Draw two radii, OB and OC, of the 
circle to create an angle.

3. Now connect the ends of the radii to draw a chord, BC, in the circle.

4. Draw the bisector, OA, of the angle. Label the intersection of OA and BC as 
D to create two equal right triangles, ΔODB and ΔODC.

5. Measure the length of the half-chord DB and the length of the radius OA. 
Record the ratio in a table like the sample below.

ratIo of half-Chord to angle

Angle 
measure

Length of DB Length of OA Ratio DB
OA

sample

6. Measure ∠BOD with a protractor and record the measure in the table.

7. Draw a new angle of any size you like. Label each point with the same 
letters, but add a number subscript, so that you have OB

1
, OB

2
, and so on. 

Repeat for four or five angles.

8. Use the inverse sine function on your calculator to calculate the measure of 
each angle. 

9. Compare your answer with the measured value of ∠BOA. What did you 
discover?
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dIsCuss the Ideas
solvIng probleMs WIth rIght trIangles

triangular trusses are used 
to stabilize decks, bridges, 
and roofs.

As you saw in Example 1, you can use trigonometry to solve for lengths 
or angles of a sequence of triangles by using the solution of one triangle to 
provide information you need to solve the next triangle.

You can use this strategy to find missing sides and angles of triangles with no 
right angles by breaking them down into right triangles. Work with a partner 
to explore this method for solving a problem.

Eugene is building a triangular asymmetric roof truss as shown in the 
diagram. He wants to know to what length he must cut the base.

45°

16 ft

35°

1. Can Eugene calculate the third angle? What is it?

2. Is the truss a right-angle triangle?

3. Examine the roof truss. Can you suggest a way to divide it into two right-
angle triangles so that you can solve the triangle? Draw a sketch showing 
these triangles.

4. Is there enough information to solve the right-hand triangle?

5. Is there enough information to solve the left-hand triangle?

6. Find the height and base length of the left-hand triangle.

7. After calculating the height, what other method could you have used, besides 
the cosine ratio, to calculate the base length of the left-hand triangle?

8. Now re-examine the right-hand triangle. Do you now have enough 
information to solve the triangle?

9. Calculate the base length and length of the hypotenuse of the right-hand triangle.

10. Check, using the Pythagorean theorem, that your hypotenuse length is correct.

11. What is the length of the base of the truss?

12. To solve a right triangle, you need two pieces of information: one length 
and one angle, or two side lengths. Which three pieces of information 
allow you to solve the triangle if it has no right angle?
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example 2

100 Mile house, bC, is 
known for its trout fishing 
and cross-country ski trails.

A rancher who lives near 100 Mile House, BC, has a piece of property shown 
on the plan below. He is planning to build a new fence, using 3 strands of 
barbed wire, around the perimeter. How much wire will he need for the fence?

100°

50°

a

b

500 m

200 m

solutIon

The property can be divided into two right triangles and a rectangle as 
shown below.

50°

40°

60°

a

b

d

c
f

e

500 m

200 m

To find the missing dimensions a and b, first solve both right triangles.

sinθ = opp
hyp

sin 50° = c
500

c = 500 × sin 50°

c ≈ 383.0 m
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cosθ = adj
hyp

cos 50° = d
500

d = 500 × cos 50°

d ≈ 321.4 m

sin 60° = e
200

e = 200 × sin 60°

e ≈ 173.2 m

cos 60° = f
200

f = 200 × cos 60°

f = 100.0 m

a = c − f

a = 383.0 − 100.0

a = 283.0 m

b = d + e

b = 321.4 + 173.2

b = 494.6 m

The total perimeter, p, is the sum of the sides.

p = 500.0 + 200.0 + a + b

p = 500.0 + 200.0 + 283.0 + 494.6

p = 1477.6 

The perimeter measures 1477.6 m. Since the fence will have three strands, 
the rancher will need a length of wire equal to three times the perimeter.

Length of wire = 3 × 1477.6

Length of wire = 4432.8

He will need 4432.8 m, or almost 4.5 km of wire.

barbed wire fences 
effectively contain livestock. 
An inexpensive fence can 
be constructed with fence 
posts, wire, and staples to 
hold the wire in place. 
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example 3

Li Ping is making a kite for a festival, as shown in the diagram.

45° 30°

45.0 cm e
a

cg

d b

f

A

a) What will be the length of the two cross-pieces that form the frame?

b) Calculate the length of the string that will 
form the outer perimeter of the kite.

c) For each of the four colours, what area of 
fabric will he need?

solutIon

To find the lengths and areas, Li Ping must 
solve the four triangles. He has two pieces of 
information for the pink triangle, so he should 
solve this one first.

sinθ = opp
hyp

sin 45° = a
45.0

a = 45.0 × sin 45°

a ≈ 31.8 cm

cosθ = adj
hyp

cos 45° = d
45.0

d = 45.0 × cos 45°

d ≈ 31.8

He now has two pieces of information for the yellow triangle, so he can 
solve this next.

sinθ = opp
hyp

sin 30° = a
e

e = a
sin 30°

e = 31.8
sin 30°

e = 63.6 cm



175Chapter 4 Trigonometry of Right Triangles

tanθ = opp
adj

tan 30° = a
b

b = a
tan 30°

b = 31.8
tan 30°

b ≈ 55.1 cm

To solve the blue triangle, Li Ping must calculate one interior angle. He can 
do this because he knows that the interior angle at A of the blue triangle plus 
30° must add up to 90°. The interior angle at A of the blue triangle is 60°.

cosθ = adj
hyp

cos 60° = b
f

f = b
cos 60°

f = 55.1
cos 60°

f = 110.2

tanθ = opp
adj

tan 60° = c
b

c = b × tan 60°

c = 55.1 × tan 60°

c ≈ 95..4

To solve the green triangle, Li Ping can use the Pythagorean theorem. Li Ping 
is able to solve the dimensions of the third, green triangle because of the 
calculations he has completed for two previous triangles, the red and blue ones. 
When you use measurements from two triangles to provide the information 
needed to solve a third triangle, this is a three-triangle problem. 

c2 + d2 = g2

g2 = 95.42 + 31.82

g2 = 10 112.4

g ≈ 100.6

A well-known Canadian kite 
festival is the Windscape 
Kite Festival in Swift 
Current, Saskatchewan.
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Cane or hardwood can be 
used to build a kite frame, 
and nylon or tissue paper can 
be used to cover the frame.

a) Find the length of the vertical cross-piece.

length of vertical cross-piece = a + c

length of vertical cross-piece = 31.8 + 95.4

length of vertical cross-piece = 127.2 cm

Find the length of the horizontal cross-piece.

 length of horizontal cross-piece = d + b

 length of horizontal cross-piece = 31.8 + 55.1

 length of horizontal cross-piece = 86.9 cm

b) Find the length of the perimeter of the kite.

length of perimeter = 45.0 + e + f + g

length of perimeter = 45.0 + 63.6 + 110.2 + 100.6

length of perimeter = 319.4 cm

c) Find the area for each colour.

area of pink triangle = 1
2

× d × a

area of pink triangle = 1
2

× 31.8 × 31.8

area of pink triangle ≈ 505.6 cm2

area of yellow triangle = 1
2

× a × b

area of yellow triangle = 1
2

× 31.8 × 55.1

area of yellow triangle ≈ 876..1 cm2

area of blue triangle = 1
2

× b × c

area of blue triangle = 1
2

× 55.1 × 95.4

area of blue triangle ≈ 2628.3 cm22

area of green triangle = 1
2

× c × d

area of green triangle = 1
2

× 95.4 × 31.8

area of green triangle ≈ 1516.9 cm2
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ACtIVIty	4.2

ConduCt a survey

Survey flags mark 
property boundaries.

Work in small groups to complete this activity. Each group will choose an 
irregularly-shaped plot of the schoolyard. Use a tape measure and compass to 
do the following.

1. Draw a plan of the plot that you have surveyed.

2. Calculate the perimeter of the plot.

3. Calculate the area of the plot that you have surveyed.

Mental Math and estimation

Without using a calculator, determine the value of tangent 45°, to three 
decimal places.

buIld your skIlls

1. Miranda is installing a pipe with a bend in it. The first part of the pipe is 
6.2 m long and makes an angle of 18° below the horizontal. The second 
part of the pipe is 3.4 m long and makes an angle of 42° below the 
horizontal. How many metres below the horizontal is the end of the pipe? 

6.2 m

3.4 m

drop 1

drop 2

18°

42°

2. Jack works for a security firm that is setting up a system of laser beams 
for security in a museum. He takes a photo from above the laser beam 
reflecting off a special mirror in the Egyptian room because he must make 
certain that the beam is not distorted when it reflects if the system is to 
work properly. His measurements are as shown. Find angles a and b. Is it a 
perfect reflection, or a distorted one?

ba
13 mm 23 mm

43 mm
25 mm

the duties of a security 
guard include monitoring 
and patrolling the place of 
employment, answering 
alarms, and reporting 
property damage.
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3. A fastidious party 
decorator is insisting that 
sets of pink, blue, and 
yellow ribbons be hung 
from a tree and staked 
to the ground exactly as 
shown in the diagram. If 
each ribbon is attached 
to the tree at a height of 
4.8 m, calculate the 
distance of each stake 
from the tree.

27°

c
b

a

37° 47°

4.8 m

4. A ski run slopes down at 
an angle of 67° from the 
horizontal for 440 m along 
the slope. Then the angle of 
the mountain becomes less 
steep, averaging 35° from 
the horizontal for another 
300 m along the run. If 
the elevation at the bottom 
of this ski slope is 1400 m 
above sea level, what is 
the elevation at the top of 
the hill?

440 m

300 m

x

67°

35°
1400 m

once it snows, this ski slope 
will be used by competitive 
skiers and athletes.

5. Calculate the measure of all the angles and the lengths of all the lines in 
the following sketch of a marketing display tent.

37°

24°

s

5 ft

8 ft

5 ft
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Some roller coaster tracks 
are made of tubular steel.

6. A roller coaster at an amusement park heads upwards at an angle of 40° 
for 50 m along the slope, then drops right back to ground level over a 
horizontal distance of 30 m. What is the angle of descent, indicated by x?

x

40°
30 m

50 m

7. Vasee is fabricating a plate metal chute that will be used to guide crushed 
ore from the end of one conveyor onto the beginning of another one below 
it. The diagram below shows a side view of the chute.

c
b

a

68°

2400 mm

1000 mm

1700 mm

oRe	out

o
Re	In

a) What is the area expressed in square metres of one of the side pieces?

b) If the chute is 1200 mm wide, what is the area expressed in square 
metres of the piece of plate that will form the sloped face of the chute?
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8. Pablo is cutting 2 × 4 lengths for a roof truss. The roof angle is 30°.

4 ftG

A

H

B

I

C

J

D

K

E

F
30°

a) Assuming that the distance between each vertical support is 4 ft, 
approximately how long must he make each of the vertical supports? 
Fill in a table like the one below.

roof truss dIMensIons

Segment Horizontal length (ft) Segment Vertical length (ft)

FK KE

FJ JD

FI IC

FH HB

FG GA

sample

b) How long must the angled section AF be?

180
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9. To navigate bends in waterways 
such as rivers, navigational aids are 
often placed on the shore. Davis is 
piloting a tug at night. He has to 
keep beacons A1 and A2 on a single 
line of sight as he moves up one 
stretch of the river to stay clear of 
both shores.

ab50 m

N

50 m

B2

B1

A1

A2

P2

P1

43.46 m

a) A Coast Guard technician has 
installed the beacons so that A2 
is 50 m north and 43.46 m east 
of A1. What is Davis’s bearing 
on the first stretch of river?

b) At his position at P1, Davis 
sees beacons B1 and B2 on two 
separate lines of sight. When he 
reaches point P2, B1 and B2 will 
appear on a single line of sight, and he must then change course to a 
new heading that keeps B1 and B2 lined up. The new bearing is 130°. 
If B2 is 50 m north of B1, how far west must B2 be from B1?

the Mackenzie River  is 
called Deh Cho, or “big 
River” in the Slavey Dene 
languages. It is a navigable 
shipping route between 
late May and early october, 
serving much of the western 
Arctic from hay River on 
the southern shore of Great 
Slave Lake.

10. Luke is a draftsman who is drawing a plan of a new road. The road goes 
east, then makes a 50º bend and continues as shown below. The bend 
in the road has a radius of 120 m, as shown in the diagram, and starts at 
point A. How far east and south is point B?

50°

r = 120 m

∆East

∆South

A

C

B

Safe road design reduces 
traffic accidents.
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extend your thinking

Whitefish, northern pike, 
and walleye live in South 
Wabasca Lake.

11. Andy, a member of the Bigstone Cree First Nation, has a contract as a 
fire lookout at the Sandy Lake lookout tower near South Wabasca Lake, 
Alberta. He sights smoke at a bearing of 140° to the tower, and reports it 
over the radio. The Rock Island Lake lookout near Calling Lake reports the 
smoke at a bearing of 20°. The Rock Island Lake lookout tower is 62 km 
away from the Sandy Lake lookout tower, at a bearing of 165° from Sandy 
Lake. The layout is shown in the diagram below.

Calculate the distance of the smoke from each of the two towers.

165°

62 km

Sandy Lake 
Tower

Line of sight

Sandy Lake Tower

Rock Island 
Lake Tower

Lin
e 

of
 si

gh
t

Ro
ck

 Is
la

nd
 La

ke
 To

w
er

140°

20°

182
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PRojeCt—PlAn	A	CommunIty-FRIenDly	PARK

Map your park

the parkland along the Yukon River in downtown Whitehorse includes historic displays, a river walk, 
and space for vendors and music festivals. 

The piece of land allocated for the park is shown in the diagram. To help 
you plan your park, calculate its area. Determine which scale you will use 
when mapping your park. The natural features, such as the stream and 
rocks, cannot be removed or modified. Include them in your park design.

Next, make your park take shape. Place your park’s features and draw 
paths that connect them. Remember, this is a scale map, so your features 
should be placed accordingly. 

Since your park is designed to be enjoyed by all members of your 
community, design its paths with accessibility in mind. Some motorized 
scooters used by people with limited mobility have difficulty turning at 
sharp angles. Therefore, the angles at which your paths turn at must not 
be less than 60 degrees. Calculate the angles of your paths to ensure that 
they meet this requirement. Research the slopes of wheelchair accessible 
paths and label your park paths with accessible slopes.

65
0 

m

41
0 

m

300 m

37°
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puzzle It out

staIned glass saIlboat

this piece of stained 
glass is from Sacred heart 
Cathedral, in Prince Albert, 
Saskatchewan. the artist 
incorporated triangular 
pieces of glass to depict 
sacred symbols. 

A patron of a museum wishes to donate a stained glass window, but insists 
that the design be a copy of an old window in a family boathouse that burned 
down. The design is of a sailboat. The only measurements that were rescued 
from the old window are on the diagram.

A B

GE F

C

D

58°

68 cm

42 cm

1. You can do this puzzle by yourself or in a group of two to five people.

2. Write a list of which angles and sides you would solve for first.

3. Try to solve for the angles and sides in the order that you wrote in the list 
in #2.

4. See who has the most sides and angles solved. If the class chooses to do 
so, you can make up some other patterns that provide just the minimum 
of information to solve and play other rounds. Perhaps the winners of each 
round can advance to semi-finals and finals to compete for a prize.

184
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4.2solving Complex problems in the real World

MATH on the Job

Judith Dupuis uses her math skills to calculate how long it will take her 
plane to ascend or descend safely.

Judith Dupuis is a pilot. She earned her 
Commercial Pilot-Airline Transport Pilot 
Licence and her Class 2 Instructor Rating. She 
instructs new pilots at the Springbank Airport 
in Springbank, Alberta. She also works with the 
Mission Aviation Fellowship of Canada and will be 
going to Africa to train pilots and fly cargo, food, 
and relief supplies to people in remote locations. 
She will also help to transport people in those 
areas.

When landing her plane, Judith has to approach 
the runway at a precise angle of descent, or glide 
slope. Modern airports have visual guidance 
systems that allow pilots to see whether they are 
on the correct approach angle. At an elevation of 
344 ft, Judith sees one white light and one red 

light on the runway Visual Approach Slope Indicator (VASI). This tells her that her angle is correct, at 3°. How far is Judith 
from her touchdown point?

Judith observes that her bearing is 42°. How far south and west is she from her landing point?

explore the Math

Trigonometry is a very useful tool. As you saw in the previous 
section, it can be used to calculate lengths, distances, and angles. 
These values may be useful in themselves, or you can use them to 
calculate other quantities, such as volume and surface area. The 
information from one right triangle can also be used to solve any 
other right triangle with which it shares a common edge. In the 
last section, this idea was used to solve 4 consecutive triangles on a 
kite, each with less information given than the previous one.

this airplane is a de havilland beaver, 
commonly known as a bush plane. the 
beaver is a single-engine plane that was 
built in Canada.

Because the real world is three-dimensional, you cannot draw every 
situation on a flat piece of paper. You can still use the trigonometric 
principles, but the separate triangles may exist at an angle to each 
other, and only share common edges. For example, Judith’s flight 
path can be drawn as two triangles, one on the ground (using her 
south and west distances) and one standing up vertically, using her elevation.

Make a sketch of Judith’s distance calculation problem, showing the two 
triangles, and identify the edge shared by the two. Which triangle must you 
solve first?



MathWorks 11186

example 1

before development takes 
place, surveyors determine 
the elevation of any inclines 
on the land.

A tunnel through a hill has an angle of elevation of 3.5°, and a direction of 22° 
north of east. The length of the tunnel along its floor is 1400 m. Examine the 
diagram below.

1400 m

h

∆East ∆North

∆Elevation

N

Exit
Entrance 3.5°

22°

A
B

C

a) What is the difference in elevation between the entrance and the exit of 
the tunnel?

b) How far north of the entrance is the tunnel exit? How far east is the 
exit?

solutIon

a) To find the difference in elevation, consider the triangle ABC. You 
know the length of the hypotenuse and the angle of elevation. You need 
to calculate the height of the side opposite the angle of elevation—the 
change in elevation—so that you can use the sine ratio.

sinθ =
opp
hyp

sin 3.5° = elevation
1400

1400 sin 3.5° = elevation

85 ≈ elevation

The change in elevation is 85 m.

b) To calculate the distances north and east of the tunnel entrance, you 
must first calculate the horizontal distance between the two ends.

adj
hyp

= cosθ

h
1400

= cos 3.5°

h = 1400 cos 3.5°

h ≈ 1397 m
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∆North
1397

= sin 22°

∆North = 1397 sin 22°

∆North ≈ 523 m

∆East
1397

= cos 22°

∆East = 1397 cos 22°

∆East ≈ 1295 m

The tunnel exit is 523 m north and 1295 m east of the entrance.

example 2

Justin is laying out a ramp to go up a 30° slope in a park. Because the ramp 
may not have a slope greater than 1:20 so that it can be used comfortably by 
wheelchairs and motorized scooters, he must angle it across the slope. The 
total change in elevation is 4 ft.

C

b

30°

A

w
4 ft

1:20
ℓ

a) What is the angle that the ramp must make with the base of the hill?

b) What width of hill is needed to build the ramp without using a 
switchback?

c) How can Justin use the calculated information to lay out the ramp without 
having to measure an angle on the slope?
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solutIon

a) To calculate the angle, Justin needs two pieces of information, for 
example, ℓ and b.

Angle C can be calculated knowing that the ramp has a slope of 1:20. 
As we saw in chapter 1, this ratio represents the tangent of an angle 
having a rise of 1 units and a run of 20 units.

tan C = rise
run

tan C = 1
20

tan C = 0.05

C = tan−1 (0.05)

C ≈ 2.862°

sin C = change in elevation


sin C = 4


 = 4
sin C

 = 4
sin 2..862

 ≈ 80.111 ft

sin 30° = change in elevation
b

sin 30° = 4
b

b = 4
sin 30°

b = 8 ft

The angle A can now be calculated using lengths b and ℓ:

sin A = b


sin A = 8
80.111

sin A = 0.100

A = 5.731°
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these people are constructing a concrete ramp.

b) Justin can calculate the width using the 
cosine ratio.

cos A = adjacent
hypotenuse

cos A = w


w =  cos A

w = 80.111cos 5.731

w ≈ 79.711

The width is 79.711 feet, rounded to 80 feet.

alternatIve solutIon

Using the values for ℓ and b calculated in part a), Justin can find the width 
using the Pythagorean theorem.

w2 + b2 = 

2

w2 = 

2 − b2

w2 = 80.1112 − 82

w2 = 6417.77 − 64

w = 6353.77

w ≈ 79.711

c) To lay out the ramp, Justin can measure 79.711 ft from the starting 
point along the base of the hill, and then straight up the hill to the next 
level to get the end point of the ramp.

Mental Math and estimation

The sine of 36° is equal to 0.5878 (to four-decimal accuracy). Without using 
a calculator, show how you can determine the cosine of 54°, to four-decimal 
accuracy.
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dIsCuss the Ideas
usIng trIgonoMetry to CalCulate heIght

Arborists can use trigonometry to calculate the 
height of a tree.

An arborist needs to measure the 
height of a tree. It isn’t practical to use 
a tape measure, but she knows that 
she can use trigonometry to calculate 
the height.

1. How much information does she 
need to calculate the height of 
a tree?

2. Which pieces of information 
would be easiest for her 
to measure in order to use 
trigonometry?

The angle between a horizontal 
line of sight and the line of sight to 
an object that is higher than the 
observer is called the angle of 
elevation. If the object is lower 
than the observer, the angle 
between the horizontal line of 
sight and the line of sight to the 
object is called the angle of 
depression. A simple device called 
a clinometer can be used to 
measure the angle of elevation or 
depression.

angle of elevation: the 
angle formed between 
the horizontal and the 
line of sight when looking 
upwards; sometimes 
referred to as the angle of 
inclination 

horizontal 
angle of elevationline of sight

angle of depression: 
the angle formed 
between the horizontal 
and the line of sight while 
looking downwards

horizontal 
angle of depression

line of sight

clinometer: an 
instrument for measuring 
angles of elevation and 
depression

The arborist walks towards the tree until her clinometer indicates that the 
angle of elevation to the top of the tree is 45 degrees. She then measures 
the distance from that point to the tree, which is 23 metres.

3. Draw a sketch of the arborist’s position with respect to the tree and label it 
with the known information. 

4. Which trigonometric ratio should she use to calculate the height of 
the tree?

5. Why does she use the 45-degree angle as her reference angle?

6. What is the height of the tree above her horizontal line of sight?

7. What measurement must she add to this height to get the true height of 
the tree?
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example 3

bylaws govern the height 
of buildings, such as these 
buildings in downtown 
Saskatoon, Saskatchewan.

Eloise is standing on the edge of a building. She can see that the angle of 
elevation to the top of the next building is 46° and the angle of depression to 
the bottom of the building is 62°. If the building is 30 m away, how tall is it?

solutIon

First, draw a diagram.

30 m

x

y

46°

62°

Two tangent calculations are required. For both triangles, the angle and the 
adjacent side are known, and the opposite side is needed.

tan 46° = y
30

y = 30 tan 46°

y ≈ 31.1 m

tan 62° = x
30

x = 30 tan 62°

x ≈ 56.4 m

To find the total height of the building, add x and y.

56.4 m + 31.1 m = 87.5 m
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example 4

Liu Hui was a third-century mathematician and author. This 
illustration demonstrates Hui’s method of calculating the 
height of an island while on the sea.

The Chinese mathematician, 
Liu Hui, wrote the Sea Island 
Mathematical Manual in 
the third century. In this 
manual, there was a method 
for sea captains to calculate 
the height of sea islands by 
measuring the angle sighted 
to the top of the island 
from two different points. 
The angle sighted from the 
horizon to the top of a land 
feature or object is known as 
the angle of elevation.

Captain Ji sights an island 
in the distance. He uses a 
clinometer to measure the 
angle of elevation to the top 
of the island as 32°. He sails 
400 m closer to the island 
and takes another sighting. 
The angle of elevation to the 
top of the island from his 
closer position is 58°. What is 
the height of the island?

solutIon

The solution to this problem combines trigonometry and algebra. Since 
there are two unknowns, write two equations.

Captain Ji knows that he can solve this problem with trigonometry if he 
creates two imaginary right-angled triangles by drawing a line straight 
down from the peak of the island.

He can now write two tangent ratios.
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32°58°
x

y

400 m

tan 58° = opp
adj

tan 58° = y
x

tan 32° = opp
adj

tan 32° = y
x + 400

Liu hui is thought to have 
lived in what is now China’s 
Shanxi Province.

Rearrange the first equation.

y = x tan 58°

Substitute this in the second equation for y.

tan 32° = x tan 58°
x + 400

(x + 400) tan 32° = x tan 58°

x tan 32° + 400 tan 32° = x tan 58°

400 tan 32° = x tan 58° − x tan 32°

400 ttan 32° = x(tan 58° − tan 32°)

x = 400 tan 32°
tan 58° − tan 32°°

x ≈ 256.23

Substitute x ≈ 256.23 into y = x tan 58°.

y = 256.23 tan 58°

y ≈ 410.05 m

The island is about 410 m high.
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ACtIVIty	4.3

fabrICate a range hood

Range hoods are installed 
above stoves to provide 
ventilation.

You have been asked to fabricate a range hood as shown in the diagram below.

750 mm
600 mm

100 mm

200 mm

400 mm
300 mm

ec

hG

F

d

ba

40°

1. a)  What is the slope of the side faces?

b) What are the angles at the bottom corner of each trapezoidal piece?

2. Draw a pattern for all of the pieces of the range hood and label them with 
their dimensions.
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3. Create a table similar to the one shown below and record the dimensions 
of your range hood.

range hood dIMensIons

Dimension Formula used Calculated value

a

b

c

d

e

F

G

H

sample

Next, draw each range hood piece on cardboard, cut out the pieces, and 
construct the hood.

Assemble your range hood pieces. How well the pieces fit together will 
depend on how accurately you measure the lengths and angles.

buIld your skIlls

this woman is using a 
transit.

1. Anna begins a geological survey at the peak of a mountain, which she knows 
is 8060 ft above sea level. She travels down the mountain and measures that 
she has travelled 2210 ft down the slope at an angle of depression of 15°. She 
then travels 2460 ft down the slope at an angle of depression of 23°, and a 
third leg of 890 ft down the slope at an angle of depression of 34°. What is 
the elevation above sea level at her final position?

15°
23°

34°

8060 ft
890 ft

2460 ft
2210 ft
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Rock climbers need agility 
and strength. before 
climbing, they may plot the 
course they will take to the 
top.

2. A climber, standing on the edge of Horsethief Canyon in Drumheller, 
Alberta, measures an angle of depression of 62° down to the bottom of 
the other side. From his position, at an angle of elevation of 14°, he notices 
a rock formation that reaches above the lip of the far side of the canyon. 
He wants to climb from the bottom of the canyon to the top of the rock 
formation. What distance is that? If he wants to make sure that he has 10 ft 
of extra rope before attempting to climb it, how much rope does he need?

62°

14°

140 ft

3. For a research project, Jordan measures the depth of erosion of certain 
cliffs near Alberta’s Dry Island Buffalo Jump Provincial Park. In the past, 
Cree hunters stampeded animals over these cliffs as a hunting technique. 
Eighty years ago, a surveyor recorded that the cliff was 49.07 m tall. Jordan 
stands 25 m away from the base of the cliff. The ground and the base of 
the cliff form a right angle. He finds that the angle of elevation is 62.9°. 
How tall is the cliff now? How many centimetres has the cliff ’s height lost 
to erosion? What was the angle of elevation 80 years ago?

over 100 species of birds, 
including golden eagles, 
have been observed in 
Alberta’s Dry Island buffalo 
Jump Provincial Park.
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4. Alan wants to drill a hole from point A to point B through a cedar block 
with 12-inch edge lengths, as shown in the diagram. At what horizontal 
angle a and vertical angle b must he drill to achieve this drill path?

b

a

12ʺ

3ʺ

3ʺ

3ʺ

3ʺ
B

D

C

A

12ʺ

Staff in an airport traffic 
control tower communicate 
with pilots to ensure that 
planes land or take off 
safely.

5. The straight-line distance of an airplane to a control tower is 36.2 km. If 
the angle of elevation from the tower to the plane is 4°, and the plane is 
24 km south of the tower, how much west of the tower is the plane?

36.2 km

b

4°

24 km

N

6. An architectural firm has been asked to design a hotel 
that will hang over the edge of a canyon and be built 
partially into a cliff. Before they design the building, 
they need to know the height of the cliff. It is difficult 
to measure the height of the cliff by physical means 
because of the irregular shape of the rock, and the bulk 
of the cliff is in the way to get a line of sight from point 
A. However, there is a line of sight from point B across 
the edge of the canyon, and the workers were able to 
make the following measurements.

Proposed hotel location

C

A

D

B

43°

33.9 m

76°
a) What is the distance from point B to point C at the 

bottom of the cliff?

b) What is the height of the cliff?
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7. Tim looks straight north and sees the top of a building 40 m distant at an 
angle of elevation of 20°. He looks straight west from the same position and 
sees the top of a building 80 m distant at an angle of elevation of 14°.

a) Sketch the situation.

b) Which building is taller, and by how much?

c) What is the straight-line distance between the top points of the 
buildings that Tim used to measure?

d) What is the angle of elevation from the top of the lower building to the 
top of the higher building?

extend your thinking

8. Marie-Claude is building an artist’s easel. She wants the painting to slope 
at an angle of 20° from the vertical. The angle at the peak between the 
front two legs is 30°, and all three legs are 2000 mm long.

a) Calculate the angle that the back leg will make with the ground when 
the easel is set up.

b) She wants to make sure that she sets the easel up at the same angle 
every time, so she connects the bottom of the back leg to the bottoms 
of each of the front legs with string. What length of string must she use 
to maintain the 20° angle of her painting?

A

ℓ6ℓ5

ℓ1

ℓ3

ℓ2

ℓ4

30°
2000 m

2000 mm

70°
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9. A diagram in the Cable Logging Code shows the effectiveness of guy ropes 
(ropes used to support a pole or spar) at various angles to the ground.

30°

0°

Direction of pull 100% effectiveness

87% effectiveness

71% effectiveness

50%
 effectiveness

45°60°

Fill in the table below with the trigonometric ratios for the angles that the 
guy ropes make with the ground.

guy rope effeCtIveness

Guy Rope Angle % Effectiveness Sine of Angle Cosine of Angle Tangent of Angle

60 50

45 71

30 87

0 100
sample

Do any of the ratios relate to the effectiveness? Which one(s)?
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the roots of Math

navIgatIon In hIstory

Proper navigation skills are important. this hiker, 
near Yukon’s hoge Pass, uses GPS to navigate.

For millennia, humans around the world navigated accurately over 
incredible distances using only the stars as their guide. First Nations and 
Inuit people—as well as people in other places as diverse as Micronesia, 
China, and the Mediterranean—would look up at the night sky and judge 
their own position relative to the stars. 

By building knowledge over thousands of years, people learned how the 
timing and movement of the stars related to their position on the earth, 
and used this knowledge to guide themselves over earth, water, and ice.

In many cultures, the names of stars reflect their importance to 
navigation. For example, the Inuktitut name for the North Star Polaris 
is niqirtsituq, meaning “never moves.” Along with an inuksuk, another 
important navigational tool, it is featured on Nunavut’s flag.

When Europeans sent out large ships to explore the world, there was 
always a navigator on board, whose important and complex job was to 
spend hours doing trigonometric calculations to determine the group’s 
position on earth. Sometimes navigators had maps (both accurate and 
inaccurate!) to work with. At other times, these navigators’ calculations 
were used to draw new maps where there had not been any before.

Now, humans have put our own “stars” up in the sky in the form of 
satellites. These satellites use trigonometry to measure the exact 
position of a GPS user on earth almost instantly. GPS means Global 
Positioning System, and it operates using a system called triangulation. 
At least three satellites get a read on any one point on earth and 
calculate the exact position in fractions of a second.

In the early 1980s, hi-tech GPS receivers were the size of suitcases, and 
accurate GPS data were a closely guarded military secret. Now, GPS 
technology is available to nearly everyone and GPS receivers are small 
enough to fit in your mobile telephone or a pocket-sized device.

1. What applications of GPS technology do you know about that are in 
use around you every day? 

2. Look on the internet to find other applications of GPS technology by 
industry, government, and recreationists.

3. Use the internet, library, or conduct personal interviews with 
Elders, to learn more about traditional navigational methods used 
by First Nations or other civilizations. What are the similarities 
and differences between the celestial methods of navigation 
and modern GPS systems? Research these topics, then create a 
poster with a group of friends or discuss the issue at a round-table 
session.

this marine chronometer is over 200 years old. 
Sailors used it to determine longitude. 
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PRojeCt	—	PlAn	A	CommunIty-FRIenDly	PARK

researCh and buIld your outdoor theatre 

T To complete your park, you will design an outdoor theatre 
that will attract visitors with the plays, lectures, or speeches 

that take place on its stage. Using your library or the internet, 
research theatre design and dimensions through history. Record 
the angle of seating used in Roman, Shakespearean, and modern 
theatres. How can you make the theatre accessible to people with 
limited physical mobility?

Dauphin, Manitoba’s Selo Ukraina-Ukrainian Folk Art 
Centre and Museum site is devoted to Ukrainian culture. 
Located in Riding Mountain national Park, the site 
includes an outdoor theatre. the theatre is home to 
Dauphin’s Countryfest, shown here.  

After researching these measurements, choose the angle and slope 
for your theatre’s seating. Next, build a basic scale model of your 
theatre out of foam or modelling clay. To make sure that the seats 
are at the angle and slope you have chosen, cut out a large triangle 
with the same slope. Use the tangent ratio to find the height and 
length of the triangle possessing this slope. By making your seating 
align along the triangle’s hypotenuse, you can ensure that your 
seating is built at your chosen slope.

Sketch your theatre. On it, calculate and record the angle of 
elevation or depression from a seat that is at the back, middle, and 
front of the theatre to the centre of the front edge of the stage. 
Calculate and record how far each of the three seats is from the 
centre of the front edge of the stage. Your project is complete! 

refleCt on your learnIng
triGonometry	of	riGht	trianGles

Now that you have finished this chapter, you should be able to:

r 

r 

r 

r 

solve problems with more than one right-angled triangle, using sine, 
cosine, tangent, and the Pythagorean theorem;

solve problems involving right-angled triangles in two dimensions;

solve problems involving right-angled triangles in three dimensions; and

solve problems involving the angle of elevation and the angle of depression.
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praCtIse your neW skIlls

1. Anna-Mieke heads out on an 
orienteering trek and travels 300 m 
north and 130 m east. Anne-Christine 
heads out from the same point and 
travels 200 m west and 420 m north.

start

Anne-Christine

Anna-Mieke
130 m

300 m

420 m

200 m

N

a) What is the direction of each girl 
from the starting point?

b) What is the distance between the 
two girls? 

Architects and tradespeople 
use their math skills to 
design and build the 
structures around you.

2. A new amusement park ride design calls for a 42° slope down one side, 
then a 10-ft-long flat part, and then a 34° slope up the other side. If the 
height of the ride is 80 ft, what is the total width of the ride?

34°

10 ft

42°

80 ft

3. Clara is testing some scientific equipment in a laboratory and takes a 
photo to measure a laser beam and its reflection in a mirror. The laser 
beam approaches the mirror at an angle of 38°. The source of the beam is 
18 cm from the mirror. The reflected beam comes from the mirror and is 
45 cm long over a perpendicular distance of 24 cm. Is the mirror reflecting 
perfectly (with the angle of incidence equal to the angle of reflection) or is 
it warped?

38°

18 cm

mirror

laser beam

45 cm

24 cm
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this surveyor is using a clinometer to 
calculate tree height.

4. A mountaineer uses a clinometer to sight the top of a mountain at 
an angle of 70°. She walks 300 m closer to the mountain and now 
sights the top at an angle of 75°. How high is the mountain?

300 m

75°
70°

5. Leslie is paving a patio with the shape shown in the diagram. She needs 
to order paving stones, and so must estimate how many she needs by first 
calculating the area of the patio.

38.7°

26.6°

28.6°

3.50 m

6.40 m

6.00 m

6.26 m

4.47 m

C

EA

B

D

b2

a3

b3

a1

b1

a2

a) Calculate the lengths a and b for each of the corner triangles of the 
patio.

b) Using the lengths calculated in a), calculate the area of the patio.

c) Leslie’s client has selected a paver that is 30 cm × 20 cm. How many 
pavers should Leslie order? Add 10% to the calculated total to account 
for wasteage as she cuts the angled stones for the edges.
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6. James, a member of the 
Liard First Nation, is at 
a fire lookout tower near 
Watson Lake, Yukon. He 
sights smoke at a bearing 
of 215°. An alert tourist 
on the Alaska Highway 
12 km west of the lookout 
tower also sights smoke, 
and uses her onboard GPS 
to determine its bearing relative to her position to be 125°. Calculate the 
distance of the fire from the lookout tower.

12 km

35°

125°

215°

55°

fire

lookouttourist

l1 l2

h
d

Canada’s busiest airport is 
toronto, ontario’s Pearson 
International Airport. 7. An airplane is 2000 ft up in the air, 3 mi north and 5 mi east of where it 

took off.

2000 ft

y

N
3 mi

5 mi

xairport

a) If a person on the ground in that position is looking at the plane 
through a clinometer, what is its angle of inclination? (There are 
5280 ft in one mile.)

b) What is the airplane’s straight-line distance to the takeoff point?

8. Claire is surveying a highway interchange. From her position on an 
overpass she sights to the start of an exit ramp, 250 m south and 80 m 
west, at an angle of depression of 1.754°.

What is Claire’s elevation relative to the start of the exit ramp?

250 m

80 m

1.754° 

N

Claire
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nail guns can be used on 
metal, wooden, or concrete 
surfaces.

9. Shosha is installing roofing shingles on a garage. She is using an air-
powered (pneumatic) nail gun. The nail gun is connected to an air 
compressor on the ground with a hose that is 8 m long.

a) She places the compressor at one corner of the garage, at point A. What 
length of the top row of shingles has she completed when she reaches 
the furthest extent of the hose?

b) What angle does the hose make with the ground at the compressor?

c) She repositions the compressor at point D halfway along the length 
of the garage. Can she complete the top row without moving the 
compressor?

5 m

4 m

3 m

30°

B

A

D

C

8 m
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10. A tent manufacturer is designing a simple one-person tent, as shown in the 
diagram. The sides are of tear-resistant nylon, and the bottom is plastic-
coated canvas. Sketch a pattern for the sides and bottom. Calculate the 
lengths of each edge and the internal angles.

3 ft

1.5 ft

1.5 ft

6 ft
a b

D

Ec

When installing pipe, 
plumbers can size it by 
putting the pipe in a clamp 
and cutting it with a 
hacksaw.

11. Jessica is installing new pipe into an old house and has to set it into the old 
walls in three sections. The first section is 6 ft long and drops at an angle 
of depression of 22°. Then the second section is 4′6ʺ long and drops at an 
angle of 25°. The pipe then takes a right angle corner and the third section 
is 3′4ʺ at an angle of 42°.

22° 25°

42°
6ʺ

4ʺ6ʺ

3ʺ4ʺ

a) Calculate the length of strapping she needs to cut to hang the bottom 
3of the first section from the beam if Jessica is using -inch pipe.
4

b) Calculate the total drop over the complete installation.

c) Calculate the diagonal distance from the top to the bottom of the pipe.
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12. A guy wire is to be anchored to a concrete wall. Two steel plates are 
mounted on either side of the wall, and bolted together in the bolt pattern 
shown on the diagram. Three of the four holes drilled through the concrete 
line up perfectly. The fourth hole is mistakenly drilled at an angle so that 
the centre of the hole at the exit does not quite coincide with the drilled 
bolt hole on the steel plate.

0.57°

250 mm 
wall thickness

0.38°

x

y
a

h

a) Calculate the horizontal offset by finding x between the centres of the 
hole drilled through the concrete and the hole in the steel plate.

b) Calculate the vertical offset by finding h and then y between the 
centres of the hole drilled through the concrete and the hole in the 
steel plate.
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Chapter 5
Scale	Representations

goals

Have you ever read a map, sewed an article of clothing, built a model, 
or assembled a piece of furniture? Then you have likely used a scale 
representation of a real object. In many workplaces, scale drawings or models 
are used to guide installation or assembly. Plumbers and carpenters, for 
example, often use drawings in their work. Builders and movie set crews are 
guided by models.

Who makes these drawings or models? They are created by people working 
in a variety of fields, including fashion, graphic, and interior design, surveying, 
and drafting, to name a few.

In this chapter, you will use some familiar mathematical concepts like 
fractions, ratios, proportions, and measurement to

• make scale models;

• create drawings that represent two and three dimensions;

• calculate the full-size measurements of objects from drawings;

• draw views and perspective drawings of objects and their component 
parts.

key terMs

• component parts drawing

• elevation

• exploded view

• isometric drawing

• one-point perspective

• scale factor

• scale statement

• three-dimensional representation

• two-dimensional representation
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PRojeCt—PRoDuCe	A	Set	oF	DRAwInGS	AnD	A	SCAle	moDel

start to plan

projeCt overvIeW

Metalworkers, seamstresses, carpenters, and many other tradespeople use 
diagrams to design or build things. In this chapter, your project will be to draw 
instructional diagrams that show how to assemble an object. You will also make a 
scale drawing and model of the object. 

Diagrams help us understand concepts and 
designs. this seamstress uses a sewing 
pattern to make a piece of clothing.

get started

To begin the project, choose a job that interests you, for example, carpentry or 
fashion design.

Next, think of an object you would want to make if you had this job. For example, 
a carpenter might create a piece of furniture. A fashion designer might design a 
piece of clothing.

