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A Tour of Your Textbook

Chapter Opener
• This two-page spread introduces what

you will learn in the chapter.
• The specific curriculum expectations

that the chapter covers are listed.
• The mathematical terms that are

introduced and defined in the
chapter are listed. 

• The chapter problem is introduced.
Questions related to the chapter
problem occur in the Connect and
Apply sections of the exercises
throughout the chapter and are
identified by a Chapter Problem descriptor.

viii MHR • A Tour of Your Textbook

Vocabulary 
  hypothesis

statistics
primary datasecondary datasample

population
census

random sample

Relations

Chapter Problem A coach is selecting students to compete in the 

high jump event for the school�s track and � eld 

team. What factors should the coach consider? 

Explain your thinking.You will be designing an experiment to test how 

these factors affect an athlete�s performance in the 

high jump.

 This chapter introduces methods for analysing 

relationships between variables. These relationships occur 

in many areas, including business, science, sports, and the 

arts. Analysing these relationships helps you understand 

trends and make accurate predictions.

CHAPTER

2
Linear Relations� Interpret the meanings of points 
on scatter plots and graphs.� Pose problems, identify variables, and formulate hypotheses about relationships 

between two variables.� Design and carry out an investigation or experiment 
involving relationships between two variables.� Describe trends and relationships 

observed in data, make inferences 
from data, compare the inferences 

with hypotheses, and explain any 
differences between them.� Construct graphs, using a variety 

of tools.
� Construct tables of values, scatter plots, and lines or curves of best � t.

� Determine values of a linear 
relation by interpolating or extrapolating from the graph 

of the relation.
� Describe a situation that corresponds to a graph of a 
relationship between two variables.

� Determine a line of best � t for a scatter plot, using an informal process.
� Determine other representations 

of a linear relation, given one 
representation.

simple random samplingsystematic random samplingstrati� ed random samplingnon-random samplingbias
inference

dependent variableindependent variable

outlier
interpolate

extrapolate
linear relationline of best � tcurve of best � tdistance-time graph

Get Ready
Examples and practise questions review key skills from previous
mathematics courses that are needed for success with the new concepts
of the chapter.

1. Add or subtract.

a) 7 � 5
b) 10 � 3

c) 5 � (�9)
d) 5 � (�4)

e) (�4) � 6
f) 7 � 9

g) (�3) � (�11) h) (�4) � (�8)

2. Evaluate.

a) (�2) � (�2) � 1 b) 10 � (�3)

c) 5 � (�7) � 7
d) 4 � (�3) � (�2)

e) (�9) � 6
f) 1 � (�1)

g) (�5) � 8
h) (�8) � 9 � (�2)

102 MHR • Chapter 3

Get Ready • MHR  103

3. Multiply.

a) 3 � (�8)
b) (�4) � (�6)

c) (�8) � 4
d) (�5)(�6)

e) 12(�5)
f) �2(20)

4. Divide.

a) (�8) � 4
b) 9 � (�3)

c)

d)

e) 25 � (�5)
f) �36 � (�4)

�6
�6�16

8

Multiply and Divide Integers

The product or quotient of two integers of the same sign gives a positive result. 

The product or quotient of two integers of opposite signs gives a negative result.

5 � 3 � 15

�14 � (�7) � 2

�3 � (�4) � 12

� �1�8
8

�5 � 6 � �30

15 � (�5) � �3

�2 is the opposite of �2. 

�1 is the opposite of �1. 

Add and Subtract Integers

To add integers, you can use a number line.

• Start at the first integer.

• Add the second integer by drawing an

arrow.

• The arrow points to the right if the second

integer is positive, and to the left if it is

negative.

• The answer is at the tip of the arrow.

(�1) � (�2) � �3

2 � (�3) � �1 �2

�3

�1 0 1 2

�2�3

�2

�1 0

Opposite integers add to zero. For

example, (�4) � (�4) � 0.

Subtracting an integer is the same

as adding the opposite.

5 � (�2)

� 5 � (�2)

� 7

(�3) � (�1)

� (�3) � (�1)

� �4

Multiply Rational Numbers

To multiply fractions, multiply the numerators together and multiply the

denominators together.

When a numerator and a denominator share a common factor, you can

divide it out before multiplying.

�

�

When negative fractions or decimals occur, apply the same rules as 

for products of integers.

�

�

Check:

�0.25 � 0.5 � �0.125

Using a scientific calculator: 

ç0.25\*0.5 =

Using a graphing calculator: 

�0.25 * 0.5 e
Using a scientific calculator: 

ç3 \�4 *1 �5 � =

Using a graphing calculator: 

�3 ÷4 *1 ÷5 k1 e

�
3
20

a�
3
4
b �

1
5

a�
3
4
b �

1
5

1
2

2
1

3
1

�
3
1

4
2

2
3

�
3
4

3��4

2��3

5. Multiply.

a)

b)

c)

d)

e)

f)

6. Multiply.

a)

b)

c) 0.6 � (�0.95) d) (�0.3)(�0.4)

e) �2.5 (3.2)
f) 8(�3.8)

a�
3
10

b � a�
5
6
b

a�
2
5
b �

1
4

1
2
 a�1

1
2
b

�
3
8

�
4
5

a�
3
4
b � a�

1
5
b

3
5

� a�
2
9
b

�
1
3

�
1
4

4
5

�
1
3

My scientific calculator may need

different keystrokes. I�ll check the manual.

When I multiply a negative by a positive, 

I get a negative result.



Numbered Sections

Lesson Opener
Many lessons start with a photograph and short description of a
real-world setting to which the mathematical concepts relate.

A Tour of Your Textbook • MHR  ix
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4.1 Solve Simple
Equations

Pep rallies are a great way to
build school spirit by cheering on
your favourite school teams and
clubs. Suppose your student
council raises $500 in a school
spirit fundraising drive to buy
school T-shirts to give away at
a pep rally and puts you in
charge of purchasing. How can
your understanding of equations
help you determine how many
shirts you can buy?

Investigate

How can you use a simple equation to solve a problem?

1. Byron spent a total of $11 on two magazines. The cost of one
magazine is $5. You can use an to find the cost of 
the other magazine.
a) Choose a variable to represent the unknown.
b) Write an equation to represent this situation.
c) What value of the variable makes the equation true? Describe

the math operation(s) you used to find the value.

2. Kelly spent a total of $10 on a pen and two mechanical pencils.
The pen cost $4 and the pencils each cost the same amount.
a) Choose a variable to represent the unknown.
b) Write an equation to represent this situation.
c) What value of the variable makes the equation true? Describe

the math operation(s) you used to find the value.

3. Reflect
a) How can you use mathematical operations to solve equations?
b) Explain how you can verify your answers.

equation
� a mathematical statement

that says two expressions
are equal

� 3x � 3 � 2x � 1 is an
equation

equation

Investigate
These are step-by-step activities,
leading you to build your own
understanding of the new
concepts of the lesson. Many of
these activities can best be done
by working in pairs or small
groups to share ideas.

Examples
• Worked examples provide model solutions that show how the new

concepts are used. 
• The examples and their worked solutions include several tools to help

you understand the work.
– Notes in a thought bubble help you to think through the steps.
– Sometimes different methods of solving the same problem are

shown. One way may make more sense to you than the others.
• You can refer to these examples as you work on the exercises.

Key Concepts
This feature summarizes the
concepts learned in the lesson.
You can refer to this summary
when you are studying or doing
homework.

Communicate Your
Understanding
These questions allow you to
reflect on the concepts of the
section. By discussing these
questions in a group, you can
see whether you understand the
main points and are ready to
start the exercises.

Key Concepts
� Rate of change is the change in one quantity relative to the 

change in another.
� A rate of change requires units, such as kilometres per hour.
� When a relation is graphed, the slope describes the rate of change.
� To find the slope of a line segmentjoining two points, subtract the y-values to get the rise andsubtract the x-values in the sameorder to get the run.