Sketch your object. Next, research and record its common measurements. Use 
this information to determine the measurements your object would have in real 
life. Label your sketch with these measurements. Finally, write a paragraph 
describing your object and its purpose. Keep these materials in your project file, 
for reference.

fInal presentatIon CheCklIst

Your completed project will include the following items:

• a description of your object, including a statement of its purpose and a list of 
the materials it is made of;

• a preliminary sketch of the object;

• the object’s actual measurements;

• scale drawings of the front, side, top, and back views of the object (where applicable);

• a 3-D isometric or one-point perspective drawing;

• an exploded diagram;

• a component parts diagram;

• a scale model; and

• your comments on what you have learned about scale and representation as you 
completed your project.



5.1 scale drawings and Models

MATH on the Job
Jack and Linda McKinnon started an aerial 
photography business 34 years ago in Carman, 
Manitoba. Prairie Agri Photo Ltd. offers aerial 
photography services throughout Manitoba, 
Alberta, and Saskatchewan. Aerial photos are 
used by agricultural companies, environmental 
monitors, municipal governments, and other 
clients. The photos are used to identify variations 
in soil type and vegetation coverage, monitor 
stream bank erosion, or plan recreational areas.

Jack McKinnon takes aerial photos of golf courses, construction sites, and 
towns.

Farm families also hire Jack to take aerial photos 
of their land and homesteads. These become an 
important piece of family history.

Jack takes his photos through an opening in 
the floor of a plane. His camera needs to point 
perpendicular to the ground to ensure accuracy 
of the photos for the purpose of measurement 
and scale.

Jack takes an aerial photograph of a farm. The scale of the photo is 1 cm:10 000 cm.

 1.  If a fenced area in the photo is 3.2 cm long and 4.1 cm wide, how large is the field?

2.  A square pasture on the farm has an actual measurement of 1 hectare (10 000 m2). What would its measurements be 
in the photo?

210

explore the Math

Many everyday items are scale representations—drawings or models—of 
larger or smaller objects. For example, a model ship kit is marked with the 
scale statement 1:350. This scale statement is a ratio comparing the size of the 
model to the size of the original object. If the model is 1 metre long, how long 
is the full-size ship?

scale statement: a ratio 
that expresses the size 
relationship between two 
objects

In a model kit, the model is a reduction of the original. How would the scale 
statement change if an object were enlarged instead of reduced? Consider an 
enlargement of a photograph from 3ʺ × 5ʺ to 6ʺ × 10 .̋ What scale statement 
would describe the relationship between the enlargement and the original? 

Notice that some scale statements contain units of measure and others do not. 
Why do you think this is the case? A map or a floor plan includes units in its 
scale statement. A model car kit does not.
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If you know the scale of a model or drawing, and the units of measure, you 
can calculate the dimensions of the original object or image. What method 
would you use?

A scale statement can be written as a fraction, such as 
1

350 . If the numerator 
is 1, the denominator of the fraction is the scale factor, the value by which all 
dimensions or components of an object or image must be multiplied in order 
to find the scaled dimensions. 

scale factor: a 
number by which all the 
dimensions of an original 
figure are multiplied to 
produce an enlargement 
or a reductionMeasure the drawings below. What scale factor was used to find the 

dimensions of the enlargement?

Each dimension is multiplied by 2 to find the enlarged measurements. Therefore, 
the scale factor is 2. You can also use the scale factor to divide the measurements of 
the enlargement and find the original measurements.

example 1

Philippe is a cabinet-maker with a contract to make wooden stereo speaker 
cabinets. He receives the scale drawing below from the speaker company. How 
big will the actual speaker cabinet be?

Front view
Scale 1:14

Side view
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solutIon

To calculate the actual measurements of the speaker cabinet, first measure 
the depth, height, and width of the scale drawing.

Depth: 3 cm

Width: 2 cm

Height: 5 cm

Because the scale is 1:14, one cm in the drawing represents 14 cm in the 
full-sized cabinet. To find the dimensions of the cabinet, multiply the 
measurements by the scale factor of 14.

Depth: 3 × 14 = 42

Width: 2 × 14 = 28

Height: 5 × 14 = 70

The speaker cabinet will be 42 cm deep, 28 cm wide, and 70 cm high.

example 2

trucks such as this one are 
used in Alberta’s oil industry.

Antonio works as a truck driver in the Alberta oil sands. His truck is over 
two stories high and can haul up to 360 tonnes of oil sand. Antonio sends a 
photograph of himself standing beside his truck to his friend, Martin. Martin 
wonders how tall the truck is. He knows that Antonio is about 180 cm tall. In 
the photograph, he is 0.7 cm tall. If the height of the truck in the photograph 
measures 2.5 cm, what is the height of the actual truck, in metres?

solutIon

To calculate how tall the truck is, measure how tall it is in the photograph. 
Then set up a proportion.

180
0.7

= x
2.5

1.75 × 180
0.7

= x
2.5

× 1.75 Multiply by the product of the denominators.

315
0.7

= 1.75x
2.5

450 = 0.7x Divide by 0.7.

642..9 ≈ x

The truck is 642.9 cm tall or about 6.4 m tall.
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Mental Math and estimation

Smart phones often contain digital maps that can be helpful in planning a 
road trip. Use the scale statement on the map to estimate the distance between 
A and B. If you are driving 90 km/h, about how long will it take you to drive 
between these towns?

0         40 km   

Fort Qu’Appelle

NipawinB

A

N

Regina

Lanigan

Humboldt

Canora

Yorktown

Star City
Wedon

Runnichy

Kelvington

Strasbourg

Quill Lakes

the countryside on the outskirts of nipawin, 
Saskatchewan is a winter destination for 
those who enjoy cross-country skiing and 
snowmobiling.

dIsCuss the Ideas
the IMpaCt of sCale

T On a map, the scale statement compares the distance on the map to distance 
on the ground. Use the National Atlas of Canada, found online at 
http://atlas.nrcan.gc.ca, to examine the impact of scale on maps.

1. Look at several types of maps in the National Atlas of Canada, such as 
climate maps or geologic maps. Make a note of the scale of each map 
you look at. Compare them by discussing the amount of detail each map 
provides. Is it very general or is there a lot of detail?

2. Most of the maps in the National Atlas are interactive maps and you can 
zoom in to get a map that covers a smaller area. Zoom in on your home 
province (use the “Zoom to region” button to find a drop-down menu of 
the provinces and territories). Has the scale of the map changed? What do 
you notice about the amount of information mapped?

3. Describe the relationship between the scale and the amount of detail that 
can be mapped.

4. What factors do you think could affect the scale at which a map is drawn?
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ACtIVIty	5.1

draft a floor plan and buIld a Model

Scale models help the 
viewer envision the 
dimensions and aesthetics of 
the real building.

T part 1

Ashok is a draftsperson. He is given the following specifications for a cabin 
design and asked to draw a scale floor plan. The cabin has the following 
specifications:

• 15′ wide and 21′ long;

• a great room (an open-plan, multipurpose area) at the front of the cabin 
measures 15′ × 12′;

• at the back of the cabin are a bedroom that measures 9′ × 9′ and a bathroom 
that measures 6′ × 9′;

• there is a 2′6ʺ window centred in each exterior wall of each room, a 3′ 
front door centred in the front wall, and 2′6ʺ doors into the bedroom and 
bathroom;

• a 6′ × 6′ deck on the front of the cabin.

Ashok draws floor plans on paper that measures 11ʺ × 17 .̋ Given the 
specifications, choose a scale that will allow the floor plan to fit on the paper. 
Use the scale factor to calculate the measurements of the cabin. Draw a scale 
floor plan using these measurements. You can do this manually or with 
computer software.

part 2

Linda works for a company that builds architectural models. Her scale models 
allow clients and the public to see what the completed structures will look like. 
Linda is making a scale model for a client’s new cabin. Using the floor plan you 
drew in part 1, build a scale model of the cabin. The cabin’s walls are 8′ high. 
It has a gable roof that measures 10′ at its peak. The door is 3′ wide and 
7′ high. The windows are 3′ wide and 3′ high.

this model of a cabin has a 
gable roof.
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buIld your skIlls

1. a) List two jobs where scale models are used.

b) List two jobs where scale drawings are used.

2. a)  List two situations where a diagram or model would need to 
be reduced.

b) List two cases where a diagram or model would need to be enlarged.

In some cultures, brides may 
wear beautiful and ornate 
saris on their wedding day.

3. Alli wants to sew a sari. The diagram below shows a scale drawing of a 
sari. If the width of sari fabric is usually 44 inches, what length of fabric 
would Alli need for her sari?

4. Lorne is building a doghouse using a set of scale plans that do not  
include dimensions. To work out the amount of plywood he needs,  
Lorne must work out what the real dimensions will be. So that the 
doghouse is big enough for his dog, he would like the doghouse to  
be 5 feet long.

a) What scale factor will Lorne use to enlarge the plan?

b) What will the measurements of the actual doghouse be?

c) Lorne’s dog is about 2 1
4

 feet tall. How tall and wide do you think
  the door in the front wall of the doghouse should be?

SIDE VIEW

roof width

FRONT VIEW
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this statue of Sir Wilfrid 
Laurier is located in 
Montreal, Quebec’s 
Dorchester Square.

5. Simon does the newspaper layout of the L’Express du Pacifique. This BC 
newspaper covers issues related to the francophone community. On one 
page, Simon needs to include an advertisement that originally measured 
2.5 cm high by 4.5 cm wide.

a) On Monday, Simon is told to make the ad 2 cm high. How wide 
will it be?

b) On Wednesday, Simon is told to make the ad 6 cm wide. Find the 
ad’s height.

6. On her summer vacation, Reiko travelled through Québec. On her trip, 
she took many photos. One shows Reiko standing in front of a memorial 
statue of Sir Wilfrid Laurier, Canada’s first francophone prime minister. 
In the photo, the statue is 8.1 cm tall and Reiko is 3.9 cm tall. Reiko is 
actually 5 feet 7 inches tall. How many metres tall is the statue of Sir 
Wilfrid Laurier?

7. Reshma is a laboratory assistant. She is working on identifying the 
quantities and species of mosquitoes present near Griffin, Saskatchewan. 
She must record the length, gender, and species of mosquitoes caught in 
different traps. 

She views a mosquito 
through a microscope and 
sketches this diagram.

107 mm

A

B

a) The area that is visible 
through the microscope 
(called the field) has 
an actual length of 
12 mm, but Reshma has 
sketched it with a length 
of 107 mm. Measure the 
length from A to B and 
use the measurement 
to calculate the actual 
length of the mosquito 
from point A to point B.

b) What is the 
magnification of the 
drawing? Magnification 
is calculated as drawing 
size divided by 
object size.
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extend your thinking

8. Darcy is a welder who has been supplied 
with diagrams of the rectangular bridge 
beams that she will make for a Pratt 
truss bridge. 

truss bridges are commonly made from steel.

a) Darcy is supplied with a diagram of a 
beam that is 5 cm deep, 20 cm wide, 
and 1.2 m long. Darcy is told to make 
a second beam for another project by 
enlarging the size of the first beam by 
a scale of 1:1.25. What would be the 
measurements of the second beam?

b) Darcy is given a scale diagram of the 
completed truss bridge. Each vertical 
beam in the scale diagram is 3 cm 
long. If each beam was drawn by 
reducing the dimensions of the first 
beam in a), what scale was used?

truss beam
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5.2 two-dimensional representations

MATH on the Job
Most materials warp or break if subjected to enough stress. Eric Fox went into 
business as a metal fabricator, welder, and designer to make sure they didn’t. 
As a mountain biker, Eric says that, “I was breaking everything I rode. Nobody 
made the quality of bike components that I wanted.”

eric Fox uses calipers to measure 
the width of material used to make a 
mountain bike frame.

Eric graduated from BC’s Maple Ridge High School. “I was always fascinated 
by the mechanics of how things worked and how they were made,” says Eric. 
This is one reason he went on to study at the British Columbia Institute of 
Technology (BCIT), completing machining, tungsten inert gas welding, computer 
numerically controlled programming, and engineering courses. Eric is currently 
upgrading his grade 12 math to pursue a degree in mechanical engineering. 
“I use basic math for quoting and invoicing. I use geometry, trigonometry, and 
ratios on a regular basis. These are essential to any trade,” he says.

Before fabricating bike components such as frames, handle bars, and stems, 
Eric designs them using computer-aided design (CAD) software. This software 
allows him to see different views of the component he is designing.

 Below is a diagram of a bike. The area in blue is the bike frame. It is composed 
of 4 parts: the top tube, head tube, down tube, and seat tube. When Eric 
designs bike frames, he draws each part separately. 

1.   The bike frame is drawn at a scale of 1:13. What are the full-size lengths of 
the 4 parts of the bike frame? 

2.   Draw each part of the full size bike frame at a scale of 1:7. In your drawing, how long is each part of the frame?

3.   If you were fabricating one of these parts, what other information about its dimensions would you need?

top tube
head tube

down tube

seat tube
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explore the Math

In the past you have used floor plans—also known as plan views—to build 
scale models. You can also create views that show the front, side, and back 
views of buildings and other objects. What other views might you wish to 
draw? Suggest reasons why you might use these views. 

A view is a two-dimensional, or flat, representation showing one face of an 
object. Views are also known as elevations. These drawings can help you 
visualize what a real object looks like. Below are shown the different views of 
an information board, a small shelter that is usually used to display maps 
and notices.

view: a geometrical 
drawing that depicts one 
plane of an object

elevation: another term 
for view; usually refers to a 
vertical plane

A community board is a convenient place to 
post community information.

A view can be drawn to scale or it can be an approximation. 

• When might an approximation provide enough information?

• When might a scale diagram be needed?

Elevation drawings can be made by hand, but today they are 
usually created with a software program. 

• Have you used a CAD program to create a drawing?

• In what jobs might a CAD program be used to draw views of an 
object? 

Looking at parts drawings can help you visualize how the pieces 
fit together. For example, furniture that is assembled at home 
often comes with a sheet of assembly instructions that contain a 
component parts diagram—a scale drawing showing each part of 
the object. Sewing patterns and woodworking plans also contain 
component parts diagrams.

component parts 
diagram: two-dimensional 
scale representation that 
shows each part of an object
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this diagram of a sewing pattern shows the 
components of a pillbox hat.
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example 1

Park had a laneway house, a small house normally built near a back lane, built 
on his property for his parents to move into. Now he wants to add a sunroom 
to one side. You are a building surveyor who has been hired to draw views of 
the existing laneway house. Draw views of the three sides of the house that 
will be affected by the addition.

solutIon

Work from photographs and measurements taken of the house to draw front, 
side, and back elevations of the house.

FRONT VIEW (LANE ELEVATION) 
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SIDE VIEW (WEST ELEVATION) 
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This is the first step in designing the sunroom addition.
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example 2

Have you ever had to assemble furniture or machinery? 
If so, you have likely used instructions to help you 
figure out how to put things together.

Instructional booklets usually contain scale component 
parts diagrams, so people can see the number and type 
of materials needed to build something.

You are the technical illustrator whose job it is to draw 
a cabinet’s component parts, at a scale of 1:10. Label 
the components with their measurements.

40 cm
30 cm

45 cm

solutIon

Identify the parts that make up the cabinet. It 
contains two side pieces, a top piece, a bottom 
piece, a back piece, and one front piece.

Calculate the scaled measurements by dividing by 
the scale factor of 10.

Length: 40 ÷ 10 = 4 cm
Depth: 30 ÷ 10 = 3 cm
Height: 45 ÷ 10 = 4.5 cm

Draw each component 
separately and label it with its 
name and measurements. If 
parts are identical, you only 
have to draw one. 

BACK

40 cm

45 cm

40 cm

45 cm

FRONT

30 cm× 2

TOP AND BOTTOM

40 cm

SIDES

30 cm

45 cm× 2

SCALE 1:10
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Mental Math and estimation

Agnella looks at an advertisement for a couch that shows the views below. She 
likes the design of the couch but isn’t sure if it will fit in her living room. She 
estimates that her living room is 12 feet × 12 feet. Along the wall where the 
couch would go there is a bookshelf that is roughly 3 feet wide. There is also a 
cabinet that is approximately 4 feet wide.

The couch is drawn at a scale of 1:30. Would she have room in her living room 
for the couch?

dIsCuss the Ideas
vIeWs

Some objects can be completely represented with fewer than six views because 
they are symmetrical, or have sides that are equal in shape and measure. 
Though views are very useful in representing 3-D objects, they are limited. For 
example, if an object is hollow, you may not be able to see its thickness or the 
position of materials inside. 

1. Identify three objects that can be completely represented with fewer than 
six views. Provide reasoning for your choices.

2. Identify three objects that would need six views to be completely 
represented. Why did you choose these objects?

3. How many views would be needed to completely represent a jewellery box? 
A pair of shorts? A metal pipe?
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ACtIVIty	5.2

japanese CushIon desIgns

In a bedroom influenced by Japanese design, you might find a makura (sleeping 
pillows traditionally filled with beans or buckwheat chaff) and a kakebuton 
cover (a decorative quilt cover). You might also see different-shaped cushions 
used for seating. A round cushion is known as a zafu. In this activity, you will 
draw the covers of a square cushion and a zafu.

part 1: the square CushIon

The square cushion measures 65 cm by 65 cm. 
It is 10 cm thick. Consider its shape. How many 
views are needed to represent it accurately? 

65 cm 65 cm

10 cm1. Using a scale of 1:20, draw views of 
the cushion and label them with their 
measurements. 

2. The square cushion is made of 3 component 
parts, a top, bottom, and sides. Draw the 
cushion’s component parts to scale, and 
label them with their measurements. Each 
edge of each piece of fabric will need a 
seam allowance of 1.5 cm added before the 
components are drawn.

part 2: the Zafu

What geometric shape does the zafu resemble the most? It is made of 
3 pieces (two circular and one rectangular). The radius of the circular 
pieces is 20 cm and the zafu is 22 cm deep. 

Zafu cushions are 
comfortable and relatively 
easy to make.

1. Calculate the length of the rectangular part of fabric using the formula 
for the circumference of a circle and the radius of 20 cm. Add 1.5 cm 
to the radius for the seam allowance.

2. Add 30 percent to your length measurement because the fabric is 
pleated, or folded. You will also need to add 1.5 cm to all edges for 
seam allowances.

3. Draw the zafu’s component parts, using a scale of 1:20. What other 
materials would you need to make the cushion?

4. A seamstress is asked to make a square cushion and a zafu that 
are 1.5 times larger than those described above. Calculate the new 
measurements for the cushion components, which will include a 
seam allowance. 
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ACtIVIty	5.3

desIgn and buIld a greenhouse fraMe to sCale

Before building a structure, a builder may make a scale model. Making a 
model helps the builder plan how to construct the building, and assess the 
amount of materials needed. In this activity, you will build a scale model of a 
greenhouse frame.

part 1: desIgn the greenhouse fraMe

Examine the diagram of the greenhouse frame. Count the number of pieces 
used to make it.

90°

250 cm

220 cm

350 cm

• The bottom part of the greenhouse has a length of 350 cm, a width of 
220 cm, and a height of 250 cm. The angle at the peak of the roof measures 
90°. Sketch the frame and label it with its actual dimensions.

• Use your knowledge of trigonometry to find the length of the roof pieces. 

• Use a scale of 1:25 to calculate the measurements for your scale model.  

• Use these measurements to make a new drawing, to scale. Label your 
drawing with the scaled-down measurements. 

part 2: buIld the greenhouse fraMe

• Use your scale drawing to measure and cut the pieces of your frame. 

• Connect the pieces using glue, tape, or putty. 

If you were building your own greenhouse, what modifications would you 
make to this frame?
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puzzle It out

shape shIftIng

The square diagram below measures 8 units by 8 units and has an area of 
64 square units.

5 5

5

8

8

5

3 3

3

3

Draw a scale diagram of the square and carefully cut it into its components. 

Use the components of the square to make a rectangle that has an area of 
65 square units. If the rectangle contains exactly the same component as the 
64-unit square, how did the rectangle’s area increase by one square unit?
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buIld your skIlls

1. Johan is a packaging designer. His current 
project is to design a box to ship a new model 
of coffee machine. He was sent this side view 
of the machine. Does Johan have enough 
information to design the box? If not, what 
additional information would he need?

2. Below are diagrams of a cooking pot and a park bench.

a)  Do the drawings of the pot completely represent the object? Why 
or why not?

LID POT HANDLE

b) Does the drawing of the bench completely represent the object? Why 
or why not?
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3.  Bae is a technical illustrator. She makes diagrams for instructional booklets 
for a Calgary-based company. The instructions include views of what the 
assembled product should look like. Using the diagram of the mailbox, 
draw its top, front, and side views, using a scale of 1:6.

12ʺ

7ʺ

7ʺ

13ʺ

8ʺ

6ʺ

4.  Zahra wants to sew handmade cloth shopping 
bags with open tops to sell at a craft and gift 
show in Ste-Agathe, Manitoba. She decides 
to draft a pattern based on the shopping bag 
shown here. Draw the component parts, 
using a scale of 1:4. Label them with their 
measurements. Include a seam allowance 
of 1.5 cm.

20 cm

25 cm

40 cm

40 cm

14 cm

4 cm
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5. Richard works as a set designer for the film industry in Vancouver, BC. 
He is designing a control panel for a spaceship. He is given the following 
specifications.

• The panel is 1.2 m tall at the back and 0.75 m tall at the front. The 
front of the panel is 65 cm wide. 

• The back and front part are rectangular and are 25 cm apart.

• The back connects to the front with a sloped section that is 
51.5 cm long.

• The sloped section must contain a computer screen.

a) Draw a front and left view of the panel at an appropriate scale. Include 
the scale in your drawings.

b) What views would you need to draw to accurately represent the control 
panel? Explain your reasoning.

0.75 m1.2 m

65 cm
25 cm
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6. An artisan designed this wooden butterfly house. She is creating a do-
it-yourself kit to sell at the Swift Current farmer’s market. She plans to 
include a component parts diagram. 

15.5 cm 

1.5 cm

19 cm

13.5 cm

22.5 cm

30.8 cm

12 cm

16 cm

FRONT VIEW 
COMPONENT

Monarch butterflies like 
this one are found from 
Mexico to Canada. People 
put butterfly houses in 
their gardens as places for 
butterflies to seek shelter.

Draw the component parts diagram the artisan would include in the 
package using a scale of 1:5.

7. La Bouquinerie Gravel Bookstore, in Gravelbourg, Saskatchewan sells 
reading material and hosts author readings, in French. A carpenter needs 
to build new storage shelves for the stock. Shown are the component parts 
the carpenter will use to 
build one storage shelf, 
drawn at a scale of 1:25. 
(Note: Components 
diagram is labelled with 
scaled dimensions). The 
actual thickness of the 
wood he will use is 2 cm.

a) Use this drawing 
to sketch what the 
finished shelf will 
look like.

b) If the carpenter 
wanted to divide 
the shelf vertically 
in two, how would 
the component parts 
diagram change? SIDE 

COMPONENT 

a × 2

8 cm

1.2 cm × 24

cabinet screws

TOP, BOTTOM,  
AND SHELF 

COMPONENT 

b × 6

6 cm

1.2 cm

BACK 
COMPONENT 

8 cm

6.16 cm

C × 1
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extend your thinking

8. Did you know that fabric is sold folded in half? A seamstress then places 
the component parts of a pattern on top of the fabric and pins it to the two 
layers of cloth. 

When they cut out the pattern, they then end up with symmetrical 
component parts (for pattern parts pinned along the fold), or two identical 
pattern pieces (for pattern pieces pinned away from the fold). 

Because of this, patterns often only show half of a component (for 
symmetrical pieces), and only one component piece for two identical 
components.  

Gwen is a costume design student. She is drafting a sewing pattern for an 
apron based on the following sketch.

total length of neck strap: 60 cm

50 cm

3 cm

3 cm

65 cm

20 cm

15 cm

100 cm

25 cm

46 cm

85 cm

Gwen needs to create pattern pieces for the component parts of the apron 
and figure out how best to fit them on the fabric in order to use as little 
material as possible. 



The fabric she will use is 150 cm wide. She decides to test out her pattern 
by drawing it on a piece of paper that is 15 cm wide.

a) What scale will Gwen use to create her component parts?

b) What will be the width of the largest pattern piece, if Gwen only 
draws half of the main part of the apron for her pattern and has a 
1.5 cm seam allowance? What will be the width of this pattern piece in 
her drawing? 

c) How many pocket pieces will she need to draw? What will be the 
height of the pocket in her drawing with the seam allowance?

d) How many components will Gwen need to draw?

e) Draw the component pieces of Gwen’s drawing to scale with the seam 
allowance.

f) Show how you could place the pieces of Gwen’s pattern on a 15-cm 
wide piece of paper to use up as little fabric as possible. Remember to 
fold the paper in half. The different pattern pieces can touch each other 
along their edges to save fabric.

g) Based on your drawing, what is the minimum length of fabric Gwen 
will need for her pattern?
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PRojeCt—PRoDuCe	A	Set	oF	DRAwInGS	AnD	A	SCAle	moDel

draW your objeCt

T The next step of the project is to make a scale drawings of your object. Begin by doing 
more research to learn how your object is constructed in the workplace. 

After making your drawings, you can ask 
your teacher to provide feedback, which 
you can use to develop your project.

• What materials would your full-sized object be made of? 

• What kinds of parts or materials are needed to assemble it? 

• What material will you use to make your scale model? 

• How will you attach the pieces together?

Draw your object’s front, side, top, and back views (if applicable), to scale. Label your 
drawings with the object’s full-sized measurements and indicate what scale you used. 

Draw your object’s component parts, to scale. Label them with their names and 
measurements.

What were some of the things you discovered through your research? Did you have to 
modify your design? If so, why? Add this information to your project file.
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5.3 three-dimensional representations

MATH on the Job
“While I was attending Edmonton’s Jasper Place High 
School, I took a course called Hypermedia Technology. I 
was introduced to the world of graphics, animation, and 
multimedia. I knew instantly that this was the career for 
me,” Natasha Bowen says. 

“I’ve taken every art course offered at every school I’ve 
attended,” says natasha bowen.

Directly after graduating from high school, Natasha was 
hired by Christie Communications. The company produces 
educational material and specializes in interactive 
media and eLearning. Today Natasha works for the 
company as an animator and illustrator. “You might think, 
I draw things, so how does that involve math?” says 
Natasha. “Math is a part of all my work though I may not 
consciously be aware of it: aspect ratios, proportion and 
size, scene dimensions —they all involve math,” says 
Natasha.

At work, Natasha designs characters, draws storyboards for animated scenes, creates digital graphics from hand-drawn 
sketches, programs course content, and creates custom game boards. “I’ve had plenty of opportunity to learn on the job,” 
Natasha says. She is also continuing her education and enhancing her job skills by taking more art courses.

1. Natasha is creating an educational storyboard that teaches high school students the steps needed to draw 3-D objects. 
The last panel of the storyboard contains a completed 3-D representation of a cafeteria table. Sketch what you think 
the table might look like.

2. If a woodworker were to be given your sketch, would she have enough information to build the table? Why or why not?

explore the Math

Drawings that represent three dimensions can be very useful in many 
workplace situations.

Consider the drawings below. What differences do you see between them? Can 
you explain why they look different from each other?

The drawing on the left is a perspective drawing. The drawing on the right is 
an a isometric drawing.

perspective drawing: 
a representation of a 3-D 
object in 2-D; objects appear 
proportionally smaller with 
distance, and features 
including a foreground and 
vanishing point are used to 
create a sense of depth and 
space

isometric drawing: a 
representation of a 3-D 
object where the same scale 
is use to draw the same 
object height, width, and 
depth; lines that are parallel 
in reality are shown to be 
parallel in the drawing
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this photo shows a section of the trans-
Canada highway that passes through 
Alberta. It is also a representation of one-
point perspective.

• In what situation might it be more useful to have an isometric 
drawing? A perspective drawing?

Isometric drawings may be the most effective choice when you need 
to convey technical information. They:

• show a parallel projection of an object, meaning that lines that are 
parallel in reality are parallel in the drawing;

• use vertical lines to show the height of an object; and

• use lines measured 30° from a horizontal line to show width 
and height.

Isometric drawings combine the depth of an object with an 
undistorted view of the object’s dimensions. This makes it easy 
to measure and visualize the assembly of the component parts. 
However, these drawings do not look quite realistic because parallel 
lines do not converge in the distance as they do in perspective 
drawings, and in real life.

Perspective drawings, on the other hand, try and represent objects as you 
really see them. In a one-point perspective drawing, a scene or object is drawn 
as it looks from a single point. Parts of the scene or object that are farther away 
look smaller and parallel lines converge towards the horizon.

An exploded diagram can be either a perspective 
drawing or an isometric drawing. In an exploded 
diagram, the components that make up an object 
are shown separated, but in their relative positions, 
so that the viewer can see where all the parts go and 
how they fit together. 

exploded diagram: a 
3-D representation of an 
object that shows how 
the components connect 
together; components are 
shown separated but in their 
relative positions

In an exploded diagram, parts of an object that are 
normally hidden in a drawing are visible. Exploded 
diagrams may be used to show how to assemble 
furniture, how to build something, how parts connect 
together, or to label the components of an object. 
Exploded diagrams are not usually drawn to scale but 
are approximate. Dotted lines are often used to show 
where the pieces connect to one another.
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example 1

Antoine is making an assembly kit for a French Canadian blanket box that 
dates from the 1800s. The finished box has a length of 89.5 cm, a width of 
42.5 cm, and a height of 43.5 cm (including the lid, which is 2 cm thick). 
The kits use traditional construction techniques and materials. Antoine 
needs to include an isometric drawing in the kit. Prepare a scale drawing he 
can include.

solutIon

Use isometric dot paper for the drawing. Begin by identifying the top, 
side and front views of the blanket box. Using a scale of 1:10, calculate the 
measurements of the drawing.

Length: 89.5 cm ÷ 10.0 cm = 8.95 cm

Width: 42.5 cm ÷ 10.0 cm = 4.25 cm

Height: 43.5 cm ÷ 10.0 cm = 4.35 cm

Lid height: 2.0 cm ÷ 10.0 cm = 0.20 cm

Select a view of the box that best shows its dimensions. For this example, 
use the same view as the one shown in the photograph. You will begin by 
drawing the face of the short side of the box. 

Step 1: Draw a vertical line 4.35 cm long to represent the height of one 
corner of the box.

4
5

6

0
1

2
3

4
5

hInt

When using isometric 
dot paper, lines that 
are horizontal in real 
life pass through, or are 
parallel to, a row of dots 
set at a 30° angle to the 
row beside it. Lines that 
appear vertical in real 
life are drawn through, 
or parallel to, a vertical 
row of dots.

30°

this blanket box was made 
in hudson, Québec in the late 
nineteenth century.
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Step 2: Draw two lines 4.25 cm long from the top and bottom of your 
vertical line to represent the top and bottom edges of the side of the 
box. The two lines should be set at 30° to the horizontal and parallel to 
each other. 

4

5

6

0
1

2
3

4
5

6

30°

Step 3: Complete the side of the box by drawing another 4.35 cm vertical 
line to represent the rear right corner of the box. 

30°

60°
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Step 4: Draw the face of the long side of the box. The top and bottom 
edges of the face should be 8.95 cm long and the left edge should be 
4.35 cm high.

30°

60°
120°

Step 5: Draw the top face of the box. Do this by drawing a line 8.95 cm 
long from the front right corner of the box, parallel to the top long side of 
the box. Now connect the rear top left corner of box with the rear top right 
corner of the box.
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Step 6: To complete the lid, draw parallel lines 0.2 cm from the top long 
side and top short side of the box.

alternatIve solutIons

You can make an isometric diagram without isometric dot paper. 

Start by drawing a vertical line that is the height of the chest, or 4.35 cm 
long. Draw a line perpendicular to its base to use as a guide. Next, use a 
protractor to make two 30° angles starting from this guideline and going 
up towards the vertical line, to its left and right. Make the left line the 
width of the chest, or 8.95 cm long. Make the right line the depth of the 
chest, or 4.25 cm long.

T You can also use computerized drawing programs to make isometric 
drawings. These programs include computer-aided design (CAD) software.

hInt

To create an isometric 
drawing of an object that 
doesn’t show the dots, 
place a sheet of paper 
over the isometric dot 
paper. You can accurately 
draw the 30° angles but 
the dots won’t distract 
from your drawing.
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example 2

Jillian is a designer who is making a one-point perspective drawing of a juice 
box. The illustration will be used in a poster promoting recycling. Draw the 
juice box that will be used in the poster.

solutIon

Draw a horizontal, or  horizon line. Draw a  vanishing point on the 
horizon line.

horizon line: a horizontal 
line (not always visible) that 
is at the eye level of the 
observer in a perspective 
drawing

vanishing point: the point 
at which parallel lines 
appear to converge in a 
perspective drawing Draw a rectangle about two-thirds of the way down the page and to the 

right of the vanishing point. This is the front of the juice box. 

Draw four lines that start at the vanishing point and pass through the four 
corners of the juice box.

Perspective drawings imitate 
how our eyes see the world.
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Draw a horizontal line between the two top lines that end at the vanishing 
point. This line is parallel to the horizon line. It is also the back of the 
juice box. 

From the left edge of this line, draw a vertical line. This line stops at the 
line drawn from the left corner. The juice box is complete.

hInt 

You can also draw 
perspective drawings 
where the object is to 
the left of the vanishing 
point.

Erase the lines behind the juice box and the horizon line and vanishing 
point. You can now add details if you want.

alternatIve solutIon

You can shift the vanishing point to the right and follow the steps above. 
This will allow you to make a one-point perspective drawing showing the 
left view of the juice box.
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dIsCuss the Ideas
dIagraMs at Work

Tomson Highway’s The Rez Sisters, Drew Hayden Taylor’s Toronto at Dreamer’s 
Rock, and Margot Kane’s Moonlodge are well-known Canadian plays written 
by First Nations playwrights. Depending on the art director, the sets for these 
plays can look very different.

Actors performing in a UbC 
theatre production of tomson 
highway’s The Rez Sisters.

Set designers make sketches and models of backdrops and scale buildings, 
while prop builders work from them to build the furniture or models that 
appear onstage. 

1. When might a prop builder use an isometric diagram? 

2. If the prop builder had to show an apprentice how to put together a 
scale model of an oven, what kind of diagram would he or she give the 
apprentice and why? 

3. If the set designer wanted a scale model of a car to appear in a play, what 
kind of diagrams would he or she use to design it?

Mental Math and estimation

One of these things is not like the others! This diagram shows a triangular 
table drawn isometrically. 

Study the diagrams below and choose the one that shows the same table.

a) b)
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example 3

Michael is an instructor at Brooks Secondary School in Powell River, BC. As 
the final project of the year, the students in his class are building coffee tables. 
They have the option of including a glass or wooden inlay in the top of the 
table. Before the students assemble their table components, Michael circulates a 
drawing that shows how the table parts will fit together to make the completed 
object. Make a drawing that Michael could use.

hInt

When making an 
exploded diagram, 
drawing the object’s 
views can help you 
identify its components. 
Drawing the components 
isometrically can also be 
helpful.

solutIon

Identify the components of the table. It has 
four legs. The top is made of a glass inlay 
and four pieces that frame the glass. 

Draw the nine component parts separately, 
but in a way that shows how they fit together 
to make the finished table. You can do this 
by setting the components apart at 30° or 
60° angles.

Draw dashed lines that show the 
relationship of the parts, or how they 
connect to make the finished coffee table. 
The diagram shows that the edges of the 
glass inlay fit into grooves in the edges of 
the table. It also shows that the edges of the 
table top connect to each other and that each 
leg connects to a corner of the table top. 
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ACtIVIty	5.4

draW a qaMutIk

Qamutiks are an essential 
part of Arctic winter travel.

A qamutik is a sled used to transport goods in winter weather. Inuit builders 
constructed the original qamutiks from whalebone and sealskin. Frozen fish 
wrapped in animal hide were sometimes used as sled runners. Traditionally, 
qamutiks were pulled by dogs but today they may also be pulled by 
snow machines.

T 1. Research how qamutiks are built. What materials are the platform and 
runners usually made from? How are the cross-pieces that make the 
top of the qamutik attached to the runners? Where and how are goods 
usually placed?

2. Use your research and the diagram below to identify and list the 
component parts of the qamutik. Qamutiks are often around 3 m long and 
1 m wide. Draw the qamutik to scale on isometric dot paper. Do not draw 
the curves in the runners since these are difficult to draw isometrically. 
Draw straight lines in place of the curves. 

3. Using the same scale, draw an exploded diagram of the qamutik. Label it 
with its real dimensions. Write a short set of instructions describing how 
to assemble the components.

242
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the roots of Math

teChnICal IllustratIons

these early examples of technical drawings 
use views and representations to show how 
separate parts work together to form different 
objects.

Imagine assembling a desk from a kit, without instructions. After 
unpacking the kit, jumbled pieces of wood, short and long finishing nails, 
tiny screws, and shelf-edge molding are strewn around you. How would 
you know the proper use and placement of each component? Most of us 
turn to technical illustrations for help.

Technical illustrations are found in manuals, instructions, catalogues 
and often include diagrams that help the viewer assemble or operate a 
piece of equipment. Technical illustrations often include top and bottom 
views, 2-D and 3-D representations of the finished product, and exploded 
diagrams that help the viewer see how separate parts are connected 
to make an object function. Today’s instructional manuals full of helpful 
diagrams have their roots in the works of Renaissance architects and 
artists. 

In Italy, the Renaissance architect and artist Mariano di Jacopo (1382–
1453) illustrated everyday objects and new inventions. His drawings 
show how object components function together as a whole. One of 
Mariano di Jacopo’s 3-D drawings shows a top right view of a ship. This 
view allows you to see three sides of the ship at once, and shows that 
the ship occupies volume and space. One illustration shows how the 
ship’s paddles are composed of separate oars and connected by a rod. 
Another Renaissance architect producing technical illustrations was 
Francesco di Giorgio Martini (1439–1502). Martini illustrated hoists, 
carts, and water pumps. To help the viewer understand how separate 
objects were organized to compose a whole, he used 3-D representation, 
as well as different views of the objects, such as cutaway and side 
views. 

Today, there are many job opportunities for technical writers and 
illustrators. They can find employment with electronics firms, safety 
authorities, and software companies. The ability to explain instructions 
clearly, using words and images, is valuable to employers and consumers.

1. Think of one item you have assembled that had 5 or more parts, 
such as a woodworking project or electronic device. If you had to 
make an exploded drawing showing how to assemble this item, 
how would you do it? Would you use a 3-D or 2-D representation? 
Which view or views would you use? Which point of perspective? 
Explain why.

2. Using the techniques you decided on above, make a basic sketch 
of an exploded drawing that shows how to assemble your chosen 
item.
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buIld your skIlls

1.  Whitehorse has many colourful murals celebrating the Yukon’s history, 
cultures, and wilderness. This mural, painted by artist Lance Burton, 
was originally created for a movie set. Identify the vanishing point in 
this mural.

2. Faranak is a visual artist in Edmonton, Alberta. A popular breakfast 
restaurant has hired her to illustrate their new menu. She decides to 
include a toaster in her design. She begins by sketching one-point 
perspective views of her home toaster. Sketch what one of her drawings 
could look like.

3. Rajinder is a heating, ventilation, and air conditioning (HVAC) installer. 
He is designing an HVAC system for a house. He has sketched a diagram 
of the duct system including dimensions, but it is not to scale. He needs to 
provide isometric diagrams to the sheet metal fabricator so that the ducts 
can be built. 

Use Rajinder’s sketch of one section of the duct system to create an 
isometric drawing on isometric dot paper. Draw the diagram as if you were 
looking at the duct from the edge indicated.

8ʺ

12ʺ

24ʺ

24ʺ

36ʺ

draw this view
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4. Françoise is a hardware designer. She has designed a door hinge and needs 
to provide specifications to the manufacturer. The manufacturer requires 
an exploded diagram, a component parts diagram, and a front view of the 
hinge before they can begin production.

Françoise has completed the exploded diagram. Use it to draw the front 
view of the hinge opened flat and the component parts.

draw this view

5.  Walter makes wooden tea boxes to sell at a craft store in Little River, 
Manitoba. Below is an exploded diagram he uses to assemble his boxes. 
Sketch a diagram showing how you think the pieces fit together.
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extend your thinking

the wood of trees killed 
by pine beetles takes on a 
characteristic tint because 
the beetles carry a fungus 
that stains the wood blue 
or grey.

6. A furniture company in Quesnel, BC specializes in making flat-packed 
furniture from pine-beetle-killed wood. You have been hired to write and 
illustrate its instruction manuals.  Your first task is to create a manual for 
assembling this bookshelf. 

a) Draw to scale the component parts of this bookshelf. Include the scale 
on your drawing. 

b) Write instructions explaining how the pieces fit together.

c) Draw an exploded diagram of the bookshelf showing how the 
component parts fit together.
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PRojeCt—PRoDuCe	A	Set	oF	DRAwInGS	AnD	A	SCAle	moDel

CoMplete your draWIngs and buIld a sCale Model

You have produced a set of 
instructional, useful diagrams, similar 
to those used by many working people.

part 1

Apply your new knowledge of scale to complete your project. Imagine you are at work and 
you need to give your diagrams to some colleagues so they can build your object.

• So that your colleagues can visualize what the object looks like in real life, make a 
one-point perspective or 3-D isometric drawing of your object.

• Next, to help your colleagues understand how all of the parts in your object fit 
together, draw an exploded diagram.

What kind of information will your colleagues need to know to assemble this object? Will 
they need simple or detailed diagrams?

part 2

It’s time to make your scale model using the materials you chose earlier. Use your 
diagrams as a guide. For example, you could use your component parts diagram to cut out your 
object’s pieces and your exploded diagram to assemble it. If you need to modify your object so that 
it fits together, record these changes on your diagrams.

Be prepared to show your classmates your initial sketch and your model. Share with them any 
discoveries you made about the object’s construction as you worked on your diagrams and built the 
model.

refleCt on your learnIng
sCale representatIons

Now that you have finished this chapter, you should be able to: 

• describe contexts in which scaled representations are used;

• use a scale drawing or model to determine the dimensions of a 3-D object;

• draw scaled views and the component parts of a 3-D object;

• construct a scale model of a 3-D object;

• draw a 3-D object using isometric dot paper;

• draw a one-point perspective drawing of a 3-D object; and

• draw an exploded diagram of a 3-D object and explain how the pieces fit 
together.

You will also have finished a chapter project that allowed you to apply these 
skills in a practical way to a real-world task.
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praCtIse your neW skIlls

1. The following mural, titled “Waiting for the Whistle,” is on the side of a 
building in Chemainus, BC. Identify the vanishing point and horizon line. 

2. Top, front, and side views of this 
flash drive are included in a computer 
catalogue. It is shown here at its actual 
size. Draw the three views at their 
actual size.

3. Lawrence owns a farm in Roblin, Manitoba. He plans to build a new shed 
for storing tools and equipment. He draws the following views of the shed. 

8 ft

8 ft

10 ft
FRONT VIEW

14.25 ft

SIDE VIEW
12 ft

TOP VIEW

a) Sketch a one-point perspective drawing of the shed.

b) Make an isometric drawing of the shed on isometric dot paper.

c) Which of your two drawings would be more useful to Lawrence as a 
guide for building the shed? Explain your answer.
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Cats use scratching posts for exercise and 
entertainment.

4. Candice works with volunteers who are assembling scratching 
posts for use in several animal shelters. Before the volunteers 
begin, Candice makes a large drawing to show what the post 
components are, how they will fit together, and what the finished 
post will look like.

The top platform is 50 cm square, the middle is 60 cm square, and the 
bottom is 70 cm square. The platforms are 1.5 cm thick. The supports are 
10 cm square. The top one is 30 cm tall and the bottom is 40 cm tall.

a) Draw the component parts of the exploded diagram to scale. Explain 
how they fit into the scratching post. What scale did you use?

b) Draw a view showing the assembled post.
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Many people find 
woodworking an enjoyable 
and relaxing hobby.

5. Cong teaches a woodworking course through a continuing education 
program. As their first project, his students will be making a simple 
spice rack. Cong needs to create a components diagram and an exploded 
diagram to help his students understand how to cut and assemble 
the project. 

The height of the actual spice rack is 35 cm and the wood is 1 cm thick. 
The finished product will look like this.

20 cm

25 cm

6 cm

5 cm

5 cm

5 cm

35 cm

1 cm

2 cm

a) Draw the components of the shelf. Make the height of the spice rack 
7 cm in your diagram, and draw the other parts to the same scale.

b) Draw an exploded diagram showing how the pieces of the spice rack 
fit together.
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6. Bahar works as a technical illustrator. Her current contract is with a 
company that sells breadboxes in flat-packed boxes. The customer 
assembles the product using the diagrams that Bahar has drawn. Bahar has 
been asked to draw the different views of the finished product. Below is the 
exploded diagram she has already made. 

a) Draw the views of the breadbox.

b) Write brief instructions explaining how to assemble the breadbox.
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Chapter 6
Financial	Services

goals

There are probably things that you dream about buying one day. Maybe you 
want to save money for post-secondary education, buy a car or truck, or spend 
some money on entertainment, clothes, or a new computer. 

Whatever your goals are, whether they are big or small, it is important to 
understand how different services available from financial institutions can 
help you manage your money.

In this chapter, you will

• evaluate various financial service options, and choose those that best 
meet your needs;

• calculate simple and compound interest;

• make informed decisions about the use of credit; and

• plan ways to use credit effectively.

key terMs

• compound interest

• compounding period

• finance charge

• interest

• principal

• simple interest
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PRojeCt—BuyInG	A	home	enteRtAInment	CentRe

start to plan

projeCt overvIeW

Careful research and an understanding of your 
financial options can help you reach your goals, 
such as buying your ideal home entertainment 
centre.

What would your dream home entertainment centre look like? What features would 
it have? What games or other software would you have? Your project is to research 
home entertainment systems and calculate the cost of your ideal centre, including 
taxes. Imagine you have a job, $1000.00 in a savings account, and can afford to save 
or spend up to $300.00 a month.

You will then explore payment options to see which payment method is most 
economical. 

get started

T To begin your project, research the components of the home entertainment centre 
you would like. Visit stores or websites that sell home entertainment systems 
to find out what components are available and what they cost, including taxes. 
How much money you will need to buy your system? Write a paragraph describing your system and 
list each component and its cost. Calculate the total cost of your centre, including taxes. Obtain 
photographs or drawings of each component, if possible.

While you research, consider the following questions:

• What kind of a television would you purchase?

• What sound system would you include?

• What kind of media player would you buy? 

• What other features of a home entertainment system would you like to include?

fInal presentatIon CheCklIst

T Present a summary of your purchases in a folder or binder, or create a slide show using presentation 
software. Your summary will include the following:

• a list of the items you want to purchase, including the price of each item after tax;

• photographs or drawings of each component of your centre (if available);

• an analysis of the total cost using the following payment options:

� cash

� credit card (making only the minimum payment each month)

� store promotion

� personal loan

• a statement explaining which method of payment you chose and why.

store promotion: promotes 
a store’s products through 
discounts, extended 
payment plans, coupons, or 
rebates
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6.1 Choosing an account

MATH on the Job
Paul Abwonji is a member services representative 
at the Assiniboine Credit Union in Winnipeg, 
Manitoba. He was born and educated in Kenya. 
Paul uses his computer skills to open chequing, 
savings, and investment accounts. He uses math to 
add up customer deposits and to calculate exchange 
rates when converting Canadian dollars to foreign 
currencies.

A customer wants to buy $500.00 USD in traveller’s 
cheques and pay for them from her chequing 
account. At the time of purchase, the exchange 
rate is $1.0526 CAD for $1.00 USD. There is a 1% 
commission on the Canadian dollar value of the 
traveller’s cheques. Paul must also charge a $1.00 
fee for the transaction. How much money should 
Paul withdraw from the customer’s account? Paul Abwonji uses his math and computer skills to serve his customers 

at the Assiniboine Credit Union.

explore the Math

Many different types of accounts are available at banks and other financial 
institutions such as credit unions and trust companies.

When you deposit money at a financial institution, it may pay you interest, a 
percentage of the amount deposited. The amount of interest depends on the 
type of account you have and the amount of money in it.

interest: money earned on 
an investment or a fee paid 
for borrowing money; usually 
expressed as a percentage

Many people have a savings account or an investment account that earns 
interest. Most people also use a chequing account that allows them to write 
cheques. Chequing accounts usually do not pay interest. 

There are several different ways to access and manage your money:

• Banks encourage self-service banking, such as using an automated teller 
machine (ATM). You can make withdrawals and deposits (cheques and 
cash), pay bills, and transfer money at your bank’s ATM. You can also check 
the balance of your account and get printed bank statements at an ATM.

• Most financial institutions offer online banking and telephone banking, 
which are two types of self-service banking. Many banks also offer certain 
banking services by SMS (short message service) text messaging on your 
wireless phone.

self-service banking: 
banking done over the 
internet, by telephone, or 
at a banking machine; does 
not require the services of 
a teller
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• You can visit your bank in person and do full-service banking with a teller. 
Tellers offer all the same services as your bank’s ATM. Some services, such as 
opening an account and purchasing traveller’s cheques, can only be done in 
person.

full-service banking: 
banking that is done with 
the help of a teller

Banks charge service charges, or fees, for transactions such as deposits, cash 
withdrawals, bill payments, and money transfers between accounts. Most 
banks offer different types of accounts that entitle you to a certain number 
of transactions for a flat monthly fee. For each transaction over that, you pay 
a transaction fee. Most banks offer students a special rate or an account that 
charges no service fees.

transaction: any activity 
such as a cash withdrawal, 
deposit, money transfer, 
pre-authorized payment, or 
bill payment

dIsCuss the Ideas
ChoosIng your bank aCCount

Banks charge different transaction rates on different types of accounts. If you 
pay bills online and frequently use banking machines, you will likely want 
a different type of account than someone who makes regular deposits and 
prefers to do their transactions with a bank teller.

Working in a small group, brainstorm answers to the following questions.

1. What are some typical transactions that students are likely to make?

2. Have you ever written a cheque? When might you need to write a cheque?

3. Why might you want to have a full-service account? Why might you want 
a savings account?

4. Many banks offer an account selector on their website. What information 
would you need to consider about your financial needs so that you could 
make an informed choice when selecting a bank account?
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example 1

Laura is studying fashion design at Kwantlen University in Vancouver, BC. 
She has $6500.00 in savings to cover her living expenses during her first 
3 months of study. Laura wants to open a new bank account. Her monthly 
living expenses are $2000.00. She estimates that she will need to write about 
2 cheques, pay 4 bills online, and use her bank card for about 10 transactions 
each month. 

The Northwest Bank of Canada offers four types of accounts. Which account 
would be the least expensive choice for Laura?

northWest bank of Canda servICe paCkages

value account
self-service 
account

full-service 
account

bonus savings 
account

Monthly fee $3.90 $10.90 $24.50 No fee

Students and Youth 
(under 18) save 50% 
on the monthly fee

Fee waived on minimum 
monthly balance

$1000.00 $1500.00 $2000.00

Transactions covered by 
monthly fee:

10 self-service 25 self-service 40 self-service 
or teller-assisted

2 debit transactions

• cheques

• withdrawals

No annual fee for 
a credit card

• bill payments

• debit purchases

•  transfers to other 
Northwest Bank of 
Canada accounts

Charge for additional 
transactions not covered by 
monthly fee

Self-service 
$0.50 each

Teller-assisted 

Self-service 
$0.50 each

Teller-assisted 

Self-service  
$0.25 each

Self-service or teller-
assisted $1.25 each

$1.00 each $1.00 each

Non-Northwest Bank of 
Canda ATM withdrawals

$1.50 each $1.50 each

Interest Daily interest that 
grows with your 
balance

Transaction Types

Self-service: Any transaction that does not require a bank teller. this includes withdrawals, deposits, cheques, money transfers, 
direct payment purchases, and transactions made at an AtM, by telephone, or online.

teller-assisted: Includes all transactions that require a teller, such as in-branch withdrawals, transfers, in-branch bill payments, 
and traveller’s cheque and foreign currency purchases.
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solutIon

Laura sets up a table to help her decide which account best meets her 
needs for the least amount of fees. Because the Bonus Savings account only 
allows 2 free transactions, it is not the best choice for Laura.

laura’s aCCount optIons
Value Account Self-service Account Full-service Account

month	1

Approximate minimum monthly balance: $6500.00 – $2000.00 = $4500.00

Monthly Fee $0 $0 $0

Transaction Charges 6 × $0.50 = $3.00 $0 $0

month	2

Approximate minimum monthly balance: $4500.00 – $2000.00 = $2500.00

Monthly Fee $0 $0 $0

Transaction Charges 6 × $0.50 = $3.00 $0 $0

month	3

Approximate minimum monthly balance: $2500.00 – $2000.00 = $500.00

Monthly Fee $3.90 $10.90 × 0.5 = $5.45 $24.50

Transaction Charges 6 × $0.50 = $3.00 $0 $0

total	for	3	months $12.90 $5.45 $24.50

Laura expects to have no monthly fees for the first 2 months because her 
account balance will be higher than the required minimum amounts. 
After that, Laura would get a 50% reduction in her monthly fee for the 
Self-service Account because she is a student. So she only needs to pay 
$5.45 in the third month. For Laura, the Self-service Account is the least 
expensive choice. 

Mental Math and estimation

Jenna has a Value Account with the Northwest Bank of Canada. This account 
offers 10 free self-service transactions a month, and then charges $0.50 for 
each transaction after that. Jenna makes 17 cash withdrawals and 4 deposits at 
her bank’s ATM. Her account maintains the minimum monthly balance. What 
is her total service charge for that month?

there are a number of fashion 
arts and design programs at 
colleges in western Canada.



MathWorks 11258

ACtIVIty	6.1	

CoMparIng bankIng servICes

T In this activity, you will work with a partner to research and compare 
banking services.

employees at your local bank can help 
you choose the bank account that best 
meets your needs.

1. Use the internet to research banking services at a local bank or 
credit union.

a) What are five types of accounts and other services offered by 
the financial institution?

b) List the types of transactions that can be made using internet 
or telephone banking.

c) What types of transactions must be done in person?

2. Describe three advantages and three disadvantages of 
online banking.

3. Create a mind map that illustrates the types of transactions 
possible for each service: bank teller, ATM, online banking, 
telephone banking. 

ACtIVIty	6.2	

usIng a bank Card

Most financial institutions issue a bank card to account-holders.

• A bank card allows you to make purchases in stores that accept bank cards 
as payment. When you make a bank card purchase, the amount is deducted 
directly from your bank account.

• Some merchants offer “cash back,” which allows you to withdraw cash from 
your account when you pay for your purchase.

• To use your bank card, you need a PIN (Personal Identification Number). 
Your pin must be kept private so that nobody else can access your account. 

• A bank card can also be used at any ATM to withdraw cash directly from 
your bank account.

• At some ATMs, you can also use your bank card to make deposits into your 
account or to find out your account balance.

• You can use ATMs operated by your own financial institution as well as by 
other banks.

pIn (personal 
Identification number): 
a secret numeric password 
that is used by a computer 
system to verify the identity 
of the user
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In many cases, the fee for using an ATM may be included in your 
account package. However, your bank may charge a fee if you 
withdraw cash at an ATM operated by another financial institution. 
There could also be a service charge from the other financial 
institution. This means you will pay a fee to your own bank, plus a 
service charge to the other bank.

Using a bank card can be convenient and 
efficient.

Working in a small group, answer the following questions.

1. Why is it best to use your bank card at a branch of 
your own bank?

2. Research and describe three advantages and disadvantages of 
bank card purchases.

3. Examine the receipt printed by a Northwest Bank of Canada 
ATM after a transaction.

a) What important information is provided by an ATM receipt?

b) Why do you think the card number was printed this way?

c) Why is it a good idea to keep your ATM receipts?

NORTHWEST BANK OF CANADA

DATE:  14/07/2011 TIME:  20:35

ATM:  314159

CARD NUMBER: 3421  ******58552

SAVINGS ACCOUNT

Withdrawal $60.00

Account Balance $854.45

Transaction Record PA2L-9014
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example 2

Canadians can use bank cards 
to purchase groceries.

Delphine has a Value Account at the Northwest Bank of Canada with an 
opening balance of $768.23 on April 1st. She made the following transactions 
in the first two weeks of the month:

• Teller-assisted payment of $105.42 for her utility bill.

• Cash withdrawals of $60.00, $40.00, $60.00, $20.00, and $100.00 at 
Northwest Bank of Canada ATMs.

• Bank card payments of $167.24 for groceries, $45.00 for gas, $3.55 for a 
cup of coffee, $125.45 for a new pair of running shoes, and $145.67 for 
groceries.

• Deposit of $650.45 at a Northwest Bank of Canada ATM.

• Cash withdrawal of $60.00 at another institution’s ATM. There was a $1.50 
charge in addition to the Northwest Bank of Canada service charge.

Delphine tracks all her transactions in a record book. Below is a summary of 
her transactions.

Transaction Date Description Payment Deposit Balance

4/1/10 768.23

FS 4/2/10 Utilities 105.42

ATM 4/3/10 Cash 60.00

ATM 4/4/10 Cash 40.00

DC 4/4/10 Groceries 167.24

DC 4/5/10 Gas 45.00

DC 4/5/10 Coffee 3.55

ATM 4/6/10 Cash 60.00

ATM 4/8/10 Deposit 650.45

DC 4/9/10 Runners 125.45

DC 4/9/10 Groceries 145.67

ATM 4/9/10 Cash 20.00

ATM 4/12/10 Cash 100.00

ATM* 4/14/10 Cash 60.00

* transaction made at another institution’s AtM.

Review the Northwest Bank of Canada fees found on p. 256 and answer the 
following questions.

a) List the types and amounts of service charges for each transaction in the 
two-week period. What will Delphine pay in service charges?
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b) Why do you think Delphine recorded the last ATM withdrawal for 
$60.00 with a star?

c) What is her balance at the end of two weeks if she includes the service 
charges in her calculations?

d) If Delphine has no further transactions for the month of April, will she 
have to pay the monthly fee? Explain.

You can record the value of 
the cheques you have written 
in a transactions booklet such 
as this one.

solutIon

a) List Delphine’s service charges for the two-week period. 

• There is a $1.00 service charge for the bill she paid at the bank. 

• She made 12 self-service transactions through the Northwest Bank 
of Canada. She is allowed 10 free transactions, so she must pay for 2 
additional transactions at $0.50 each. The total service charge is $1.00.

• She is charged $1.50 by the Northwest Bank of Canada for her cash 
withdrawal at a non-Northwest Bank of Canada ATM and an additional 
$1.50 fee for using the ATM. 

$1.00 + $1.00 + $1.50 + $1.50 = $5.00

The total she will pay in service charges is $5.00.

b) Delphine wrote ATM* to remind herself that the ATM withdrawal was 
not at a Northwest Bank of Canada ATM, and that additional fees will 
be charged for using the ATM.

c) First, calculate Delphine’s total withdrawals.

$105.42 + $60.00 + $40.00 + $167.24 + $45.00 + $3.55 + $60.00 + 
$125.45 + $145.67 + $20.00 + $100.00 + $60.00 = $932.33

Add to this the total service charges of $5.00.

$932.33 + $5.00 = $937.33 

Delphine had an opening balance of $768.23 and made a deposit 
of $650.45.

$768.23 + $650.45 – $937.33 = $481.35

Her balance at the end of two weeks is $481.35.

d) Yes, Delphine will have to pay her monthly fee of $3.90 (plus $5.00 in 
additional charges) because her account balance will be below the 
minimum of $1000.00.
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ACtIVIty	6.3

proteCtIng your personal and fInanCIal InforMatIon

T In this activity, work in a small group to research ways to ensure the security 
of your personal and financial information.

1. Find out how financial institutions protect your personal information if 
you are an account-holder.

2. Describe how you can ensure the security of your personal and financial 
information when using your bank card.

3. Create a way to present “Tips to Protect Your Personal and Financial 
Information.” Some possibilities are a pamphlet, a web page, a slideshow, 
or a short video.

buIld your skIlls

Use information from the Northwest Bank of Canada table on p. 256 to 
complete questions 1 to 4.

1. Marc works for La Société Pommes de Reinette, a non-profit daycare in 
Calgary, Alberta. He plans to save $300.00 a month towards buying a 
house. What type of account should he choose? Explain your answer.

2. Jannik does most of his banking online or at an ATM. Every month he has 
a minimum balance of $1200.00 and does about 15 transactions. Suggest 
the account most suitable for his needs and explain your choice.

3. Kyra has a Self-service Account at the Northwest Bank of Canada with 
an opening balance of $2150.23 for October. She made the following 
transactions in the month:

• full-service payment of $250.42 for her utility bill

• payment by cheque of $650.00 for her rent

• purchase of $100.00 worth of traveller’s cheques

• cash withdrawals of $60.00 and $20.00 at her local Northwest Bank of 
Canada ATM

• cash withdrawal of $100.00 at an ATM which was not a Northwest 
Bank of Canada ATM; there was an additional $1.50 charge on top of 
the Northwest Bank of Canada service charge

• payments of $102.24 and $43.20 for groceries, $50.00 for gas, and 
$7.35 for lunch using her bank card
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• payment for a new cycling jacket purchased online for $99.95

• online payment of her phone bill of $36.35

a) What are the service charges for Kyra’s transactions?

b) What will Kyra’s balance be at the end of the month? 

c) If Kyra makes a single deposit of $800.00 this month, will she 
have to pay a monthly fee? 

4. a)  Explain why it is important to keep your bank card PIN secure.

b) List three ways that you can protect your personal banking 
information.

5. Describe two situations in which you might use each of the 
following: a bank card, online banking, telephone banking, a bank 
teller, an ATM, a cheque.

6. Jim withdraws $20.00 every week from an ATM that charges a 
$1.50 service fee in addition to the $1.50 his bank charges him.

a) How much money would he spend on ATM fees every year?

b) Suggest two things Jim could do to reduce his ATM fees.
the first automated teller machines 
(AtMs) were developed in the 1960s. 
today, most banks provide AtMs for 
customer use.

extend your thinking

7. Timothy is travelling in the United States and he uses his bank 
card to obtain $60.00 USD cash. In addition to the $60.00 USD, 
he is charged a $1.00 USD service charge from the US bank he is using 
and a $1.50 CAD charge from his own bank. The 
day he withdraws his money, $1.00 USD is worth 
$1.05 CAD. How many Canadian dollars will be 
deducted from his account?

Many people convert currency before crossing the border 
to take a trip to another country. this is the border 
crossing between bC and Skagway, Alaska.



6.2 simple and Compound Interest

MATH on the Job
Theresa Siochowicz is a journeyman welder with Red Seal interprovincial 
qualifications. She runs her own business, The Welder Chic, in Victoria, 
BC. To become a welder, Theresa attended Guelph Collegiate Vocational 
Institute in Ontario.

of high school math, theresa says, “As 
challenging as a problem got, I thought it 
through and stuck with it.” today, theresa uses 
trigonometry and geometry to check the accuracy 
of the measurements of her welding projects.

Theresa’s projects include stair railings, gates, fences, and artwork. 
Theresa regularly uses math as part of her job, for example, to determine 
the angle at which a steel fence rail should twist. Because she is 
self-employed, Theresa also uses math to understand how healthy her 
business is. “I input all my receipts, invoices, expenses, and payroll 
myself to know how my business is doing,” says Theresa. 

Most business owners need to spend money on equipment, supplies, 
and the wages of people who work for them. If Theresa took out a loan 
to help cover her costs, she would need to calculate the total cost of the 
loan with interest. This would help her keep track of her expenses. If 
Theresa took out a loan of $20 000.00 and repaid it by making 12 monthly 
payments of $1698.43, what would be the total cost of her loan?
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explore the Math

When you deposit money into a savings or investment account, you earn 
interest from your financial institution because you are lending them your 
money. When you borrow money, you must pay interest to the financial 
institution. The interest you pay is compensation to the lender for the use of 
their money.

Simple interest is based on the original amount, or principal, invested 
or borrowed. Interest is usually stated as a certain percentage per annum 
(per year). Simple interest is often used for personal loans and short-term 
investments. The time in years for the investment or loan is called the term of 
the investment.

simple interest: interest 
calculated as a percentage 
of the principal

principal: the original 
amount invested or 
borrowed

term: the time in years for 
an investment or loan

If you keep the interest earned in your account, new interest may be paid on 
the principal plus that interest. This is called compound interest. Compound 
interest can be paid more than once a year. The interest rate is stated per 
annum and is divided by the number of compounding periods per year. For 
example, if the interest rate is compounded:

compound interest: the 
interest paid on the principal 
plus interest

compounding period: the 
time between calculations 
of interest, also called the 
interest period

• semi-annually (twice a year), divide the interest rate by 2;

• quarterly (four times a year), divide the interest rate by 4;

• monthly (twelve times a year), divide the interest rate by 12;

• daily (365 times a year), divide the interest rate by 365.
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example 1

Gordon wants to invest $2000.00. His bank offers an investment option that 
earns simple interest at a rate of 1.75% per year.

a) If he invests the money for 1 year, how much interest will Gordon earn?

b) If he invests the money for 2 years, how much interest will Gordon earn?

c) Based on your answers above, write an equation that can be used to 
calculate simple interest.

solutIon

a) The interest rate is 1.75% per year, and Gordon invests his money for 
1 year. Therefore, the amount of interest earned will be equal to 1.75% 
of the principal.

interest = ($2000.00)(1.75%)(1)

Convert the interest rate to a decimal.

1.75 ÷ 100 = 0.0175

interest = ($2000.00)(0.0175)(1)

interest = $35.00

Gordon will earn $35.00 in interest.

The amount of interest earned for 2 years will be twice the interest 
earned for 1 year.

interest = ($2000.00)(0.0175)(2)

interest = $70.00

c) The interest was calculated as follows.

interest = (original investment)(interest rate)(term of the investment)

This can be written as the following formula.

I = Prt

I  is the interest earned.

P is the principal.

r is the annual interest rate expressed as a decimal.

t is the term of the investment or loan.
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example 2

People may use the interest from 
their savings and investments to 
pursue their pastimes.

Allison wants to invest $2000.00. Her bank offers an investment 
option that earns compound interest at a rate of 1.75% per year, 
compounded annually.

a)  If she invests the money for 1 year, how much interest will 
Allison earn?

b)  If she invests the money for 2 years, how much money will 
Allison have at the end of the investment term? 

c)  Would you use the method from part b) for calculating the 
total value if Allison decides to invest her money for 10 years? 
Why or why not?

solutIon

a) The interest on the principal is compounded annually; this means that 
interest is paid at the end of 1 year. In this case, the interest will be 
calculated the same way as in Example 1. 

I = Prt

I = ($2000.00)(0.0175)(1)

I = $35.00

Allison will earn $35.00 interest.

b) If Allison invests the money for 2 years, she will earn $35.00 interest 
during the first year. During the second year, interest will be calculated 
on the total amount of money she had at the beginning of the 
second year.

At the beginning of year 2, Allison has the principal equal to the original 
plus the interest earned in the first year.

$2000.00 + $35.00 = $2035.00

The amount of interest Allison will earn only in year 2 can then be 
calculated using the simple interest formula.
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Interest table

Interest 
period

Investment value at 
beginning of period ($)

Interest earned ($) 
(I = Prt)

Investment value at end of 
period ($)

1 $2000.00 $2000.00 × 0.0175 × 1 = $35.00  $2000.00 + $35.00 = $2035.00

2 $2035.00 $2035.00 × 0.0175 × 1 = $35.61
$2000.00 + $35.00 + 35.61
= $2070.61

Allison’s investment will be worth $2070.61 after 2 years.

Saving and investing money is an 
option for a student with a part-
time job.

c) You would probably not use the method from part b) for calculating 
the total value after 10 years. It is not practical for calculating the 
value of an investment over the long term because it would require too 
many steps. 

Instead, the following formula is used for calculating compound 
interest. 

A = P ( )

( )

1 + r
n

nt

A is the final value of the investment (principal plus interest).

P is the principal.

r is the annual interest rate expressed as a decimal.

n is the number of compounding periods in a year.

t is the term of the investment or loan in years.

Use this formula to find what Allison’s balance would be after 10 years.

A = P 1 + r
n

nt

A = ( ) ( )$2000.00 1 + 0.0175
1

(1×10)

A = ($2000.00)(1.0175)10

A = $2378.89

Allison’s investment will be worth $2378.89 afer 10 years.
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example 3

Calculate the final value of an initial investment of $6000.00. Interest is paid 
at 4.00% per annum, compounded semi-annually, for 3 years. Record your 
calculations in a table with the following headings: interest period; investment 
value at the beginning of period ($); interest earned ($); and investment value 
at end of period.

solutIon 

Use the simple interest formula (I = Prt) to calculate the interest earned 
each period.

The interest rate is 4.00%, or 0.04, expressed as a decimal.

Interest is compounded semi-annually, so each interest period is 6 months 
or 0.5 years.

Interest table

Interest 
period

Investment value at 
beginning of period ($)

Interest earned ($) 
(I = Prt)

Investment value at end of 
period ($)

1 $6000.00 $6000.00 × 0.04 × 0.5 = $120.00 $6000.00 + $120.00 = $6120.00

2 $6120.00 $6120.00 × 0.04 × 0.5 = $122.40 $6120 .00+ $122.40 = $6242.40

3 $6242.40 $6242.40 × 0.04 × 0.5 = $124.85 $6242.40 + $124.85 = $6367.25

4 $6367.25 $6367.25 × 0.04 × 0.5 = $127.35 $6367.25 + $127.35 = $6494.60

5 $6494.60 $6494.60 × 0.04 × 0.5 = $129.89 $6494.60 + $129.89 = $6624.49

6 $6624.49 $6624.49 × 0.04 × 0.5 = $132.49 $6624.49 + $132.49 = $6756.98

The value of the investment after 3 years is $6756.98.

alternatIve solutIon

You can use the compound interest formula to calculate the values. In this 
example, P equals $6000.00, n equals 2, and t equals 3. The interest rate is 
4.00% or 0.04, expressed as a decimal.

Substitute the values of P, r, n, and t into the compound interest formula.

A = P ( )
( )

1 + r
n

nt

A = $6000.00 1 + 0.04
2

2×3

A = $6000.00 (1.02)6
A = $6756.98

The final value of the investment is $6756.98
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ACtIVIty	6.4

CoMparIng sIMple Interest and CoMpound Interest

Investing money over several months or 
years is a smart way to save up money to 
buy a car.

Each year, the Government of Canada issues Canada Savings Bonds 
(CSBs), which enable Canadians to save towards their future goals while 
earning interest. The interest rate on CSBs changes from year to year.

In this activity, you will compare two types of Canada Savings Bonds 
as investments. Canada Savings Regular-Interest “R” Bonds earn 
simple interest. Canada Savings Compound-Interest “C” Bonds earn 
compound interest.

part a

1. Working with a partner, research and describe how interest is treated 
on the two types of Canada Savings Bond annually. You can find 
relevant information by searching the FAQs on the Canada Savings 
Bonds website.

2. a)  Complete a table such as the one below to show the interest 
calculations for the first 4 years of a $1000.00 CSB earning 
simple interest.

Canada savIngs bond, regular-Interest “r” bond

Interest 
period

Interest rate 
per annum

Value of investment on which 
interest is calculated ($)

Interest earned during 
period ($)

Value of investment 
at end of period ($)

1 2.75% $1000.00 $1000.00 × 0.0275 × 1 = $27.50 $1000.00 + $27.50 = $1027.50

2 3.10% $1000.00 $1000.00 × 0.031 × 1 = $31.00 $1027.50 + $31.00 = $1058.50

3 2.50%

4 1.00% sample

b) What is the total interest earned after the first 4 years?

3. If you redeem your Canada Savings Bond within 3 months of its issue date, 
how much interest will you receive?
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part b

Complete a table such as the one below to show the interest calculations for 
the first 4 years of a Compound-Interest CSB of $1000.00, and answer the 
questions.

Canada savIngs bond, CoMpound-Interest “C” bond

Interest 
period

Interest rate 
per annum

Value of investment on which 
interest is calculated ($)

Interest earned during 
period ($)

Value of investment 
at end of period ($)

1 2.75% $1000.00 $1000.00 × 0.0275 × 1 = $27.50 $1000.00 + $27.50 = $1027.50

2 3.10% $1027.50 $1027.50 × 0.031 × 1 = $31.85 $1027.50+ $31.85 = $1059.35

3 2.50%

4 1.00% sample

Learning about investment 
options at a young age is a good 
way to help plan for the future.

1. What formula is used to calculate the interest earned each year? 

2. How do you calculate the investment value at the end of each year?

3.  What is the final value of the investment? How much interest is earned 
after 4 years?

4.  Which is the better investment: compound interest or simple interest, and 
by how much?

5. How are simple and compound interest related?

6. Which type of investment would you choose? Explain your answer.

ACtIVIty	6.5

the rule of 72

There is a quick way to estimate the time it takes for an investment 
compounded annually to double in value. This method is called the 
Rule of 72.rule of 72: a quick method 

of estimating the time it 
takes for an investment to 
double in value

To calculate the approximate length of time in years it takes for an investment 
to double, divide 72 by the annual interest rate expressed as a percentage. 
If you wanted to know approximately how long it would take an investment 
with an interest rate of 3.00% per annum to double in value, you would 
divide 72 by 3.

72 ÷ 3 = 24 years

Using the Rule of 72, you can estimate that it would take about 24 years for the 
investment to double in value.
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1. Using the information above, write a formula that describes the Rule of 72. 
Use the formula to answer question 2.

2. If you wanted to double your money in 10 years, at what rate of interest 
would you need to invest your money?

Mental Math and estimation

Use the Rule of 72 to estimate how long it will take for an investment to double 
at an interest rate of 1.95% per annum, compounded annually. 

dIsCuss the Ideas
guaranteed InvestMent CertIfICates

Vyanjana has received a special gift of $5000.00 from her grandparents, which 
she plans to invest for the future. She has researched investment options at her 
bank, and has decided to buy a Guaranteed Investment Certificate (GIC). GICs 
guarantee that the investor will receive his or her principal as well as a fixed 
amount of interest.

She has narrowed her choices down to three options:

Option 1: A GIC that offers 1.125% interest per annum, compounded monthly, 
with a one-year term. This GIC cannot be redeemed before the end of the term, 
so Vyanjana will not be able to access her money before the end of the one-
year term.

Option 2: A GIC that offers 0.875% interest per annum, compounded monthly, 
with a one-year term. This GIC can be redeemed before the end of the term, 
but if Vyanjana wants to access her money before the end of the year, her 
investment will earn only 0.050% interest per annum.

Option 3: A GIC that offers 1.250% interest per annum, compounded 
annually, with a one-year term. The GIC cannot be redeemed before the end 
of the term.

Working in a small group, discuss Vyanjana’s investment options. 

1. Calculate how much interest Vyanjana would earn with each option. For 
option 2, calculate how much interest Vyanjana would earn after 6 months 
and after the full term of the investment.

2. Suggest reasons why Vyanjana might choose each of the three options.
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ACtIVIty	6.6

the effeCt of dIfferent CoMpoundIng perIods

If you know your interest rate, 
you can calculate how much your 
savings and investments will 
earn.

1.  Calculate the interest and the final value for an investment of $4000.00 at 
3.00% per annum over 2 years for the following different compounding 
periods. Show your answers in a table like the one below. Use any method 
you wish to calculate your answers.

2. Which compounding period yields the greatest interest on the investment? 
Which yields the least? How would knowing this affect your choice of 
investment?

3. How could you create a compound interest table using technology?T

Interest table

Interest period Final value of investment (A) ($) Interest (I)

Annually

Semi-annually

Quarterly

Monthly

Daily
sample

buIld your skIlls

1. Gerard has a savings account at Me-Dian Credit Union in Winnipeg, 
MB, a financial institution for Manitoba’s Aboriginal community. Gerard 
deposits $2000.00 into a savings account that pays 3.00% simple interest 
per annum. 

a) Calculate the interest that Gerard will earn on his savings after 2 years.

b) How much money will Gerard have in his account after 2 years if he 
makes no withdrawals?

2. Solve the following problems using the simple interest formula.

a) If the interest earned on a deposit is $50.00 and the interest rate is 
3.00% per annum invested for 2 years, what is the principal?

b) How many months does it take to earn $180.00 interest on an 
investment if the principal is $5000.00 and the interest rate is 2.00% 
per annum?
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c) Calculate the annual interest rate on an investment if the principal is 
$4000.00 and the interest is $120.00 earned over three years. Answer 
as a percent and a decimal.

You can avoid costly car repairs 
by performing maintenance.

3. Mei Lin borrowed $1500.00 for vehicle repairs from her parents. 
She agreed to pay back the loan plus 6.50% simple interest on the 
$1500.00 added on in equal monthly payments over the next 6 months.

a) How much interest will Mei Lin have to pay?

b) What will be the total amount she will have to pay?

c) What will be her monthly payment for the loan?

4. Use the Rule of 72 to estimate what interest rate would be needed to 
double your investment in 18 years.

5. A deposit of $1200.00 is invested at 2.60% per annum, compounded semi-
annually, for 2 years.

a) Explain why there are four interest periods.

b) Calculate the interest earned and the investment value at the end of 
each interest period.

c) What is the value of the investment at the end of 2 years? 

d) Calculate the interest earned over the 2 years.

6. Calculate the final investment value and the interest for each of the 
following investments.

a) $2000.00 at 3.80% per annum, compounded semi-annually for 
four years.

b) $1500.00 at 2.60% per annum, compounded quarterly for three years.

c) $6000.00 at 2.20% per annum, compounded monthly for two years.

d) $3560.00 at 1.20% per annum, compounded monthly for 
three months.

7. Which is the better investment? Investing $2500.00 at 2.00% a year, 
compounded annually, for two years or $2500.00 at 2.00% a year, 
compounded semi-annually, for two years? Explain your reasoning.
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extend your thinking

T 8. Imagine you have inherited $5 000 000.00 from a rich relative. You decide 
to spend $1 000 000.00 and invest the remainder. 

a) Use the internet to look up some typical current interest rates. 
Calculate the investment value and interest earned for the following 
lengths of time:

i) 1 year

ii) 1 month

iii) 1 day

b) How would your answers change if the interest rate increased by 
1.00% per annum?

c) How would your answers change if the compounding period is 
changed? Give an example.

d) Which change has the largest effect on the interest, increasing the 
percentage or increasing the number of compounding periods?

MathWorks 11274

PRojeCt—BuyInG	A	home	enteRtAInment	CentRe

set up a savIngs plan

Earlier, you researched the components of your dream home entertainment centre. 

Now you can begin to investigate ways to pay for it. Start by calculating how long it will take you to 
save enough money and pay cash with your potential $300.00/month savings, taking into account the 
$1000.00 you have already saved. 

Next, imagine that you have invested your original $1000.00 savings. 

• Calculate how much the investment would be worth if you invested it at a simple interest rate of 
0.75% per annum for the length of time that you calculated above.

• Calculate how much the investment would be worth if you invested it at a compound interest 
rate at 0.75% per annum, compounded monthly, for the same length of time that you calculated 
above.

With your $1000.00 invested in one of these accounts, by how much does the time taken to save 
enough cash change?

Record the information in your project file.
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the roots of Math

the CanadIan dollar

The loonie. The buck. The dollar. These are terms we use every day to talk about our currency. But 
where do they come from and how did the Canadian dollar come to be what we use today?  

The dollar was a coin issued in the late 1600s by the Hudson’s Bay Company. Its value was equal to 
a beaver pelt, also called a “buck” by fur traders. That is why today we sometimes call the dollar a 
“buck.”

Before 1763, Canada was one of five North American colonies that made up New France. The first 
paper money appeared in New France in the form of playing cards. Eventually the card system 
collapsed, and for a long time people mistrusted paper money. 

In 1812, the United States of America and Great Britain went to war in North America. Army bills for 
amounts between $1.00 and $400.00 were issued to help finance the war. After the war, the bills were 
easily exchanged for coins, so people no longer doubted the value of paper money.

For a time, both the British sterling monetary system of pounds, shillings, and pence, and the US 
system of dollars and cents were in use in what are the present-day Canadian provinces. In 1858, the 
dollar was chosen over the pound, and a single Canadian dollar was finally established.

At that time, the Bank of Canada and the Royal Canadian Mint did not yet exist, and banks were 
allowed to issue their own money. The first bank notes based on the dollar were issued by the Bank of 
Montreal. The British North America Act in 1867 gave government control over coins and currency, and 
it began producing all coins and bills.

In 1987, $1.00 bills were replaced by the $1.00 coin, the “loonie,” so-called because of the image of a 
loon on one side. The $2.00 bill was replaced in 1996 by a $2.00 coin commonly called the “toonie.”

1.  A $2.00 bill used to cost six cents to make, but only lasted about a year. 
The “toonie” costs 16 cents to make but lasts 20 years. Explain why it 
made good sense for the Royal Canadian Mint to switch from $2.00 bills 
to $2.00 coins.

2.  Canadian bills have gone through many changes since the 1800s. They 
now include many security features to prevent counterfeiting, and 
accessibility features to help blind and visually impaired people recognize 
denominations.

 Research some security features that the Bank of Canada has put into 
bills to prevent counterfeiting and to help visually impaired Canadians.

Since 1976, Winnipeg’s Royal Canadian Mint 
has produced every one of Canada’s coins.



6.3 Credit Cards and store promotions

MATH on the Job
Doug Swallow is a self-employed outdoor outfitter. His 
company, Canoe North, is in Hay River, NT. Doug was born 
in Saskatchewan, and later moved to Kamloops, BC, where 
he attended NorKam Secondary School.

Doug Swallow guides customers on canoe and kayak trips 
from hay River to tuktoyaktuk and beyond.

Doug needs to purchase a satellite phone. He sees a 
satellite phone advertised for $995.00. As a special sales 
promotion, the phone can be purchased on credit with a 
deferred payment plan. The customer does not pay anything 
for 6 months. After that, 8% interest is added onto the 
cost of the satellite phone and the total is paid in 5 equal 
monthly installments.

1. How much would it cost Doug to buy the phone on the 
deferred payment plan? 

2. Why might a customer choose a deferred payment plan?

276

explore the Math

“Buy Now, Pay Later!” “Sign up for our credit card and receive a free gift!” 
Promotions like these are used to attract customers and sell items that 
customers might not otherwise be able to afford, and to have people sign up 
for particular credit cards. When you make use of these promotions, you are 
relying on credit. 

Credit is a type of loan in which a borrower receives something of value and 
agrees to pay the lender for it later. 

credit: an agreement in 
which a borrower receives 
something of value, and 
agrees to pay for it later Credit cards are issued by banks and other financial institutions, as well 

as by many department stores and gas companies. A credit card can be 
convenient, but if you do not pay the credit card balance by the due date, the 
credit card issuer charges interest on the remaining money you owe and on 
the cost of new purchases made before the next credit card statement date. 
This interest is called a finance charge. Credit card companies have different 
ways of calculating interest, so be sure you understand the terms of any card 
you may get.

finance charge: the total 
amount of interest paid to 
borrow a sum of money

Stores often offer promotions offering credit and allowing you to defer payment 
for months or years. These offers enable you to buy an item without paying 
the full amount immediately. In exchange, the stores often charge high interest 
rates on the purchase amounts when the payments are made.

Be sure you understand the conditions of a store promotion or credit card 
before you sign an agreement. Researching your credit options will help you to 
use credit effectively. 
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dIsCuss the Ideas
usIng a CredIt Card

T Working in a small group, brainstorm answers to the following questions. You 
can research the questions online.

1. Make a list of three available credit cards.

2. What is a minimum payment? Find an example showing how it is 
calculated.

3. What is a credit limit? Why do you think different people have different 
credit limits?

4. Research the differences between a store credit card and a credit card 
available from a bank. Compare the interest rates and annual fees charged 
by one store card and one credit card offered by a bank.