Communicate Your UnderstandingA car travelled 400 km in 5 h. Ahmed calculated the speed as
80 km/h but, when he graphed the relation, he calculated a slope
of 0.0125. What do you think Ahmed did incorrectly?When Carlos goes to the gym, he likes to lift weights. The gym has

produced graphs illustrating the weight a person should lift over a
number of visits. Match each graph with the appropriate situation.

a) Begin with a small weight and slowly increase the weight 
at a constant rate.

b) Begin with a small weight and lift the same weight each visit.
c) Start with a large weight and slowly decrease the weight lifted

each visit.
d) Start with a small weight and rapidly increase the weight 

at a constant rate each visit.

C2C2

C1C1
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Example 2  Fuel Consumption
The graph shows the volume of gasoline remaining in a car’s tank.

a) Calculate the slope of the graph.b) Interpret the slope as a rate of change.
Solution
a) Finding the rise and run by counting grid squares may not always

be practical. You can also find the rise and the run from the
coordinates of two points on the graph.

m �

�

�

� �0.12

b) The rate of change of the volume of gasoline is �0.12 L/km. 
The car uses an average of 0.12 L of gasoline per kilometre driven.
The rate of change is negative because the volume of gasoline in
the tank is decreasing.

�60
500

5 � 65
500 � 0

rise
run

266 MHR • Chapter 5

60
70

50
40
30
20
10

200 400 600

y

x
0

(0, 65)

(500, 5)

Distance (km)
run = 500 � 0

rise = 5 � 65

Vo
lu

m
e 

(L
)

I can subtract the y-values toget the rise. I can subtractthe x-values in the sameorder to get the run. I�llsubtract the coordinates ofthe left point from thecoordinates of the right point.

6
5
4
3
2
1

1 2 3 4 5 6 7 8 9

y

x
0

= 6 � 1
= 5    

run

= 5 � 2
= 3    

rise

(6, 5)

(1, 2)

0
Number of Visits

W
ei

gh
t 

(k
g)

A

0
Number of Visits

W
ei

gh
t 

(k
g)

B

0
Number of Visits

W
ei

gh
t 

(k
g)

C

0
Number of Visits

W
ei

gh
t 

(k
g)

D

60
70

50
40
30
20
10

200 400 600

y

x
0

(0, 65)

(500, 5)

Distance (km)

Vo
lu

m
e 

(L
)

Selecting Tools

Representing

Reasoning and Proving

Communicating

Connecting
Reflecting

Problem Solving



Exercises
Practise
• These questions provide an opportunity to practise your

knowledge and understanding of the new concept.
• To help you, questions are referenced to the worked examples.

x MHR • A Tour of Your Textbook

Connect and Apply 
• These questions allow you to use what you have learned to solve

problems and make connections among concepts. In answering these
questions you will be integrating your skills with many of the math
processes.

• There are many opportunities to use technology. If specific tools or
materials are needed, they are noted and the question has a Use
Technology descriptor.

7. Substitute the given values into each expression. Then, evaluate
the expression. Round your answers to one decimal place where
necessary.
a) 6s2

s � 5
b) �r2

r � 2.5
c) a2 � b2

a � 3, b � 4d) �r2h r � 2.3, h � 5.2
e) �r3

r � 1.5
f) x2 � 2x � 24 x � �6

Connect and Apply
8. a) Evaluate each power.

(�2)2 (�2)3 (�2)4 (�2)5b) Examine the signs of your answers. What pattern do you notice?
c) Explain how you can tell the sign of the answer when a power

has a negative base. Create and use examples of your own to
illustrate your explanation.

9. Listeria is a type of bacteria that can cause dangerous
health problems. It doubles every hour. The initial
population of a sample of Listeria is 800.a) Copy and complete this table, which shows thepopulation of Listeria over time.b) Construct a graph of population versus time. Use a

smooth curve to connect the points. Describe theshape of the graph.
c) What will the population be after• 1 day?      • 2 days?d) The symptoms of food poisoning can start as quickly as 4 h after

eating contaminated food or as long as 24 h later. Discuss why 
some types of food poisoning begin quickly and others much
more slowly.

4
3
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The first step in evaluating the volume of acylinder is to substitute the known values forr and h into the formula for the volume of acylinder: V � �r2h. Describe the next step.Which expressions would you evaluate usinga calculator? Explain.
a) 23

b) (�4)2
c) (1.25)4d) �82

e) 76
f) (�0.1)3

Practise
For help with questions 1 to 5, see Example 1.1. Which is 6 � 6 � 6 � 6 written as a power?A 64

B 64
C 46

D 1296
2. Which is 35 written in expanded form?A 3 � 5

B 5 � 5 � 5C 3 � 3 � 3 � 3 � 3 D 243
3. Write each expression as a power.a) (�5) � (�5) � (�5)

b) 1.05 � 1.05 � 1.05 � 1.05 � 1.05 � 1.05
c)

4. Write each power in expanded form. Then, evaluate the expression.
a) (�4)3

b) 0.82
c)5. Evaluate.

a) 93
b) (�7)2

c) �24
d)

e)
f) 1.22g) 18

h) (�1)55
i) 0.536. Evaluate. Remember to use the correct order of operations.

a) 25 � 42
b) 53 � 52

c) 13 � 16 � 12d) (32 � 42) � (34 � 43) e)
f) 500(1.08)5

a
2
3 b

3

� a
3
4 b

2

a�2
3 b

4a
5
6 b

3

a
3
4 b

4

a�3
5 b � a�3

5 b � a�3
5 b

C4C4

C3C3
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r

h

Time (min) Population of Listeria
0

800
60

1600
120

180

240

Technology Tip
If your calculator does nothave a � key, use 3.14 asan approximate value for �.

Extend
• These are more challenging and thought-provoking questions. 
• Most sections conclude with a few Math Contest questions.
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2.4 Trends, Interpolation, and Extrapolation
Have you ever heard people say that the price of a comic

book was only 10¢ when they were young? Or that their

allowance was $2 a week? Over the years, the prices of

most items have increased. You can analyse these trends

and use them to make predictions.

� TI-83 Plus or TI-84graphing calculator
� grid paper

Tools

Technology Tip
Enter negative values withthe � key rather thanthe - key.

Investigate
How can you use trends to make predictions?
For a science project, Audrey recorded the minimum temperatures 

in her backyard for the first 10 days in March.

Method 1: Use a Graphing Calculator1. First, clear the calculator’s lists:• Press n [MEM] to display the MEMORY menu.
• Move the cursor down to 4:ClrAllLists, and press e twice.

2. To start entering the data, press q, and select 1:Edit.
3. Enter the days into list L1, pressing e

after each entry. Then, enter the minimum
temperatures into list L2.

4. Set the calculator to display a scatter plot:
• Press n [STATPLOT] to display the

STAT PLOTS menu.• Select 1:Plot1 to display the settings for
Plot1.

• Select ON if it is not already highlighted.
• Scroll down to Type and select the scatter

plot symbol.• Xlist should be set to L1. If a different list
is shown, scroll down to Xlist: and enter
L1. Similarly, Ylist should be set to L2.

• Then, press z and select 9:ZoomStat.

Day
1 2 3 4 5 6 7 8 9 10

Minimum Temperature (°C) �9 �6 �3 �5 �4 �1 0 �1 2 3

Technology  
Scientific calculators are useful for many sections. Keystroke
sequences are provided for techniques that may be new to you.

A Tour of Your Textbook • MHR  xi
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Investigate B
How can you use a CAS to simplify and expand expressions?
1. Collect like terms for theexpression 2x � 3y � x � 5y.• Type the expression 2x � 3y� x � 5y.

• Press e.
2. Use the CAS to collect liketerms for each expression.a) 3y � 2x � 5x � 3yb) x2 � 3x � 2 � 6x � 3x2c) Create your own expression.3. Expand 4(2x � 3) using thedistributive property.• Press �.• Select 3:expand(.• Type the expression.• Press ).• Press e.

4. Use a CAS to simplify using the distributive property.
a) �2z(3z � 5)

b) 3(4x � 7y) � 2(3x � 2y)
c) Create your own expression.

Investigate C
How can you verify the exponent laws?1. a) Use a CAS to illustrate theproduct rule of exponentsby entering the expressiony 2 � y 5.

b) Create two of your ownexamples to illustrate theproduct rule using a CAS.
2. You can also evaluate expressions involving powers, such as 

y2 � y3 when y � 3.

Use Technology

Technology Tip
Note the nested bracketsrequired in this commandline. If you get an errormessage, check that youhave the same number ofopen and close brackets, andthat they are placedcorrectly.

• The Geometer’s Sketchpad® is used in several
sections for investigating concepts related to
relations, measurement, and geometry. Alternative
steps for doing investigations using pencil and
paper are provided if you do not have access to
this computer software.
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Virtual Algebra Tiles With 

The Geometer�s Sketchpadfi

You can create and manipulate virtual algebra tiles using computer

software such as The Geometer’s Sketchpad®. You can build algebraic

models, plus you can change the length of the variable tiles.

Investigate

How can you build algebraic models using virtual algebra tiles?

1. a) Start The Geometer’s Sketchpad® and open the sketch 

Algebra Tiles.gsp.

b) Read the instructions and click on the Algebra Tiles page button.

2. Explore the pre-made tiles.

a) Click on the Show example tiles button.

b) Click and drag the top of the x-slider. Which tiles are affected

by the x-slider?

c) Repeat part b) for the y-slider.

d) The unit tile seems to have a slider next to the x-slider. Try to

change its length, and describe what happens. Why can you not

change the dimensions of the unit tile?

Use Technology

� computer equipped with

The Geometer�s

Sketchpadfi
� Algebra Tiles.gsp

Tools

• Some sections show you how to use a
Computer Algebra System as an alternative
way to solve algebraic problems. This text
used the TI-89 calculator. 

• The Technology Appendix, on pages 524–537, provides detailed help
for some basic functions of The Geometer’s Sketchpad® and the TI-
83 Plus or TI-84 Plus graphing calculator. These pages will be
particularly helpful to if you have not used these tools before. 

Technology Tip
This margin feature points out helpful hints or alternative strategies for
working with graphing calculators or The Geometer’s Sketchpad®. 

• A TI-83 Plus or TI-84 Plus graphing
calculator is useful for some sections,
particularly for graphing relations.
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TaskTasks
Electricity and Gas Costs

Tico keeps records of the amount of electricity, in

kilowatt hours (kWh), and natural gas, in cubic

metres, used by his family business. He set up a table

to compare monthly hydro and natural gas costs.

a) Use a graphing calculator or graphing software to

draw a scatter plot of the relationship between

the amount of gas used each month and the cost.

b) Use the scatter plot to describe the relationship

between these two variables. Is the relationship

linear or non-linear? Justify your response.

c) Find another set of data involving two variables

that have a relationship similar to the one you

found in part b). Construct a scatter plot to check

your conjecture and explain your conclusions.

d) Find a set of data involving two variables that

have a different relationship. Explain the

relationship.

Month Cost of Gas
Amount of

Gas Used
(m3)

Cost of

Electricity

Amount of

Electricity

Used (kWh)

Average

Monthly

Temperature

January $174.60 949 $165.75 1950 �5°C

February $177.30 965 $159.38 1875 �6°C

March $158.40 861 $150.11 1766 1°C

April $135.00 733 $139.57 1642 5°C

May $76.50 416 $106.00 1247 15°C

June $35.10 192 $88.57 1042 20°C

July $32.40 176 $90.10 1060 24°C

August $31.50 171 $84.83 998 25°C

September $34.20 187 $95.54 1124 21°C

October $70.20 381 $108.20 1273 15°C

November $126.90 691 $129.88 1528 8°C

December $167.40 912 $161.08 1895 0°C

Special Connect and Apply questions:
• Some questions are related to the chapter problem.
• Achievement Check The last Connect and Apply question of

some sections provides an opportunity to demonstrate your
knowledge and understanding, and your ability to apply, think
about and communicate what you have learned. Achievement
Check questions occur every two or three sections and are designed
to assess learning of the key concepts in those few sections.

A membership pass costs $5.00. Sh

pass? Use mathematical reasoning to justify your answer.

Achievement Check

17. In an isosceles triangle, the equation a � 2b � 180° relates the two

equal angles and the third angle.

a) Use this equation to find the value of a when

• b � 25° • b � 100°

b) Use this equation to find the value of b when

• a � 40° • a � 100°

c) What is the maximum possible whole-number value of a? Justify

your answer.

d) What is the maximum possible whole-number value of b? Justify

your answer.

d

a

b b

Communicate Your Understanding
• These questions provide an opportunity to assess your

understanding of the concepts before proceeding to use your
skills in the Practise, Connect and Apply, and Extend questions.

• Through this discussion, you can identify any concepts or areas
you need to study further. 

Practice Test
Each chapter, except Chapter 1, ends with a practice test. The
test has three styles of question: multiple choice, short response,
and extended response. Practising these types of questions will
help you prepare for provincial testing.

6.1 The Equation of a Line in Slope y-Intercept Form: y = mx + b • MHR  303

Key Concepts
� The equation of a line can be written in slope y-intercept form: y � mx � b, where� m is the slope of the line

� b is the y-intercept of the line

� A horizontal line is written in the form y � b,where b is the y-intercept. The slope of a horizontal line is zero.

� A vertical line is written in the form x � a, where a is the x-intercept. The slope of avertical line is undefined.

Communicate Your UnderstandingThe equations of four lines are given:y � 2x � 3         y � 6         y � �x � 4         x � �3
Which of these represents
a) a vertical line?
b) a horizontal line?
c) a line that slopes upward to the right?d) a line that slopes downward to the right?Explain each answer you chose.

A line has a y-intercept of 2 and a slope of . Explain how you can
use this information to graph the line.
The distance-time graph for a person walking in front 
of a motion sensor is shown.a) At what distance did this person begin walking? How do 

you know?
b) Was the person walking toward or away from the sensor?

Explain how you know.c) How fast was the person walking?d) Write an equation in the form d � mt � b to describe the
person’s motion.

Refer to Example 3, part b).a) Does the graph to the left of the h-axis have meaning?
b) What would this portion of the graph represent?c) What is the significance of the h-intercept?

C4C4

C3C3

3
5

C2C2

C1C1

x

y

b y = mx + b

0

x

y

b
y = b

0

x

y

a

x = a

0

t1
Time (s)
2 3 4 5

Di
st

an
ce

 (m
)

1

0

2
3
4
5
6
7

d

Chapter Problem Wrap-Up
This summary problem occurs at the end of
the practice test. The chapter problem may
be assigned as a project.
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Extended Response
Provide complete solutions.
8. Charlene earns $150 more per week than herroommate Kristi and $100 less than herother roommate, Sacha. Together the threefriends earn $2050 per week. How muchdoes each girl earn per week?

9. Solve and check.
8 � 2(2p � 3) � 6 � (p � 3)

10. Murray works at a cell phone service kioskin a shopping mall. He earns $8.50/h, plus a$15 commission for each 1-year servicecontract he sells.
a) Find the amount Murray makes in 8 hwhen he sells seven service contracts.b) How many service contracts does Murrayneed to sell to earn $790 in a 40-h workweek?

Multiple Choice
For questions 1 to 4, select the best answer.1. Which is the correct solution for x � 2 � �4?

A x � �6
B x � �2
C x � 2
D x � 6

2. k � �3 is the correct solution for whichequation?
A 2k � 5 � �1
B k � 3 � 6
C 3k � 3 � �6
D 4k � 1 � �11

3. The speed-distance-time relationship for anobject moving at a constant speed is described by the formula s � . Which of the following correctly describes d in termsof s and t?