5. Name one advantage and one disadvantage of using a credit card.

example 1

On January 12, John charges a cash advance of $500.00 to his credit card. 
This withdrawal appears on his monthly statement issued January 27. John 
does not pay off this amount by the due date shown on his statement. The next 
monthly statement is issued on February 27. John’s bank charges 18.00% 
annual interest for cash advances starting on the day of the withdrawal.

cash advance: a 
withdrawal of cash from an 
ATM or bank teller charged 
to a credit card; interest is 
usually calculated from the 
day of the withdrawal 

Calculate the interest that John is charged for the January 12 cash advance. 

solutIon

Count the number of days from January 12 to February 27, including 
January 12. 

There are 20 days left in January and 27 days in February.

20 + 27 = 47 days

The annual interest rate for cash advances is 18.00%. Convert the 
percentage to a decimal.

18.00 ÷ 100 = 0.18

Calculate the interest charged for 47 days.

I = Prt

I = $500.00 × 0.18 × (47 ÷ 365) 

I ≈ $11.59

John is charged $11.59 in interest for the cash advance.
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alternatIve solutIon

T Use the internet to find a solution. Perform a keyword search to find an online 
“simple interest calculator.” Calculate the number of days from January 12th to 
February 27th, including January 12th.

Principal or sum [P]

Rate % per annum [R]

SIMPLE INTEREST CALCULATOR

%

Time [T]

Simple interest [S.I.]

FIND

500

18

47 Days

11.589

• In the space for “Principal or Sum [P]”, enter 500.

• In the space for “Rate % per Annum [R]”, enter 18.

• In the space for “Time [T]”, enter 47.

• Press “FIND”.

The simple interest is about $11.59.

example 2

Jane is charged 19.50% per annum on her credit card balances. She uses her 
credit card, which has no previous balance, to purchase a new wood stove that 
costs $2100.36. Her next credit card statement is dated September 30 and she 
pays only the minimum payment (5% of her balance).

On October 5, Jane makes another purchase of $450.00 with her credit card. 

How much money will Jane owe on October 7? She makes no other purchases 
with her credit card.

solutIon

First calculate Jane’s minimum payment.

0.05 × $2100.36 = $105.02

Jane’s unpaid balance on September 30 is her total purchases minus 
her payment.

$2100.36 – $105.02 = $1995.34

Because Jane has an unpaid balance, daily interest is charged on the 
balance beginning on October 1. Calculate how much interest she will 
accumulate on the unpaid balance over 7 days (October 1–7).

I = Prt

I = $1995.34 × 0.1950 × (7 ÷ 365)

I = $7.46
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Because she didn’t pay her credit card bill in full, Jane will have to pay 
daily interest on any new purchases beginning immediately. Calculate how 
much interest she will accumulate on the new purchase of $450.00 over 
3 days (October 5–7).

I = Prt

I = $450.00 × 0.1950 × (3 ÷ 365)

I = $0.72

Add the two interest amounts plus the unpaid balance.

$7.46 + $0.72 + $1995.34 = $2003.52

As of October 7, Jane will owe $2003.52.

ACtIVIty	6.7

understandIng CredIt Card stateMents

Laurie’s credit card company sends her a statement each month with the 
following explanation of terms on the back of the statement:

• The previous balance is the amount you owed from the previous month.

• The payment is the amount you paid on the previous month’s bill.

• The unpaid balance is how much you still owe from last month’s bill.

• The interest is calculated on the unpaid balance for the number of days 
from the last statement to this current statement.

• The new balance is the amount you owe for the current month. 

• The new balance is the unpaid balance plus interest plus purchases.

• The unpaid balance is the previous balance less any payments.

• The minimum payment is 5% of the new balance or $10.00, whichever is 
greater.

• The credit available is the credit limit less the new balance.
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Use Laurie’s credit card statement to answer these questions.

1. What was the previous balance on Laurie’s credit card?

2. The payment is shown as –$1428.00. Why is it a negative number?

3. How was the value of $2211.52 calculated for the purchases?

4. Did Laurie have to pay any interest in March? Explain.  

5. How was the minimum payment calculated?

6. What payment will she have to make on or before April 28 so that she 
does not have to pay interest? Explain.

7. How is the available credit calculated?

Customer Name: Laurie Smith
Card Number: 999 8888 7777 1234
Statement Date: April 2, 2011
Previous Statement: March 2, 2011

Transaction date Posting date Activity description Amount ($)

prevIous stateMent balanCe $1428.00

Mar 4 Mar 5 PAYMENT – THANK YOU −$1428.00

Mar 4 Mar 5 Flights Canada $1676.19

Mar 4 Mar 5 Sleep Well Hotel Calgary $223.59

Mar 4 Mar 5 Sushi Calgary $63.79

Mar 5 Mar 6 Gas Vancouver $55.00

Apr 1 Apr 2 Best Save Foods 
Vancouver $135.45

Apr 1 Apr 2 Quality Books $57.50

Payment information

Minimum payment $110.58

Payment due 
date Apr 28

Credit limit $5500.00

Available credit $3288.48

Annual interest 
rate 18.50%

Calculating your balance

Previous balance $1428.00

Payments & credits −$1428.00

Purchases $2211.52

Cash advances $0.00

Interest $0.00

Other fees $0.00

NEW BALANCE $2211.52

Bank of 
Canada

NW
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ACtIVIty	6.8

understandIng debt repayMent

T 1. The table below shows an account balance of $1000.00 at two different 
credit card interest rates. Find an online credit card minimum payment 
interest calculator. Complete the last two columns in a similar table. For each 
case, calculate how long it will take to pay off the debt if you pay only the 
minimum amount each month. 

2. How much longer does it take to pay off a debt of $1000.00 if the interest rate 
is 20.00% instead of 18.00%? How much interest would you pay at each rate?

CREDIT CARD MINIMUM PAYMENTS

Account 
balance

Annual interest 
rate

Minimum payment  
percentage

Minimum payment 
factor

Total amount 
of interest

Time to pay off 
debt (months)

$1000.00 18.00% 5% $10.00

$1000.00 20.00% 5% $10.00 SAMPLE

Mental Math and estimation

The minimum payment on Chezhian’s credit card is 5.00% of the balance or 
$10.00, whichever is greater. He has a balance of $1002.93 on his card. Estimate 
his minimum payment.

dIsCuss the Ideas
ManagIng CredIt and debt

Credit cards can be convenient. Instead of carrying around large amounts of cash, 
you can just carry with you a little piece of plastic. With that little piece of plastic, 
you can pay for everything from groceries and gas to gifts, electronics, and even 
vacations.

However, if you don’t have the money to pay off your debt right away, the high 
interest rates on these loans can lead to serious financial problems. Large unpaid 
credit card debts can be difficult to pay off. This is especially true if you suddenly 
find yourself unable to work or face a large unexpected expense.

1. What are some long-term consequences of having too much debt?

2. If you find yourself accumulating debt, what are some options for paying down 
the money you owe?

3. There are not-for-profit credit counselling agencies in Canada that assist people 
to create budgets, get out of debt, and use credit wisely. Research some of these 
services. What are some solutions they use to help people get out of debt?

T



MathWorks 11282

example 3

before buying new furniture, it’s wise to shop 
around and compare payment options.

Mi Jung wants to buy a sofa. If she pays cash for the sofa, it will 
cost $899.99 with no delivery charge, or she can choose one of the 
following two payment options.

Option 1: The store offers a deferred payment plan of $899.99, 
with a delivery charge of $30.00 and an administration fee of 
$75.00, both to be paid at the time of sale. She would have 2 years 
to pay with no interest charged.

Option 2: She can pay for the sofa using her credit card, at the 
price of $899.99. She would not have to pay the delivery charge or 
the administration fee. She would be charged interest at a rate of 
21.0% per annum, and she expects that it will take her 31 days to 
pay her credit card balance. (Mi Jung has a previous balance on her 
credit card.)

a) Calculate the amount Mi Jung must pay at the time of purchase if she 
chooses Option 1, the deferred payment plan.

b) Calculate the total cost of the sofa if she buys it on the deferred 
payment plan.

c) Calculate the total cost of the sofa is she buys it on her credit card.

d) How much could Mi Jung save if she could pay cash for the sofa, rather 
than using the deferred payment plan?

solutIon

a) Mi Jung must pay the delivery charge of $30.00 and the administration 
fee of $75.00. 

$30.00 + $75.00 = $105.00.

b) The total cost of the deferred payment plan includes the cost of the 
sofa, the delivery charge, and the administration fee.

$899.99 + $30.00 + $75.00 = $1004.99

c) Use the formula for simple interest to calculate how much Mi Jung will 
pay in interest.

I = Prt

I = ($899.99)(0.21)(31 ÷ 365)

I = $16.05

Total cost = $899.99 + $16.05

Total cost = $916.04
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d) If Mi Jung paid cash, she could save the difference between the cost on 
the deferred payment plan and the cash price of the sofa.

$1004.99 – $899.99 = $105.00

Mi Jung would save $105.00 if she paid cash.

ACtIVIty	6.9

buy noW! no doWn payMent requIred!

Stores frequently advertise special deals to entice consumers to buy. Remember 
to always compare prices with other stores, and always read the fine print to 
see whether there are added costs such as delivery and administration charges. 
Assess the final cost of the item and your financial situation so you can make 
the decision that best meets your needs.

The sales promotions below are for the same flat-screen TV offered by three 
different stores.

1. What is the overall price for each option?

2. Which of these options has the best overall price?

3. What are the advantages and disadvantages of each option?

optIon 1 

Free Delivery!
 with cash purchase  

of $1245.65.

optIon 2

Our Buy Now, 
 pay later plan

 for $1500.00 with no interest 
payments for 1 year.

Delivery charge $35.00 and 
Administration fee of $75.00 to be paid 
at the time of sale. Interest of 12.00% 
per annum will be charged for non-
payment 365 days after purchase.

optIon 3

Buy with our in-store loan

$0 down payment
and 24 monthly 

payments of $70.00

Delivery charge of $35.00 and an 
administration fee of $75.00 are 
added to the purchase price and are 
included in the monthly payments. 

down payment: a partial 
payment sometimes required 
at the time of purchase
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buIld your skIlls

1. Calculate the interest due on the following credit card balances and 
minimum payments (5.00% or $10.00, whichever is greater).

a) Unpaid balance: $345.67

Interest rate per annum: 20.00%

Time: 30 days 

b) Unpaid balance: $55.75

Interest rate per annum: 18.00%

Time: 31 days

2. Claudine took the Leader in Training program from Powell River, BC’s 
Centre de leadership et d’adventure en nature. The centre teaches outdoor 
leadership skills to French-speaking young adults. Claudine put the 
costs associated with the course on her credit card. She was charged 
$16.22 interest on a credit card balance of $1032.05 that she took 31 days 
to pay. What is the interest rate on her credit card per annum?

3. Sanaa had an unpaid balance on her credit card that has an interest rate 
of 21.50% per annum. It took her 19 days to pay, and she was charged 
$7.75 interest. What was the unpaid balance on her card?

4. Phil received a credit card statement dated August 1, on which he owed 
$505.50. He paid $100.00 before the payment due date. 

a) He is charged interest at a rate of 18.90% on his unpaid balance. How 
much interest will he pay if he takes until August 21 to pay the balance 
and he makes no other purchases using the credit card?

b) If instead Phil makes one purchase of $160.40 on August 16 and makes 
no other purchases that month, how much will he owe as of August 21?

5. On August 10, Sharon takes a cash advance of $300.00 on her credit 
card. The withdrawal appears on her monthly statement issued August 
28. Sharon does not pay off this amount by the due date shown on her 
statement. The next monthly statement is issued on September 28. 

a) For how many days is interest calculated?

b) If Sharon’s bank charges 25.50% annual interest for cash withdrawals, 
starting on the day of the withdrawal, what will she be charged for the 
August 10 withdrawal?

c) What is the actual cost of the cash withdrawal, including interest, if 
she pays for the purchase by her September statement’s due date?
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6. Brian wants to purchase a new refrigerator. A store offers a deferred 
payment plan of $1099.99 with a delivery charge of $40.00 and an 
administration charge of $60.00, both to be paid at the time of sale. He has 
two years to pay for his purchase without any interest accruing. If the cash 
price of the fridge is $729.99 plus the delivery charge, how much interest is 
he actually paying with the deferred payment plan?

A hybrid bike includes the features of both a 
mountain and road bike.

7. Arlene is buying a new hybrid bicycle for commuting to 
work. She has three payment options.

Option 1: Pay cash. The bicycle costs $895.99 plus 12% tax.

Option 2: Use the store’s payment plan of 6 monthly 
payments of $190.00 (including tax).

Option 3: Pay using a cash advance on her credit card. She 
would be charged interest at an annual rate of 19.5%, and 
she expects that it would take her 15 days to pay her credit 
card balance.

Calculate the cost of the bicycle using each of the 
payment options. Which option would you recommend 
Arlene choose?

T 8. Guy buys new ice hockey equipment which costs him 
$1533.26, including taxes. He pays by credit card. His credit card 
company charges interest at 18% per annum. He can afford payments of 
$120.00 each month. Use an online interest calculator to help you answer 
these questions.

a) How long will it take Guy to pay off his debt?

b) How much interest will he pay?
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Transaction date Posting date Activity description Amount ($)

prevIous stateMent balanCe $245.86

Aug 06 Aug 07 PAYMENT – THANK YOU −$100.00

Aug 09 Aug 10 Econo Foods $78.85

Aug 13 Aug 15 Tu Electric $62.34

Aug 18 Aug 19 Home Comfort $345.55

Aug 22 Aug 24 The Pancake House $42.50

Aug 31 Sep 2 Sportinc $68.76

Sep 03 Sep 04 Plaza Gas Bar $25.00

Sep 03 Sep 04 Black and White Party 
Rentals $25.00

Payment information

Minimum Payment $

Payment Due Date Sep 23

Credit Limit $3500.00

Available Credit $3500.00

Annual Interest 
Rate 19.50%

Calculating your balance

Previous Balance $

Payments & Credits $

Purchases $

Cash Advances $

Interest $

Other Fees $

NEW BALANCE $

Customer Name: Pasha
Card Number: 999 8888 7777 1234
Statement Date: Sep 5, 2011
Previous Statement: Aug 5, 2011

Bank of 
Canada

NW
9.  Use Pasha’s credit card 

statement to calculate the 
following:

a)  the total of the purchases for 
this month;

b)  the number of days over 
which the interest is 
calculated;

c) the unpaid balance; 

d)  the interest on the 
unpaid balance;

e) the new balance;

f)  the minimum payment 
(5.0% or $10.00, whichever 
is greater);

g) the credit still available.

extend your thinking

10. A department store is having a sale on beds. There is no down payment 
and no interest charged if you pay in full within the first 6 months. 
Otherwise, interest of 19.00% per annum is charged on the sale price 
from the date of purchase. There is a delivery charge of $35.00 and an 
administration fee of $50.00 to be paid at the time of purchase.

a) If you buy a new bed for $675.00 and pay the full amount in 5 months, 
how much will you pay?

b) If you buy the same bed and pay in full after one year, how much 
will you pay?

i) if simple interest is charged?

ii) if compound interest, compounded monthly, is charged?
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puzzle It out

Who has What?

Pat, Quinn, and Rachel each have different types of bank accounts and 
different credit cards. 

The three bank accounts are: a self-service account, a full-service account, and 
a savings account.

The three credit cards are: a bank credit card, a store credit card, and a gas 
credit card.

The following clues give information about which person has which type of 
bank account and credit card.

Clue 1: Pat and Rachel do not have self-service accounts. The person with the 
savings account does not have the gas card. 

Clue 2: The person who has the full-service account does not have a bank 
credit card or a gas credit card. 

Clue 3: Pat does not have a savings account, and the person who has a store 
credit card does not have a savings account.

Use these clues to find out the type of account and the type of credit card each 
person has.

PRojeCt—BuyInG	A	home	enteRtAInment	CentRe

InvestIgate buyIng on CredIt

T You have calculated how much your dream home entertainment centre will cost if you pay with 
cash. Now, you will investigate two other payment options: paying by credit card and through a 
store promotion.

payment option 1: Choose a credit card to use for your purchase. Visit a financial institution or 
website to find the following information about your credit card:

• interest rate;

• minimum payment formula; and

• typical credit limit for new credit card holders.

Find a credit card minimum payment calculator online. Calculate the total interest and the time it 
would take to pay off your debt if you make only the minimum payment each month. 

payment option 2: Visit stores, look at promotional flyers, or find information about a store 
promotion online. 

Calculate the total cost for your centre if you paid for it using a store promotion.

Based on $1000.00 in savings and $300.00 per month from your paycheque, describe a payment 
plan needed to pay off your entertainment centre.

Add information on both payment options to your project file.
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6.4 personal loans, lines of Credit, and overdrafts

MATH on the Job
Irene Schurek is a consumer loans officer from 
Bonnyville, Alberta, who works at the Lakeland Credit 
Union. Irene is Métis. She attended St. Paul Regional 
High School in St. Paul, Alberta. Irene approves or 
declines loans, lends funds, interviews credit union 
members, and inputs information into computer 
programs. Irene’s math skills allow her to meet the 
needs of the credit union’s customers.

Irene Schurek is training to become a commercial loans officer.

Irene approves a $12 000.00 loan for a customer. The 
term is 4 years. The customer’s  monthly payments 
will be $277.71. How much will the customer pay in 
interest charges over 4 years?

explore the Math

Generally, it is a good idea to wait until you have saved up enough money 
to buy something. Sometimes, though, it makes sense to borrow money for 
something, and then pay it back over time. For example, you might need to 
pay for college, which will help you get a career. Or you might want to buy a 
vehicle so you can transport tools to your job. In both of these cases, you may 
need to take out a loan. There are various ways you can borrow money.

• A loan is an amount of money that you borrow. You receive the full amount 
of the loan when you sign the agreement, and interest is calculated from 
that date to the final date of the loan. The length of time required to pay off 
the loan is called the amortization period.

• A bank line of credit is an approved loan amount that gives you 
quick access to money in case you need it in the future. It has a credit 
limit, similar to a credit card, and interest is charged on the amount of 
money used. 

• Banks offer overdraft protection, which allows you to withdraw more from 
your account than you have in it, up to an agreed-upon amount. The bank 
covers the difference for you, but you must make a minimum monthly 
payment to repay the amount of the overdraft. Interest is charged at a rate 
similar to that of credit cards and sometimes with a monthly overdraft 
protection fee.

loan: money that is 
borrowed for a specific term, 
to be paid back with interest

amortization period: the 
time required to pay back 
a loan

line of credit: an approved 
loan amount that you can 
draw on as needed, with 
interest charged on the 
money used

overdraft protection: an 
agreement with a bank that 
allows you to withdraw 
more money from an account 
than you have in it, up to a 
specified amount
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• You may have seen stores or websites where you can borrow money without 
having to go to a bank or financial institution. This type of short-term loan 
is sometimes called a payday loan because the term is usually only until 
your next pay day. Payday loans usually charge high interest rates, with 
interest compounded daily.

payday loan: a small, 
short-term loan with a 
high interest rate intended 
to cover the borrower’s 
expenses until their next 
pay day

Whichever way you borrow money, you will have to pay a finance charge. The 
total amount you pay varies depending on the amount of the loan, the interest 
rate, the amortization period of the loan, and the amount and number of 
regular payments.

dIsCuss the Ideas
personal loans

A loan can be secured or unsecured. A secured loan means that the borrower 
has promised to turn over to the lender a particular item of value, such as a car 
or property, if they default, or fail to repay, the principal and interest on the 
loan. The item of value is collateral. An unsecured loan is a loan for which the 
lender considers you a low risk, so there is no need for collateral.

default: failure to repay a 
loan

collateral: an item of value 
pledged by a borrower to 
secure a loan

The interest rate on secured loans is usually lower than the interest rate on 
unsecured loans. 

1. Suggest reasons why the interest rate would be lower on a secured loan.

2. Do you think the amount of money a financial institution would lend 
someone would change depending on what was being used to secure it? 
Why or why not? 

3. What assets might people generally use as collateral to secure a loan?

asset: an item of economic 
value owned by an individual 
that could be converted to 
cash
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example 1

A payday loan store charged Matt $40.00 interest on a $350.00 loan. Matt paid 
back the total amount of $390.00 after 10 days. 

a) What was the daily interest rate for this loan? 

b) What was the annual interest rate for this loan?

solutIon

a) To calculate the daily interest rate use the simple interest formula, 
where t is given in days.

I = Prt

$40.00 = $350.00 × r × 10

$40.00 = $3500.00r

$40.00 ÷ $3500.00 = r

r ≈ 0.0114

Convert the interest rate from a decimal to 
a percent.

r = 0.0114 × 100

r ≈ 1.14 

The daily interest rate is 1.14%.

b) Calculate the annual interest rate.

1.14 × 365 days = 416.1%

The annual interest rate is 416.1%.

alternatIve solutIon

Calculate part b) first, then calculate part a).

b) Calculate the annual interest rate first using the simple interest 
formula, where t is given in years.

I = Prt

$40.00 = $350.00 × r × (10 ÷ 365)

$40.00 = 9.58904r

 $40.00 ÷ 9.58904 = r

4.17101 ≈ r
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Convert the interest rate from a decimal to a percent.

r = 4.17101 × 100

r ≈ 417.1

The annual interest rate is 417.1%.

a)  Calculate the daily interest rate by dividing the annual interest 
rate by 365.

r = 417.1 ÷ 365

r = 1.14

The daily interest rate is 1.14%.

example 2

A personal loan is one way to 
finance buying a computer.

Jean-Paul borrows $2500.00 to purchase a laptop computer and software. He 
takes out a personal loan from his credit union at an annual rate of 6.25% with 
an amortization period of 2 years. Use the personal loan payment calculator 
table on the next page to help you answer the questions below.

a) What is Jean-Paul’s monthly payment?

b) Calculate the total amount he will pay over the 2 years.

c) Calculate the finance charge on the loan.

solutIon

a) Using the personal loan payment calculator table, first look up the 
interest rate of 6.25% in the left-hand column, then move across that 
row to the column showing the monthly payments for 2 years. The 
payment is $44.43 a month for a loan of $1000.00.

To calculate the monthly payment for a loan of $2500.00, divide the 
amount of the loan by $1000.00, then multiply by $44.43.

$2500.00 ÷ $1000.00 × $44.43 ≈ $111.08

Jean-Paul’s monthly payment is approximately $111.08.

b) He will pay $111.08 a month for 2 years, or 24 months. 

$111.08 × 24 months = $2665.92

Jean-Paul will pay a total of $2665.92 over the 2 years.

c) The finance charge is the difference between the amount borrowed and 
the total amount to be repaid.

$2665.92 – $2500.00 = $165.92

The finance charge on the loan will be $165.92.
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personal loan payMent CalCulator:  
Monthly payMent per $1000.00 borroWed 
(Interest CoMpounded Monthly)
Interest rate (%) Term in years

1 2 3 4 5
3.00 84.69 42.98 29.08 22.13 17.97

3.25 84.81 43.09 29.19 22.24 18.08

3.50 84.92 43.20 29.30 22.36 18.19

3.75 85.04 43.31 29.41 22.47 18.30

4.00 85.15 43.42 29.52 22.58 18.42

4.25 85.26 43.54 29.64 22.69 18.53

4.50 85.38 43.65 29.75 22.80 18.64

4.75 85.49 43.76 29.86 22.92 18.76

5.00 85.61 43.87 29.97 23.03 18.87

5.25 85.72 43.98 30.08 23.14 18.99

5.50 85.84 44.10 30.20 23.26 19.10

5.75 85.95 44.21 30.31 23.37 19.22

6.00 86.07 44.32 30.42 23.49 19.33

6.25 86.18 44.43 30.54 23.60 19.45

6.50 86.30 44.55 30.65 23.71 19.57

6.75 86.41 44.66 30.76 23.83 19.68

7.00 86.53 44.77 30.88 23.95 19.80

7.25 86.64 44.89 30.99 24.06 19.92

7.50 86.76 45.00 31.11 24.18 20.04

7.75 86.87 45.11 31.22 24.29 20.16

8.00 86.99 45.23 31.34 24.41 20.28

8.25 87.10 45.34 31.45 24.53 20.40

8.50 87.22 45.46 31.57 24.65 20.52

8.75 87.34 45.57 31.68 24.77 20.64

9.00 87.45 45.68 31.80 24.89 20.76

9.25 87.57 45.80 31.92 25.00 20.88

9.50 87.68 45.91 32.03 25.12 21.00

9.75 87.80 46.03 32.15 25.24 21.12

10.00 87.92 46.14 32.27 25.36 21.25
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ACtIVIty	6.10

CoMparIng types of loans

Banks sometimes offer overdraft protection, allowing you to withdraw more 
money from your bank account than you have available. Banks differ in the 
way they charge for this service. One way is that if you write a cheque or 
use your bank card, the bank will still pay the amount due, but you will be 
charged a fee for each overdraft transaction. 

Many financial institutions do not allow overdrafts, particularly with accounts 
that have low monthly fees. If you write a cheque, it could be returned NSF 
(Non-Sufficient Funds). When this happens, your bank will charge you a fee 
(usually between $20.00 and $50.00) for the NSF item.

If you need money, you can borrow funds in a variety of ways. It is best to 
research your options, because different loans have different interest rates.

1. Craig uses cheques to pay his bills. One day, he uses his bank card to 
splurge on a new guitar, forgetting that a cheque for $100.00 and another 
for $125.00 had not yet cleared from his account. Craig also forgets that 
the Northwest Bank of Canada charges him $35.00 for each NSF cheque 
returned. How much in total does Craig have to pay in NSF fees?

2. Imagine Craig runs out of money before his next payday and needs to 
borrow $225.00 to cover his cable and internet bills. He takes out a payday 
loan. After 10 days, he pays back the principal plus interest for a total of 
$261.00 What is the daily interest rate on the loan?

3. Imagine Craig has overdraft protection of $500.00 on his chequing 
account. His bank charges him 0.08% a day simple interest on the 
overdraft amount plus a $5.00 overdraft fee. If he wrote the two cheques, 
one for $125.00 and the other for $100.00, how much would he pay in 
overdraft charges for these cheques if it took him 10 days to pay off his 
overdraft?

4. Imagine Craig has a line of credit for $1000.00 with an interest rate of 
4.00% per annum. He has a negative balance of $225.00 for 10 days. How 
much interest will he have to pay? 

5. Given Craig’s experiences, what do you think would be the best way for 
someone to cover a financial shortfall? What are your reasons?

6. What would be the advantage of negotiating a lower interest rate when 
applying for a line of credit?
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* * * * * * * * * * * * * * * * * * * * * * * * * * * *

speCIal offer: pay only $250.00 
a Month for 12 Months

* * * * * * * * * * * * * * * * * * * * * * * * * * * *

Mental Math and estimation

The monthly payment for a loan of $1000.00 is $25.00. Calculate  what 
the monthly payment would be if the loan were for $2000.00, $4000.00, 
or $500.00.

ACtIVIty	6.11	

usIng CredIt effeCtIvely 

part a

Researching credit options is 
important, especially when 
purchasing expensive items 
such as this AtV.

You want to buy a used all-terrain vehicle (ATV) that costs $2800.00. You have 
$1100.00 in savings and can save $200.00 more a month. Your local credit 
union offers loans at 6.50% per annum over a term of 12 months. You have 
a bank credit card with an interest rate of 20.00% per annum. You have a 
balance of $100.00 on your credit card.

1. Brainstorm as many different options as you can for buying the ATV and 
paying off your credit card debt.

2. Discuss the advantages and disadvantages of each option.

3. Which option would you choose? Provide calculations to support 
your choice.

T You will need to use a personal loan payment calculator table or online 
calculator for this activity.

part b

Make a list of strategies for using credit effectively. Use what you have learned 
in this chapter to add to the discussion.

PRojeCt—BuyInG	A	home	enteRtAInment	CentRe

InvestIgate takIng out a loan

Calculating what different loan options 
cost can save you money over time.

You have investigated several ways to pay for your ideal home entertainment centre. Now you 
will consider taking out a personal loan to pay for it. 

Visit your local bank or credit union or their websites to find out the loan rates for various 
amortization periods. Choose a loan, considering the following:

• how long you want to take out your loan for;

• the monthly payment for your loan option;

• the total charged for your loan option.

Calculate the monthly payment if the loan is taken out for 1, 2, 3, or 4 years.

Include this information in your project folder.
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buIld your skIlls

For questions 1 to 3, you can use the personal loan payment calculator table 
on p. 292 or an online monthly payment calculator.

1. Calculate the monthly payment, the total amount paid, and the finance 
charge for each of the following loans.

a) $1000.00 at 7.50% per annum for 3 years;

b) $2500.00 at 7.50% per annum for 4 years;

c) $3000.00 at 9.00% per annum for 5 years.

2. Amy would like to buy a computer. The one she wants costs 
$1565.45 including taxes. Amy has saved $500.00 for a down payment.

a) How much will Amy have to borrow to buy her computer?

b) She can get a loan at 8.25% per annum with an amortization period of 
1 year. What will be her monthly payment?

c) What will be the total she pays for her loan?

d) How much will the computer cost Amy?

Snow machines provide a fun way to access 
remote areas in winter.

3. Cindy has a snow machine touring company based in 
Churchill, MB. She wants to purchase a new snow machine. 
Cindy has no available cash for a down payment. She has 
estimated that she can afford to pay no more than $400.00 a 
month for the next 2 years. The snow machine dealer offers 
the machine she wants for $8500.00 cash. Cindy has three 
payment options.

• She can get a loan from her bank at 5.00% per annum over 
2 years, and pay cash. 

• She can pay using her credit card, which charges an annual 
interest rate of 22.50%. Calculate the minimum payment 
for the first month (5% of the balance). 

• She can get a line of credit at 4.50% per annum that she plans to pay 
off over 2 years. 

Calculate the total cost of each of Cindy’s options. Describe one advantage 
and one disadvantage to each of these three options.

4. Toby wrote two cheques that were returned because he did not have 
enough money in his account to cover them. The cheques were for 
$50.00 and $150.00. His bank charges $25.00 for each returned cheque. 
How much did Toby have to pay in fees?
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5. Ramon needs $500.00 as soon as possible to cover his student loan 
payments. He goes to a lending store for a payday loan. The lending 
store tells him he will have to write a cheque for $560.00 dated 10 days 
from now. 

a) How much will Ramon have to pay in interest if he takes the 
payday loan?

b) Calculate the daily interest rate and the annual interest rate for 
this loan.

6. Explain the difference between an overdraft and a line of credit. Which of 
these is the better loan option?

extend your thinking

Sea kayaking is one of the activities you can 
enjoy during the long summer days in Paulatuk, 
nt.

7. Josh wants to buy a new kayak. He sees one he likes on sale for 
$3842.00 cash. He does not have the cash to buy the kayak 
right away so he must consider his options. 

Option 1: The kayak store has a plan where Josh can pay 
$500.00 down and $300.00 a month for 1 year, plus an 
administration fee of $25.00.

Option 2: Josh could also borrow the money from his bank at 
8.50% per annum for a term of 1 year, and then pay cash for 
the kayak.

Option 3: Josh could save $300.00 a month until he has 
enough cash to buy the kayak.

a) What would the monthly payment be for each option? Use the personal 
loan payment calculator on p. 292 to calculate the payments.

b) Calculate the total cost for each option.

c) Why might Josh choose each of these options?
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PRojeCt—BuyInG	A	home	enteRtAInment	CentRe

Make a presentatIon

these students are using one 
format for a project presentation.

Now it is time to make the big decision—how will you pay for your dream home 
entertainment system?

Carefully consider each of the possible payment options you investigated and choose the one 
that makes most sense, given your available income, timing of the purchase, and any other 
factors that might influence your decision.

Compile the information you have collected in a folder or binder, or create a slideshow using 
presentation software. Be sure to include the following items:

• a list of the items you want to purchase, including the price of each item after tax;

• photographs or drawings of each component of your centre (if available);

• an analysis of the cost using the following payment options:

� cash

� credit card (making only the minimum payment each month)

� store promotion

� personal loan

• a statement explaining which method of payment you chose and why.

refleCt on your learnIng
fInanCIal servICes

Now that you have finished this chapter you should be able to:

r 

r 

r 

r 

r 

r 

r 

r 

r 

describe banking options and discuss their advantages and disadvantages;

solve simple interest problems;

solve compound interest problems;

use the Rule of 72 to estimate the time needed for an investment to double;

describe different credit options, including bank and store credit cards, 
personal loans, lines of credit, and overdrafts;

solve problems that involve credit cards;

solve problems that involve loans;

solve problems that involve sales promotions; and 

make informed decisions related to the use of credit.

In addition, you have completed a project in which you have investigated 
the various options for purchasing a home entertainment centre, and have 
explained your choice of payment method.
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praCtIse your neW skIlls

1. Pierre wants to open a bank account at the Northwest Bank of Canada. 
He has $900.00 in savings. His monthly paycheque is $1800.00 after 
deductions. His monthly expenses are $1500.00. He is saving $300.00 a 
month to buy a car. He estimates that he will need to write about 4 cheques 
a month and use his bank card for about 14 transactions. Using the 
Northwest Bank of Canada account information on p. 256, calculate Pierre’s 
likely service charges for two months for each of the four account types.

2. Indicate which banking service can be used to complete each of the 
transactions listed below. Banking services are: bank card, online banking, 
bank teller, ATM, and cheque. Note that a transaction can be completed 
using more than one method.

• pay bills

• buy traveller’s cheques

• withdraw cash

• deposit cash or cheques

• transfer money between accounts

• purchase items from a store

• deposit paycheques

• obtain foreign currency

• check the account balance

If you have a passion for a hobby 
like snowboarding, it can be 
worthwhile to invest in high-
quality gear.

3. Wendy has $3000.00 to invest at 3.00% per annum simple interest. How 
many months will it take her to earn $60.00 interest?

4. Raul purchases a snowboard by getting a simple interest loan from a store. 
The snowboard costs $800.00, and the interest rate on the loan is 10.00%. 
The loan is to be paid back in 12 equal monthly installments over 1 year.

a) Calculate the amount of interest paid over the year.

b) Calculate the total amount to be paid back.

c) Determine the monthly payment amount.

5. An investment of $1000.00 is made with interest at 4.25% per annum 
compounded annually for 3 years. 

a) Calculate the interest earned and the investment value at the end of 
each compounding period.

b) Calculate the interest earned after 3 years.

6. How long will it take for an investment of $5000.00 to double if the annual 
interest rate is 2.00% per annum?

7. When Elena was born, her grandmother invested $4000.00 to be used 
for Elena’s college tuition. How much will the investment be worth when 
Elena is 17 if the interest rate is 4.50%, compounded semi-annually?
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Transaction date Posting date Activity description Amount ($)

prevIous stateMent balanCe $527.55

Sep 04 Sep 05 PAYMENT – THANK YOU −$200.00

Sep 04 Sep 05 BC Ferries $65.00

Sep 06 Sep 07 J and N Electronics $245.89

Sep 10 Sep 11 Gas Saver $52.00

Sep 15 Sep 17 The Seafood Factory 
Restaurant $105.65

Sep 18 Sep 19 BC Ferries $65.00

Sep 28 Sep 30 Park n Save $12.50

Payment information

Minimum payment $

Payment due date Oct 25

Credit limit $4500.00

Available credit $

Annual interest rate 19.50%

Calculating your balance

Previous balance $

Payments & credits $

Purchases $

Cash advances $

Interest $

Other fees $

NEW BALANCE $

Customer Name: Henry
Card Number: 999 8888 7777 5678
Statement Date: Oct 4, 2011
Previous Statement: Sep 3, 2011

Bank of 
Canada

NW8. Use Henry’s credit card statement 
shown here to answer the 
following questions.

a) What is the total of his 
purchases?

b) What is his unpaid balance on 
this statement? 

c) What is the interest charged 
on his unpaid balance?

d) What will the new balance be?

e) What will his minimum 
payment be for this statement? 

f) How much credit does he 
have available?

9. Nadine wants to purchase a used 
car for $10 500.00. Her bank 
offers her a loan at 5.00% per 
annum, compounded annually. 
She has a choice of paying off the 
loan over 2 years or over 4 years.

a) Which option is the most 
expensive each month, and by how much? Use the personal loan 
payment calculator table. 

b) Which option is the most expensive overall, and by how much? 

c) Explain why Nadine might have to choose the most expensive option.

10. Joseph took his dog to the vet for emergency medical treatment. The bill for 
the vet care was $575.00. Joseph doesn’t have enough cash to pay the bill, 
so he has three payment options. He expects that it will take him 30 days 
to repay a loan.

Option 1: He can pay in installments. The vet will let him make monthly 
payments of $115.00 per month for 5 months, plus an administration fee 
of $25.00.

Option 2: He can borrow the money from his bank on his personal line of 
credit at an interest rate of 5.00% per annum.

Option 3: He can get a payday loan at an interest rate of 1.20% per day. 

Calculate the total cost of each of the payment options. Which option 
would you recommend that Joseph choose?

A surprise visit to the vet can 
be costly.
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Chapter 7
Personal	Budgets

goals

In this chapter, you will learn the basics of budgeting and discover that 
budgets are a way to reach your personal goals. 

Have you ever wanted to purchase something but found the item was too 
expensive? Perhaps you were looking at a new mountain bike or an MP3 
player, but it cost more than you could afford. Maybe there is a computer 
graphics course you would like to take, but you don’t have the money saved 
for it. 

A budget is your spending plan. Preparing and following a budget will allow 
you to live within your means, avoid the stress of debts, and give you the 
freedom to make choices with the money you have. Most importantly, a 
budget will allow you to plan how to achieve your goals.

In this chapter, you will learn

• how to keep financial records that are the basis for a budget;

• how to create a personal budget;

• how to prioritize expenses to balance a budget; and

• how to analyze a budget.

key terMs

• budget

• conservative budget

• deficit

• recurring expenses

• regular income

• surplus

• unexpected expenses

• variable expenses

• variable income
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PRojeCt—BuDGetInG	to	lIVe	AwAy	FRom	home

start to plan

projeCt overvIeW

Have you ever thought about moving out on your own? To estimate what that might 
cost and plan when you might be able to afford to, it’s helpful to create a budget 
that forecasts potential income and expenses. 

hiring professional movers can be expensive. 
When moving, you can save money by 
packing and transporting your belongings by 
yourself or with a friend.

For this project, you will research the expenses associated with living away from 
home, beginning with the cost of rent, food, and transportation, and the possible 
income that you may earn in an entry-level job of your choice. You will organize 
this information into a personal budget and make a decision about whether you can 
afford to live on your own in your preferred neighbourhood.

get started

To begin this project, list the monthly expenses you will have when living on your 
own. When you first move away from home, a number of expenses that you may 
not have encountered before may come up. Thinking of answers to the following 
questions will help you start projecting monthly expenses.

• How much might your monthly rent be?

• How much might moving and furnishing an apartment cost?

• How much will you spend on phone, internet, and utilities?

• How much will transportation cost?

• How much will you spend on groceries?

• How much will you spend on restaurants and entertainment?

• Will you have medical plan costs?

• What other recurring expenses will you have?

• How much should you save for unexpected expenses or future purchases?

fInal presentatIon CheCklIst

You will make a final presentation to your classmates when you have completed this project. Your 
presentation will include the following items:

T • a spreadsheet or table detailing a balanced monthly personal budget;

• a circle graph that illustrates your monthly spending;

• newspaper clippings or online ads for potential rental apartments or suites in the area of your 
choice, including costs;

• advertisements or job descriptions for entry-level jobs in your field of choice, including salary or 
wage amounts and whether the job is part-time or full-time; and

• a summary of your budget detailing your income and expenses, including reasons why some 
expenses may be outside the recommended guidelines.
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MATH on the Job
Katie Benjamin grew up in Whitehorse, Yukon, where 
she attended F.H. Collins Secondary School. Her 
ancestry includes people from Russia, Britain, and the 
Wikwemikong First Nation in Ontario.

Katie benjamin works as a rack and shelving installer.

Katie’s current employer is Waymarc Industries, a 
company that produces industrial storage components 
such as workbenches, racks, and toolboxes. Katie’s job 
duties include preparing, building, and installing heavy- 
and medium-duty warehouse shelving. She often uses 
blueprints to calculate the amount of material needed 
to complete a job. “I work with math every day,” Katie 
says.

Katie is saving to attend college to earn a journeyman 
welding ticket. The program will include the 
Interprovincial Standards Red Seal Certification, 
which will allow her to practise her trade throughout 
Canada. She has set up a savings account to save 
for the course.

1. Katie estimates that she will need $9000.00 to complete her welding course. Last year, she earned a take-home salary 
of $32 000.00. If she has 12 months to save for her welding course, how much money does Katie need to save each 
month? 

2. What percentage of her monthly income does she need to put into her savings account? 

3. If her work schedule varied and she earned a different amount each month, how might Katie plan to save for her 
education?

302

explore the Math

A budget is a planning tool used to forecast your income and expenses. Once 
established, the budget is used to evaluate how you are doing throughout the 
period and to ensure that you are on track to meet your financial goals. When 
you prepare a personal budget, you estimate your income and expenses and 
make adjustments to one or both categories so that they balance.

budget: a balanced 
statement of projected 
income and expenses

Creating a budget generally requires three steps:

• identifying what you earn and how you spend money now;

• evaluating your current spending and setting financial goals; and 

• adjusting budget items so that total income equals total expenses. 
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Before you prepare a budget, it is helpful to keep an itemized list of all your 
income and expenses over several months. There are two main categories 
of income. 

• Regular income, such as wages, salary, and interest income from fixed-
term investments, is received at set times. 

• Variable income, such as commissions, tips, piecework, and contract 
income, is income where the amount changes over time and/or the 
frequency of payment varies.

regular income: 
predictable income 
received at equal 
intervals

variable income: 
income that changes 
over time and/or is not 
received on a regular 
basis

There are three main categories of expenses.

• Recurring expenses, such as loan payments, rent, or car payments, are 
predictable and do not change from month to month.

• Variable expenses, such as food, clothing, and heating costs, can vary 
from month to month.

• Unexpected expenses are less predictable than variable expenses, 
and are often items you must pay for even though you may not have 
planned for them.

• What type of expense is a ski trip to Whistler, BC?