A d �

B d �

C d � st
D d � s � t

4. Anthony is 4 years older than his brotherFelix. The sum of their ages is 42. Whichequation can you use to find their ages?A 4f � 42
B 4f � f � 42
C f � f � 4 � 42
D 4f � f � 4 � 42

Short Response
Show all steps to your solutions.
5. Solve. Express any fractional answers inlowest terms.

a) y � 11 � �2

b) � �3

c) 3k � 5 � 14
d) 5x � 7 � 8 � 2x
e) 7r � �3(r � 2)
f) 2y � (y � 3) � 4(y � 5)

6. Find the root of each equation.
a) (2w � 6) � �8

b) �

c) � � 8 � 

7. The perimeter of an isosceles triangle isgiven by the formula P � 2a � b, where a is the length of each of the equal sides and b is the length of the third side.

a) Rearrange the formula to isolate b.b) Rearrange the formula to isolate a.c) An isosceles triangle has a perimeter of43 cm. The length of the two equal sidesis unknown, but the third side length is18 cm. What is the length of each of theequal sides?

aa

b

k � 2
4

k � 3
3

3k
2

4a � 5
3

3a � 7
4

1
3

h
7

s
t

t
s

d
t

Chapter 4 Practice Test

The first season of Canadian Superstar is a wrap! Will
there be a second season? The sponsors use a weighted
rating system that factors in the audience demographic
(who watches the show). Their research suggests that the
viewing audience is made up of 50% girls, 30% boys, and
20% adult viewers. The formula for the show’s weighted
rating score, R, is

R �

• g represents the girls’ average rating of the show, out
of 10.

• b represents the boys’ average rating of the show, out
of 10.

• a represents the adults’ average rating of the show, out
of 10.

The sponsors agree to pick up the show for a second
season if the first season earns a weighted rating of 8 or
better. Part of the ratings have been recorded in a table:

The girls’ ratings have not yet been recorded, but early feedback suggests
that the show was significantly more popular with girls than with boys
and adults. Do you think that there will be a second season? Justify your
reasoning. What minimum girls’ average rating is necessary to ensure a
second season?

5g � 3b � 2a
10

Viewers Girls Boys AdultsAverage Rating not available 7.4
8.1

Chapter Problem Wrap-Up

Tasks
• Tasks are presented at the end of Chapters 3, 6,

and 9. These problems require you to use several
concepts from the preceding chapters. Each task
has multi-part questions and may take about 
20 min to complete. 
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Chapter Review
• This feature appears at the end of each chapter.
• By working through these questions, you will identify areas

where you may need more review or study before doing the
practice test.

Cumulative Review
• A cumulative review occurs at the end of Chapters 3, 6, and

9. These questions allow you to review concepts you learned
in the chapters since the last cumulative review. They also
help to prepare you for the Tasks that follow. 

Other Features

Chapter 1 The Mathematical Process
The first chapter presents an introduction to the seven
mathematical processes that are integral to learning
mathematics. 

Each section of Chapter 1 focuses on one of the mathematical
processes but naturally involves other processes. The processes
are interconnected and are used throughout the rest of the
course. Some examples and exercises are flagged with a math
processes graphic to show or remind you which of the processes
are involved in solving the problem.

Literacy Connections
This margin feature provides tips to help you read and interpret
items in math.

Making Connections
This margin feature points out some of the connections between
topics in the course.

Internet Links
This logo is shown beside questions in which it is suggested that
you use the Internet to help solve the problem or to research or

collect information. Some direct links are provided on our Web site
www.school.mcgrawhill.ca/links/principles9.

Did You Know?
This feature appears in the margin of some pages. It provides
interesting facts related to the topics.
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Chapter 5 Review

5.1 Direct Variation, pages 238�2451. Christina works part-time at a flower shop.She earns $9/h. Her pay varies directly withthe time, in hours, she works.a) Choose appropriate letters for variables.Make a table of values showingChristina’s pay for 0 h, 1 h, 2 h, and 3 h.b) Graph the relationship.c) Write an equation in the form y � kx.2. The Jung family travels 300 km to a relative’shome. The distance, d, in kilometres, variesdirectly with the time, t, in hours.a) Find an equation relating d and t if d � 144 when t � 1.5. What does theconstant of variation represent?b) Use the equation to determine how longit will take the Jungs to reach theirdestination. 
3. The volume of soup varies directly with thevolume of water used to prepare it. Johnuses 2.5 L of water to make 3.0 L of soup.a) Explain why this relation is a directvariation.

b) Graph this relation.
c) What will happen to the graph if Johnuses 2.8 L of water to make 3.0 L of soup?

5.2 Partial Variation, pages 246�2534. a) Copy and complete thetable of values, giventhat y varies partiallywith x.
b) Identify the initial valueof y and the constant ofvariation from the table.c) Write an equationrelating y and x in theform y � mx � b.

d) Graph the relation. Describe the graph. 

5. Identify each relation as a direct variation, a partial variation, or neither. Justify youranswer.
a) y � x2 � 5 b) A � 3d � 2c) C � 2.5m d) y � �8x � 16. A new restaurant is having advertisingflyers printed. The cost to design and layout the flyer is $500. There is an additionalcost of $0.15 per flyer printed.a) Identify the fixed cost and the variablecost of this partial variation.b) Write an equation representing thisrelationship.

c) Use your equation to determine the total cost of 500 flyers. 

5.3 Slope, pages 254�263
7. Determine the slope of each object.a)

b)

8. Calculate the
slope of each
line segment.
a) AB
b) CD
c) EF

45 m

32 m

0.26 m
2.0 m

x y
0 4
1 7
2

3 13
4

25

4

2 A
B

EC

D

F
�2

0 2�2
4

6

y

x

Selecting ToolsRepresenting

Reasoning and Proving

Communicating

Connecting Reflecting

Problem Solving

You will explore measurement
relationships in greater depth
in Chapter 8: Measurement
and Chapter 9: Optimization.

Makin
onnections

Your school can get free access
to data from Statistics Canada
through its educational Web
resource, � -STAT.

Did You Know ?

Rectangular prism is the
mathematical name for a box.

onnections
Literac



Vocabulary 
 natural number
prime number
perfect square
vertex
pentomino
rational number
conjecture
mean
counter-example

 Mathematical 
Processes
 The mathematical process has many components. 
These components help you to organize your thoughts, 
solve problems effectively, and communicate your 
understanding.

CHAPTER

1
Mathematical Processes
� Problem Solving

� Reasoning and Proving

� Re� ecting

� Selecting Tools and Computational 
Strategies

� Connecting

� Representing

� Communicating

Number Sense and Algebra
� Simplify numerical expressions 

involving integers and rational 
numbers.

� Solve problems requiring the 
manipulation of expressions arising 
from applications of percent, ratio, 
rate, and proportion.

2



To learn mathematics, 
you use the processes 
shown in the diagram. 
These seven processes 
are interconnected. Each 
section of this chapter 
focuses on one of the 
processes but also 
involves the others.

Selecting ToolsRepresenting

Reasoning and Proving

Communicating

Connecting Reflecting

Problem Solving

3



1. Find each sum or difference. Express your
answers in lowest terms.

a) b)

c) d)

2. Find each product or quotient. Express your
answers in lowest terms.

a) b)

c) d)

3. Five friends shared two pizzas. Fran ate 

of a pizza, Abdul ate of a pizza, Hannah

ate of a pizza, and Siva ate of a pizza.

What fraction of the pizza remains for Brad?

1
2

1
4

3
8

1
3

2
9

� 2
2
7

2
7
8

� 6
1
2

a
3
4

�
2
3

b
5
12

�
3
10

1
7
9

�
2
5

5
6

�
2
5

3
8

�
1
4

3
10

�
9
10
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Operations With Fractions
Fractions can be added or subtracted easily if they have the same denominator.

For example, � .

To add or subtract fractions with different denominators, the first step 
is to find the lowest common denominator.

For example,

� �

� �

� �

To multiply fractions, divide the numerator and the denominator by any
common factors. Any mixed numbers should first be converted to improper
fractions. To divide by a fraction, multiply by its reciprocal.