• What type of expense is replacing your broken eyeglasses?

recurring expenses: 
expenses that occur on a 
regular basis 

variable expenses: 
expenses that can change 
from period to period

unexpected expenses: 
unpredictable expenses 
that occur from time to 
time

If the income and expenses do not balance when you prepare a budget, 
you need to make adjustments. The options are to reduce your spending or 
increase your income. 

• If your records show that you spend more than you earn, how do you 
decide what to do to create a balanced budget?

• Why is it important that a budget is balanced when you create it?

dIsCuss the Ideas
varIable InCoMe

Clubs and organizations in north battleford, 
Saskatchewan, include the battleford orchestral 
training Program, the Zorya Dancers, and the Filipino 
Association.

Wayne works as a self-employed gas fitter in North 
Battleford, SK, and his income is based on the jobs that he 
completes. Some jobs take days and others last months. 
Therefore, Wayne’s income varies from month to month.

1. Do you think his expenses will be as variable as his 
income? Why or why not?

2. How do records of his past income and expenses help 
Wayne plan for the future?

3. How might Wayne plan for months when his monthly 
income is lower than usual?
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example 1 

brandon, Manitoba’s 
Assiniboine Community 
College offers courses 
on subjects ranging from 
Aboriginal community 
development to web design.

Loree is a college student who lives with her parents in Brandon, MB. 
Some items from her financial records are shown below. Identify the 
income and expenses. Classify the income as regular or variable and the 
expenses as recurring or variable.

Bike race entry fee: $75.00 
Car insurance: $180.00 
Sold skateboard: $65.00 
Groceries: $75.00 
Gas: $45.00 
Flood relief donation: $30.00 
Birthday gift from parents: $100.00

Clothes: $125.00 
Restaurant dinner: $35.00 
Cell phone bill: $65.00 
Paycheque: $800.00 
Computer loan payment: $65.00  
Yard work for parents: $45.00 

solutIon

First separate the entries into two columns, income and expenses.

loree’s Monthly InCoMe and expenses

Income Expenses

Sold skateboard: $65.00 Bike race entry fee: $75.00

Yard work for parents: $45.00 Restaurant dinner: $35.00

Birthday gift from parents: $100.00 Computer loan payment: $65.00

Paycheque: $800.00 Gas: $45.00

Clothes: $125.00

Groceries: $75.00

Car insurance: $180.00

Flood relief donation: $30.00

Cell phone bill: $65.00

Examine the items under income. Only the paycheque is likely to be 
regular income. The other income for the month would be considered 
variable because none of it is predictable.

Recurring expenses would probably be the computer loan payment and 
the car insurance.

All the remaining expenses would probably be variable, although the cell 
phone bill may be fixed if Loree has a monthly plan.
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example 2 

Many restaurants hire 
students as part-time 
employees throughout 
the school year and as 
full-time employees 
during summer 
holidays.

Yuri is a high school student. He works part time at a fast-food restaurant and 
earns some additional money delivering newspapers in his neighbourhood. 
Below are his monthly income and expense records. He plans to put extra 
money into a savings account to save for a computer animation course he 
wants to take.

yurI’s Monthly InCoMe and expenses

Income Expenses

Semi-monthly paycheques: $300.00 Clothing and misc. personal items: $100.00

Newspaper delivery: $75.00 Entertainment: $150.00

Cell phone bill: $45.00

Gym membership: $90.00

Restaurant meals: $50.00

a) How much is Yuri able to save over the course of one year?

b) Next year, Yuri will receive a net 5% raise at his part-time job. Assuming 
all his expenses remain the same, calculate how much Yuri will save over 
the course of 2 years. Omit calculation of interest earned on his savings.

solutIon

a) First calculate Yuri’s total monthly income and expenses.

total income = ($300.00 × 2) + $75.00

total income = $675.00

total expenses = $100.00 + $150.00 + $45.00 + $90.00 + $50.00

total expenses = $435.00

Subtract expenses from income to calculate how much will be available 
to put into savings.

income – expenses = savings

$675.00 – $435.00 = $240.00
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Calculate his total savings for 1 year.

$240.00 × 12 = $2880.00  Multiply the monthly 
savings by 12 to find his 
annual savings. 

Yuri is able to save $2880.00 over the course of 1 year.

b) To calculate Yuri’s net income after his raise, add 5% to his current 
income from his part-time job.

$600.00 × 1.05 = $630.00  To increase income by 
5%, multiply monthly 
income by 1.05.

Then calculate the amount he saves per month.

total income = $630.00 + $75.00 

total income = $705.00

total expenses = $435.00

income – expenses = savings

$705.00 – $435.00 = $270.00 savings

Calculate his total savings for year 2.

$270.00 × 12 = $3240.00  Multiply the monthly 
savings by 12 to find his 
annual savings.

Calculate his total savings for years 1 and 2 by adding the 
two amounts.

year 1 savings:     $2880.00 

year 2 savings: +  $3240.00

total: $6120.00

Yuri will save $6120.00 over the course of 2 years.

Mental Math and estimation

If, in Example 2 above, Yuri’s savings earned $180.00 in interest, what would 
his total savings be after 2 years? If he decided to spend 20% of his savings on 
a holiday, how much would he have saved for the holiday after 2 years?
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example 3

expenses for a bike trip can 
include specialized gear such 
as saddlebags, or panniers.

Nathan is planning a graduation cycling trip to New Zealand with his friends. 
He expects that the two-week vacation will cost approximately $3700.00 CAD 
and he has 9 months to save up for the trip. Nathan is a part-time lifeguard, 
and he does odd jobs around his neighbourhood for extra work. Last year, his 
net income was $12 500.00, and he expects to earn about the same next year. 
Because his work is irregular, he is paid different amounts each month. 

a) What dollar amount, rounded to the nearest whole dollar, should 
Nathan save each month in order to have enough money for this trip 
after 9 months?

b) What percent of Nathan’s pay should he save?

solutIon

a) Calculate how much Nathan needs to save each month.

$3700.00
9 months

≈ $411.11

Nathan needs to save about $411.00 a month.

b) First calculate how much money Nathan will earn in the next 9 months. 
Assume his rate of pay for 12 months is equal to his rate for 9 months. 
Set up a proportion. Let x represent his earnings for 9 months.

$12 500.00
12 months

= x
9 months

36 × $12500.00
12 months

= x
9 months

× 36 Multiply both sides by a 
common factor.

$450 000.00
12 months

= 36x
9 months

Simplify each side of the 
equation by dividing 
the numerator by the 
denominator.

$37 500.00 = 4x

$9375.00 = x

Nathan will earn $9375.00 over the next 9 months.

Calculate what percentage of his total earnings he needs for his trip.

Divide the cost of the trip by his income over 9 months and 
multiply by 100.

$3700.00
$9375.00

× 100 ≈ 39.47%

Because the cost of his trip is approximately 40% of his total earnings 
for 9 months, Nathan will need to save about 40% of his pay.
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ACtIVIty	7.1

balanCIng InCoMe and expenses

Work in a group to answer the following questions.

jaCkson’s Monthly InCoMe and expenses

Income Regular or 
variable

Expenses Recurring 
or variable

Priority

Tips $220.00 Rent $500.00

Paycheque $800.00 Food $400.00

House-painting $950.00 Entertainment $75.00

Tips $175.00 Loan payment $300.00

Paycheque $800.00 Cost of new bicycle $1250.00

Clothing $50.00

Car insurance $180.00

Gas $150.00

Cell phone $74.00

Car loan $300.00

Charitable donations $38.00

Total Total

sample

1. Examine Jackson’s monthly financial records shown here. Classify each 
item of income as regular or variable.

2. Classify each expense as recurring or variable.

3. How would you determine if Jackson’s income and expenses are balanced? 
Do the necessary calculations.

4. Prioritize the expenses and mark numbers 1 to 11 beside each entry, with 
1 being the most important. Is there agreement in your group on how to 
rank the expenses?

5. How might Jackson balance his income and expenses?
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buIld your skIlls 

buying a fuel-efficient 
vehicle can reduce the time 
and money you spend at the 
gas pump.

1. Classify each expense as recurring, variable, or unexpected. Prioritize each 
item from 1 to 8 (1 being most important) and give reasons for your ranking.

Gas for car: $68.00 
Muffler: $135.00 
Rent: $760.00 
New TV: $799.00 

Telephone bill: $55.00 
Savings: $50.00 
Birthday gift: $42.00 
Insurance: $71.00

2. Doug is a self-employed home energy auditor. He makes recommendations 
for improving the energy efficiency of homes. He manages his money well 
and typically saves $3500.00 every year. He would like to purchase a new 
thermal imaging device so that he can detect parts of a house that are poorly 
insulated. The device costs about $2200.00. Assuming he saves about the 
same amount of money each month, how many months will Doug need to 
save so he can afford to buy this equipment?

T 3. Kim runs a T-shirt printing business in Prince George, BC, and gets paid 
when each job is finished. Below is a record of her income and expenses 
for one month.

kIM’s Monthly InCoMe and expenses

Income Regular or variable Expenses Recurring or variable

Job 1 $700.00 Transportation $600.00

Job 2 $350.00 Entertainment $450.00

Job 3 $855.00 Food $500.00

Job 4 $820.00 Rent $1500.00

Job 5 $1063.00 Child care $600.00

Insurance $200.00

Miscellaneous $300.00

Total Total

sample

a) Copy and complete the table in your notebook or put the data into a 
spreadsheet.

b) For each category of income, indicate whether it is regular or variable.

c) By what amount is Kim’s income less than or more than her expenses?

d) Prioritize her expenses and suggest ways to reduce them. For each 
expense, indicate if it is recurring or variable.
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4. André works as a waiter and earns approximately $340.00 a week in net 
income and $125.00 in tips.

a) Calculate André’s approximate monthly income.

b) André wants to rent an apartment. He has done online research to find 
guidelines for what percentage of his income should be allocated to 
different categories of expenses. The Spending Guidelines table shows 
the recommended percentages. Use the table to determine in what 
price range André should be looking for an apartment.

spendIng guIdelInes

Income Percentage of income

Housing 25–35%

Transportation 10–15%

Food 5–15%

Utilities 5–10%

Medical/health 5–10%

Personal 5–10%

Clothing 2–7%

Charitable donations 10–15%

Savings 5–10%%

c) If André is unable to find an apartment within this price range, what 
are some options he could consider? 

d) André contributes $30.00 monthly to a charitable organization. This 
month he has received a special appeal to also make a contribution to 
the Red Cross for disaster relief. How much more can he contribute to 
charity this month and stay within the recommended guidelines?

People commonly leave 
15–20% of the cost of a meal 
as a tip.
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blanket toss, shown here, and bench 
reach are two of the events athletes 
compete in at the northern Games.

5. Vanessa is an athlete competing in Canada’s Northern Games, 
which celebrate Inuvialuit traditions and sport. She excels in 
bench reach, a traditional game designed to develop strength. 
Vanessa needs to save $1500.00 over 6 months to pay for the 
expenses associated with the trip. 

a) Vanessa’s take-home pay is $1200.00 a month. What 
percentage of her net income will she need to save each 
month in order to reach her goal?

b) If Vanessa saves this percentage of her income each month, 
how much money will she have left to cover all her regular 
expenses? Is this a reasonable amount?

6. Sandra believes she can save 35% of her net income from a 
cashier job to attend a chef training school at Vancouver Island 
University. The program will cost $4200.00 and begins in just 
10 months. 

a) What net monthly income does Sandra need to earn in order 
to afford the tuition after saving for 10 months?

b) Sandra earns a net wage of $10.75 an hour. How many 
hours will she need to work per week to earn the income 
calculated in a)?

c) If Sandra is unable to earn the income needed to save $4200.00 over 
10 months, what other options could she consider?

7. Marie-Hélène is an electrician in Yellowknife, NT, who earns a net annual 
income of approximately $55 000.00, partly in salary and partly from 
contract work.

a) If 20% of Marie-Hélène’s monthly income is variable income from her 
contract work, calculate the dollar value of her regular and variable 
monthly income.

b) Marie-Hélène’s regular income is from her salary. Calculate her 
annual salary.

c) Marie-Hélène spends 30% of her time on contract work. If she wished 
to increase her annual income, would it be more advantageous to 
increase the time spent on contract work or at her salaried position? 
Explain your thinking. 
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8. Brad is saving to buy his first car. The used car will cost approximately 
$7000.00, and he would like to buy it in 1 year. Brad works as a waiter 
at a popular restaurant in Banff, AB, where he earns an hourly wage 
and tips. For the months of March to May, Brad earned take-home pay 
totalling $4720.00.

a) Given his income level, what percentage of his earnings does Brad need 
to save on a monthly basis in order to afford the car in 1 year?

b) If he earns on average 10% more during June, July, and August and 
he saves the same percentage of his earnings during those months as 
he does for the rest of the year, how much would he save each month 
during those months? 

c) If Brad earns 10% more during June, July, and August, how long will it 
take him to save enough for the used car?

extend your thinking

this helicopter maintenance 
person works for Canadian 
helicopters Ltd. in norman 
Wells, nt.

9.  Leanne borrowed $15 000.00 from her parents to attend 
helicopter maintenance school. Her parents did not charge 
her any interest while she was at school, but they began 
charging her an annual interest rate of 4.50%, compounded 
monthly, on the day of her graduation. Leanne did not have 
to make any payments on the loan while she was in school. 
She began working in her new vocation immediately after 
graduation and earns a gross annual salary of $55 000.00.

a)  Leanne’s parents have given her the option to wait 2 
years after graduation to begin making payments, but 
interest accumulates during that time. If she makes no 
payments, how much will she owe after 2 years?

b)  After 2 years, Leanne and her parents decide to set a term of 3 years on 
the loan. Using the amount calculated in part a) and an online monthly 
loan payment calculator, find out Leanne’s monthly payments on the 
loan. What percentage of her gross monthly salary does this represent?

c) Another option is for Leanne to start paying her loan immediately 
upon graduation and set a term of 5 years on the loan. Using an online 
monthly loan payment calculator, find out Leanne’s monthly payments 
on the loan of $15 000.00. What percentage of her gross monthly 
salary does this represent?

d) Analyze each repayment method. With which method will she pay 
more interest? Write one positive comment and one negative comment 
about each payment method.

T
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7.2the budgeting process

MATH on the Job
Carrie Hamilton, a glass bead maker from Edmonton, Alberta, winds green 
and gold swirls around the exterior of luminous blue ovals. She also designs 
beads in the shapes of spheres and cylinders. These are used to make 
different pieces of jewellery, such as charms, bracelets, and earrings. 

Carrie hamilton makes glass beads in her 
workshop. People have been making glass 
beads for over 2000 years.

The glass Carrie uses for each bead comes as cylindrical rods. Before making 
a piece of jewellery, Carrie determines the amount of glass she will need to 
make each bead in the accessory. She then buys enough rods to make the 
beads. 

Suppose Carrie is considering buying a new vehicle so that she can transport 
her product and a portable sales tent and table to different farmers’ markets 
and craft fairs. The loan for a vehicle she would like to buy will require 
payments of approximately $450.00 per month. 

1. How can Carrie plan to meet this loan payment each month? 

2. If Carrie didn’t want to take out a loan, how else could she purchase the 
vehicle?

3. If Carrie’s net monthly income is $2800.00, what percentage of her net income would she be spending on loan 
payments?

explore the Math 

When personal budgets are created based on what you think you are spending 
each month, they are often inaccurate. For this reason, you need to examine 
all your financial transactions over several months and project what you think 
will happen over the next period, whether it is a month, 6 months, or longer. 
If you don’t know where your money has been spent, it will be difficult to 
prepare a budget that accurately projects future expenses. 

Because a budget is a plan for the future, it is based on estimates, not exact 
amounts that you earned and spent in previous months. A conservative 
budget underestimates income and overestimates expenses. 

conservative budget: a 
budget that underestimates 
income and overestimates 
expenses

If income exceeds expenses, you have a surplus. When making a budget, you 
can account for a surplus by allocating that amount to “savings” or an item 
such as “unexpected expenses.” By doing so, your income and expenses will 
be balanced.

surplus: the amount by 
which income exceeds 
expenses

deficit: the amount by 
which expenses exceed 
income

• What are some advantages of preparing a conservative budget?

• How would you adjust a budget that had a deficit?
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To prepare a budget, you break down your expenses into broad 
categories, such as food and transportation. Therefore, each category in a 
budget can include many individual financial transactions. For example, 
if you own a vehicle, the budget expense “transportation” might include 
car loan payments and the costs of gasoline, licensing, insurance, regular 
maintenance, and occasional repairs.

Saving receipts and bills can 
help you track and assess 
your spending.

T It is possible to create basic working budgets with pencil, paper, and 
calculator. However, spreadsheets provide an opportunity to make this 
job easier by automating certain calculations.

•  If you have a 6-month budget that you prepared earlier in the year, 
what steps could you take to ensure that the next budget you prepare 
is accurate?

dIsCuss the Ideas 
startIng a budget

Work in a group to discuss the following scenario.

Renée, who lives in Neepawa, MB, has decided to keep all receipts and a record 
of all her financial transactions over the course of one month. Her records 
show the following transactions.

renée’s fInanCIal transaCtIons

Groceries: $300.00 Transportation: $45.00 Rent: $800.00

Paycheque: $1150.00 Clothes: $25.00 Entertainment: $320.00

Restaurant meals: $80.00 Paycheque: $1050.00 Utilities: $65.00

Cell phone: $75.00 Internet and digital TV: $115.00 Savings: $150.00

1. How could you use these financial records to create a monthly budget? 

2. How do you know whether Renée’s expenses and income are balanced?

3. If her income and expenses are not balanced, what could she do to adjust 
her budget?

4. Do you think a budget based on just these data will be accurate? How 
could the budget be made more reliable?
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example 1 

David plays bass guitar in an alternative rock band in Saskatoon, SK. The band plays gigs 
almost every weekend and has already completed one cross-Canada tour. David has been 
very careful to record his financial transactions over a 6-month period so that he can create 
an accurate budget to help him plan for his future. He would like to start saving some money 
on a monthly basis. Below is David’s list of his income and expenses for the past 6 months.

davId’s InCoMe and expenses for the past 6 Months

Income Expenses

septeMber

$600.00 Food: $200.00

$215.00 Rent: $650.00

$600.00 Car: $150.00

$175.00 Entertainment: $140.00

$50.00 Other: $50.00

$75.00

oCtober

$600.00 Food: $175.00

$115.00 Rent: $650.00

$600.00 Car: $140.00

$175.00 Entertainment: $200.00

$150.00 Other: $210.00

$75.00

noveMber

$600.00 Food: $215.00

$50.00 Rent: $650.00

$65.00 Car: $400.00

$600.00 Entertainment: $165.00

$50.00 Other: $75.00

$75.00

Income Expenses

deCeMber

$600.00 Food: $140.00

$600.00 Rent: $650.00

$175.00 Car: $140.00

Entertainment: $50.00

Other: $300.00

january

$600.00 Food: $215.00

$124.00 Rent: $650.00

$600.00 Car: $180.00

$175.00 Entertainment: $50.00

$315.00 Other: $215.00

february*

$600.00 Food: $50.00

$50.00 Rent: $650.00

$215.00 Car: $0.00

$600.00 Entertainment: $250.00

$175.00 Other: $300.00

$45.00

*Went on tour this month.

a) Identify David’s regular and variable income and calculate the totals for each category 
of income per month.

b)  Identify David’s fixed and variable expenses and calculate the totals for each category 
of expenses per month.

c)  Design a conservative monthly budget for David. Allocate any income that exceeds 
expenses to savings.

d)  If David follows this budget, forecast the amount that he will have saved after 1 year.
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solutIon

If you can’t afford to buy 
musical equipment or 
instruments, you can rent 
them from many music 
stores.

a) David appears to have a regular income of $1200.00 per month. 

To calculate his variable income, average his variable income over 
the 6 months.

First, total his variable income for each month.

September:  $215.00 + $175.00 + $50.00 + $75.00 = $515.00
October:  $115.00 + $175.00 + $150.00 + $75.00 = $515.00
November:  $50.00 + $65.00 + $50.00 + $75.00 = $240.00
December:  $175.00  
January:  $124.00 + $175.00 + $315.00 = $614.00
February:  $50.00 + $215.00 + $175.00 + $45.00 = $485.00

Next add the monthly totals.

$515.00 + $515.00 + $240.00 + $175.00 + $614.00 + $485.00 = $2544.00

Then divide by 6 months to calculate his monthly average.

$2544.00
6 months

= $424.00

His variable income averages $424.00 a month.

b) David’s only fixed expense is his rent at $650.00 a month. For all of his 
variable expenses, average and then overestimate his expenses.

For the month when he is on tour, do not include food or car expenses 
in calculating the monthly average expenses because including them 
could bring down the average too much.

Total his food costs for 5 months and divide by 5 to find the 
monthly average.

Food:

($200.00 + $175.00 + $215.00 + $140.00 + $215.00)
5

= $189.00 

Total his car expenses for 5 months and divide by 5 to find the 
monthly average.

Car:

($150.00 + $140.00 + $400.00 + $140.00 + $180.00)
5

= $202.00 

For the other variable expenses, total them and divide by 6 to find the 
monthly average.
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Entertainment:

($140.00 + $200.00 + $165.00 + $50.00 + $50.00 + $250.00)
6

= $142.50 

Other:

($50.00 + $210.00 + $75.00 + $300.00 + $215.00 + $300.00)
6

≈ $191.67

c) To create a conservative budget, underestimate David’s variable income 
as $400.00 a month. Overestimate his expenses by rounding up each 
category of expense. Rent is not rounded up because it is a fixed expense.

Rent: $650.00 a month
Food:  $189.00 ⇒ $200.00 a month
Car:  $202.00 ⇒ $210.00 a month
Entertainment: $142.50 ⇒ $150.00 a month
Other:  $191.67 ⇒ $200.00 a month
Savings: surplus of income over expenses

davId’s Monthly budget

Income

Regular $1200.00

Variable $400.00

Total income $1600.00

Expenses

Rent $650.00

Food $200.00

Car $210.00

Entertainment $150.00

Other $200.00

Savings $190.00

Total expenses $1600.00

This budget would be considered conservative because the income is 
underestimated and the spending is overestimated. David will be able to 
save $190.00 per month. 

d) Multiply his monthly savings by 12.

$190.00 × 12 = $2280.00

If David follows this budget, he will have saved $2280.00 after 1 year.
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Mental Math and estimation

Rose-Marie is a student at École technique et professionnelle at Collège 
universitaire de Saint-Boniface. She is studying to earn a diploma in tourism 
management. She lives with her parents and works part-time as a waitress, earning 
on average $750.00 a month, including tips. Here are her monthly expenses.

rose-MarIe’s Monthly expenses

Tuition: $300.00 Transportation: $85.00

Clothing and personal items: $100.00 Entertainment: $50.00

Other: $150.00

1. Based on these expenses, will her budget be balanced? Explain your answer.

2. If she saves the difference between her income and expenses for 6 months, 
how much will she have saved?

example 2 

In Canada, on average, 
food accounts for 11% of 
household expenditures.

Kailea wants to design her budget using a spreadsheet. She needs some 
assistance with the formatting, but she likes the spreadsheet’s ability to speed 
up calculations when she makes small adjustments to her budget.

Kailea works at an electronics store where she earns an annual net salary of 
$15 000 and a commission that is 3% of her monthly sales. She expects her 
sales to average $20 000.00 a month. She has already written a list of her 
expected expenses.

kaIlea’s expeCted Monthly expenses

Food: $250.00 Gas and car maintenance: $250.00

Rent: $720.00 Clothes: $100.00

Car insurance: $180.00 Miscellaneous: $200.00

Savings: $150.00

T a) Show Kailea how to format the necessary cells in her spreadsheet.

b) Kailea balances her budget by allocating any income higher than expenses 
to savings. If she plans to invest her savings at the end of the year in a GIC 
that earns 3% interest compounded annually, how much would she have in 
savings after 5 years?
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solutIon

a) First set up the budget headings and columns in a spreadsheet. To 
determine Kailea’s monthly income, divide her annual salary by 12. Then 
categorize her expenses and put them in a spreadsheet, omitting the 
numbers in the cells that are outlined in black. You will format these cells 
in the next step.

A B C D

1 Kailea’s Monthly Budget

2 Monthly sales $20 000.00

3 Income Recurring expenses

4 Regular $1250.00 Rent $720.00

5 Variable $600.00 Car insurance $180.00

6 Savings $150.00

7 Variable expenses

8 Food $250.00

9 Gas and car maintenance $250.00

10 Clothes $100.00

11 Miscellaneous $200.00

12 Total income $1850.00 Total expenses $1850.00

To calculate the variable income, which is based on 3% of the monthly 
sales ($20 000.00), format cell B5 by entering “=0.03*$B$2”.

To calculate her total income, cell B12, add cells B4 and B5. Enter 
“=sum(B4:B5)”.

To calculate her total expenses, cell D12, enter “=sum(D4:D11)”.

b) To calculate Kailea’s savings after 1 year, multiply her monthly 
savings by 12.

$150.00 × 12 = $1800.00

To calculate the accumulated amount saved after 5 years, use the 
compound interest formula.

A = P ( )
( )

1 + r
n

nt

A = 1 + 0.03
1

1×5
($1800.00)

A = $1800.00 (1 + 0.03)5

A ≈ $2086.69

Kailea should have saved approximately $2086.69 after 5 years.
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alternatIve solutIon

Kailea’s savings could also have been calculated using the 
spreadsheet software.

Add three rows to the bottom of the spreadsheet.

A B C D

13 Kailea’s Savings

14 Annual savings =12*D6

15 Savings after 5 years =D14*(1.03)^5

D14:  This cell is the amount of money Kailea saves in 12 months. It is 
equal to 12 times the amount saved in one month (cell D6).

D15:  This cell is the value of the investment after 5 years of compounding, 
formatted with the compound interest formula and using cell D14 as 
the principal.

Mental Math and estimation

Audrey would like to upgrade her cell phone plan to include data. The new 
plan will cost $40.00 a month more than the $25.00 a month she now pays.

1. If her total expenses are currently $20.00 less than her income, how much 
will she be over budget if she subscribes to the new plan?

2. Audrey subscribes to the new cell phone plan and works more hours to 
increase her monthly take-home pay by $80.00. When she prepares her 
next budget, how will she revise her projected income and expenses?

ACtIVIty	7.2	

fInanCIal plannIng for a sport or hobby

T Work with a partner for this activity. Assume you are a second-year apprentice 
machinist. You earn 35% more than the minimum wage in your province or 
territory and work 120 hours per month. Your net pay is approximately 70% 
of your gross pay. You live with your family and have the following monthly 
expenses. Choose a hobby or sport that you or your partner would like to get 
involved in.

Monthly expenses

Room and board: $350.00 Transportation: $75.00 Cell phone: $55.00

Clothing: $60.00 Savings: $200.00 Recreation: $125.00
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1. Choose a hobby or sport that you would like to be involved in.

2.  Investigate and document all the costs associated with starting this new 
activity such as cost of equipment, lessons, user fees, and so on.

3.  Calculate your monthly income based on the information provided above. 

4.  Create a balanced monthly budget using this income and the expenses listed 
above. Adjust the amount allocated to savings in order to balance the budget.

5. Is there enough money allocated to savings for you to begin your new hobby or 
sport? If not, how long will it take you to save for your new hobby or sport?

Present your budget as a table or on a spreadsheet to another group in 
your class.

these Filipino folk dancers 
are performing at the 
Vancouver Chinatown night 
Market. Costs associated 
with this activity include 
costumes, instruments, and 
props.buIld your skIlls 

Canadian ski and snowboard 
hills include the nitehawk 
Ski hill in Alberta and 
Mission Ridge Winter Park in 
Saskatchewan.

1. Every month, Stuart is going further and further into debt. He can’t 
understand where all his money is going. He earns a decent wage as a 
mineral processing technician, but every paycheque seems to go right into 
paying all his minimum credit card payments and his truck payments. 
Then, he ends up going further in debt for such necessities as food, 
rent, and gas.

a) Write a few sentences describing what Stuart could do to help 
understand where his money is going.

b) What are some steps Stuart could take to get better control of 
his finances?

2. Francey has kept track of her finances over the past 6 months. Averages 
for her income and spending are listed below. Francey lives near Mount 
Washington, BC, and would like to spend about $1000.00 on new 
snowboard equipment next year. 

a) Create a conservative budget for Francey. What amount can she 
save monthly? 

b) Can Francey afford the new snowboard 
equipment? Explain why or why not.

franCey’s InCoMe and expenses

Monthly Averages

Income Expenses 

$1856.00 Rent: $625.00

Transportation: $250.00

Food: $320.00

Other: $370.00
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3. Below is a list of transactions from Janine’s bank statement over the course 
of 1 month.

Sept 1 –$650.00 Cheque #021 Rent
Sept 1 $1400.00 Paycheque
Sept 3 –$212.40 SuperGroceries

Sept 5 –$45.00 Gas

Sept 5 –$40.00 Cash
Sept 5 –$1.50 Transaction fee
Sept 10 –$54.25 SuperGroceries

Sept 11 –$60.00 Cash
Sept 11 –$1.50 Transaction fee

Sept 15 $1400.00 Paycheque

Sept 17 –$48.00 Gas

Sept 17 –$55.00 Pizza Palace
Sept 21 –$120.00 Cheque #022  

Car Insurance
Sept 22 –$42.00 Bigger Burgers

Sept 22 –$15.00 Cinema Magic
Sept 24 –$47.45 Wow Clothing Co.
Sept 24 –$35.00 Cheque #023 

Charity ABC
Sept 28 –$3.50 Wake-up Coffee
Sept 30 –$60.00 Cash

Sept 30 –$1.50 Transaction fee

a) Categorize the transactions as income or expenses and fixed 
or variable.

b) Build a conservative monthly budget. Allocate any surplus to savings.

c) After 1 year, Janine invests half of her savings in a GIC that earns 3% 
interest, compounded annually. Calculate the accumulated amount of 
her savings after 10 years.

this woman is 
communicating using 
American Sign Language 
(ASL). ASL is used primarily 
in the USA and Canada.

4.  Alana works as a secretary and earns $16.00/h. She works 8-hour days, 
5 days a week. Alana uses hearing aids but is also fluent in American Sign 
Language. She wants to buy new hearing aids that are smaller and use 
more advanced technology. To do this, she needs to save $2000.00. 

 Alana prepares a list of her weekly expenses to help her save. They include:

Transportation: $25.00 
Entertainment: $80.00 
Food: $90.00 

Rent: $150.00 
Other: $25.00 
Clothes and personal items: $40.00

a) If Alana’s deductions on her income (taxes, EI, and so on) are 
approximately 30% of her gross income, what is Alana’s net 
weekly pay?

b) Prepare a weekly budget for Alana. Allocate any surplus to savings.

c) Approximately how many weeks will it take Alana to save $2000.00?

d) If Alana felt she needed the new hearing aids sooner than her current 
budget allows, what are some options she could consider?

5. Financial advisors recommend that you set aside money on a monthly 
basis for unexpected expenses. Marc owns a painting business and earns 
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5. Financial advisors recommend that you set aside money on a monthly 
basis for unexpected expenses. Marc owns a painting business and earns a 
variable income that nets about $3500.00 per month. 

a) If Marc allocates $250.00 per month for unexpected expenses, what 
percentage of his net income is that?

b) What are some unexpected expenses that Marc may encounter?

6. Devin is a student and a part-time employee at the aquatic centre in 
High Prairie, Alberta. He works 16 hours per week and earns $10.40/h. 
Approximately 30% of his gross pay goes to taxes and other deductions. 
He lives with his family, so he has minimal expenses. Any budget surplus 
goes into savings.

hInt

Remember to format 
the appropriate cells if 
you use a spreadsheet.

devIn’s expenses

Cell phone: $40.00/month Entertainment: $40.00/week

Transportation: $25.00/week Clothing and personal items: $50.00/month

T a) Create an annual budget for Devin. Use either a calculator or a 
spreadsheet.

b) How much does Devin save weekly, monthly, and annually?

c) If his monthly cell phone bill increases by $20.00, by what percent will 
Devin’s annual savings decrease?

7. Elaine is beginning her apprenticeship as an electrician. She plans to offset 
her tuition costs with paid apprenticeship work. Elaine’s course work takes 
20 hours/week, and she has approximately 20–30 hours available per week 
to work as an apprentice electrician. Elaine’s tuition costs are $150.00/week 
and her living costs are approximately $400.00/week.

a) Elaine has been offered an apprenticeship position for a wage of 
$15.00/h. Would you advise Elaine to accept this position? Explain 
your thinking.

b) If approximately 30% of Elaine’s hourly wage goes to deductions, what is 
her net weekly income if she works 25 hours at $15.00/h? 

c) Given the calculation in b), how many hours would Elaine need to 
work to balance her budget? Based on this information, what would 
you advise Elaine to do about the job offer?
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extend your thinking

8.  Josif works at a meat processing plant in High River, AB, where he has 
the opportunity to increase his income by working overtime, for which he 
earns time and a half. He is paid $17.50 per hour for regular time, which is 
40 hours a week. His net pay is 70% of his gross pay.

 Josif is a single father with two pre-teen children. He conservatively 
estimates that their monthly expenses are $650.00 for food, $1200.00 
for housing (mortgage, taxes, insurance, and utilities), $200.00 for gas, 
$300.00 for educational savings, and $200.00 for miscellaneous expenses.

T a) Use a calculator or a spreadsheet to draft a monthly budget for Josif. 
Does his draft budget show a surplus or deficit?

b)  Adjust the hours Josif works so that his budget is balanced. Show the 
changes to his monthly budget in a table or spreadsheet. How much 
overtime should Josif work each week?

c)  If Josif chose not to work overtime because he wants to spend more 
time with his children, how else could he balance his budget?

A budget can allow you to save money for a family outing.
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PRojeCt—BuDGetInG	to	lIVe	AwAy	FRom	home

gather data

Moving out and living on your own for the first time can be 
challenging and stressful. However, if planned for properly, 
moving away from home can also be exciting and rewarding 
as you achieve greater independence. 

When you move into your own apartment, you can create your ideal 
living space.

Begin the project by setting up some parameters—where 
you might live, what kind of job you might have, and so 
on—and research real-life data so that you can build an 
accurate budget later in the chapter. You may or may not 
know what you plan to do after you finish your schooling, 
so feel free to be creative but realistic in your answers to 
the questions below. Part of the final mark for the project 
will be based on the accuracy and reasonableness of your 
budget. Be sure to save clippings or web page references 
from your research so you can include them with your final 
presentation.

1. Income: Choose a career that you would like to have 
after you finish your schooling. Research the beginning 
salary or wage for this career as well as the current level of income tax that you would need to 
pay for the province/territory where you plan to live. If you expect to work two part-time jobs, 
research wages for both of them.

2. Expenses: 

a) Income tax: Estimate federal and provincial/territorial tax for the income bracket you expect 
to be in.

b) Housing: Choose an area in Canada where you would like to live. Research the housing 
costs for this area. Be specific with your location and type of housing, and include other 
costs that may be associated with your accommodation expense.

c) Utilities: Research costs for heat, light, telephone, cable, and so on.

d) Transportation: Choose a method of transportation that is reasonable and practical for your 
location and career choice. Research the expenses for this type of transportation. If you 
intend to use a car, include average fuel and maintenance costs and parking fees.

e) Food: Research typical food and restaurant costs in your chosen area.

f) Savings: When preparing a budget, an established principle is “pay yourself first.” This 
means saving some money each month for future unexpected expenses or for large planned 
purchases (a car, a vacation, a new snowboard). Choose an item to save for and research 
the cost of that item. 

g) Charitable donations: Consider making regular contributions to a charity or non-profit 
community organization whose work you want to support.

h) Clothing and personal items: How much do you plan to spend on clothing, on average, in a 
month? How much will toiletry items and other ongoing personal expenses cost?

i) Other: What are some other expenses that are unique to you? Do you play sports or have 
recreational activities that involve expenses? List these other expenses and research costs 
associated with them.
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7.3 analyzing a budget

MATH on the Job

byron makes his living as an illustrator.

Byron Leboe is a cartoonist in North Vancouver, 
BC. He has always had a passion for sketching 
and art, and he considers himself very fortunate 
to be able to make a living doing what he loves. 
He creates illustrations for film and television for 
different studios, working on a contract basis.

A self-portrait of byron at work.

Byron would like to purchase a new computer 
with a writing pad tablet so that he can do 
some of his work from home. He has prepared 
a monthly budget based on his actual income 
and expenses for the past 4 months. His net 
pay is approximately $3800.00 per month, and 
a breakdown of his expenses is shown in the 
circle graph.

Savings

Photography

Other

Transportation

Clothing

Food

Rent

Savings

Photography

Other

Transportation

Clothing

Food

Rent

Section 7.3 Build Your Skills #6bSection 7.3 Build Your Skills #6a

Section 7.3 Activity 7X (Duma), 
part B #1

Other

Transportation

Food

Housing

Section 7.3 Activity 7X (Duma), 
in SB

Other

Savings

Food

Transportation

Housing

Section 7.3 BYS #7a

Savings

Cell/internet/cable

Transportation

Food

Housing

Section 7.3 Math on the Job

Savings

Miscellaneous

Charitable donations

Entertainment

Food 

Car

Housing

Byron’s Monthly Expenses

4% 3%

40%

18%

16%

11%

8%

Section 7.3 Build Your Skills #2

Saving

Giving

Recreation

Utilities

Food

Rent

Section 7.3 Example 2c

Entertainment/Other

Savings

Cell phone

Transportation

Food

Rent

Marlene’s Current Monthly ExpensesGurjinder’s Monthly Expenses Marlene’s Suggested Monthly Expenses

Recommended Spending GuidelinesDuma’s Monthly Expenses

Vern’s Monthly ExpensesMarcel’s Weekly Expenses

1.  How much does Byron spend on each budget category each 
month? If he decreased his miscellaneous expenses to 5%, how 
much money could Byron put into savings each month? 

2.  Byron estimates that the new computer will cost about 
$1500.00, and he also wants to save to buy a car in 2 years, for 
about $10 000.00. After 2 years, will he be able to afford both 
the new computer and the car? 

3. Byron is considering taking on an additional work contract that would increase his annual net income by $4800.00, 
which he would save. If he incorporated this change into his budget along with the change made in question 1, how 
much would his monthly savings be? Create a circle graph that represents the changes to his budget.
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explore the Math 

Budgets are plans that need to be reviewed and adjusted to reflect changing 
income, expenses, and goals. So far, you have looked at tracking financial 
transactions and creating budgets using past data.

• If you use financial figures from the past 6 months to create a budget for 
the next 6 months, how will you know whether your actual income and 
expenses over the next 6 months will match what is in the budget? 

You determine this by comparing your actual income and expenses to the 
budgeted items. You can then assess whether you need to make changes to 
your budget for the next financial period.

• In the example above, if Byron spent 25% of his income on food rather 
than the projected 18%, how might this affect the budget he prepares for 
the next 6-month period?

T Technology is very helpful in tracking actual versus budgeted amounts. 
Spreadsheets allow users to make changes to one category of expense and 
instantly see how that change affects other parts of the budget. Spreadsheets 
also have easy-to-use graphing applications that allow you to visualize 
your expenses.

dIsCuss the Ideas
assessIng InCoMe and expenses

Sylvester and Aisha both live in apartments in Carcross, 
YT. Sylvester’s semi-monthly net pay is $950.00 and Aisha’s 
is $750.00.

a) Which of them is likely to spend a larger percentage of 
his or her monthly income on basic needs (housing, food, 
transportation, clothing)? Explain your reasoning.

b) If Aisha completes her training as a pharmacy technician 
and earns an annual net salary of $22 900.00, by what 
percentage has her monthly income increased? What are 
some adjustments she might make to her budget?

c) Sylvester is paying off his student loan, which has an 
annual interest rate of 4.5%. Will he pay it off sooner if 
he pays $75.00 semi-monthly or $150.00 monthly? How 
would he budget differently for the two payment methods?

Locals and tourists meet at the Caribou Café in 
Carcross, Yukon.



MathWorks 11328

example 1

If you had a full-time job, 
what percentage of your 
monthly income would you 
try to save?

Jessica’s annual savings are $2750.00 and account for 5% of her net pay. She 
would like to increase her savings to 12%.

a) How much will Jessica save annually if she makes this change? 

b) How much will she save weekly?

c) What is Jessica’s net annual income? 

d) Is saving 12% of this net annual income a reasonable amount?

solutIon

a) Set up a proportion comparing the two savings rates. Let x represent 
Jessica’s new savings amount.

$2750.00
0.05

= x
0.12

0.12 × $2750.00
0.05

= x
0.12

× 0.12 Multiply both sides of the equation 
by 0.12 to isolate x.

$330.00
0.05

= x

$6600.00 = x

Jessica needs to save $6600.00 annually in order to bring her savings 
up to 12%.

b) Calculate Jessica’s weekly savings by dividing her annual savings 
by 52 weeks.

$6600.00 ÷ 52 ≈ $126.92

Her weekly savings will be $126.92.

c) 5% of Jessica’s total net income is $2750.00. Let y be Jessica’s total 
net income. 

5% of y equals $2750.00. 

0.05y = $2750.00

0.05y
0.05

= $2750.00
0.05

y = $55 000.00

Jessica’s net annual income is $55 000.00. 

d) Yes, saving 12% of $55 000.00 annually should be possible unless 
Jessica has large debts.
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dIsCuss the Ideas
pay yourself fIrst

People often pay all their bills first and then save whatever money is left over. 
The problem with this approach is that by the end of the month, there often 
isn’t much money left to save. For this reason, many financial advisors suggest 
a strategy called “pay yourself first.” 

To follow this plan, set up a savings account and automatically transfer a 
percentage of your pay into this account as soon as you receive it. In other 
words, treat your savings as a bill that you have to pay, and pay it before you 
pay all your other bills.

1. If you start applying the pay-yourself-first strategy and find at the end of 
the month that you have come in over budget, what steps could you take? 

2. If your friend has a large credit card debt, would you advise him to adopt a 
pay-yourself-first strategy? Why or why not?

example 2 

Michel works for a landscaping business. His take-home pay is $420.00 per 
week. He rents an apartment in a popular location and uses a bicycle and 
public transit for transportation. Michel has been tracking his spending and 
finds that his approximate weekly expenses are as follows:

Rent: $230.00 Food: $50.00 Savings: $20.00 Cell phone: $10.00

Transportation: $10.00 Debts: $30.00 Entertainment/other: $70.00

Michel has researched spending guidelines, shown here. 

spendIng guIdelInes

Charitable donations 10–15%

Savings 5–10%

Housing 25–35%

Utilities 5–10%

Food 5–15%

Transportation 10–15%

Clothing 2–7%

Medical/health 5–10%

Personal 5–10%

Recreation 5–10%

Debt payment 5–10%

a) What changes would need to be made so that Michel’s spending falls 
within the guidelines? 
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b) What is the maximum amount that Michel should be spending on rent 
weekly and monthly?

c) Graphically show Michel’s expenses broken down by categories.

d) Why are the spending guidelines not shown as a circle graph?

In 2007, Statistics Canada 
reported that average 
household spending 
on clothing was about 
$2900.00 per year.

solutIon

a) Calculate Michel’s total spending for the week.

$230.00 + $50.00 + $20.00+ $10.00 + $10.00 + $30.00 + 
$70.00 = $420.00

Calculate the percent that each category of expense represents of the 
total income.

Rent: $230.00 ÷ $420.00 ≈ 0.55

0.55 × 100 = 55%

Food: $50.00 ÷ $420.00 ≈ 0.12

0.12 × 100 = 12%

Transportation:  $10.00 ÷ $420.00 ≈ 0.02

0.02 × 100 = 2%

Cell phone: $10.00 ÷ $420.00 ≈ 0.02

0.02 × 100 = 2%

Savings: $20.00 ÷ $420.00 ≈ 0.05

0.05 × 100 = 5%

Entertainment/other: $70.00 ÷ $420.00 ≈ 0.17

0.17 × 100 = 17%

Debts:  $30.00 ÷ $420.00 ≈ 0.07

0.07 × 100 = 7% 

Compare these percentages to the spending guidelines. Michel is 
spending too much on rent. He needs to decrease his rent by at least 
20% to be within the guidelines.

b) To determine the maximum Michel should be spending on rent, 
calculate 35% of his weekly income.

$420.00 × 0.35 = $147.00

Michel should spend a maximum of $147.00 per week on rent.

To calculate his maximum monthly rent, multiply his weekly rent by 
52 weeks and divide by 12.



331Chapter 7 Personal Budgets

Let z represent his monthly rent.

$147.00 × 52
12

= z

$7644.00
12

= z

$637.00 = z

Michel should spend a maximum of $637.00 per month on rent.

c) To construct a circle graph manually, first determine how many 
degrees each percentage of expenses equals.

Divide the percents by 100 to convert to decimals, then 
multiply by 360°. 

Rent:      0.55 × 360° = 198°
Food:    0.12 × 360° ≈ 43°
Transportation:    0.02 × 360° ≈ 7°
Cell phone:   0.02 × 360° ≈ 7°
Savings:   0.05 × 360° = 18°
Entertainment/other:   0.17 × 360° ≈ 61°
Debts:    0.07 × 360° ≈ 25°

hInt

The degrees do 
not total exactly 
360° because the 
percentages are 
rounded off.

Draw a circle and use a protractor to measure the degrees for each 
category of expense.

Rent

Food

Transportation

Cell phone

Savings

Entertainment/other

Debts

Michel’s Weekly Expenses

17%

55%
5%

2%
2%

12%

7%

d) The spending guidelines are not shown on a circle graph because circle 
graphs can only show fixed percentages, not a range of percentages. 
For example, you can’t show the housing portion, 25–35%, on a 
circle graph.
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alternatIve solutIon

T This problem could be solved using a spreadsheet.

To solve a), begin by entering Michel’s weekly income and expenses into 
a spreadsheet. Format cell D10 with a formula to calculate the sum of 
Michel’s expenses.

A B C D

1 Michel’s weekly income and expenses

2 Income 420.00 Expenses

3 Rent 230.00

4 Transportation 10.00

5 Food 50.00

6 Debts 30.00

7 Savings 20.00

8 Cell phone 10.00

9 Entertainment/other 70.00

10 Total expenses =sum(D3:D9)

Use the graphing function of the spreadsheet program to create a circle 
graph of Michel’s expenses. It will look the same as the one shown above 
in solution c).

Compare the percentages in the graph to the spending guidelines table. 
Michel is spending too much on rent. He needs to decrease his rent by at 
least 20% to be within the guidelines.

The circle graph you created in the spreadsheet program is also the 
solution to c).

Use the original solution methods to solve b) and d).

Mental Math and estimation

1. If you plan to save money for 1 year to purchase a new laptop that costs 
$900.00, how much would you need to save every day?

2. What daily expense could you eliminate in order to save this amount? 
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ACtIVIty	7.3

budgetIng usIng spreadsheets

T Duma is a single mother with one 
child. She has just finished an 
apprenticeship to become a carpenter. 
She knows that she will need to 
replace her car in about three years, 
and she expects that she will spend 
about $12 000.00 on a new vehicle. 
At the end of each year, she buys a 
GIC with her savings. While in real 
life interest rates for GICs vary, for 
this activity assume that each GIC she 
buys has an interest rate of 3.0% per 
year, compounded annually. 

Below is the beginning of Duma’s 
monthly budget. She will make her 
budget adjustments manually and 
then check them using a spreadsheet. 
She will try to keep her expenses 
within the guidelines shown in 
the graph.

A B C

1 Duma’s Monthly Budget 

2

3 Income

4 Wages $3500.00

5

6 Expenses

7 Housing $1800.00

8 Food $800.00

9 Transportation $500.00

10 Child care $300.00

11 Other $100.00

12 Savings 

13

14

15 Annual savings

16

17 Savings after 
3 years

sample

part a

1. Analyze Duma’s budget and 
calculate what percentage of 
her income is allocated to each 
expense category. Compare her spending to the 
spending guidelines. Suggest where her expenses 
could be trimmed so she can save money to buy a car. 

2. How much money can Duma save per month if she 
reduces her housing budget to 35%?

3. If she is able to reduce her housing expenses to 35%, 
how much will Duma be able to save in 3 years? Can 
she afford the new car at that time? Explain.

Housing

Food

Transportation

Child care

Other

Savings

Recommended Spending Guidelines

11%

9%

35%

15% 20%

10%
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part b

1. Copy the figures from Duma’s monthly budget into a spreadsheet. 
Create a circle graph of Duma’s expenses. Does the graph show the same 
percentages as in Part A, question 1?

2. Format the “boxed” cells of the spreadsheet with the appropriate formulas. 

3. Reduce Duma’s housing expense to 35% and use the spreadsheet to 
calculate her savings after 3 years.

Mental Math and estimation

St. Paul, Alberta, is located in the northeast region of 
the province. It is home to the world’s first UFo landing 
pad, which was built in 1967.

Francine works as a unit clerk at St. Therese Healthcare 
Centre in St. Paul, AB. She earns a net annual salary of 
$35 832.00. 

1. Estimate her monthly income.

2.  If she saves 5% of her net monthly income, approximately 
how much money will she save per month? Per year?

buIld your skIlls 

1. Lucas’s monthly transportation expense is $540.00 and accounts for 28% 
of his total income. He would like to bring this expense down to 20%.

a) Calculate Lucas’s new transportation expense.

b) Lucas drives to his job at a mine and cannot use public transportation. 
How else might he lower his transportation expense?

c) Calculate Lucas’s total income.

2. Study the breakdown of Gurjinder’s monthly expenses, shown in the 
circle graph.

a) Gurjinder’s rent expense is $650.00 per month. If her savings account 
for 3% of her budget, how much does Gurjinder save per month?

b) Gurjinder’s housing expense includes rent and utilities. How much is 
her total monthly housing expense?
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c) If the recommended maximum to spend on housing is 35% of income, 
by how much is Gurjinder exceeding the guideline?

Savings

Charitable donations

Recreation

Utilities

Food

Rent

Gurjinder’s Monthly Expenses

57%

19%

11%

6%
4% 3%

3. Yun owes $4000.00 on a line of credit that charges 7% interest per year. 
He saves $150.00 monthly and puts it into a high-interest savings account 
that earns 4.5% interest, compounded monthly. 

a) Is this a good financial strategy? Why or why not?

b) What would you advise Yun to do to pay the line of credit as quickly 
as possible?

4. Gérard has an account at the Caisse populaire St. Vital de Beaumont in 
Beaumont, AB. At the end of each year, he buys a GIC for $600.00 that 
earns 3.5% interest per year, compounded annually. 

a) If the GIC interest rate stays at 3.5% for 4 years, calculate his savings 
balance after 4 years.

b) If Gérard adjusted his budget to increase the amount he saves annually 
by 5%, what would his savings balance be after 4 years, assuming the 
interest rate on the GIC remained the same?
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5. Marlene works as a jewellery salesperson in Selkirk, MB. She loves 
photography and would like to save to buy a digital SLR camera. Marlene’s 
semi-monthly net pay is $750.00. Her monthly expenses are listed here. 

Housing: $600.00 Food: $200.00 Clothing: $100.00 Savings: $50.00

Transportation: $300.00 Other: $250.00 Photography: $50.00

For an avid photographer, a digital SLR camera 
is a prized possession.

a) Following this budget, on average how much would Marlene 
spend on food per day? Is this unusually high or low? Explain 
your thinking.

b) When Marlene tracks her actual expenses over several months, 
she finds that her expenses are considerably higher and she 
is not saving $50.00 per month. In fact, many months she 
has some unpaid credit card debt. What adjustments to her 
expenses could Marlene make to save money for a camera and 
stay on budget?

c) What steps should Marlene take when she prepares a 
new budget?

extend your thinking

Saving money for a down payment on a 
house is a long-term financial goal that will 
affect your budget.

6. Vern has just completed the cadet training program for the RCMP, 
and he is now a Regular Member Constable. He is the sole wage 
earner in his family and earns an annual salary of $47 393.00. 
After taxes and other deductions, his net pay is $38 940.00. He 
owes $6400.00 on a car loan that charges 8% interest per year. 
He would like to buy a house in 4 years, but he needs to save an 
additional $8500.00 to make the necessary down payment. 

a) Do you think Vern can pay off his debt and save $8500.00 over 
the next 4 years? Explain your reasoning.

b) If he reduced his expenses by 15% per month and put 9% 
towards the debt, how much would he have paid after 1 year?

c) Suggest which expenses Vern could reduce to create a 15% 
reduction in total expenses.

d) Explain why Vern might allocate some money to savings 
each month rather than allocating all extra money to debt 
repayment.
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Below is the beginning of Vern’s monthly budget.

sample

A B C D

1 Vern’s Monthly Budget 

2 Income Current debt $6400.00

3 Net salary 
(monthly)

4

5 Expenses

6 Housing $1500.00

7 Food $900.00

8 Transportation $600.00

9 Cell/internet/cable $245.00

10 Debt payment 

11 Savings

12

13

14 Annual savings

15

puzzle It out

the dIsappearIng dollar

Alana, Hisae, and Liam went to a restaurant for lunch. The total charge came 
to $60.00, so each customer paid $20.00. Later, the waiter realized that he had 
overcharged them by $5.00, so he asked the busboy to return the money to the 
customers. After mentally calculating that $5.00 could not be divided equally 
among the customers, the busboy kept $2.00 for himself and gave each person 
just $1.00 back. Therefore, the customers actually paid $19.00 each, or a total 
of $57.00 for the meal. Add the $2.00 that the waiter kept, and that totals 
$59.00. What happened to the missing dollar? 
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the roots of Math

the orIgIns of the eleCtronIC spreadsheet 

The electronic spreadsheet allows computer users to program and 
track changes, organize large sets of information, and sort and graph 
data. Small business owners use spreadsheets to monitor expenses 
and inventory, while doctors use them to record patient data. At home, 
people use spreadsheets to organize personal budgets, mailing lists, 
and even recipes.  

Rene Pardo is credited with co-inventing the software 
called LAnPAR, which first introduced algorithms in 
spreadsheets.

Can we thank a Canadian for the invention of the electronic 
spreadsheet? In the late 1960s, large businesses began to use 
computers. At the time, Canadian citizen Rene Pardo was working for 
Bell Canada. He observed that managers at the company would make 
changes to budget forms, then wait for at least 6 months for computer 
programmers to rewrite the computer software (that stored budget 
information) to reflect the changes. 

To help eliminate this waiting, Rene co-invented an early electronic 
form of the spreadsheet that allowed managers to make budget 
changes, while the computer automatically calculated the results of 
those changes throughout the budget. This recalculation feature was 
unique to Rene’s software, and it allowed users to make small changes 
that would instantly be reflected in the entire spreadsheet. This new 
software was called Language for Programming Arrays at Random 
(LANPAR).  

Though LANPAR was used by large companies in Canada and the 
United States, it took Rene about 13 years to secure a patent for 
his invention. By the time the patent was secured, the legal system 
deemed it was too late for Rene to enforce his patent.

1. When preparing a budget or making changes to budget line items, 
you can do so manually or using an electronic spreadsheet. What 
are the advantages of each method? Which method is more suited 
to a complicated budget with many variables? 

2. What kinds of mistakes are more apt to occur when using a 
calculator for your budget and what mistakes might occur when 
using a spreadsheet?
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PRojeCt—BuDGetInG	to	lIVe	AwAy	FRom	home

prepare a budget and Make a presentatIon

Now that you have completed your research on potential 
income and expenses, you will create an accurate 
monthly budget for living away from home. Create a 
budget manually or use a spreadsheet program. If your 
expenses initially exceed your income, make realistic 
adjustments to your spending or income in order to 
balance your budget.

before completing your project, you can ask a friend to check your 
calculations for accuracy.

Use the guidelines presented in this chapter or conduct 
internet research to find suggested breakdowns of what 
percentage of income to allocate to different categories 
of expenses.

Compare your expense percentages to the recommended 
guidelines. In your final presentation, you will explain 
whether your budget falls within the guidelines, or why 
some of your figures may fall outside the guidelines.

You are now ready to present your budget. Start by 
planning your presentation.

• How will you present your budget and supporting documentation?

• Will you use presentation software or poster board?

• What will you tell your fellow students about your career and location choices?

• How will you show that your income and spending are accurate and reasonable?

• How will you explain the adjustments you made to balance your budget?

Be sure to include the following in your presentation:

• a balanced monthly budget;

• a circle graph representing the categories of spending; 

• salary information for the job you chose; and

• a written summary of your budget, detailing your income and expenses, and including reasons 
why some categories of expenses may be outside the recommended guidelines.

Be prepared to answer questions from your peers or teacher about details of your budget.
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refleCt on your learnIng 
personal budgets

Now that you have finished this chapter, you should be able to:

r 

r 

r 

r 

r 

r 

understand the concept of a balanced budget;

organize spending and income data into a personal budget;

make changes to an existing budget in order to balance it;

analyze spending in a budget using circle graphs;

adjust a budget in order to afford a future expense; and

compare actual and budgeted amounts to determine if your next budget 
needs to be adjusted.

In addition, you have completed a chapter project that applied your new skills 
in a practical context.

praCtIse your neW skIlls

these people are participating in Vancouver’s Mobility 
Cup.

1. Johan is a cabinetmaker who would like to purchase a new jointer for his 
home business. The jointer costs $1850.00, and he would like to save for 
this purchase rather than using a credit card. Over the past few years, 
Johan has typically put about $3000.00 into savings each year. Assuming 
he saves the same amount each month, how many months does Johan 
need to save before buying the jointer?

2.  Shaira lives in Tofino, BC, and is a member of the 
Disabled Sailing Association of British Columbia. 
Thanks to assistive technology, she has become an 
expert sailor who participates in the Mobility Cup, an 
annual race in Vancouver, BC. 

a)  On a disability income of $906.00 per month, 
Shaira is only able to save 1.5% of her income 
monthly. How much will she save in a year?

b)  If the fees for the race are $395.00 and a sponsor 
pays 40%, how long would it take Shaira to save for 
the balance?
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3. Below is a monthly budget for Roberto, who lives in Qu’Appelle, SK, and 
commutes to Regina, SK.

Monthly budget

Net income Regular or 
variable

Expenses Recurring 
or variable

Priority

Salary $2550.00 Food $425.00  

Commission $825.00 Housing $850.00  

Contract work $350.00  Transportation $500.00  

Entertainment $500.00  

Life insurance $75.00  

Cell phone/
internet

$175.00  

Recreation $300.00  

Savings $500.00 

Other $400.00

Total Total

sample

a) Classify the income as regular or variable and the expenses as 
recurring or variable. 

b) Prioritize the expenses from 1 to 9, with 1 being the most important.

c) If Roberto stops getting contract work, suggest two ways that he could 
balance his budget.

4. Martina is beginning her career as a cell site technician for an IT company. 
She is earning $44 600.00 per year, which, after deductions, yields a net 
monthly income of $2415.00.

a) What percent of Martina’s gross income goes to employment 
deductions (taxes, union dues, medical insurance, and so on)?

b) What percent of Martina’s net monthly income does she need to save to 
be able to afford an $1800.00 desktop computer in 6 months?

c) After 6 months, Martina receives a net monthly raise of $96.60 and 
continues to save the same percentage of her monthly earnings. How 
much in savings will Marlene have accumulated after 6 months?
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5. Zabo has been tracking his expenses for the past year and has recorded his 
income and spending averages in the table below.

A bicycle owner will often spend more money on 
maintaining the bike than on purchasing it.

zabo’s Monthly expenses

Expenses

Rent $640.00  

Food $335.00  

Transportation $315.00  

Sports $185.00

Entertainment $140.00  

Savings $125.00 

Clothing $185.00 

Charitable donations $143.00  

Other $245.00  

a) Create a conservative budget for Zabo. His net monthly income 
averages $2410.00.

b) Zabo would like to use his savings to buy a new bike. If the bike costs 
$1250.00, how many months does he need to save for the bike if he 
stays on budget?

6. Zabo decides not to buy the bike and instead buys a GIC at the end of the 
year. The GIC pays 2.75% interest per year, compounded annually. 

a) How much does Zabo save in one year to put into a GIC?

b) Determine the balance of the GIC at the end of 10 years.
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7.  Trevor earns a wage of $15.85 per hour and time and a half when he works 
more than 40 hours in a week. Trevor’s deductions on his income (taxes, 
EI, and so on) equal approximately 30% of his gross income. His weekly 
expenses are as follows.

trevor’s Weekly expenses

Food: $95.00 Transportation: $25.00 Rent: $200.00

Cell phone/internet: $50.00 Sponsor a child: $8.00 Miscellaneous: $40.00

T a) Use spreadsheet technology or a calculator to construct a conservative 
weekly budget for Trevor, assuming he works 40 hours per week.

b) Based on the conservative budget, how many hours does Trevor need 
to work per week to have a balanced budget?

c) How many hours does Trevor need to work per week to save an 
additional $75.00 per week?

8. a)  Create a circle graph for Trevor’s expense data in question 7.

b) If Trevor’s rent increases to $225.00 per week, suggest how he can 
adjust his budget to afford the rent increase.

c) If Trevor’s weekly transportation expenses consistently average $60.00 
rather than the $30.00 he budgeted, what amount should he budget for 
transportation in his next budget? Explain your reasoning.

9. Megan is saving for a trip to the World Irish Dancing Championships 
in Belfast, Northern Ireland, in 3 years. The trip will cost $5500.00. 
Currently, she is saving $100.00 per month, which she plans to deposit 
in a high-interest savings account at the end of each year. The savings 
account pays 3.5% interest per year, compounded annually.

a) What will the balance in Megan’s savings account be after 3 years?

b) Does Megan need to save more or less than $152.00 each month in 
order to afford the trip in 3 years? Explain your answer.

Jade Alexander is competing at 
the Western Canadian Regional 
oireachtas, a traditional Irish dance 
competition.
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Glossary
amortization period: the time required to pay back a loan

angle of depression: the angle formed between the horizontal 
and the line of sight while looking downwards

horizontal	
angle	of	depression

line	of	sight

angle of elevation: the angle formed between the horizontal and 
the line of sight when looking upwards; sometimes referred 
to as the angle of inclination

horizontal	
angle	of	elevation

line	of	sight

asset: an item of economic value owned by an individual that 
could be converted to cash

bar graph: uses horizontal or vertical bars to display data 
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base: one of the parallel faces of a prism 

base

broken line graph: graph that uses points joined by line 
segments to display data 
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budget: a balanced statement of projected income and expenses

capacity: the amount a three-dimensional object can hold

cash advance: a withdrawal of cash from an ATM or bank teller 
charged to a credit card; interest is usually calculated from 
the day of the withdrawal

chord: a line that links two points on the circumference of a circle

BA
chord



circle graph: a visual representation of data made by dividing a 
circle into sectors that each represent parts of a whole

1.3–1.5 mg/L
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0.0–0.5 mg/L

Rivers by Nitrogen Level 
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14%

13%

32%

27%

14%

BACK FRONT

SIDES × 2
TOP AND  

BOTTOM × 2

vertex

run

drop
slope

clinometer: an instrument for measuring angles of elevation and 
depression

collateral: an item of value pledged by a borrower to secure a 
loan

component parts diagram: two-dimensional scale 
representation that shows each part of an object 

compound interest: interest paid on the principal plus interest

compounding period: the time between calculations of interest, 
also called the interest period

cone: a three-dimensional shape with a circular base and a 
vertex opposite the base

conservative budget: a budget that underestimates income and 
overestimates expenses

cosine: the ratio of the length of the side adjacent to a given 
angle to the length of the hypotenuse in a right triangle 
(abbreviated as cos)

credit: an agreement in which a borrower receives something of 
value, and agrees to pay for it later

cylinder: a three-dimensional shape with two circular bases 
that are parallel and congruent; the side is a rectangle that is 
“wrapped around” the circular faces at the ends

default: failure to repay a loan

deficit: the amount by which expenses exceed income

dependent variable: a variable whose value relies on the values 
of other variables

down payment: a partial payment sometimes required at the 
time of purchase

drop: the difference in height between one end of an object and 
the other end; equivalent to the rise 

elevation: another term for view; usually refers to a vertical 
plane

exploded diagram: a three-dimensional representation of an 
object that shows how the components connect together; 
components are shown separated but in their relative 
positions
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extrapolate: to estimate a value beyond a known range of values

finance charge: the total amount of interest paid to borrow a 
sum of money

full-service banking: banking that is done with the help of a 
teller

grade: the slope of a physical feature such as a road or hill

histogram: graph representing the distribution of data
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30° 30°

lateral	face

vanishing	point

horizon line: a horizontal line (not always visible) that is at the 
eye level of the observer in a perspective drawing

independent variable: a variable whose values may be freely 
chosen

interest: money earned on an investment or a fee paid for 
borrowing money; usually expressed as a percentage

interpolate: to estimate a value between two known values

isometric drawing: a representation of a three-dimensional 
object where the same scale is used to draw the same 
object’s height, width, and depth; lines that are parallel in 
reality are shown to be parallel in the drawing

lateral face: a face that connects the bases of a prism

line of credit: an approved loan amount that you can draw on as 
needed, with interest charged on the money used

loan: money that is borrowed for a specific term, to be paid back 
with interest

lower boundary: the lowest value of the interval on a histogram

net income: income earned after all expenses have been paid

net: two-dimensional pattern that can be folded to form a three-
dimensional shape 

overdraft protection: an agreement with a bank that allows you 
to withdraw more money from an account than you have in it, 
up to a specified amount

payday loan: a short-term loan with a high interest rate intended 
to cover the borrower’s expenses until their next pay day

perspective drawing: a representation of a 3-D object in 2-D; 
objects appear proportionally smaller with distance, and 
features including a foreground and vanishing point are used 
to create a sense of depth and space 

pIn (personal Identification number): a secret numeric 
password that is used by a computer system to verify the 
identity of the user

principal: the original amount invested or borrowed

prism: a three-dimensional shape with ends that are congruent 
polygons and with sides that are parallelograms

pyramid: a three-dimensional shape with a base of a polygon 
and lateral sides that are all triangles that meet at a vertex 
opposite the base
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pythagorean theorem: the theorem that states that the sum 
of the squares of the lengths of the sides of a right triangle 
is equal to the square of the length of the hypotenuse; the 
theorem is written as the equation “a2  + b2 = c2”

rate of change: the rate at which one variable changes 
compared to another variable

rectangular prism: a three-dimensional shape with ends 
that are congruent rectangles and with sides that are 
parallelograms 

recurring expenses: expenses that occur on a regular basis

regular income: predictable income received at equal intervals

rise: the vertical distance between two points

run

rise
slope

run

rise
slope

rule of 72: a quick method of estimating the time it takes for an 
investment to double in value

run: the horizontal distance between two points 

scale factor: a number by which all the dimensions of an original 
figure are multiplied to produce an enlargement or a reduction

scale statement: a ratio that expresses the size relationship 
between two objects

self-service banking: banking done over the internet, by 
telephone, or at a banking machine; does not require the 
services of a teller

simple interest: interest calculated as a percentage of the 
principal

sine: the ratio of the length of the side opposite a given angle to 
the length of the hypotenuse in a right triangle (abbreviated 
as sin)

sphere: a three-dimensional shape whose surface consists of 
points that are all the same distance from the centre of the 
shape

statistics: the collection, presentation, and analysis of numerical 
data

store promotion: promotes a store’s products through discounts, 
extended payment plans, coupons, or rebates

surface area: the area required to cover a three-dimensional 
shape

surplus: the amount by which income exceeds expenses

tangent ratio: the ratio of the side opposite the angle of 
elevation to the side adjacent to the angle of elevation in a 
right triangle

tangent: the ratio of the sides opposite and adjacent to a given 
angle in a right triangle (abbreviated as tan)

term: the time in years for an investment or loan

transaction: any activity such as a cash withdrawal, deposit, 
money transfer, pre-authorized payment, or bill payment

transit: a surveying instrument used to measure horizontal and 
vertical angles

undefined slope: a line with a slope that cannot be calculated is 
vertical

unexpected expenses: unpredictable expenses that occur from 
time to time

upper boundary: the highest value of the interval on a histogram

vanishing point: the point at which parallel lines appear to 
converge in a perspective drawing 

variable expenses: expenses that can change from period to 
period

variable income: income that changes over time and/or is not 
received on a regular basis

view: a geometrical drawing that depicts one plane of an object 

volume: the measure of the space a three-dimensional object 
occupies

zero slope: a line with a slope of zero is horizontal
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Answer Key 

Chapter 1

slope and rate of Change

1.1 rIse over run

BuIlD	youR	SKIllS,	PAGe	19

1. Slope of Kootenay Pass: 0.05

Slope of Coquihalla Pass: 0.04

The Kootenay Pass section of the highway is 
steeper.

2. a) Roof A:

Slope: 0.25

Pitch: 3:12

b) Roof B:

Slope: 0.83

Pitch: 10:12

c)   Roof C:

   Slope: 1.3

  Pitch: 16:12

3. The truss has a slope of 0.5. It is for the 
house.

4. Rail C has a slope of 0.20, so it is in the 
suitable range.

5. Amy is right. The 4:1, or 4, slope is steeper 
than the 1:4, or 0.25, slope.

6. a) The slope of the staircase is 0.31.

b) The rise of each step is 7.25 inches; the  
run of each step is 23.125 inches.

c) The slope of each step is 0.31.

d) The slope of the staircase is equal to the  
slope of each step. The slope is constant.

7. a)  The average slope of a machine with six 
ramps is 0.29.

b)  The average slope of a machine with five 
ramps is 0.34.

8. a) The slope of each staircase is 0.96.

b)  Karen’s staircases do not meet the 
building code because they are steeper 
than the building code allows.

c) Answers will vary.

9. a) The slope of a ladder leaning safely is 4.

b)  The slope of Daisuko’s ladder is 4, so his 
ladder is placed safely.

4.8	m

1.2	m



c) The ladder must be placed 2.67 m from  
the house to be safe.

10.

9
12

8ʺ

 The distance from the bottom of the tube 
to the point where Sharon will begin the 
cut equals the rise. Based on the above 
measurements, Sharon can calculate that the 
rise is 6.

Sharon must measure 6 inches from the 
bottom of the pipe to cut the tube at the 
correct angle. 

extend your thinking

11. a) The rise is 3 and the run is 14, so the   
slope of AB is 0.21. 1

b)  The rise is 4 and the run is 22, so the 
slope of BC is 0.18.

c) The rise is 0 and the run is 14, so the   
slope of CD is 0.

d) The rise is 1 and the run is 22, so the  
slope of DA is 0.05.

1.2 grade, angle of elevatIon, and

dIstanCe

BuIlD	youR	SKIllS,	PAGe	30

1. Count the grid squares to find the length of 
the vertical sections.

3 units + 1 unit + 2 units = 6 units

Use the formula to find the length of the 
diagonal sections.

length = run2 + rise2

The top diagonal section is 6.324 555 32 
units long. The bottom diagonal section is 
5.099 019 514 units long.

Now add the vertical and diagonal units 
together.

6 + 6.324 555 32 + 5.099 019 514 = 17.423 574 83

17.423 574 83 × 15 = 261.353 622 5

Shelley will need 262 cm (261.353 rounded 
up) of pipe.

2. Three and three-quarters equals 3.75.

Nine feet equals 108 inches.

The grade of the centre line crown is 3.47 
percent. 

3. a) Tangent ratio for angle of bend: 

5.3 ÷ 2.8 = 1.89

Inverse tangent value of 1.89: 62°

Sal needs to bend the frame at a 62° 
angle.

b)  Length of front of frame:

5.32 + 2.82 = 5.99
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 Add the length of the front of the frame to 
the depth of the base.

5.99 + 1.9 = 7.89

Sal will need 7.89 cm of copper sheet metal, 
or 8 cm, rounded up.

4. a) The drainage pipe drops 2.75 inches over  
11 feet.

b)  The drainage pipe has a 2% grade.

5. a)  The Cardinals’ roof has a 9.5° angle of 
elevation. They should use tar and gravel.

b)  The Sebastians’ roof has a 20.6° angle 
of elevation. They should use asphalt 
shingles.

6. The pipe must enter the reservoir 12 m 
above the ground.

7. The laser level should be set at 0.62%.

8. The rise of the railway tracks is 281 m. 

extend your thinking

9. Hickory Trail is 8.07 km long.

Sheep Mountain Trail is 6.5 km long

8.07 − 6.5 = 1.57

Hickory Trail is 1.57 km longer than Sheep  
Mountain Trail.

1.3 rate of Change

BuIlD	youR	SKIllS,	PAGe	46

1. a) The independent variable would be time 
on the x-axis and the dependent variable 
would be the number of shingles on the 
y-axis.

b) Nick’s work as coordinates would be 
N

1
(11, 8) and N

2
(66, 31). 

Sergio’s work as coordinates would be 
S

1
(7, 4) and S

2
(57, 29). 

c) 
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d) Nick lays 0.42 shingles/minute and 
Sergio lays 0.5 shingles/minute.

e) It takes Nick 2.38 minutes to lay one 
shingle and it takes Sergio 2 minutes to 
lay one shingle.

f) In 5 hours, Nick lays 126 shingles and 
Sergio lays 150 shingles.

2. a)
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b) The slope is -6.7. This means the level 
of water is decreasing at a rate of 6.7 per 
minute.

c) 
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d) After 12 minutes, there will be 90 L left 
in the tank.

e) After 18 minutes, 120 L of water will 
have drained.

f) It will take about 25 minutes for the tank  
to drain.

g) w = −6.7(t) + 170

3. a) Using the slope formula:

m = (−3) − ( − 13)
(−4) − ( − 12)

The slope of the angled section is 1.25.

b) Use the coordinates to find the length of 
the angled section.

Length:

[(−4) − (−12)]2 + [(−3) − (−13)]2

The length of the angled section is 
12.8 mm.

4. a) Length AC equals 20.1 m.

Length BD equals 20.1 m. 
The diagonal distances are equal, so the  
corners are 90°.

b)  Use the coordinates to find the width.

width = (13 − 4)2 + (10 − 1)2

The width is 12.7 m.

 Use the coordinates to find the length.

length = (24 − 13)2 + ( − 1 − 10)2

The length is 15.6 m.

The garage is 12.7 m wide and 15.6 m  
long.

c) The diagonal measurement is the  
hypotenuse of the right triangle formed.

5. a) Slope A: −4

Slope B: −1.3

Slope C: 0

Slope D: 2

Slope E: 4

b) A: T he marble is rolling down a steep 
slope.

B:  The marble is rolling down a less 
steep slope.

C:   The marble is rolling horizontally.

D:   The marble is rolling up a slope.

E:   The marble is rolling up a steeper 
slope.
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c)

6. Slope A equals 16.7.

Slope B equals 1.

Graph A has the greater slope. The  
scales on the graphs are different.

7. a)  They are both correct. Line segment 
AB is negative for Frank because, from 
his perspective, the roof slopes down 
from left to right. Line segment DE is 
positive for Maxine because, from her 
perspective, the roof slopes up from 
left to right. Positive and negative refer 
to the direction of the line segment 
representing a slope, which is relative to 
your point of reference.

8. a) 

Inches Millimetres
1 25

2 51

3 76

4 102

5 127

6 153

b)
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Inches
c)  The slope is 25.5. The slope is the 

conversion factor between inches and 
millimetres.

d)  The slope value is close to the conversion 
factor of 25.4. The slope value is not 
precise because is difficult to read 
millimetres to one decimal place.

e) m = 25.5i

9. a) Graph A and B appear to have the same  
slope.

b) Graph A slope: 0.6

Graph B slope: −0.6

Graphs A and B have the same amount  
of slope. The negative sign does not refer 
to quantity; it indicates the direction of  
the line representing the slope.
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extend your thinking

 10. a) hours Pay
1 $75.00

2 $150.00

3 $225.00

4 $300.00

5 $375.00

6 $450.00

b) Pay is the dependent variable; number of  
hours is the independent variable.

c)
500

400

300

200

100

0
1 2 3 4 5 6 7

Pa
y	

($
)

hours

p

h

Any two points on the graph can be used 
to calculate the slope. For example,

m = 375 − 150
5 − 2

m = 225
3

m = 75

The slope is 75.

d) The slope represents the rate of pay an 
hour, which is $75.00/hour.

PRACtISe	youR	new	SKIllS,	PAGe	52	

1. a) negative

b) zero

c) positive

d) undefined

2. a) Since the run is the same for AF, BF, and  

CF, it is the difference in rise that  

influences the steepness of the lines. 

b) Since the rise is the same for CF, DF, 
and EF it is the difference in run that 
influences the steepness of the lines.

c) There is not one particular factor. 
Steepness requires both a rise and run; 
its amount will depend on how each 
changes with respect to the other.

3. The slope is 10
6

= 5
3

fraction: 106
= 5

3

decimal: 5
3

= 1.67

percent: 1.67 × 100 = 167%

angle: tan−1 ( )53 = 59°

4.  Use the coordinates to find how far apart the 
two flag poles are:

length = (127 − 371)2 + (444 − 85)2

The flag poles are 434 m apart.

5. The hill on Fir Street is steeper. It has a slope 
of 0.3269 and the hill on Balsam Street has a 
slope of 0.326.
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6. a) 
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b) The slope is 0.75.

c) The slope represents Shizuko’s distance 
from the house, which is increasing at a 
rate of 0.75 blocks per minute.

d) Shizuko was around 10 blocks from the 
house.

e) d = 0.75t

f) d = 0.75(13) 

d = 9.75 

Shizuko was 9.75 blocks from the house 
after 13 minutes. 

7. The ladder is not safe. It has a rise of 3.5, a 
run of 1.2, and a slope of 2.9. 

A

C

B1.2

3.7

8. a) Their elevation gain is 2175.7 m.

b) They will be 544 m higher after 
travelling   1 km.

Chapter 2

graphICal representatIons

2.1 broken lIne graphs

BuIlD	youR	SKIllS,	PAGe	66	

1. a) 
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2. a) The most people, fourteen, were placed 
in March.

b) The fewest people, two, were placed in 
April.

c) There is no general trend. When she 
began, not as many people were placed 
in housing. During the summer and 
fall, placement numbers increased, but 
over the winter they dropped. After the 
holiday season, the number of people 
placed in community housing increased 
greatly.
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d) Answers will vary. The average number 
of people placed each month in the 
previous year was 10. This year’s 
monthly average is about 7.7. Therefore, 
this year’s placement numbers are below 
average.

3. a) The graph displays the average weekly 
earnings of people in Canada from 
1997−2008.

b) The average weekly earnings in 2003 
were approximately $730.00.

c) In general, income has increased, with a 
slight drop in 2003. The fact that the cost 
of living continues to increase and people 
receive pay increases explains this.

d) The graph begins at $600.00 with 
$40.00 increments. This may make it 
look like there is a greater discrepancy 
between the 1997 and 2008 incomes.

4. a) Tradespeople earn higher incomes 
than the people working in the other 
professions shown on the graph, so if 
Chi is concerned with income, he should 
consider a trade.

b) Wages are generally based on the amount 
of training and education an employee 
brings to the job. Most jobs in the food 
service industry do not require the same 
amount of training or education as do 
electricians and are, therefore, paid a 
lower hourly wage.

There are fewer certified electricians than 
food service industry workers. Therefore, 
employers will pay a higher hourly wage 
to attract these trained workers.

c) The wages on this graph are averages, 
taken from across Canada. Therefore, 
they may not reflect the wages in certain 
provinces.

d) Answers will vary. Sample answer:

Chi will have to determine the type of 
post-secondary education, its duration, 
cost, and the type of certification 
required to do the job.

5. a)
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b) There is a general increase in the number 
of countries from which women athletes 
originated.

c) The Olympic Games did not occur 
during the World Wars.

d) The number of countries is increasing 
dramatically. Extrapolations will vary—
possibly 215 and 240, but there will be 
an upper limit. From an internet search, 
students should find that women athletes 
represented 196 countries in 2004 and 
203 countries in 2008.
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6. a)
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Net immigration was low at the time of 
Confederation. It increased for the next 
40 years and dropped again for 40 years. 
Twenty years later, there was an increase, 
followed by a decrease, and in 2007 there 
was a sharp increase.

b) At Confederation, Canada was a small 
country and needed immigrants to increase 
the population. There was a drop in 
immigration during World War I, and during 
the Depression it remained fairly constant. 
After World War II, there was once again 
an increase in immigration. Since then, a 
decline in growth rate has caused Canada to 
encourage immigration.

c) Answers will vary. The graph does not 
convey a very accurate message because it 
shows net immigration every 20 years and 
not the average over 20 years.

extend your thinking

7. 
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Discussions regarding differences in climate 
will vary.

8. a)  The Statistics Canada graph is much 
more detailed, showing more rises and 
falls. It is more accurate because it shows 
the net immigration every ten years 
rather than every twenty years.

b) In 1905, Alberta and Saskatchewan 
joined Canada and immigrants came 
and moved to the west to farm. In 1949, 
Newfoundland and Labrador joined. Also 
it was after World War II and there were 
more immigrants.

c) Immigration was low because this was 
during the Great Depression and World 
War II. 

2.2 bar graphs

BuIlD	youR	SKIllS,	PAGe	80

1. a)  It tells you how many students earned 
how many points out of 10 on a quiz.

b) 1

c) 7

d) No students earned 0.

e) 30

2. 
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Jessica will need to consider if there is 
a delivery fee, if there is a minimum or 
a maximum amount of concrete that 
the companies can delivery, and if the 
composition of the concrete. Is it the 
right composition for the job.
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3. 
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There seems to be a tendency for the number 
of science fiction books to go up with the 
grade, and the number of murder mysteries 
to stay stable.

4. 

0 5 10 15 20 25 30 35

Freshex
Florasoft

Apr
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Feb

Jan

Monthly Fabric Softener Sales

Units Sold

M
on

th

There number of buckets of Freshex sold 
seems to go up as the months pass, while the 
numbers for Florasoft stay stable.

5. a)  At first glance, the graph seems to 
indicate that Kay is correct. However, 
there is an indication that the lower 
part of the graph has been omitted and 
therefore the differences are exaggerated. 
The difference in graduation rates 

between boys and girls differs by 
approximately 1% in each school. School 
B does have a better rate of graduation 
by about 6%, but without looking at the 
numbers, the difference looks greater.

b) School A: girls approx. 68%, boys 67%   

School B: girls approx. 75%, boys 74%

School C: girls approx. 72%, boys 71% 

6.   a)
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b) Answers will. Possible answers include: 
the older age groups have more buying 

power; she prefers the logo herself.
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7. a)
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b) Based on the graph, the community 
centre should develop more programs 
for two-parent families, since they are 
the largest group using the drop-in story 
hour. 

c) Answers will vary. A triple bar graph 
might be a better way to convey the 
information, since it can be difficult or 
confusing to read the values of a triple 
line graph if the values of the different 
lines are close together. 

extend your thinking

8. a) Approximately 114.

b) Approximately 595. 

c) Yes, this is a fair statement. The 
difference between grade 10 responses 
is much greater than the difference 
between grade 11 students’ responses.

9. a)  The competitor has 8 computers and 

Ginger’s company has 5.

b) The competitor has 7 working spaces and 
Ginger’s company has 8.

c) The implication is that we have working 
spaces without computers and cannot 
therefore do our work efficiently.

d) Answers will vary. Perhaps the 
competitor’s company has 4 half-time 
staff, while Ginger’s comany has 2 full-

time staff.

2.3 hIstograMs

BuIlD	youR	SKIllS,	PAGe	90

1. a) 4 people worked less than 16 hours.

b) The most common number of hours 
worked was in the 24–28 hours range.

c) 22 people were working part-time.