� �

� �

� �

� 4
1
12

49
12

2
3

7
2

�
7
6

2
3

�
1
1

7
2

�
6
7

3
1
2

�
6
7

8
2

9
3

�
3
1

4
1

8
9

�
3
4

5
12

5
4

 or 1
1
4

9
12

�
4

12
3
4

�
2
4

3 � 3
4 � 3

�
1 � 4
3 � 4

3
4

�
1
3

3
4

�
1 � 2
2 � 2

3
4

�
1
2

3
5

2
5

�
1
5

Refer to the Glossary, pages
582 to 591, to find the
definition of boldface words.

onnections
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The reciprocal of 6�
7

is 7�
6

.
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4. Perform each integer operation.
a) 13 � (�5) b) �7 � 2
c) �8 � (�15) d) 7 � 11
e) 2 � 16 f) 8 � (�7)
g) �5 � (�9) h) 100 � (�4)
i) �7 � 7 j) �3 � (�14)
k) 42 � (�6) l) �28 � 7

5. Evaluate.
a) �16 � 6 � (�2) b) �3 � 5 � (�1)
c) �15 � (�12) � 4 � (�8)

6. A small business lost $6200 in its first year,
lost $2150 in its second year, and earned
$4780 in its third year. Overall, in the 3-year
period, how much did the business earn
or lose?

Get Ready • MHR  5

Operations With Integers
An integer number line and integer chips are tools that can help you understand 
operations with integers. You may also think in terms of profit and loss.

Add Integers:
�2 � 5 � 3 2 � (�6) � �4

Subtract Integers:
�4 � 9 � �4 � (�9) 3 � 10 � 3 � (�10) �2 � (�4) � �2 � 4

� �13 � �7 � 2

Multiply or Divide Integers:
9 � (�5) � �45 �6 � (�7) � 42 20 � (�4) � �5 �16 � (�2) � 8

7. Evaluate.
a) �3(9 � 11) b) 2 � 3(10 � 4)2

c) (7 � 15) � (4 � 4)
d) �5(�3) � (�8)(10)
e) [2 � (6 � 3)2]2

f) �15 � 8 � 7 � 32 � 16

8. Scientific calculators are programmed to
follow the order of operations. Check your
answers to question 7 using a scientific
calculator.

9. At a collectors’ fair, Jason sold six sports
cards at $56 each and bought eight sports
cards at $43 each. What was Jason’s net
profit or loss?

10. Create a problem that involves at least three
different operations. Exchange problems
with a classmate.

Order of Operations
2(15 � 18) 7 � 3(42 � 10)

� 2(�3) � 7 � 3(16 � 10)
� �6 � 7 � 3(26)

� 7 � 78
� �71

�4

�6

�3 �2 �1 0 1 2

B Brackets
E Exponents
D   } Division and
M Multiplication, in order from left to right
A   } Addition and
S Subtraction, in order from left to right
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Focus on Problem Solving

When you solve problems in mathematics, or in other subjects, a specific
process helps you to organize your thoughts. This way, you can clearly
understand the problem, devise a strategy, carry out the strategy, and
reflect on the results.

Consider the following strategies when you are developing mathematical
solutions to problems. You may use other strategies too.

• Make an Organized List
• Look for a Pattern
• Work Backward
• Draw a Diagram
• Select a Tool
• Use Systematic Trial
• Use Logic or Reasoning

Investigate

How can a pattern help you solve a problem?

Part A: Make an organized list or table

Pennies are laid out in a
triangular pattern as shown.
How many pennies do you
need to form a triangle with
10 pennies in its base?

1. Read the problem above. Read it again. Express it in your own
words.

2. A possible strategy is to identify and continue the pattern started
in the diagram. Copy the diagram into your notebook.

3. Extend the pattern. Describe how the pattern develops. Use your
description to extend it to a triangle with a base of 10 pennies.
Record your numbers in a table with the following headings.

4. Explain how you used the pattern to solve the problem. Can you
find another pattern that could help you solve this problem?

Diagram Number Number of Pennies



Part B: Use Logic or Reasoning

In the grid, each letter represents a different 
from 1 to 9. Use the clues to find the value of each letter.
• A, C, and G are .
• A and I are both greater than 5.
• I is a multiple of H.

• B is of F, which is of E.

• C is greater than F.

1. Read the problem above. Read it again. Express the problem 
in your own words.

2. A possible strategy is to make an organized
list or table. Write the numbers from 1 to 9
across the top of the table and the letters
down the side.

3. Analyse the information given.
a) Use the clues to mark Xs in the table for values that each letter

cannot be. For example, A, C, and G are prime numbers, so they
cannot be 1, 4, 6, 8, or 9.

b) Put a check mark in your table as you confirm values of letters.

4. Verify that your results hold in the original grid.

Key Concepts
� Making an organized list or chart is a strategy that helps you to

organize your thoughts and to see the information in an organized
way.

� Identifying and describing a pattern is a strategy that can be used
when a sequence of operations or diagrams occurs.

� When solving a problem, you will often use more than one strategy.
Here are some problem solving strategies:
� Draw a diagram. � Act it out.
� Work backward. � Use systematic trial.
� Make a model. � Use a formula.
� Make an organized list. � Solve a similar but simpler 
� Look for a pattern. problem.
� Find needed information.

1
3

1
2

prime numbers

natural number

1 2 3 �

A

B

...

A B C

D E F

G H I
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� a number in the sequence
1, 2, 3, 4, �.

natural number

� a number with exactly two
factors�itself and 1

prime number

Selecting ToolsRepresenting

Reasoning and Proving

Communicating

Connecting Reflecting

Problem Solving



Communicate Your Understanding
In the Investigate, Part A, the strategy recommended was to use 
an organized list.
a) Which other strategies did you use?
b) How could you answer the problem using a different strategy?
In the Investigate, Part B, the strategy recommended was to make
an organized list or chart. Which other strategies did you use?

Practise
1. Continue each pattern for three more terms. Describe how to find

successive terms.
a) 1, 3, 5, 7, 9 b) 4, 17, 30, 43
c) 2, 4, 8, 16 d) 1, 1, 2, 3, 5, 8

2. You have two quarters, a dime, and a nickel. How many different
sums of money can you make?

3. a) Copy and complete these products.
1 � 1 � ?
11 � 11 � ?
111 � 111 � ?
1111 � 1111 � ?

b) Describe the pattern in the answers.
c) Use the pattern to predict the product 111 111 111 � 111 111 111.

4. a) Evaluate each product.
11 � 37 � ?
22 � 37 � ?
33 � 37 � ?

b) Continue and identify a pattern in the results.
c) Use the pattern to evaluate 99 � 37.

Connect and Apply
In each problem, write one or two sentences to describe your strategy.
Then, carry out your strategy.

5. a) Express the fractions , , , and so on as decimals. 

Describe the pattern.
b) How does the pattern change if the denominator is 99?
c) What if the denominator is 99 999?

3
9

2
9

1
9

C2C2

C1C1
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6. A Sudoku is a Japanese number puzzle that follows a simple
set of rules. Each three by three square, each row, and each
column must contain each of the numerals 1 through 9 only
once. Here is a Sudoku that is almost completed. What must
the missing digits be?

7. Gina was born on September 15, 1997. Sam was born on 
January 23, 1994.
a) How many years, months, and days old is each of them 

on January 1, 2020?
b) Describe a method of determining anyone’s age in years, 

months, and days.

8. In the opening round of a chess tournament, players must play each
other only once. How many matches are necessary in the opening
round for a tournament that is set up for
a) 2 players? b) 3 players?
c) 4 players? d) 10 players?

9. How many divide evenly into 8820?

Extend
10. In the following sum, each letter represents a different digit. 

F is half of C and R � 7. Find the value of each letter.
EAT

�FREE
CAKE

11. In the grid, each letter represents a different 
natural number from 1 to 16. The sum of the
numbers in each row, column, and diagonal is 34.
Use these clues to find the value of each letter.
• B, C, N, and R are greater than 12.
• H and D are perfect squares.
• R is double the value of J, which is double the value of D.
• Q is one third of F, which is half of E. G is 7 times A.
• P is less than or equal to 4.

perfect squares

A B C D

E F G H

J K L M

N P Q R

4 8 9 5 3 2 6 1 7

2 6 1 8 7 9 5 4 3

7 5 3 4 1 6 9 8 2

6 7 8 4 1 5 9

1 3 2 9 8 4 7 6

5 9 4 6 2 3 8

8 2 5 7 9 4 3 6 1

9 4 6 3 8 1 7 2 5

3 1 7 6 2 5 8 9 4
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� a number that can be
expressed as the product
of two identical factors

� 36 is a perfect square,
since 36 � 6 � 6

perfect square
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Focus on Communicating

People have been communicating for thousands of years—that includes
communicating mathematically. We currently represent numbers using
the numerals 0, 1, 2, and so on. Ancient civilizations used different
symbols to represent numbers.

Investigate

How can you represent numbers with ancient symbols?

About 5000 years ago, the ancient Egyptians used
symbols to represent numbers.

1. How would the Egyptians represent the
numbers 13, 126, and 1291?

2. The Egyptians also used fractions, placing the numeral symbols
under the symbol           .

They represented as           .

a) How would the Egyptians represent ?

b) Describe two ways in which the Egyptians might have
represented the fraction .

3. Describe any similarities between the Egyptian number system 
and the ancient Chinese number system in the table above.

4. Reflect Is our number system more like the Egyptian or the
Chinese system? In what way?

2
3

1
10

1
2

Greek

Roman

Chinese (ancient)

Chinese (modern)

I II III IV V VI VII VIII IX

�� � � � � � �

Number 1 2 3 4 5 6 7 8 9

1 10 100 1000

The numerals, 1, 2, 3, � , 9,
that we use are known as the
Hindu-Arabic system. They
were probably developed in
India. They have been found
on a Hindu plate dated 595.
The symbols came to the
Western world via Arabia.

Did You Know ?



Example Use a Diagram to Communicate

How does the diagram illustrate a relationship between the areas 
of squares on the sides of a right triangle?

Solution

The triangle is right angled, with a square placed on each side.

The sum of the areas of the two smaller squares is
32 � 42 � 9 � 16

� 25

The area of the square on the hypotenuse is 25, or 52.

This shows that the area of the square on the hypotenuse equals 
the sum of the areas of the squares on the other two sides. This is 
the Pythagorean relationship.

Key Concepts
� It is important to be able to communicate clearly in mathematics.

Communication can take the form of words, diagrams, and symbols.

� Use mathematical vocabulary when explaining your strategies.

� Use correct mathematical form when using symbols and simplifying
expressions.

� Draw neat, fully labelled diagrams to illustrate a situation.

Communicate Your Understanding
The ancient Maya from Central America used symbols to represent
numbers as shown.
a) Describe the meaning of each symbol.
b) Represent the numbers 10 and 27 using Mayan symbols.

Describe how to determine the pattern in the sequence 13, 15, 18,
22, …. What are the next two terms?

To calculate 8% of 120, Greg wrote
8% � 120 � .08 � 120 � 9.6
a) There are two things that Greg should do to rewrite his work 

in better mathematical form. What are they?
b) Give two reasons why it is a good idea to use correct

mathematical form.

C3C3

C2C2

C1C1
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Practise
1. Describe the pattern in each sequence. Give the next two terms.

a) 15, 10, 5 b) �6, �10, �14

c) , , d) , 2, 

e) 3, �6, 12, �24 f) �96, �48, �24
g) 100, 80, 65, 55 h) 3, 3, 6, 18, 72
i) j)

2. a) Build a sequence of numbers.
b) Describe the process you used to build the sequence.
c) Trade your sequence with a classmate. Find the pattern.

Connect and Apply
3. Refer to the Example. Is there a relationship

between the areas of semicircles placed on each
side of a right triangle? Use the diagram to help
you explain your answer.

4. A light is attached to the circumference of a
wheel. As the wheel rolls along the road, which
of the following diagrams represents the path of
the light? Explain your reasoning.
A

B C

5. a) Explain how the time zone map uses integers to determine 
the time in another time zone.

b) If it is 3:00 P.M. in Toronto, what time is it in Halifax?
c) If it is 2:30 A.M. in Vancouver, what time is it in Winnipeg?

8
5

12
5

3
4

1
2

1
4
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10 cm
6 cm

8 cm

You worked with the formula for
the area of a circle in grade 8.
A � �r2.

Makin
onnections



6. The diagram illustrates the meaning of fractions.
a) Explain how to use the diagram to illustrate which is greater, 

or .

b) How could you use the diagram to illustrate how to add � ?

Explain.

c) How many rows would you need to illustrate � ? Explain.

d) Describe a pattern or trend in the dark blue bars.

7. a) Explain how the diagram illustrates the fact that � .

b) What product is modelled by the number line diagram?

8. The diagrams illustrate a rule for adding odd numbers.
a) Describe the rule.
b) Verify your rule for the fifth and sixth diagrams.
c) Use your rule to find the sum of the odd numbers from 1 to 99.
d) Use your rule to find the sum of the odd numbers from 150 to

600.

Extend
9. Each three by three square, each row, and each column must

contain each of the numerals 1 through 9 only once. Copy
and complete this Sudoku puzzle. Describe the problem
solving process that you used.

10. In a factory, there are 10 assembly points equally spaced along a 9-m
section of an assembly line. A supply bin is to be located 5 m away
from the assembly line. Where is the best location for the supply bin
so that the workers will have to go the least distance to get their
supplies? Justify your solution.

0 1 2 3

1
2

2
3

�
3
4

1
4

1
3

1
3

1
2

4
8

3
7

9 7 8 2

7 5 3 1

8 3 1 7

6 2 8 4

3 8 1 4 6 7

9 2 7 3 5

1 3 2 5 6

5 4 6 9 8

8 4 5 1
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1��7
1��7

1��7
1��7

1��7
1��7

1��7
1��8

1��8
1��8

1��8
1��8

1��8
1��8

1��8
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Situations in real life often involve
problems that you can solve using
mathematical processes. You can
make connecting mathematics to
real life easier by drawing a
diagram to illustrate the situation.
You can then use the diagram to
help you solve the problem. You
can also use other strategies, such
as making an organized list or
looking for a pattern.

Often, in solving problems, you
need to make connections among
different areas of mathematics.
For example, to find the amount
of paint needed, you would use
measurement, geometry, and
number skills.

Investigate

How can you connect different representations of a problem?

A Superball is dropped from a height of 160 cm. When it lands on the
ground, it bounces to a height that is 75% of the previous height. What
is the total distance travelled by the ball at the moment it bounces for
the fifth time?

1. Read the problem above. Read it again. Express the problem in
your own words.

2. A good strategy is to draw a diagram to illustrate the bouncing of
the ball. What will your diagram look like? What labels will you
put on your diagram? What calculations will you need to do?

3. Draw a diagram representing the path of the bouncing ball. Label
the diagram with the appropriate measurements. Do you need to
show all five bounces? Why?

4. Does your answer seem reasonable? If you are not sure, what
should you do?

Focus on Connecting



Example 1  Number of Point Totals

The Aces hockey team has played five games. A win is worth 2 points,
a tie is worth 1 point, and a loss is worth 0 points. Determine the
number of different point totals the Aces could have after five games.

Solution

Make an organized list to help with the solution.

There are 11 possible point totals—between 0 and 10 points.

How many hockey pucks are there in Canada?
Many problems, like this one, do not have exact answers.

A Fermi problem is one that uses estimation in its solution. It is solved
by asking appropriate questions, whose answers lead to the next stage in
the solution. Making connections and using various mathematical skills
are important aspects of the solution.