2. a)  No, it is not apparent. Although the 
groupings between 10 and 60 are 
relatively even, the others are quite 
different, although declining with age is 
expected. Also, there are considerably 
fewer children less than 10 years of age 
than in the middle groups.

b)  The greatest population is in the 40–50 
age group with approximately 5 200 000 
people.

c)  There were approximately 200 000 
Canadians in their 90s.

d)  Approximately 4 200 000 teenagers lived 
in Canada.

e)  There were approximately 2 000 000 
children under 10. This implies that 
there are not as many babies being born 
as in the past.
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f) People under the age of 15, and those 65 
and over, are often not part of the work force, 
although now many Canadians work well 
past the age of 65.

g) These are the actual rounded numbers. 
From the histogram, you may not get them 
as accurate, but your numbers should be 
within one- or two-hundred thousand.

Canadian Population Distribution by Age Groupings

0–9 2 000 000

10–19 4 200 000

20–29 4 100 000

30–39 4 200 000

40–49 5 200 000

50–59 4 500 000

60–69 2 800 000

70–79 2 900 000

80–89 900 000

90–99 200 000

h)  According to Statistics Canada, there are 
almost 5000 Canadians over 100 years 
old. 

i)  As of May 2010, Elizabeth Buhler of 
Winkler, Manitoba was thought to be the 
oldest living Canadian. Buhler was born in 
1899. In 2010, she was 111 years old.

3. Answers may include: I like the bar graph 

because you can see the total sales; I like 

the histogram because you can see that for 

men, there is a fairly smooth change across 

age groups, but for women it is more jagged; 

Each give a different type of image and it 

would depend on what you wanted to use 

the graph for.
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Surfing Lessons, 2009

b) Answers will vary, but the trend is for 
the number of people who took beginner 
surfing lessons to increase in the spring 
and summer, and to begin to decline in 
fall. This may be because these months 
are warmer and there are more visitors.

c) The highest number of people took 
beginner surfing lessons in August. 

d) Answers will vary, but the number of 
people taking beginner surfing lessons in 
October will probably decline. Answers 
should show a decline in numbers that 
ranges from 5 to 10 people taking lessons 
in the first week of October, and fewer 
than that in the second week.

e) A histogram may not be the best because 
there are no distinct breaks in the data. A 
bar graph may be more appropriate.

5. a) 17% 

b) 19%

c) There is a slight general tendency for 
a greater percentage of women to have 
disabilities.

d) Carrie has added the two percentages 
together and you cannot do this to 
determine the percentage of people in the 
population with disabilities. Since 32% 
of men and 33% of women in this age 
group have disabilities, about the same 
percentage in the general population 
have disabilities.

e) The age groupings are not equivalent. 
The last category has no upper limit.  

6.  a)   The graph displays the distribution of 
salaries for employees in a company.

b) Ten employees earn less that $33 000.00.

c) The highest salary appears to be just under 
$77  000.00.
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8.  a)  Answers will vary, but the age or weight 
of the animals that were dropped off 
might be the most suitable data to dis-
play on a histogram, since these can be 
displayed as a range.
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b) Answers will vary, depending on the 
information you choose to graph. 

c) Answers will differ. Because Lise 
compiles this information on a monthly 
basis, you should name a month or 
include the word “monthly” in your 
graph’s title. Lise compiles this data by 
species, so the graph’s title should refer 
to the species it is about (cat, dog, bird, 
etc.). Possible vertical axis labels for 
the graph could include be “Number of 
animals,” “Number of dogs,” or “Number 
of birds.” Horizontal axis labels could 
include “Age in years” or “Weight in 
kilograms.”

d) Answers will vary. A sample graph is 
given below.
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extend your thinking

9. a)  Answers will vary but may include 
questions such as the following: How 
many people were surveyed? What is 
the greatest amount of time spent on 
the internet? What is the most common 
amount of time spent on the internet? 
What two time spans have the same 
number of people?

b) You would need to know who the 
histogram represents, whether this was 
on one particular day, or an average over 
time, and whether all people had equal 
access to the internet.

10.   a)
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b) The columns do not vary by the same 
amounts.

c) Answers will vary but should include 
something like the cost of housing is 
divided into different categories.

d) Answers will vary. You will think it is 
not misleading because you would notice 
the differences. Others would look only 
at the number sold and not realize that 
the groupings were different.
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e) Answers will vary although the second 
graph does not seem to discriminate 

between the pricing as much as the first. 
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2.4 CIrCle graphs

BuIlD	youR	SKIllS,	PAGe	104	

1. a)  Mexico is the most popular country to 
visit.

b) Approximately 20% of the people visited 
Cuba.

c) Answers will vary but should include 
things like: You cannot tell the actual 
number of people who visited each 
country, the time spent in each country, 
the amount of money spent, if people 
travelled alone or in family groups or on 
tours.

2. Number of degrees of the circle that will be 
included for each blood type:

0.37× 360 = 133°
0.34× 360 = 122°
0.10× 360 = 36°
0.04× 360 = 14°
0.06× 360 = 22°
0.02× 360 = 7°
0.01× 360 = 4°

AB¯

B¯

A¯

O¯

AB+

B+

A+

0+

37%

2%
6%

6%

4%

10%

34%

1%

Blood Type Distribution

3. Some of the other slices of the circle graph 
would have to be smaller. People would need 
to consider ways to save money in other 
areas of their lives, perhaps on entertainment 
and recreation or on clothing expenses. 

4. a) Two of the workers were electricians.

b) 3% of the injured workers were painters.

c) Since 27% of the injured workers 
were plumbers, it looks like the most 
dangerous job. However, you cannot be 
certain because you don’t know how 
many workers of each type were at the 
different sites. 
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5. 14% of Garth’s work is unaccounted for in 
his data.

Miscellaneous
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Power 
Steering

Tire

Brake
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extend your thinking

6. a)
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Shampoo and Style

Perm

Colour

1%
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4%

25%

37%

15%

Number of Each Type of Hair Treatment

b) Answers will vary but may include the 
following.

The circle graph because the proportions 
are more obvious. 

The bar graph because you can see that 
cut and style is the most popular and 
shaved head the least popular.

PRACtISe	youR	new	SKIllS,	PAGe	109

1. A broken line graph is the best choice.
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2.  a)    The graph seems to indicate the trend 
in electricians’ salaries every four 
months from October 2007 to October 
2009.

b) It is misleading in that the vertical axis 
does not start at zero, so that it looks 
like the salary dropped to almost zero 
in July 2009 compared to earlier. Also, 
it does not indicate that it is specifically 
comparing the salaries to what they were 
in October 2007.

3.  a)   This was not the most suitable display 
because it looks like a continuum.

b) A more suitable display would have been
a bar graph or a circle graph. The bar 
graph shows the discrete numbers, and 
the circle graph shows proportions.
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4. a)    Either a bar graph or a circle graph will 
work.
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b) Answers will vary but may include the 
following: One can see the differences 
among the smaller numbers more easily 
in the circle graph: The numbers spread 
out more on the bar graph.
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5. a)
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c) The circle graph seems to give a better 
picture of the overall distribution. On 
the bar graph, the numbers indicate 
differences, but the length of the bars 
on the Northern Territories is hard to 
distinguish.

6. a)  The best type of graph here is a vertical 
or horizontal bar graph.
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Harpinder’s Plumbing Jobs

b) The data is discrete, and specific for each 
day.

c) You could have used a broken line graph, 
but since the data is discrete, this is not 
as good. You could also have used a 
circle graph, but there is no advantage 
to that because Harpinder is not likely 
interested in the percentage of jobs done 
each day.

7. a)  The power plant electrician earns the 
most, at approximately $66 000.00.

b) They each earn about $49 000.00 per 
year.

c) You could not use a broken line graph 
because there is no continuum.

You could not use a histogram because 
the data is discrete, not continuous.

You could not use a circle graph because 
you do not know the total amount that 
you are working with.
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8.  a)   This is a suitable way to display the 
information because the trees are of 
differing heights and Ray would not be 
able to determine their exact heights, 
just a range.

b) The tallest tree would be between 90 and 
100 feet tall.

c) There are 32 trees taller than 50 feet.

d) We cannot be sure how many trees are 
less than 50 feet tall because he did not 
indicate how many trees were less than 
10 feet tall. However, there are 45 trees 
between 10 and 50 feet tall.

e) The information could have been 
displayed on a circle graph.

9. a)  A circle graph is a good way to 

display this data because we have the 

percentages given and it shows the 

distribution clearly. A bar graph could 

also have been used. 
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Comparison of Salaries in Calgary

b) Cable workers have the greatest 
discrepancy.

c) Electricians have the least discrepancy.

d) Answers will vary but should include 
comments such as: If the average wage 
is closer to the higher wage, more people
tend to be in the upper category and vice
versa. Thus, for carpenters, it appears 
that more in the upper category, but for 
cable workers, more are in the lower 
category.
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11.  a) 

High wage

Low wage
Average wage
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Comparison of Salaries in Winnipeg

b) No. In Calgary, the highest paid 
occupation is the cable worker while in 
Winnipeg, it is the carpenter. The lowest 
in both cities is the painter/decorator.

c) Answers will vary but should include   
comments such as:
• Winnipeg salaries tend to be lower. 
• There is not as much discrepancy 

between the high and the low in 
Winnipeg. 

• While electricians’ salaries in 
Calgary don’t vary much, they vary 
considerably in Winnipeg. 

• Cable workers in Calgary earn 
considerably more than in Winnipeg.

d) The difference is important, but one 
would also have to consider cost of 
housing and other living expenses such 
as travel time and distances, food, etc.

12.

double bar graph of the average wages. 

 The most meaningful graph would be a 
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Chapter 3

surfaCe area, voluMe, and CapaCIty

3.1 surfaCe area of prIsMs

BuIlD	youR	SKIllS,	PAGe	124

1. a) Darcy must paint 756 ft 2.

b) Darcy must buy 7 cans of paint.

2. a)
60 in

80 in

3 in

b)  10 440 in2 of canvas are needed to cover 
the divider.

3. a)  The area of one face of the display case is 
12 000 cm2.

b) Arapoosh needs 7.2 m2 of glass.

4. a) The surface area of the crate is 54 ft2.

b) Mingmei needs 3 sheets of plywood.

c)  She needs 5 sheets, since she can get one 
side face out of one sheet and both ends 
out of one sheet.

5. Dirk needs 2080 in2 of sheet metal.

6. No, this is not a reasonable estimate. The 
bathroom would be around 8 m × 8 m, or 
the size of a small apartment. Possibly Zyana 
did not check the units of the floor plan and 
assumed the dimensions were in metres.

extend your thinking

7. Because the roof is corrugated, the actual 
surface area is greater than the area 
covered by the roof. Wolfgang should have 
determined this area, which is 833 ft2, or 
66% larger than the area covered by the roof.

3.2 surfaCe area of pyraMIds, 

CylInders, spheres, and Cones

BuIlD	youR	SKIllS,	PAGe	134

1. a)

13 cm

130 cm

b)  11 680 cm2 of space must be covered.

2. a) About 145 steel sheets are needed.  

b) No, it would not be a good idea because  
the actual surface area of the corrugated  
steel is much greater due to its wavy   
surface.
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3. The amount of hide needed for the drum is 
about 2734 cm2 and the amount of wood 
needed is about 706.9 cm2.

4. 7992 m2 of material is needed.

extend your thinking

5. a) The slant height of the pyramid is       
133.1 ft.

b) The lateral surface area is 47 916 ft2.

c) There are about 15 972 blocks on the   
outside of the pyramid.

6. a) The cube’s side length measures 15 cm.

b) The diameter is 20.7 cm.

3.3 voluMe and CapaCIty of prIsMs and 

CylInders

BuIlD	youR	SKIllS,	PAGe	144

1. a) 

100 ft

50 ft

7 ft

b) 17 500 ft3, or 130 900 US gallons

c) Surface area: 6062 ft2. 

2. a) For a one-foot length of wall, 3.11 ft3 of  
concrete is needed.

b) 2.88 or about 3 cubic yards are needed.

3. a) One bin holds 137 445 cm3 of flour.

b) 2.5 sacks of  flour fit in the bin.

c) The bin holds 49.8 kg or about 50 kg of  
flour.

d) The volume of salt in the bin is   
17 181 cm3.

4. a) The total volume is 455 litres.

b) The rated water capacity of the tank is       
59.3%, or just over one half its total   
volume.

5. a) 597 cm2

b)  457 cm3

6. For each metre of extrusion, 271 748 mm3 of 
plastic are needed.

extend your thinking

7. 

h = 1.5 m

a = 218°

r = 0.47 m

The volume of the section is 0.63 m3.

370 MathWorks 11



3.4 voluMe and CapaCIty of spheres, 

Cones, and pyraMIds

BuIlD	youR	SKIllS,	PAGe	156

1. Volume of rectangular prism: 39 750 cm3

Volume of rectangular pyramid: 6625 cm3

Total volume of model: 46 375 cm3.

2. a) The volume is 113 mm3.

b) Doubling the radius results in an  
increase in volume of 23 or 8.

c) The volume will increase by a factor of  
4 3 or 64.

3. a)  14.70 mm

b)  7.64 mm

c) 12.48 mm

4. a) 2.325 cm

b) 4.22 cm

c) 1.14 cm

5. a) Volume of cube: 157 464 mm3

Volume of sphere: 82 448 mm3

 The volume of marble ground away is 
75 016 mm3, or  the volume of the cube 
minus the volume of the sphere.

b) 47.6%, or almost one-half of the marble  
is wasted.

extend your thinking

6. h
p
 = 0.785h

c

The height of the pyramid is slightly more 
than three-quarters of the height of the cone.

7. a) The stockpile contains 35 580 m3 of ore.

b) The angle of repose is 35°.

c) The height would be 25.6 m and the  
diameter would be 73 m. 

PRACtISe	youR	new	SKIllS,	PAGe	160

1. a) The ratio of volume to surface area is 
6

. 

b) The ratio of volume to surface area is r
3 .

c) Relationship between length of cube and  
radius of sphere: 

ℓ = 1.447r

d) Relationship between length of cube and 
radius of sphere:

ℓ = 1.612r

2. a) One mile of pipeline holds about 66 350  
cubic feet of oil.

b) There are about 496 331 US gallons of oil  
in one mile of pipeline.

c) There are 11 817 barrels (bbl) of oil per  
mile of pipeline.

d) There are 9 453 600 barrels of crude oil  
in the entire pipeline.

3. a) The volume of the bin is 30 442 cm3.

b) The bin holds 13.5 kg of coffee.

4. a)
s

a

b)  Edge a is the length of the circumference  
of the base of the cone, or 2πr.
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5. a)  Add the surface areas of the three shapes 
composing the object to determine the 
amount of sheet metal.

Surface area of top: 2 544 690 mm2 

Surface area of cylinder: 8 878 141 mm2

Surface area of cone: 6 022 433 mm2

T he amount of sheet metal needed is 
17 445 264 mm2.

b) The amount of sheet metal needed, in   
metres, is 17.445 m2.

6. a) Ara will need 1571 L of soil.

b) The bags of soil would cost $364.50   
and the bulk soil would cost $85.49, so  
Ara should buy the bulk potting soil.

7. The total area of fabric Seth needs is 105 ft2.

8. The surface area is about 77.0 ft2.

9. a) The volume of concrete needed is 1.94  
cubic yards.

b)  The surface area that needs to be  
  covered is 62.25 ft2.

10. a) The volume of stone used to build the   
pyramid is 2 458 554 m3.

b)  The weight of the pyramid is about 
6 293 898 tonnes, or 6.3 million metric 
tonnes.

Chapter 4

trIgonoMetry of rIght trIangles

4.1 solvIng for angles, lengths, and

dIstanCes

BuIlD	youR	SKIllS,	PAGe	177

1. 

6.2 m

3.4 m

drop 1

drop 2

18°

42°

drop 1 ≈ 1.9 m

drop 2 ≈ 2.3 m

The total drop is 4.2 m, so the end of the 
pipe is 4.2 m below the horizontal.

2. a ≈ 31.3°

b ≈ 32.3° 

These angles are not the same, so the 
reflection is not perfect. 

3. a ≈ 9.4 m

b ≈ 6.4 m

c ≈ 4.5 m

4. Height of 300 m section: 172 m 

Height of 440 m section: 405 m. 

300 + 440 + 1400 = 1977 

The elevation to the top of the hill is 1977 m.
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5. 

8.8 ft

b = 37°

24°

5 ft
y

a

c

h

8 ft

5 ft

a = 66°

c = 106°

h = 8 ft

s ≈ 8.8 ft

y ≈ 3 ft

6. The angle of the downward slope is 
approximately 47°.

7. a)  The area is 3 473 604 mm  
squared, or about 3.5 metres squared.

b)  The area of the sloped face is       
2 242 356 mm squared or about 2.2 m2.

8. a) 

roof truss dIMensIons

Segment Horizontal 
length (ft)

Segment Vertical length 
(ft)

FK 4 KE 2.31

FJ 8 JD 4.62

FI 12 IC 6.93

FH 16 HB 9.24

FG 20 GA 11.55

b) AF must be 23.09 ft long.

9. a) David’s is travelling on a bearing of 41°.

b) B2 is about 59.59 m west of B1.

10. 

50°

r = 120 m

∆East

∆South

A

D

C

B

Point B is 91.93 m east and 42.87 m 
south of point A.
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extend your thinking

11. 

165°

62 km

Sandy Lake 
Tower

Line of sight

Sandy Lake Tower

Rock Island 
Lake Tower

Lin
e 

of
 si

gh
t

Ro
ck

 Is
la

nd
 La

ke
 To

w
er

140°

20°

35°

15°

25°

ℓ
1

ℓ
2

The Sandy Lake tower is 41.063 km from the 
smoke.

The Rock Island Lake Tower is 30.256 km 
from the smoke.

4.2 solvIng CoMplex probleMs In the 

real World

BuIlD	youR	SKIllS,	PAGe	195

1. Elevation loss for 2210 ft section: 572

Elevation loss for 2460 ft section: 961

Elevation loss for 890 ft section: 498

8060 – 572 – 961 – 498 = 6029

The elevation at Anna’s final position is 6029 ft.

2. The height of the rock formation is 298 feet. 
If he adds 10 ft of rope, the climber will need 
308 ft of rope. 

3. 

current height 
48.85 m

62.9°

25 m

The cliff is currently 48.85 m high.

The cliff lost 0.22 m, or 22 cm to erosion.

height  
75 years ago 

 49.07 m

63°

25 m

The angle of elevation 75 years ago was 63°.
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4. Alan must drill a horizontal angle of 26.6° 
and a vertical angle of 24.1° to make a hole 
from point A to point B.

b

a

12ʺ

3ʺ

3ʺ

3ʺ

3ʺ
B

D

C

A

12ʺ

5. The plane is 27 m west of the tower.

6. a)  The distance from point B to point C  
is 136 m.

b) proposed hotel 
location

C

A

D

B

43°

33.9 m

140.1 m

136 m

186 m

127 m

76°

14°

The height of the cliff is 127 m.

7. a) 

N

Tim

80 m

40 m

14°
20°

b) Building 2 is 19.9 m tall, or 5.3 m taller  
than Building 1.

c) The straight-line distance is 89 m.

d) The angle of elevation from the lower to  
the higher building is 3.4°.

extend your thinking

8. a)  The back leg makes a 65° angle with 
the ground. 

b)  To maintain a 20° tilt on the easel, the 
strings connecting the back leg to the 
front legs must be 1593 mm long.

9. 

guy rope effeCtIveness

Guy 
Rope 
Angle

% 
Effectiveness

Sine of 
Angle

Cosine 
of Angle

Tangent 
of Angle

60 50 0.866 0.500 1.732

45 71 0.707 0.707 1.00

30 87 0.500 0.866 0.577

0 100 0.000 1.00 0.00

The cosine ratio expressed as a percentage is 
equal to the percent effectiveness of the guy 
rope.
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PRACtISe	youR	new	SKIllS,	PAGe	202

1. a)   Anne-Christine: 25° towards west  
or 65° towards north

Anna-Mieke: 23° towards east

b) The two girls are 351 m apart.

2. 

34°

10 ft

42°

80 ft

218 m

The total width of the ride is 218 m.

3. The angle of incidence (38°) does not equal 
the angle of reflection (32°); therefore the 
mirror is warped.

4. The height of the mountain is 3123 m.

5. a) 
Length, m Angle a = length × 

cos (angle)
b = length × 
sin (angle)

6.40 38.7 4.99 4.00

4.47 26.6 4.00 2.00

6.26 28.6 5.50 3.00

b)  The total surface area of the patio is  
45.2 square metres.

c) Area of one paver: 0.06 square metres

Number of pavers: 754

10% for wasteage: 75.4

754 + 75.4 = 829.4

Leslie should order 830 pavers.

6. 

12 km

35°
55°

fire

lookouttourist

l1 l2

5.64
6.89

The smoke is 6.89 km from the lookout 
tower.

7. a) The angle of inclination is 3.7°.

b) The straight-line distance is 30 688 feet.

8. Clare’s elevation is 8.04 m.

9. Draw a net of the garage.

a
B

8 m b

C

3 m

A d D

8 m
4 m

a) She has completed 5.4 metres of the top  
row of shingles.

b)  The hose makes an angle of 47.38° with 
the ground. 

c)  She will need 7.117 m of hose, so she 
does not have to move the compressor.
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10. 

a

bc

E

SIDe

 

1.5 ft1.5 ft

D D

bb

Bottom

a ≈ 3.35 ft 

b ≈ 6.18 ft

c ≈ 6.71 ft

D ≈ 14.0°

E ≈ 28.5°

11. a)  This strapping must be at least 4 feet 9 
inches.

b) Total drop: 6 ft 4 in

c) The diagonal distance from the top to   
the bottom of the pipe is 11.8 ft.

12. a) Horizontal offset: 2.487 mm

b) Vertical offset: 1.659 mm

Chapter 5

sCale representatIons

5.1 sCale draWIngs and Models

BuIlD	youR	SKIllS,	PAGe	215

1. a)  Architects, salespeople at trade shows, 
biology teachers, commercial builders.

b) Surveyors, seamstresses, landscapers, 
interior designers, engineers, architects.

2. a) A diagram would need to be reduced 
to fit on the page it is printed on, or to 
be proportionate to other diagrams. A 
model would need to be reduced in size 
if its scale were reduced, or if the actual 
item it is based on was reduced in size.

b)   A diagram would need to be enlarged if 
it needed to show more detail, or if its 
scale changed from, for example, 1:5 to 
1:2. A model would need to be enlarged 
to show more detail, or for advertising 
displays.

3. Alli will need a piece of fabric that is 
176 inches long or about 14 feet and 8 
inches long.

4. a)   1:30

b) Roof width: 26 1
4

in

Roof length: 67 1
2
in

Roof depth: 1 7
8

in

Side wall length: 60 in

Side wall height: 28 1
8

in

Front wall height (at peak): 41 1
2

 in

Front wall width: 37 1
2

 in

Door height: 22 1
2

in

Door width: 15 in
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c) The door is probably not wide enough. 
It should be over 2 feet wide. The 
door is not tall enough it should be at 

1least 2  ft tall. 
2

5. a)   The new ad width is 3.6 cm. 

b) The new ad height is about 3.3 cm.

6.   The statue is 353.5 cm tall, or about 3.5 m tall.

7. a)   The length of the actual mosquito from 
point A to point B is about 7.3 mm.

b) The magnification of the drawing is 
about 8.9.

extend your thinking

8. a)  The second scale beam would have a 
length of 150 cm, a width of 25 cm, 
and a height of 6.25 cm.

b) The scale used was 40:1.

5.2 tWo-dIMensIonal representatIons

BuIlD	youR	SKIllS,	PAGe	226

1. Johan does not have enough information to 
design the box because the diagram does not 
show the depth of the coffee machine. He 
would not know how deep to make the box.

2. a)  The drawings of the cooking pot 
accurately represent it. The viewer can 
see the dimensions of its components  
and their shapes. 

b)  The drawing of the bench does not 
accurately represent it, because the 
viewer can’t see the bottom.

3. SCALE 1:6

toP	VIew

7 in

13 in

FRont	VIew
12 in

8 in

7 in8 in

SIDe	VIew
6 in

4.  Bag length: 3.5 cm; bag width: 10 cm; bag 
height: 10 cm; handle length: 15 cm; handle 
width: 1 cm (see diagram on next page).
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Build Your Skills, Question 4

SCALE 1:4

73 cm

4 cm

7 cm

STRAPS × 2

70 cm

14 cm 17 cm

40 cm

43 cm

SMALL SIDES/
BOTTOM × 3

40 cm 43 cm

40 cm

43 cm

1.5 cm (seam allowance)

LARGE SIDES × 2
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5. a) SCALE  1:15

120 cm

75 cm

51.5 cm

25 cm

120 cm

65 cm

b) You need the two views as shown above. 
All necessary dimensions are given in these 
2 views. Top views will vary.

6. SCALE 1:5

BASE 12 cm

10.5 cm

ROOF × 2 19 cm

15.5 cm

SIDE × 2 22.5 cm

10.5 cm

FRONT

30.8 cm

BACK

12 cm
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7. a)  SCALE 1:25

2 cm

2 cm

200 cm

154 cm

30 cm

150 cm

b) Answers will vary. A sample answer is 
provided.

You would add the piece used to divide 
the shelf. You would delete the original 
middle, top, and bottom piece and add 
a piece that was half the length. (You 
would need 8 of these, but only 1 in the 
diagram.) You would need 48 screws, but 
only 1 in the diagram.

extend your thinking

8. a)  1:10

b) The actual width will be 44 cm. It will 
be 4.4 cm in the drawing.

c)  Gwen will need to draw one pocket 
because both pockets have the same 
measurements. The pocket will be 
2.3 cm high, with the seam allowance.

d)  Gwen will draw two waist straps, a 
neck strap, pocket, and main part of the 
apron. 

e) See diagram below.

f)  The neck strap is 6.3 cm long and 0.3 cm 
wide.

SCALE 1:10

46 cm

15 cm

20 cm

NECK STRAP
ℓ = 63 cm
w = 3 cm

WAIST STRAPS
ℓ = 50 cm
w = 3 cm

42.5 cm

100 cm

65 cm

g)  The fabric would need to be at least 
103 cm long.
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5.3 three-dIMensIonal representatIons

BuIlD	youR	SKIllS,	PAGe	244

1. The vanishing point is at the end of the 
alley between the two buildings along the 
horizon line.

2. Answers will vary. A sample answer is given 
below.

3. SCALE 1:24

24 in

36 in

24 in

12 in8 in

4.

5.
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extend your thinking

6. a) SCALE 1:1

× 10

35 mm

3.5 mm

42 mm

16.1 mm

× 2

16.1 mm

× 2

b) Answers will vary. Sample answer: Screw 
the bottom shelf to the left and right side 
piece. Screw the top shelf to the right and 
left side piece. Screw the kickplate to the 
left and right side piece.

c)

PRACtISe	youR	new	SKIllS,	PAGe	248

1. The vanishing point is located at the end of 
the railway tracks. The horizon is made by 
the sea.

2. 35 mm 12 mm

12 mm

12 mm

4 mm8 mm
2 mm

2 mm

2 mm
8 mm

16 mm

3. a)

b) SCALE 1 in:8 ft

8 ft

8 ft

12 ft
10 ft

14.25 ft

c) The isometric drawing would be more 
useful because it would allow you to see 
all of the shed’s dimensions to scale and 
see what the completed shed might look 
like.

4. a)  Answers will vary. The longest middle 
support part is screwed into the top of 
the base and the bottom of the middle 
platform. A second middle support part 
is screwed into the top of the middle 
platform and the bottom of the top 
platform. 
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SCALE 1:10

50 cm

50 cm

  10 cm

30 cm

10 cm

40 cm
60 cm

60 cm

70 cm

70 cm

b) SCALE 1:10

10 cm

30 cm

40 cm

5 cm

5 cm

5 cm

60 cm

50 cm

70 cm

70 cm60 cm 50 cm10 cm

10 cm
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5. a) SCALE 1:5

6 cm

20 cm
SIDE
× 2

25 cm

35 cm30 cm25 cm

BACK

2 cm
23 cm

RAIL × 2

6 cm

23 cm

SHELF × 2

b) 

6. a)

TOP VIEW

FRONT VIEW SIDE VIEW

b) Answers will vary. Sample answer: You 
could start at the base and attach the 
back and two side pieces to it. Next, you 
could attach the small rectangular piece 
to the base, and the slanted front part 
to the top of that. The small rectangular 
top piece is attached to the interior of 
the breadbox. One end of this piece is 
attached to the left side piece and the 
other end is attached to the right side 
piece. Finally, attach the top piece to the 
sides, back, and front.

Answer Key 385



Chapter 6

fInanCIal servICes

6.1 ChoosIng an aCCount

BuIlD	youR	SKIllS,	PAGe	262

1. Marc should choose a bonus savings account. 
He will get interest on his savings, and can 

keep his day-to-day transactions separate.

2. Jannik should choose a value account. He 
won’t have to pay the monthly fee and will 
only pay for 5 extra transactions a month, 
so he will only pay $2.50 per month. His 
monthly minimum is not enough to waive 
the fee for the self-serve account, so he 
would have to pay $10.90/month, which is 
greater than $2.50 with the value account.

3. a) Two full-service transactions: $2.00

 ATM transaction, Northwest Bank of 
Canada: $1.50

ATM transaction, other bank: $1.50

Total service charges: $5.00

b) Closing balance: $625.72

c) Kyra’s new balance is $1425.72, so she   
will have to pay the monthly fee.

4. a)  It is important to keep your PIN secure 
because it is easier for people to steal 
from your account if they have this 
information. 

b) Ways to protect your personal banking 
information include: covering up the 
ATM keypad when entering your PIN; 
never telling anyone your PIN; not using 
your birthday/address/phone number as 
a PIN; never writing down your PIN.

5. Answers will vary. Some possible situations 
include: 

Bank card: store purchases, ATM 
withdrawals and deposits 

Online banking: automatic cheque deposits, 
pay bills, statements, transfers

Telephone banking: automatic cheque 
deposits, pay bills, statements, transfers

Bank teller: deposits, withdrawals, traveller’s 
cheques, foreign currency, pay bills

ATM: deposits, cash withdrawals, balance

Cheque: pay bills, pay for items at stores, 
pay people

6. a) He would spend $156.00 in 1 year.

b) Answers will vary. Possible answers 
include withdrawing more money at one 
time, using only ATMs belonging to his 
bank, or using his bank card to make 
purchases (depending on the nature of 
his account).

extend your thinking

7. $65.55 CAD will be deducted from 
Timothy’s account.

6.2 sIMple and CoMpound Interest
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1. a) I = $120.00

b) A = $2120.00

2. a) P = $833.33

b) t = 21.6 months

c) r = 1.0% 
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3. a) I =$48.75

b) A = $1548.75

c) She will pay $258.13 a month.

4. To double your investment in 18 years, 
you would need an interest rate of 4% per 
annum.

5. a)  There are 4 interest periods because the 
loan is semi-annual, or calculated twice a 
year for 2 years.

b)

Interest 
period

Investment 
value at 
beginning of 
period

($)

Interest earned

($)

(I = Prt)

Investment 
value 
at end of 
period

($)
1 $1200.00 $1200.00 × 0.026 

× 0.5 = $15.60
$1200.00 
+ $15.60 = 
$1215.60

2 $1215.60 $1215.60 × 0.026 
× 0.5 = $15.80

$1215.60 
+ $15.80 = 
$1231.40

3 $1231.40 $1231.40 × 0.026 
× 0.5 = $16.01

$1231.40 
+ $16.01 = 
$1247.41

4 $1247.41 $1247.41 × 0.026 
× 0.5 = $16.22

$1247.41 
+ $16.22 = 
$1263.63

c) The value of the investment at the end of  
2 years is $1263.63.

d) The interest earned is $63.63.

6. a) I = $325.00

b) I = $121.27

c) I = $269.64

d) I = $10.69

7. Option 1: A ≈ $2601.00

Option 2: A ≈ $2601.51

The second option is the better investment 
by $0.51.

extend your thinking

8. a) Answers will vary. Sample solutions   
are for a typical interest rate of 3.00% per  
annum compounded semi-annually with  
a principal of $4 000 000.00.

i)   I = $120 900.00

ii)  I = $9938.07

iii) I = $326.34

b) i)   $40 700.00 

ii)  $3285.49

iii) $107.71

c) I = $121 663.83

If the interest is compounded more   
frequently, the amount of interest earned  
increases.

d)  Increasing the rate by 1.00% increases the 
interest for 1 year from $120 900.00 to 
$161 600.00, a difference of $40 700.00.

Increasing the compound period to 
monthly increases the interest for 1 year 
from $120 900.00 to $121 663.88, a 
difference of $763.88.

Increasing the interest rate has the largest 
effect on interest.

6.3 CredIt Cards and store proMotIons
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1. a)  The interest due is $5.68. 5% of the 
unpaid balance plus interest equals 
$17.57. This is more than $10.00, so the 
minimum payment is $17.57.

b)  The interest due is $0.85. 5% of the 
unpaid balance plus interest equals $2.83, 
so the minimum payment is $10.00.

2. The interest rate is 18.5% per annum.
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3. The unpaid balance on Sanaa’s credit card 
was $692.58.

4. a) Phil will pay $4.41 in interest on his  
unpaid balance.

b)  As of August 21, Phil will owe $410.40.

5. a) Total days: 49 

b) I = $10.27 

c) A = $310.27

6. Brian will pay $430.00 in interest if he pays 
using the deferred payment plan.

7. Option 1: $1003.51

Option 2: $1140.00

Option 3: $1011.55

Option 1 is the least expensive, so if Arlene 
can afford it, she should pay cash. If she does 
not have the cash on hand, she should use 
her credit card and pay off the balance as 
soon as possible.

8. a) 15 months

b) Guy will pay $181.81 in interest.

9. a) Pasha’s purchases: $648.00

b) Interest is calculated over 31 days. 

c) Pasha’s unpaid balance: $145.86

d) I = $2.42

e) New balance: $796.28

f) 5.0% of the new balance: $39.81

 This is greater than $10.00, so Pasha’s 
minimum payment is $39.81. 

g) Credit still available: $2703.72

extend your thinking

10. a) Total paid in 5 months: $760.00

b) i)  Total paid: $888.25

ii)  Total paid: $900.03

6.4  personal loans, lInes of CredIt, 

and overdrafts
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1. a) Monthly payment: $31.11

Total amount paid: $1119.96

Finance charge: $119.96

b) Monthly payment: $60.45

Total amount paid: $2901.60

Finance charge: $401.60

c) Monthly payment: $62.28

Total amount paid: $3736.80

Finance charge: $736.80

2. a) Amy will have to borrow $1065.45.

b) Amy’s monthly payment will be $92.80.

c) Amy’s loan will cost her $1113.60.

d) Amy will pay $1613.60 for the computer.

3. Option 1: Cost = $8949.60 

Monthly payment = $372.90

Advantage: Cindy can afford the monthly 
payments.

Disadvantage: The total paid is $449.60 more
than the cash price of the snow machine.
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Option 2: Cost = $10 412.50 

Minimum payment for the first month = $425.00

Advantage: If she can pay off her credit 
card quickly, this might be a good option, 
especially if she is offered air travel rewards. 
But it looks like Cindy will not be able to 
afford to do this. 

Disadvantages: She does not have the cash 
to pay off her purchase to avoid interest 
charges. Her first minimum payment will be 
$425.00, which she cannot afford. The total 
cost of the snow machine is significantly 
higher than options 1 or 3. She should avoid 
this option.

Option 3: Cost = $8904.72 

Monthly payment = $371.03

Advantage: The line of credit option gives her 
flexibility and she doesn’t have to apply again 
for a new loan if she wants one at a later date. 
This is the least expensive option.

Disadvantage: The total paid is $404.72 more 
than the cash price of the snow machine.

4. Toby will pay $50.00 in charges for his NSF 
cheques.

5. a) If he takes the payday loan, Ramon will  
pay $60.00 interest.

b) Daily interest rate: 1.2% 

Annual interest rate: 438%

6. An overdraft occurs when you withdraw 
more than you have in your account. You are 
charged a fee for being overdrawn, and your 
bank will not make any payments which 
you cannot cover. You can get overdraft 
protection, which means that the bank will 
pay for your overdrawn withdrawals, but you 
must still pay a fee.

 A line of credit is a negotiated loan with your 
bank which allows you to withdraw funds 
up to an agreed-upon limit. You pay interest 
until these funds are repaid. Unlike an 
overdraft, a fee is not charged to withdraw 
funds from a line of credit.

When choosing between an overdraft and 
a line of credit, there are advantages and 
disadvantages to both. An overdraft is 
inexpensive or free to put in place, and is 
easily and quickly arranged. However, you 
might be charged an interest rate higher 
than that on a line of credit. A secured line 
of credit will often offer a better interest 
rate, but it also offers you the opportunity to 
spend money that you don’t have. Because a 
line of credit offers a better interest rate, it is 
probably the better option.

extend your thinking

7. a) Option 1: $300.00 a month

Option 2: $335.10 a month

Option 3: $300.00 a month

b) Option 1: Cost = $4125.00

Option 2: Cost = $4021.20

Option 3: Cost = $3842.00

c)  Option 1: He can buy it immediately and  
doesn’t have to apply for a loan. It is the  
most expensive way.

 Option 2: This is cheaper than option 1 
and he can get the kayak right away. He 
will need to get a loan.

 Option 3: This is the cheapest way, but 
Josh will have to wait to buy the kayak.
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1.

Value Self-
service

Full-
service

Bonus 
savings

Month 1

Approximate minimum monthly balance: $900.00 (opening 
balance)

Monthly 
fee

$3.90 $10.90 $24.50 $0

Transaction
charges

 8 × $0.50
= $4.00

 $0 $0 16 × $1.25 
= $20.00

Month 2

Approximate minimum monthly balance: $900.00 plus 
deposits, minus withdrawals and service charges from Month 
1 (opening balance)

Monthly 
fee

$0 $10.90 $24.50 $0

Transaction 
Charges

8 × $0.50 
= $4.00

$0 $0 16 × $1.25 
= $20.00

TOTAL $11.90 $21.80 $49.00 $40.00

3. It will take two-thirds of a year, or 8 months, 
to earn $60.00 interest.

4. a) The interest to be paid over 1 year is   
$80.00.

b) The total amount to be paid back is  
$880.00.

c) The monthly payments will be $73.33.

5. a) 

Period Value at 
beginning 
of period

Interest  
(I = Prt)

Value at end of 
period

1 $1000.00 $1000.00 × 0.0425 
= $42.50

$1000.00 + $42.50 
= $1042.50

2 $1030.00 $1042.50 × 0.0425
= $44.31

 $1042.50 + $44.31 
= $1086.81

3 $1060.90 $1086.81 × 0.0425 
= $46.19

$1086.81 + $46.19 
= $1133.00

b) The total interest earned after 3 years is  
$133.00.

2. Bank card Online banking Bank teller ATM Cheque
• withdraw cash

• deposit cash or 
cheques

• check account 
balance

• purchase item at 
store

• pay bills

• transfer money 
between accounts

• deposit 
paycheques

• pay bills

• check account 
balance

• transfer money 
between accounts

• pay bills

• buy traveller’s 
cheques

• withdraw cash

• deposit cash or 
cheques

• transfer money 
between accounts

• deposit 
paycheques

• obtain foreign 
currency

• check account 
balance 

• pay bills

• withdraw cash

• deposit cash or 
cheques

• transfer money 
between accounts

• deposit 
paycheques

• check the account 
balance

• pay bills

• purchase items 
from a store
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6. It will take about 36 years for the investment 
to double in value.

7. The investment will be worth $8523.40 after 
17 years.

8. a) Henry’s total purchases: $546.04

b) Unpaid balance: $327.55

c) The interest on the unpaid balance is   
$5.42. 

d) The new balance is $879.01.

e)  The minimum payment for this 
statement is $43.95.

f) Henry has $3620.99 in credit available.

9. a) The 2-year loan has the higher monthly 
payment, by $218.82.

b) The 4-year loan costs $552.00 more than 
the 2-year loan.

c) Nadine may have to take the 4-year loan  
because she may not be able to afford the 
monthly payments for the 2-year loan.

10. Option 1: $600.00

Option 2: $577.36

Option 3: $822.40

Option 2 is the least expensive option, so 
Joseph should pay using his personal line of 
credit.

Chapter 7

personal budgets

7.1 preparIng to Make a budget

BuIlD	youR	SKIllS,	PAGe	309

1. Answers may vary for prioritization of  
expenses.

Monthly InCoMe and expenses

Regular Variable Unexpected
Priority Expense Priority Expense Priority Expense

1 Rent:  
 $760.00

5 Birthday 
gift: 
 $42.00

4 Muffler: 
$135.00

8 Savings:  
 $50.00

7 New 
TV: 
 $799.00

2 Insurance:  
$71.00

6 Gas for 
car: 

$68.00

3 Telephone 
bill: 

$55.00

2. Doug needs to save for about 8 months. 
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3. a)

kIM’s Monthly InCoMe and expenses
Income Regular or 

variable
Job 1 $700.00 Variable

Job 2 $350.00 Variable

Job 3 $855.00 Variable

Job 4 $820.00 Variable

Job 5 $1063.00 Variable

total $3788.00

expenses

Recurring or 
variable

5 Transportation $600.00 Variable

6 Entertainment $450.00 Variable

2 Food $500.00 Variable

1 Rent $1500.00 Regular

3 Child care $600.00 Regular

4 Insurance $200.00 Regular

7 Misc. $300.00 Variable

total $4150.00

b) See table above.

c)  Kim’s income is $362.00 less than her 
expenses.

d)  Answers will vary. See table for sample 
answers. 

Kim could decrease her entertainment 
expense by doing fewer activities and she 
could likely reduce her miscellaneous 
expense. She might also decrease her 
transportation expense by using public 
transit. These three reductions would 
help reduce her expenses.

4. a)  André earns about $2015.00 per month.

b)  André should be looking for an 
apartment that costs between $503.75 
and $705.25 monthly.

c)  André could consider renting a room in 
a house, sharing an apartment with a 
friend, or living in a less expensive part  
of the town or city. Another option 
would be to try to increase his income.

d)  André could give an additional amount 
between $171.50 and $272.25 and stay 
within the guidelines.