Wins Losses Ties Total Points

5 0 0 10

4 1 0 8

4 0 1 9

3 2 0 6

3 1 1 7

3 0 2 8

2 3 0 4

2 2 1 5

2 1 2 6

2 0 3 7

1 4 0 2

1 3 1 3

1 2 2 3

1 1 3 5

1 0 4 6

0 5 0 0

0 4 1 1

0 3 2 2

0 2 3 3

0 1 4 4

0 0 5 5
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Each win is worth 2
points. 5 � 2 � 10.

Fermi problems are named after
Enrico Fermi (1901�1954).
He was a well-respected
Italian physicist who liked to
pose these problems. See
Example 2 on the next page.

Did You Know ?



Example 2  Jelly Beans in a Jar

How many jelly beans will fill a 4-L jar?

Solution

I need to figure out the size of a jelly bean, then how
many fit into 4 L. I will need to account for space
between the beans.

Use estimation and make assumptions.
What shape is a jelly bean?
It is roughly the shape of a cylinder.
It is about 1.5 cm long and about 0.5 cm in radius.

Find the approximate volume of a jelly bean.

V � �r2h
� �(0.5)2(1.5)
�� 1.2

The volume of a jelly bean is about 1.2 cm3.

What is the volume of the jar in cubic centimetres?

1 L � 1000 cm3

4 L � 4000 cm3

Adjust for the space between the jelly beans.

Air might take up about 10% of the volume. 
So, only 90% of the jar’s volume will be 
jelly beans.

90% of 4000 � 0.9 � 4000
� 3600

Number of jelly beans � volume � volume of a jelly bean
� 3600 � 1.2
� 3000

About 3000 jelly beans will fill a 4-L jar.

A 4-L jar is pretty large. I could test the answer by seeing how many
jelly beans fit into a 250-mL cup, then multiplying the count by 16
(because 16 � 250 mL � 4000 mL or 4 L).

16 MHR • Chapter 1

I need to use the formula for the
volume of a cylinder.

10% is a reasonable guess
for the amount of air.

Now, I need to use my
skills with percent.

I need to make some
assumptions about
the shape and size of
a jelly bean.



Key Concepts
� You can make connections that relate math to other areas of study

and of daily life.

� You can also make connections between areas of mathematics, 
such as geometry and number sense.

Communicate Your Understanding
Using the Investigate as a reference, explain how drawing a diagram
is different from drawing a picture.

How many people are sitting down in your school at this moment?
What information will you need to find or estimate to solve this
Fermi problem?

Practise
For help with question 1, see the Investigate.

1. A bird flew 800 m in one direction. It turned around and flew half 
as far back. Then, it turned around and again flew half as far back.
The bird continued this pattern for a total of six flights.
a) Draw a diagram illustrating this situation.
b) What was the total distance the bird flew?
c) How far from its starting point did the bird end up?

For help with question 2, see Example 1.

2. Raoul has four Canadian coins in his pocket. The coins are quarters,
dimes, or nickels. What are the possible total values of the coins?

For help with questions 3 and 4, see Example 2.

3. How many hockey pucks would fit inside your classroom? Explain
your reasoning.

4. The tires on Honi’s bike are guaranteed to last 2000 km. She uses her
bike mostly to ride to school, which is 8 km from her home. How
many years can she expect the tires to last? Explain your reasoning.

Connect and Apply
In each problem, write a sentence to describe your strategy. Then, carry
out your strategy.

5. Five friends ate a 12-slice pizza. Samir ate three times as many slices
as Joe. Joe ate half as many slices as Emily. Kendra and Fong together
ate half a pizza. Kendra ate one third as many slices as Samir. Fong
ate the most slices. What fraction of a pizza did each person eat?

C2C2

C1C1
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6. How many triangles of all sizes 
are there in the diagram?

7. If each square on the grid measures 
0.5 cm by 0.5 cm, what is the 
approximate area of the arrow?

8. A snail begins climbing a pipe from a point 20 m below the ground.
Each day, the snail climbs 4 m and slides back 3 m. How long will 
it take to reach the top of the pipe, which is 7 m above the ground?

9. How many times does a cat’s heart beat in a lifetime?

Extend
10. Each three by three square, each

row, and each column must
contain each of the numerals 
1 through 9 only once. Copy and
complete this Sudoku puzzle.

11. Design your own geometry problem in which a diagram would 
be useful to help solve the problem.

12. A polygon has 20 sides. How many diagonals does it have?

18 MHR • Chapter 1

6 7 3 4

2 7 6 4 9

4 5 2 6

1 7 8

9 1

3 6 8

3 4 8 6

1 5 6 3 9

6 3 8 2
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Focus on Representing

Mathematics can be used to represent situations using diagrams,
numbers, graphs, algebra, calculator applications, and computer
software. In this section, you will develop ideas on how to represent
both mathematical and real-life situations.

Investigate

How can you represent a situation numerically?

When Kevin was scuba diving, he entered a shipwreck and
immediately dove down 6 m, came up 5 m, dove down 9 m, and 
then dove a further 2 m, to finish at 32 m below the surface of the
water. What was Kevin’s depth when he entered the shipwreck?

1. Read the problem above. Read it again. Express the problem 
in your own words.

2. An effective strategy is to represent Kevin’s movements as 
integers on a labelled diagram. Then, work backward from 
Kevin’s finishing position.

3. Start at the finishing level and record Kevin’s previous steps 
in reverse.

4. Verify that your results hold for Kevin’s dive.



Example Represent a Situation Using a Diagram

Eight friends arrive at a party. Each
person shakes hands with each
other person once. How many
handshakes occur?

Solution

Illustrate the handshakes using a
diagram. Place the eight letters
from A to H in a circular pattern.
Draw seven green line segments
from person A to all the other
friends, B to H.
Continue by drawing six blue line
segments from B to the 
remaining friends, C to H.
Continue the pattern. Find the total 
number of line segments.
7 � 6 � 5 � 4 � 3 � 2 � 1 � 28

There are 28 handshakes among eight friends.

Key Concepts
� A mathematical situation can be represented in many ways,

including numerically, graphically, algebraically, and with 
a diagram.

� Drawing a diagram can be a useful strategy to help visualize 
the situation.

� Representing data numerically can help you see a pattern or 
a relationship between numbers.

Communicate Your Understanding
In the Investigate, you used the working backward strategy.
Describe another strategy that you could use to determine Kevin’s
depth when he entered the shipwreck.

In a walk-a-thon, Ginny is 5 m behind Alice, who is 8 m ahead of
Barbara. Sarah is 4 m ahead of Alice and 10 m ahead of both Ruth
and Denise. What is the distance between the first and last of the
girls? Describe how you would solve this problem.

C2C2

C1C1
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Practise
For help with question 1, see the Investigate.

1. On a treasure hunt, players are instructed to go 2 km north, then 
5 km east, then 4 km south, then 3 km west, and finally 2 km north.
Where is the treasure relative to the starting point?

For help with questions 2 to 4, see the Example.

2. The top floor of an apartment building has eight apartments. Each 

of the other floors below it has times as many apartments as 

the floor above. Use a diagram and a numeric representation to help
determine the maximum number of floors that this building can have.

3. Seven friends have initials O, P, Q, R, S, T, and U. Each must have 
a telephone conversation with friends whose initials are within two
letters of their own. Use a diagram and a numeric representation to
determine how many telephone conversations will occur. 