5. a)  Vanessa will need to save about 20.8% of 
her income each month.

b)  Vanessa will have $950.00 left to cover 
her monthly expenses. Whether or not 
this is a reasonable amount depends on 
Vanessa’s lifestyle. If she has to pay for 
rent, utilities, food, and transportation, 
this is not a lot of money to cover those 
expenses. However, if she lives at home 
or her expenses are modest, $950.00 
might be a reasonable amount to cover 
monthly expenses.

6. a)  Sandra needs to earn $1200.00 per 
month to save $4200.00 in 10 months.

b) Sandra needs to work about 26 hours 
per week.

c) Answers will vary. Sandra could reduce 
her monthly expenses. She could work 
more hours or look for a higher paying 
job. She could also plan to take the 
program later, giving her more time 
to save.

7. a)  Marie-Hélène’s regular monthly income 
equals $3666.66 and her variable 
monthly income equals $916.67.

b) Her annual salary is about $44 000.00.

c)  Answers will vary. Marie-Hélène spends  
30% of her work time on contract work 
but earns only 20% of her income from 
it. It would seem more advantageous to 
increase her salaried hours, if possible.
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8. a)  Brad needs to save about $583.33 per 
month, or about 37% of his monthly 
earnings.

b) Brad would save approximately $640.34 
each month during June, July, and 
August.

c)  Brad must save for an additional 
6 months, so a total of 12 months. He 
will have saved slightly more than the 
$7000.00 he needs.

extend your thinking

9. a)  Leanne will owe $16 409.85.

b)  Monthly payment ≈ $488.19

 This is about 11% of Leanne’s monthly 
income. 

c)  Monthly payment ≈ $279.60

 This is about 6% of Leanne’s monthly 
income. 

c) Option 1:  
Total paid in interest = $2574.84

Waiting for 2 years before making any 
payments is advantageous because 
Leanne could pay off other debts first 
and get established living on her own. 
However, she accumulates interest over 
the 2 years, so she will pay more interest 
overall.

 Option 2:   
Total paid in interest = $1776.00

Paying over 60 months is advantageous 
because Leanne’s monthly payments will 
be lower and she will pay less overall. 
However, she needs to begin making 
monthly payments right away, and this 
may be difficult when starting a new 
career.

7.2 the budgetIng proCess 

BuIlD	youR	SKIllS,	PAGe	321

1. a) Answers will vary. 

Stuart could save the receipts for all of 
his purchases. He could divide these 
receipts into categories such as food, 
entertainment, credit card payments, 
and so on. He could also classify his 
expenses as recurring, variable, and 
unexpected, necessary and unnecessary.

b) Answers will vary. To get better control 
of his finances, Stuart could calculate 
how much he has to spend on necessities 
(such as food and rent) each month 
and draw up a budget designed to 
meet these expenses. He could devote 
a certain percentage of his income to 
these expenses. Stuart could also reduce 
his spending and devote this money 
to paying off his debts. He could also 
decide to devote a percentage of each 
paycheque to paying off his debt.

2. a)  Answers will vary. A sample answer is 
provided. Underestimate the monthly 
income and overestimate the expenses.

franCey’s Monthly budget

Income expenses
$1800.00 Rent: $650.00

Transportation: $250.00

Food: $350.00

Other: $400.00

Savings: $150.00

total: $1800.00 total: $1800.00

Francey can save $150.00 monthly.

b) Francey can afford the new  
snowboarding equipment if she saves for 
7 months.
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3. a) See table.

Sept. 01 −$650.00 Cheque #102: 
Rent

• Expense

• Fixed

Sept. 01 $1400.00 Paycheque

• Income 

• Fixed

Sept. 03 −$212.40 SuperGroceries

• Expense

• Variable

Sept. 05 $−45.00 Gas

• Expense

• Variable

Sept. 05 −$40.00 Cash

• Expense

• Variable

Sept. 05 −$1.50 Transaction fee

• Expense

• Fixed

Sept. 10 −$54.25 SuperGroceries

• Expense

• Variable

Sept. 11 −$60.00 Cash

• Expense

• Variable

Sept. 11 −$1.50 Transaction fee

• Expense

• Fixed

Sept. 15 $1400.00 Paycheque

• Income

• Fixed

Sept. 17 −$48.00 Gas

• Expense

• Variable

Sept. 17 −$55.00 Pizza Palace

• Expense

• Variable

Sept. 21 −$120.00 Cheque #022: Car 
insurance

• Expense

• Fixed

Sept. 22 −$42.00 Bigger Burgers

• Expense

• Variable

Sept. 22 −$15.00 Cinema Magic

• Expense

• Variable

Sept. 24 −$47.45 Wow Clothing Co.

• Expense

• Variable

Sept. 24 −$35.00 Cheque #023: 
Charity ABC

• Expense

• Variable

Sept. 28 −$3.50 Wake-up Coffee

• Expense

• Variable

Sept. 30 −$60.00 Cash

• Expense

• Variable

Sept. 30 −$1.50 Transaction fee

• Expense

• Fixed
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b) See table.

janIne’s Monthly budget

Income expenses

$2800.00 Rent $650.00

Food $300.00

Entertainment/
Restaurants

$130.00

Car $250.00

Clothing $75.00

Donations $35.00

Other $200.00

Savings $1160.00

total: $2800.00 total $2800.00

c)  After 10 years, Janine will have saved 
$9353.69.

4. a)  Alana’s weekly net pay is $448.00.

b) See table.

alana’s Weekly budget
Income expenses

$448.00 Food $90.00

Transportation $25.00

Rent $150.00

Clothes and 
personal items 

$40.00

Entertainment  $80.00

Other $25.00

Savings $38.00

total: $448.00 total $448.00

c)  It will take Alana about 53 weeks to save 
$2000.00.

d)  Answers will vary. Alana could reduce 
her spending on entertainment, put in 
more hours at work, take out a loan, or 
investigate how to access to government 
health programs.

5. a)  Marc’s unexpected expenses are about 7% 
of his net income.

b) Unexpected expenses might include car 
maintenance, repairing a roof leak, vet 
bills, or an unplanned purchase.

6. a) 

devIn’s annual budget
net income expenses
Annual net 
income

$6056.96 Cell phone $480.00

Transportation $1300.00

Entertainment $2080.00

Clothing and 
personal items

$600.00

Savings $1596.96

total $6056.96 total $6056.96

b) Devin saves approximately $30.71  
weekly, $133.08 monthly, and $1596.96 
annually. 

c)  Devin’s annual savings will decrease 
by 15% if his monthly cell phone costs 
increase by $20.00.

7. a)  If she worked 20 hours, she would earn 
$300.00. If she worked 30 hours, she 
would earn $450.00. This wage would 
not cover her expenses. Based on this, it 
might not be wise for Elaine to accept the 
job.

b)  Elaine’s net weekly income is $262.50.

c)  Elaine would have to work about 
53 hours each week to cover her 
expenses. Based on this information, 
it would not be advisable for Elaine to 
take the job, given that she can work a 
maximum of 30 hours each week.
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extend your thinking

8. a) 

josIf’s draft Monthly budget

Income expenses
Regular 
monthly net 
pay

$2123.33 Housing $1200.00

Net overtime 
pay

$0.00 Food $650.00

Gas $200.00

Educational 
Savings

$300.00

Misc. $200.00

total $2123.33 total $2550.00

Draft deficit –$426.67

Josif ’s draft budget shows a deficit of 
$426.67. This means his expenses exceed  
his income by $426.67.

b) 

josIf’s Monthly budget

Income expenses
Regular monthly 
net pay

$2123.33 Housing $1200.00

Net overtime 
pay

$426.67 Food $650.00

Gas $200.00

Educational 
Savings

$300.00

Misc $200.00

total $2550.00 total $2550.00

Josif needs to work about 6 hours of 
overtime each week to balance his 
budget. His income will be slightly 
higher than his expenses, and he can 
allocate the difference to “Misc.”

c)  Answers will vary. He could reduce the 
amount of money he has budgeted under 
“Misc. expenses.” He could also try to 
reduce his food costs.

7.3 analyzIng a budget
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1. a)  Lucas reduces his transportation expense  
to $385.71 per month.

b)  He could try carpooling with a co-worker 
and splitting the transportation cost or 
driving a more fuel-efficient vehicle.

c) Lucas’s total monthly income is $1928.57.

2. a) Gurjinder saves $34.21 per month.

b)  Gurjinder’s monthly housing expense is 
$775.44. 

c)  Gurjinder’s spending on housing exceeds 
the guidelines by $376.32, or 33% of her 
income.

3. a)  Answers will vary. Putting money into a 
savings account at a lower interest rate 
while paying a higher rate on a debt 
is not a sound financial strategy. It is 
advisable to pay off debts that have a 
high interest rate as quickly as possible, 
even if it means reducing savings.

b)  Answers will vary. Yun could consider 
putting the amount that he has been 
saving towards the debt. He could 
consider reducing some of his variable 
expenses until the debt is paid off.

4. a)  Gérard’s savings after 4 years will be 
$2528.97.

b)  If he increases his savings by 5%, 
Gérard’s savings balance would be 
$2655.41 after 4 years.

5. a)  Spending $200.00 a month on food 
amounts to only $6.45 to $6.67 per day, 
depending on whether the month has 
30 or 31 days. This is very low in most 
situations. With Marlene’s net monthly 
income of $1500.00, $200.00 is 13%, 
which is within the recommended 
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guidelines, but because her monthly 
income is low, she should be spending a 
higher percentage on food.

b)  To reduce her expenses, Marlene could 
reduce her photography expenses while 
she is saving for a new camera. Or she 
could reduce her clothing expense or her 
“other” expense.

c) When she prepares a new budget, 
Marlene should adjust her expenses 
to reflect the fact that they are higher 
than she had budgeted for. She 
should overestimate expenses for the 
new budget. Marlene also needs to 
incorporate paying off the credit card 
debt, and unless she can find other 
categories of expenses to reduce, she may 
need to consider increasing her income.

extend your thinking

6. a)  Vern would need to save 9.6% of his 
monthly income. He could probably 
reduce his variable expenses by 9.6% 
and therefore pay off the debt and save 
for the down payment.

b) Vern would have paid $3504.60 after 1 
year.

c) Vern could reduce his variable expenses 
most easily. These are cell/internet/cable, 
food, and possibly transportation.

d) Vern should put some money into 
savings each month because unexpected 
expenses may come up and he doesn’t 
appear to have an emergency fund or any 
savings.
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1. Johan will need to save for 8 months.

2. a) Shaira saves $163.08 annually.

b) She would need to save for 18 months or 
1.5 years.

3. a)  Some answers may vary. Cost of cell 
phone/internet may be a recurring 
expense if Roberto has a fixed rate 
plan. How to prioritize entertainment, 
recreation, and “other” may also vary.

b) See table below.

Monthly budget
Net income Regular or 

variable
Expenses Recurring or 

variable
Priority

Salary $2550.00 Regular Food $425.00  Variable 2

Commission $825.00 Variable Housing $850.00  Recurring 1

Contract work $350.00  Variable Transportation $500.00  Variable 4

Entertainment $500.00  Variable 9

Life insurance $75.00  Recurring 3

Cell phone/internet $175.00  Recurring 5

Recreation $300.00  Variable 7

Savings $500.00  Recurring 6

Other $400.00  Variable 8

Total $3725.00 Total $3725.00
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c) If Roberto’s income decreases, he needs 

to decrease his expenses in order to 
balance his budget. He could spend less 
on recreation, “other,” entertainment, 
or cell phone/internet. If necessary, he 
could also decrease his savings.

4. a) If Martina’s net income is 65% of the   
gross, then deductions account for 35%  
of her gross income.

b) Martina needs to save 12.4% of her net 
monthly income.

c) Martina’s savings after 6 months will be 

$1868.64.

5. a) 

zabo’s ConservatIve Monthly budget
Income $2400.00   Expenses

Rent $650.00  

Food $350.00  

Transportation $320.00

Sports $200.00

Entertainment $150.00  

Savings $130.00  

Clothing $200.00  

Charitable 
donations

$150.00  

Other $250.00  

Total $2400.00 Total $2400.00  

b) Zabo needs to wait 10 months to buy the 
bike.

6. a) Zabo’s annual savings are $1560.00.

b) The balance of the GIC after 10 years will 
be $1991.41.

7. a) 

trevor's Weekly budget
Income Expenses
Hourly wage $15.85 Food $100.00

Hours worked 40 Transportation $30.00

Overtime 
hours worked

0 Rent $200.00

Cell phone $50.00

Total (gross) 
income

$634.00 Miscellaneous $50.00

Sponsor a 
child

$10.00

Net income $440.00 Total $440.00

b) Trevor’s budget is balanced if he works 
40 hours per week.

c) Trevor needs to work 4.5 hours of 
overtime, which would usually be 
rounded up to 5 hours. He needs to 
work 45 hours per week to save an extra 
$75.00 per week.

8. a)  Calculate what percentage each category 
represents of Trevor’s monthly income 
and determine how many degrees each 
percent equals.

Food:   $100.00 ÷ $440.00 ≈ 0.23
0.23 × 100 = 23%

0.23 × 360° ≈ 83°

Transportation:  $30.00 ÷ $440.00 ≈ 0.07
0.07 × 100 = 7%

0.07 × 360° ≈ 25°

Rent: $200.00 ÷ $440.00 ≈ 0.45
0.45 × 100 = 45%

0.45 × 360° = 162°

Cell phone:   $50.00 ÷ $440.00 ≈ 0.11
0.11 × 100 = 11%

0.11 × 360° ≈ 40°
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Sponsor a child:$ 10.00 ÷ $440.00 ≈ 0.02
0.02 × 100 = 2.0%

0.02 × 360° ≈ 7°

Miscellaneous:  $50.00 ÷ $440.00 ≈ 0.11
0.11 × 100 = 11%

0.11 × 360° ≈ 40°

Sponsor a child

Miscellaneous

Cell Phone

Rent

Transportation

Food

Trevor’s Monthly Expenses

23%

7%

11%

11%

45%
2%

b) Trevor could decrease his spending on 
miscellaneous and/or food by $25.00 a 
week in order to afford his new rent.

c) If Trevor’s actual transportation costs are 
$60.00 per week, he should budget that 
amount or a bit more in his next budget. 
It is not useful to budget a lower amount 
than you actually spend.

9. a) Megan’s savings balance will be $3727.47  
after 3 years.

b) Since interest will be compounded 
annually, Megan will need to save less 
than $152.00 per month.
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Index

%. See percent grade of slope
Δ. See Delta
π. See pi
θ. See theta
1 in 4 rule, 22

a
Abwonji, Paul (credit union represen-

tative), 254
accessibility, 12, 25, 39

motorized scooter for people with 
limited mobility, 183

of ramp, 25, 187
of theatre (see angle of seating)

accuracy of surveys, 86–87
Activities

1.1 Creating a slope, 13–16
1.2 A property of slope, 16–17
1.3 Analyzing slopes, 18–19
1.4 Slope and tangent, 26–28
1.5 Length of a particular slope, 

29–30
1.6 Climbing and calculating, 39–40
1.7 Slope direction, 40–42
1.8 Using coordinates to calculate 

slope, 44–45
2.1 Jobs for young people, 62–64
2.2 Invest in the best, 66
2.3 Commuting to school, 76–77
2.4 Exploring graphing software, 79
2.5 Keeping active, 88
2.6 Graphing charitable donations, 

103
3.1 Hexominos, 121
3.2 Building a shipping crate, 124
3.3 Designing objects using 

pyramids and cylinders, 130
3.4 Mortice and tenon vs. dowel 

joints, 134
3.5 Volume of an oblique prism, 141
3.6 Using micrometers and calipers, 

152–153
3.7 Using displacement to measure 

volume, 153
4.1 Ancient Trigonometry: Sine 

ratios, 170

4.2 Conduct a survey, 177
4.3 Fabricate a range hood, 194–195
5.1 Draft a floor plan and build a 

model, 214
5.2 Japanese cushion designs, 223
5.3 Design and build a greenhouse 

frame to scale, 224
5.4 Draw a qamutik, 242
6.1 Comparing banking services, 

258
6.2 Using a bank card, 258–259
6.3 Protecting your personal and 

financial information, 262
6.4 Comparing simple interest and 

compound interest, 269–270
6.5 The Rule of 72, 270–271
6.6 The effect of different 

compounding periods, 272
6.7 Understanding credit card 

statements, 279–280
6.8 Understanding debt repayment, 

281
6.9 Buy now! No down payment 

required!, 283
6.10 Comparing types of loans, 293
6.11 Using credit effectively, 294
7.1 Balancing income and expenses, 

308
7.2 Financial planning for a sport or 

hobby, 320–321
7.3 Budgeting using spreadsheets, 

333–334
adjacent side, 167
all-terrain vehicle, 27
amortization period, 288
angle, 31

of approach (see approach angle, of 
airplane)

of depression, 195 (see also 
depression, angle of)

of depression, definition, 190
of descent, 179, 185
of elevation, 186, 192 (see also 

elevation, angle of)
of elevation, definition, 190
of incidence, 202

of reflection, 202
of repose, 151, 158
of seating and accessibility, 201
sharp angle, accessibility issues, 183

approach angle, of airplane, 185
Archimedes (history of math), 137
area

area formula (see formula)
of circle, 131
of rectangle, 120
of triangle, 120
See also surface area

asset, 289
automated teller machine (ATM), 263

b
balance. See credit card
balanced budget, 303, 318. See also 

under budget
ball bearing, 149, 156

races and cage, 156
bank card, 258
banking 

fees, 255–256
full-service, 255
self-service, 254
services, 254–256, 298
See also credit; line of credit

bank notes, 275
Bank of Canada, 275
Bank of Montreal, 275
Barbeu-Dubourg, Jacques (history of 

math), 97
bar graph. See under graph
barrel. See units
base, of prism, 118
bbl. See units
bearing, 167, 181, 182, 185, 204. See 

also navigation
Benjamin, Katie (rack and shelving 

installer), 302
bore, 143
boundary, upper and lower. See under 

histogram
Bowen, Natasha (animator and illus-

trator), 232



broken line graph, 56
buck, 275
budget, 300–301, 302 (defined), 327

balanced, 303, 318
categories of expenses, 314, 325 

(defined), 326, 330 (see also 
budget: Spending Guidelines 
table; recommended spending 
guidelines circle chart)

conservative, 313 (defined), 317 
(example)

deficit, 313
estimates, 313, 317
financial transactions, 313–315, 322
how to format a spreadsheet, 318–

320
how to prepare, 314
prioritization of expenses, 308, 309, 

341
recommended spending guidelines 

circle graph, 333
Spending Guidelines table, 310, 329
surplus, 313
See also expenses; income

building code, 19, 21, 25, 39
Build Your Skills

1.1 Rise Over Run, 19–22
1.2 Grade, Angle of Elevation, and 

Distance, 30–32
1.3 Rate of Change, 46–50
2.1 Broken Line Graphs, 66–72
2.2 Bar Graphs, 80–83
2.3 Histograms, 90–94
2.4 Circle Graphs, 104–107
3.1 Surface Area of Prisms, 124–126
3.2 Surface Area of Pyramids, 

Cylinders, Spheres, & Cones, 
134–135

3.3 Volume and Capacity of Prisms 
and Cylinders, 144–146

3.4 Volume and Capacity of Spheres, 
Cones, & Pyramids, 156–158

4.1 Solving for Angles, Lengths, and 
Distances, 177–181

4.2 Solving Complex Problems in 
the Real World, 195–198

5.1 Scale Drawings and Models, 
215–216

5.2 Two-Dimensional 
Representations, 226–229

5.3 Three-Dimensional 
Representations, 244–245

6.1 Choosing an Account, 262–263
6.2 Simple and Compound Interest, 

272–273

6.3 Credit Cards and Store 
Promotions, 284–286

6.4 Personal Loans, Lines of Credit, 
and Overdrafts, 295–296

7.1 Preparing to Make a Budget, 
309–312

7.2 The Budgeting Process, 321–323
7.3 Analyzing a Budget, 334–336

C
Cable Logging Code, 199
CAD. See computer aided design
cage. See ball bearing
calculator. See degree mode of calcula-

tor
calipers, 152–153
Canada Mortgage and Housing Corpo-

ration (CMHC), 25, 95
Canada Savings Bond (CSB), 269
Canadian dollar, history, 275
Canadian Pacific Railroad (CPR), 33
capacity, 138

units, 139
carpenter’s level. See level
cash advance, 277
categories of expenses. See under bud-

get
CCS. See Conseil de la Coopération de 

la Saskatchewan
change. See Delta, Δ; rate of change
chord, 170

half-chord, 170
chronometer, 200
circle graph, 98–100 (defined)
circumference, 129
clinometer, 190, 192, 203, 204
CMHC. See Canada Mortgage and 

Housing Corporation
CNC lathe. See lathe, computer nu-

merical controlled
CNC router. See router, computer nu-

meric controlled
collateral, 289
column. See cylinder
component parts diagram, 219, 221, 

229
compounding period, 264, 272. See 

also interest
compound interest. See interest, com-

pound
computer aided design (CAD) soft-

ware, 218, 219
and isometric drawing, 237

computer numerical controlled (CNC) 
lathe. See lathe, computer nu-
merical controlled

computer numeric controlled (CNC) 
router. see router, computer 
numeric controlled

cone, 127
formula for surface area, 130
formula for volume, 149
stockpile, 135, 148, 151, 168
volume formula, 169

Conseil de la Coopération de la Sas-
katchewan (CCS), 35

conservative budget, 313 (defined), 
317 (example)

construction, 12, 16, 20, 21, 22, 25, 
28, 31, 40, 48. See also build-
ing code; level: carpenter’s

contour interval, 23
contour lines, 23. See also elevation
conversions, 26, 42, 49, 263 

barrels and US gallons, 160
litres and cubic centimetres, 140, 

143
litres and cubic feet, 161
litres and cubic inches, 143
litres and US gallons, 154
US gallons and cubic feet, 144
See also under graph

coordinates, 45, 46
corner pin, 166
cos, abbreviation for cosine. See cosine
cosine

abbreviation is cos, 167
definition, 167

CPR. See Canadian Pacific Railroad
credit, 276 

deferred payment plan, 276, 282
See also credit card; line of credit; 

loan
credit card, 276–277

cash advance, 277
credit available, 279
credit limit, 277
minimum payment, 277
statement, 279 (definition of items 

on), 286 (example)
credit limit. See credit card
crown, centre line, 31
CSB. See Canada Savings Bond
cube, 125, 142, 147
cubed. See units
cubic centimetres. See units, cubed
cubic foot

conversion to litres, 161
conversion to US gallons, 144

cubic inches. See engine displacement
cubic metre, conversion to litres,  

154
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cylinder, 127, 137, 149 
cylindrical column, 134
cylindrical section, 146
formula for surface area, 137
formula for volume, 143
See also engine displacement

d
data, perceptions of, 65
data points, 63, 64
data table, 37
debt repayment, 281
default, 289
deferred payment plan. See credit
deficit, 313
degree mode of calculator, 27
Delta, Δ, mathematical symbol for 

change or difference, 12
dependent variable, 35, 38, 40. See 

also variable
depression, angle of, 28
descent. See angle of descent
detail, relation to scale, 213
difference, mathematical symbol for. 

See Delta, Δ
dimensions, 116, 118, 120
Discuss the Ideas

Assessing income and expenses, 327
The Bugaboo Spire, 19
Calculating surface area of a stained 

glass lantern, 118
Calculating the volume of paving 

stones, 139
Choosing your bank account, 

255–257
Connections and conversions, 42
Converting a graph format, 76
Describing slope, 13
Diagrams at work, 240–241
Extrapolating and interpolating 

values, 60
Graphing condensate temperatures, 

79
Guaranteed Investment Certificates, 

271
The impact of scale, 213
Influencing interpretations, 65
Investigating volume, 142
Managing credit and debt, 281
Mathematical formulas for cylinders 

and spheres, 149
The Muttart Conservatory, 128
The order of coordinates, 46
Pay yourself first, 329
Personal loans, 289

Representing data on a circle graph, 
103

Solving problems with right 
triangles, 171–175

Starting a budget, 314
Surface area of cabinets, 122
Surface area of circles and spheres, 

131
Traffic engineering, 89
Using a credit card, 277
Using trigonometry to calculate 

height, 190–193
Variable income, 303

displacement method, 153
dollar, 275
double bar graph. See under graph
down payment, 283
driveway, 28
drop, 28, 31. See also rise
Dunbar, Tamye (stamping and scrap-

booking business), 138

e
effectiveness of guy ropes. See Cable 

Logging Code
Elements. See Euclid
elevation, 23 

angle of elevation, 26, 27, 31, 34
of mountain or pass, 19
See also view

employment, 62–64
employment rate

same as “general employment rate,” 
62

youth employment rate, 62
engine displacement, 143
enlargement, 210
Environment Canada, 71
estimate. See extrapolate; interpolate
estimates, budget, 313, 317
Euclid (history of math), 170
expenses

categories of (see under budget)
monthly (examples), 304, 305, 

315–317, 326 (categorized), 
330 (categorized), 341

prioritization, 308, 309, 341
recurring, 303
unexpected, 303 (defined), 313, 322
variable, 303

exploded diagram, 223 (defined), 241, 
245, 251

Explore the Math
1.1 Rise Over Run, 12
1.2 Grade, Angle of Elevation, and 

Distance, 25

1.3 Rate of Change, 35
2.1 Broken Line Graphs, 56
2.2 Bar Graphs, 74
2.3 Histograms, 85
2.4 Circle Graphs, 99
3.1 Surface Area of Prisms, 116
3.2 Surface Area of Pyramids, 

Cylinders, Spheres, & Cones, 
127

3.3 Volume and Capacity of Prisms 
and Cylinders, 138

3.4 Volume and Capacity of Spheres, 
Cones, & Pyramids, 148

4.1 Solving for Angles, Lengths, and 
Distances, 167

4.2 Solving Complex Problems in 
the Real World, 185

5.1 Scale Drawings and Models, 210
5.2 View, Elevation, and Component 

Parts Diagram, 219
5.3 Three-Dimensional 

Representations, 232
6.1 Choosing an Account, 254
6.2 Simple and Compound Interest, 

264
6.3 Credit Cards and Store 

Promotions, 276
6.4 Personal Loans, Lines of Credit, 

and Overdrafts, 288
7.1 Preparing to Make a Budget, 302
7.2 The Budgeting Process, 313
7.3 Analyzing a Budget, 327

extrapolation, 38, 60

f
face of prism, 118
fees. See under banking
Ferguson, Adam (history of math), 97
field, microscope. See microscope field
finance charge, 276 (defined), 289
financial transactions, budgetary, 

313–315, 322
floor plan, 210, 214, 219. See also 

scale
footing. See wall
formula 

area
of circle, 131
of lateral surface of drive pulley, 

129
of rectangle, 120
of triangle, 120

compound interest, 267
conversion formula for percent 

grade, 26, 42
cosine, 173
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engine displacement, 143
length of circumference, 129
Pythagoras formula (see Pythagorean 

Theorem)
right triangle relationship (see 

Pythagorean Theorem)
simple interest, 265
sine, 168
slope
connection with tangent of an angle, 

188
slope formula, 12, 14, 15, 22
slope formula using coordinates, 

44–45 (activity), 46
surface area formula, 123, 130, 132, 

133, 137
tangent formula, 26, 28, 169
volume, 141, 143 (engine 

displacement), 149, 169 (cone) 
Fox, Eric (metal fabricator), 218
full-service banking, 255. See also 

banking
funnel. See pyramid, inverted

g
gallon. See units
gender. See labour force participation 

rate
GIC. See Guaranteed Investment Cer-

tificate
glide slope, of airplane. See angle of 

descent
Global Positioning System (GPS), 200
grade. See road; road grade
grade stick, 166
graph

bar graph, 73–75
broken line graph, 56, 57
circle graph, 98–100
conversion of graph formats, 76
double bar graph, 78–79
legend of graph, 57, 58
multiple broken line graph, 57
scaling of graph, 64–65

graphing, history, 97
Graunt, John (history of math), 97
grid, 14
Guaranteed Investment Certificate 

(GIC), 271

h
half-chord. See under chord
Hall, Richard (building officer), 25
Hamilton, Carrie (glass bead maker), 313
Hansen, Kristi (plumber), 148
hexomino, 121

Hill, George (surveyor), 166
Hill, Raymond (surveyor), 167
histogram, 85

lower boundary, 85
upper boundary, 85

horizon line, 238–239
horizontal. See run
horizontal bar graph, 75
hypotenuse, 17, 26, 43, 44, 45, 167, 

168, 201

I
immigration, 72

net, 70
rate, net immigration rate, 70

incline, 39. See also ramp; slope
income

monthly (examples), 304, 305, 
315–317, 341

net income, 56 (defined)
regular, 303
variable, 303

increments, of scale, 58
independent variable, 35, 38, 40. See 

also variable
interest, 254 (defined)

compound, 264 (defined)
formula, 267

simple, 264 (defined)
formula, 265

interpolate, 60
interpretations of graphs or data, 

64–65
use of graphs to misrepresent data, 

97
inverse tangent function, 26
isometric dot paper, 234–237
isometric drawing, 232–233
isometric projections, 148

j
Jacopo, Mariano de (history of math), 243
jump, 11, 24, 34, 51

l
labour force participation rate by gen-

der, 64–65
ladder, 22
landing. See staircase
Language for Programming Arrays 

at Random (LANPAR). See 
spreadsheet, history

lateral face, 118
lateral surface of drive pulley, 129
lathe, computer numerical controlled 

(CNC), 47

Leboe, Byron (cartoonist), 326
legend of graph, 57, 58
level

carpenter’s, 20
laser, 32

level bubble, 166
Lichtenwald, Elaine (property man-

agement consultant), 85
linear relation, 35
line of credit, 288. See also overdraft 

protection
line of sight, 181, 182, 190, 197
litre, 139. See also conversions; units
Liu Hui (history of math), 192
loading. See ramp
loan, 288

payday, 289
personal loan payment calculator, 

292
secured, 289
unsecured, 289

loonie, 275
lower boundary. See under histogram

M
m, mathematical symbol for slope, 12, 

14, 43, 45, 46
magnification, calculation of, 216
Martini, Francesco di Giorgio (history 

of math), 243
Math on the Job

1.1 deck builder (Gilles), 12
1.2 building officer and inspector 

(Richard Hall), 25
1.3 organic gardener (Arlette), 35
2.1 gallery and café owner (Trevor), 

56
2.2 flight services specialist (James 

Parks), 73
2.3 property management consultant 

(Elaine Lichtenwald), 85
2.4 co-op manager (Trina Monias), 98
3.1 drywall installer (Shay), 116
3.2 graphic designer (Marc), 127
3.3 stamping and scrapbooking 

business (Tamye Dunbar), 138
3.4 plumber, gas fitter, sprinkler 

fitter, and pipe fitter (Kristi 
Hansen), 148

4.1 surveyor (George Hill), 166
4.2 pilot (Judith Dupuis), 185
5.1 aerial photographers (Jack and 

Linda McKinnon), 210
5.2 metal fabricator (Eric Fox), 218
5.3 animator and illustrator (Natasha 

Bowen), 232
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6.1 credit union member services 
representative (Paul Abwonji), 
254

6.2 welding business owner (Theresa 
Siochowicz), 264

6.3 outdoor outfitter (Doug 
Swallow), 276

6.4 consumer loans officer (Irene 
Schurek), 288

7.1 rack and shelving installer (Katie 
Benjamin), 302

7.2 glass bead maker (Carrie 
Hamilton), 313

7.3 cartoonist (Byron Leboe), 326
McKinnon, Jack and Linda (aerial 

photographers), 210
measurement wheels, 166
Mental Math and Estimation

area, 119
bank service charge, 257
bar graphs, 77
broken line graphs, 61
calculate daily expenses and daily 

savings, 332
calculate savings, 306, 318
circle graphs, 104
compare triangular tables, 240
determine the cosine of 54°, 189
determine the value of tangent 45°, 

177
distance and time to travel between 

two points, 213
estimate monthly and yearly income 

and savings, 334
histograms, 88
length of time to double investment, 

271
minimum credit card payment, 281
monthly payment for a loan, 294
percent grade of a hill, 28
room for furniture, 222
surface area of spheres, 133

micrometer, 152–153
microscope field, 216
minimum payment. See under credit 

card
misrepresentation of data. See under 

interpretations of graphs
mode, degree mode of calculator, 27
Monias, Trina (co-op manager), 98
monthly expenses (examples), 304, 

305, 315–317, 326 (catego-
rized), 330 (categorized), 341

monthly income (examples), 304, 
305, 315–317, 341

multiple broken line graph, 57

n
NASDAQ Stock Exchange, 66
National Building Code of Canada, 21
NAV CANADA, 73
navigation

beacon, 181
bearing, 181, 185
in history, 200
triangulation, 200

net, 117, 120, 128
of cylindrical column, 134

net immigration, 70. See also immigration
net income, 56
non-right triangle. See under right 

triangle
Non-Sufficient Funds (NSF), 293

o
oblique. See prism
one-point perspective drawing. See 

perspective drawing
opposite side, 167
output, 35, 36, 37, 38
overdraft protection, 288, 293
overestimates, budgetary, 313, 317. 

See also conservative budget

p
parallel lines

in isometric drawing, 232, 234
in perspective drawing, 232, 238

parallelogram, 118
Pardo, Rene (history of math), 338
Parks, James (flight services special-

ist), 73
pattern, sewing, 219, 227, 230
payday loan, 289
payment calculator, personal loan, 292
pay yourself first strategy, 329
per annum, 278. See also interest
percent grade of slope, 25

conversions, 26, 42
maximum allowed for wheelchair 

ramp, 25
minimum for drainage of driveway, 

28
percent grade of jump, 34
percent grade of railroad, 32, 33

personal budget. See budget
Personal Identification Number (PIN), 

258
personal loan payment calculator, 292
perspective drawing, 232–233, 

238–239
one-point, 238

pi, π, 128, 133
pin. See corner pin
PIN. See Personal Identification Num-

ber
plan. See floor plan
plan view. See floor plan
plastic extrusion, 146
Playfair, William (history of math), 97
polygon

congruent polygons, 118
power. See engine displacement
Practise Your New Skills

1. Slope and Rate of Change, 52–53
2. Graphical Representations, 

109–113
3. Surface Area, Volume, and 

Capacity, 160–163
4. Trigonometry of Right Triangles, 

202–207
5. Scale Representations, 248–251
6. Financial Services, 298–299
7. Personal Budgets, 340–343

Priestley, Joseph (history of math), 97
prioritization, of expenses. See under 

expenses
prism, 118, 119, 120

equilateral triangular, 120
oblique, 118
oblique rectangular, 119, 141
rectangular, 117, 156
right hexagonal, 118
right rectangular, 119, 124
right trapezoidal, 119
triangular, 158

profit, 35
projections. See estimates
projections, isometric, 148
Projects

1. Design a terrain park, 11, 24, 34, 
51

2. Create a tourism brochure, 55, 
84, 96, 108

3. Designing packages, 115, 136, 
147, 159

4. Plan a community-friendly park, 
165, 183, 201

5. Produce a set of drawings and a 
scale model, 209, 247

6. Buying a home entertainment 
centre, 253, 274, 287, 294, 297

7. Budgeting to live away from 
home, 301, 325, 339

promotion. See store promotion
proportion, 217
proportional reasoning, 151
prototype, 24
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protractor, 166
Puzzle It Out

The Bermuda Triangle, 17
Coin conundrum, 101
Cube, 147
The disappearing dollar, 337
Shape shifting, 225
Stained glass sailboat, 184
Who has what?, 287

pyramid, 127, 128, 130, 132, 149
formula for surface area, 133
formula for volume, 149
inverted, 149

Pythagorean Theorem, 26, 29, 30, 43, 
44, 45

use in triangle problems, 171, 175, 189

q
quad. See all-terrain vehicle

r
r, symbol for radius. See radius
radius, 128, 130, 131, 132, 137
railroad, 32, 33
ramp, 17, 18, 21, 27, 29, 30, 39, 40

and accessibility, 187
ramp, loading, 15, 16
rate of change, 35, 36, 37, 38
rate of output, 36
ratio. See slope; tangent; trigonometric 

ratio
reasoning, proportional, 16
recommended spending guidelines 

circle chart, 333. See also under 
budget

rectangle, 48
recurring expenses, 303
reference angle, 190
reflection. See angle of incidence. See 

also angle of reflection
Reflect on Your Learning

1. Slope and Rate of Change, 51
2. Graphical Representations, 108
2. Surface Area, Volume, and 

Capacity, 159
4. Trigonometry of Right Triangles, 

201
5. Scale Representations, 247
6. Financial Services, 297
7. Personal Budgets, 340

regular income, 303
relation, linear, 35
representation

three-dimensional, 232, 243
two-dimensional, 232, 243 (see also 

perspective drawing)

representing data, 103. See also inter-
pretations of graphs

right triangle, 167
non-right triangle, 167, 171

rise, 12, 31, 39 
and tangent formula, 188
vertical change, 14
See also drop

road
centre line crown of, 26, 31

road grade, 26, 166
roof, 126, 127

flange, 22
pitch, 20, 31
pyramidal roof, 156
shingle, 132
truss, 16, 17, 20 (See also truss)

The Roots of Math
Archimedes’ Contributions to 

Surface Area Calculations, 137
The Canadian Dollar, 275
Graphing: Inspired by the Bubonic 

Plague, 97
Navigation in History, 200
The Origins of the Electronic 

Spreadsheet, 338
The Spiral Tunnels of Kicking Horse 

Pass, 33
Technical Illustrations, 243

rounding off and rounding up, 30
router, computer numeric controlled 

(CNC), 43
rule, 1 in 4, 22
Rule of 72, 270
run, 12, 31, 39

horizontal change, 14
and tangent formula, 188

s
sales, 35
savings, 305–306, 328
scale diagram, 217
scale diagram or drawing, 18, 34, 211
scale factor, 211
scale floor plan, 210, 214
scale model, 211, 215, 224
scale model, project, 247
scale of graph, 58, 64–65
scale representation, 210
scale statement, 210
Schurek, Irene (loans officer), 288
Schwitzer, John E. (engineer) (history 

of math), 33
Sea Island Mathematical Manual. See 

Liu Hui
secured loan, 289

self-service banking, 254. See also 
banking

service charges, banking. See banking: 
fees

shipping
box, 120, 145
crate, 124, 125

side, adjacent, 167
side, opposite, 167, 168
sight. See line of sight
silo, 149, 161
simple interest. See interest, simple
sin, abbreviation for sine. See sine
sine

abbreviation is sin, 167
definition, 167
formula, 168

Siochowicz, Theresa (welder), 264
slant height, 130, 135
slide, 45
slope, 12 (defined), 14, 20, 25, 26, 39 

formula (see formula: slope)
and tangent formula, 188
and accessibility, 183, 187
and tangent of an angle, 188

negative, 36, 40, 41, 42
positive, 36, 40, 41, 42
of roof (see roof: pitch)
tangent of angle, 188, 201
undefined slope, 36, 41
zero slope, 36
See also road grade

Spending Guidelines table, 310, 329. 
See also under budget

sphere, 127, 137, 149
formula for surface area, 130, 132, 

137, 149
spreadsheet, history, 338
spreadsheet, how to format for a bud-

get, 318–320
square, 17
stair, 39, 40
staircase, 21
statistics, 57 (defined)

historical roots of, 97
Statistics Canada, 62–64, 72, 99, 111
steepness, 12, 13, 18, 38, 39 (and 

building codes), 49
stockpile, 148, 151, 158. See also cone
store promotion, also called sales pro-

motion, 253 (defined), 283
offering credit, 276

stress, 218
stroke. See engine displacement
Summer Olympic Organizing Com-

mittee, 70
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surface area, 117
formula for, 123

of cone, 130
of cylinder, 137
of pyramid, 133
of sphere, 130, 132, 137

surplus, 313
surveying, 166, 195, 196
surveyor, 23
surveys, 86–87
Swallow, Doug (outdoor outfitter), 

276
symmetry, 222

t
table. See data table; Spending Guide-

lines table
tan, abbreviation for tangent. See tan-

gent
tangent

abbreviation is tan, 167
definition, 167
formula, 169

tangent ratio, 26
tank

fish tank, 140
oil tank, 154
water tank, 129, 145, 148–149

technical illustrations, 243
term of a loan, 264
terrain park, 11, 34, 51
The Bills of Mortality, 97
theta, θ, 26
toonie, 275
topographic map, 23
transaction, 255. See also banking 

services
transactions. See financial transactions, 

budgetary
transit, 166, 167 (defined), 195 (illus.)
trapezoidal. See prism, right trapezoi-

dal
trend, 56, 63–64
triangle, 13, 16, 17, 18 

common edge of triangles, 185
non-right triangle (see under right 

triangle)

three triangle problem, 175
two triangle problem, 169
See also right triangle; truss

triangulation, 200
trigonometric ratio, 167, 168
trigonometry, 167
truss, 16, 20

roof truss, 180
triangular asymmetric roof truss, 

171
tunnel, 134
spiral, 33

u
underestimates, budgetary, 313, 317. 

See also conservative budget
unexpected expenses, 303 (defined), 

313
units

barrels (bbl) of oil, 160
cubed, 139 (see also volume)
of volume or capacity, litre, gallon, 

cubed, 139
unsecured loan, 289
upper boundary. See under histogram

v
values, means same as “data points,” 

63–64
vanishing point, 238–239
variable

dependent variable, 35, 38, 40, 46, 
50

independent variable, 35, 38, 40, 
46, 50

variable expenses, 303
variable income, 303
VASI. See Visual Approach Slope In-

dicator
vertical. See rise
view, 219, 220. See also elevation
Visual Approach Slope Indicator 

(VASI), 185
volume, 138–139. See also engine dis-

placement; units
formula, 141, 149 (see also under 

formula)

W
wall

climbing wall, 141
footing of foundation wall, 144

waterslide, 21
weather observer, 58–59
wheelchair 

wheelchair accessible, 12, 40
wheelchair ramp, 25, 39
See also accessibility

z
zoom, 213
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