4. A direct road needs to be built between each pair of the six towns
shown. How many roads need to be built?

Connect and Apply
5. Plot each set of points on a grid. Describe the pattern and plot the

next three points.
a) A(2, 3), B(5, 4), C(8, 5)
b) P(1, 6), Q(�4, 4), R(�9, 2)
c) G(3, 3), H(0, 0), I(�3, �3) 

6. Use a diagram to show which fraction is greater. Describe the pattern
in the two fractions being compared. Make a general statement about
the pattern and which fraction is greater.

a) or b) or 

c) or d) or 
5
6

4
5

4
5

3
4

3
4

2
3

2
3

1
2

A

B

C

D

E

F

1
1
2



7. A bicycle gear ratio compares the number of teeth on the driver 
cog to the number of teeth on the driving cog. The driver cog on 
a bicycle has 30 teeth and the driving cog has 20 teeth.

a) If the driver cog rotates three turns, how many turns does the
driving cog make?

b) If the driver cog makes a half turn, how many turns does the
driving cog make?

c) How many turns of the driver cog are required for the driving 
cog to turn five times?

d) On a different bicycle, the driver cog has 24 teeth and the driving
cog has 40 teeth. If the driver cog makes a half turn, how many
turns does the driving cog make? 

8. The points A(1, 2) and B(�3, �2) are two  of a square. 
Find all possible locations of the other two vertices.

Extend
9. The points C(�7, �3) and D(�1, �3) are two vertices of right �CDE.

Find all possible locations of the third vertex so that the area of the
triangle is 15 square units. 

10. Use question 7 as a reference. How would you determine the
resulting number of turns of the driving cog if another, middle, 
cog is added?

driver cogdriving 
cog

y

x10

1

2

3

4

-1
-1

-2

-3

-4

-2-3-4 2 3 4

A (1, 2)

B (-3, -2)

vertices

driver cogdriving 
cog
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� a point at which two sides
meet

vertex (pl vertices)
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Focus on Selecting Tools and
Computational Strategies

When solving problems, it is important to select appropriate tools. You
may be able to solve some problems using pencil and paper, while for
others you may need a calculator. Sometimes it helps to use
manipulatives such as linking cubes or integer chips, while other
situations are best tackled using a graph. Quite often, you may find you
need several tools. In other situations, you might start with one tool,
then find you need another tool to help find the answer.

Investigate

Which tool(s) can you use to solve a problem?

A: Create shapes with square tiles

Five square tiles are to be used to make different shapes. Sides must
align exactly. These shapes are called . Shapes that can 
be rotated or flipped to form each other are considered the same. For
example, the following two are considered the same.

1. a) Make as many different pentominos as you can.
b) Compare your pentominos with a classmate’s.
c) How many different pentominos are possible?

2. Reflect Which tool(s) did you use? Were they effective? Explain.

B: Sums of cubes

Select an appropriate tool to solve the following problem.

1. a) Find the sum of the cubes of the first two natural numbers: 
13 � 23 � ?

b) Find the sum of the cubes of the first three natural numbers: 
13 � 23 � 33 � ?

c) Continue extending these sums and investigate the pattern 
in the results. Describe the pattern in your own words.

2. a) Reflect Verify that your pattern is correct.
b) Use your pattern to find the sum of the cubes of the first 

15 natural numbers.

3. Reflect Which tool(s) did you use? Were they effective? Explain.

pentominos

� square tiles

� linking squares

� grid paper

Tools

� a shape made of five unit
squares

� each square shares at least
one side with another
square

pentomino



Example Computational Strategy, 
Operations With Rational Numbers

Add or subtract each pair of , as indicated.

a) b)  c)  

Solution

The strategy for adding and subtracting rational numbers is to 
connect your skills with fractions and integers.

a)

�

�

b)

�

� Add the numerators.

� Change to a mixed number.

c)

� Change subtracting to adding the opposite.

� Find the common denominator.

� Add the numerators.�
7
20

�
12
20

�
5
20

�
3
5

�
1
4

�
3
5

� a�
1
4

b

�1
1
6

�
7
6

�
1
2

� a�
2
3

b

1
4

2
8

3
8

� a�
1
8

b

�
3
5

� a�
1
4

b�
1
2

� a�
2
3

b
3
8

� a�
1
8

b

rational numbers
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� numbers that can be
expressed as the quotient
of two integers, where 
the divisor is not zero

�
3�
5

, 0.25, �13�
4

, and �3 are

rational numbers

rational numbers

The denominators are the same, so I
can add the numerators. 3 � (�1) � 2

The denominators are different, so I
need to find a common denominator.

This fraction isn�t in lowest terms. I can
divide the numerator and the
denominator by 2.

�
3
6

� a�
4
6

b
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Key Concepts
� Tools such as calculators, physical models, graph paper, and

computers can help you solve problems.

� Choosing the best tool for a given situation can make you a more
efficient problem solver. For example,
� adding 10 and 20 on a scientific calculator would take longer 

than finding the sum mentally
� using a 30-cm ruler to measure the length of a soccer field 

would take longer than using a trundle wheel
� A variety of computational strategies need to be considered 

when investigating mathematical ideas and solving problems.

Communicate Your Understanding
A Fermi problem asks how many times a truck wheel turns in
driving along the 401 highway from Windsor to London. What 
tools would you use to solve this problem?

Ted used a calculator to evaluate the expression in the

following way:

� 0.6 � 0.7 � 0.1
� 1.2

Explain what Ted’s error was and how he could have used his
calculator more appropriately.

Practise
1. a) Explain how the diagram illustrates

the fact that 12 � 4 � 3.
b) Draw a diagram to illustrate that

12 � 3 � 4.
c) Draw a diagram to illustrate that

12 � 2 � 6.
d) Continue the pattern. How do these

models show that 12 � 0 is not
defined?

5
9

�
2
3

�
1
8

5
9

�
2
3

�
1
8

C2C2

C1C1
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2. a) Explain how the diagram illustrates the fact that 

b) Use a visual tool to model .

3. a) Four views of a cube are shown. What letter belongs on 
the blank face, and which way should the letter face?

b) What tool did you use to help solve this problem? Was 
it effective?

c) Make up your own similar problem, using numbers instead 
of letters. Have a classmate solve the problem.

4. What tools would you use to find the average cost of admission 
to a movie in your area?

5. Describe when it would be appropriate to use each tool to solve a
mathematical problem. Give examples.
a) a calculator
b) grid paper
c) a physical model
d) a computer

6. The number 90 224 199 is the fifth power of what number? Which
tool did you use?

7. Use an appropriate tool and strategy to find the two missing values
in each sequence.
a) 15, 9, 3, … , �, �, �69
b) 5, 15, 45, … , �, �, 10 935
c) �1024, 512, �256, … , �, �, �1
d) �5, �8, �11, … , �, �, �164
e) 3, �6, 12, … , �, �, �24 576
f) �400, �376, �352, … , �, �, 80

8. Use appropriate tools and strategies to find the next three terms 
in each sequence.
a) 240, 120, 40, 10, 2

b) 0, , , –1

c) , , 

d) , , , 
5
12

1
2

7
12

2
3

1
4

1
2

3
4

�
2
3

�
1
3

4 � a�1
1
4

b

0�1�2

3 � a�
2
3

b � �2
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9. Find each sum.

a) b)

c) d)

10. Find each difference.

a) b)

c) d)

Connect and Apply
11. The Example demonstrated how to add and subtract rational 

numbers. Describe how to multiply and divide rational numbers.
Provide examples.

12. Evaluate.

a) b)

c) d)

e) f)

13. A sheet of paper is 0.08 mm thick.
a) How many times do you think you can fold a sheet of paper 

in half?
b) If you fold it in half, how thick are the two layers?
c) If you could fold it in half again and again, a total of 20 times,

how thick would the layers be? Are you surprised at the 
answer? Why?

d) Find out for yourself how many times you can fold a piece 
of paper in half. Explain the results.

14. Explain how you would use two different tools to help a younger
student understand how to add each pair of fractions.

a) b)
2
3

�
4
5

1
2

�
1
4

a�4
2
5

b � 1
4
7

a�
5
12

b � a�
3
8

b

7
8

� a�
5
6

ba�
1
8

b �
6
11

a�
1
7

b � a�
3
5

b�
5
6

�
3
10

a�
4
5

b � a�
3
10

ba�
1
4

b �
1
6

1
2

�
2
3

3
8

�
5
6

�
2
3

�
3
8

1
7

� a�
2
5

b

�
2
3

� a�
3
4

b�
1
2

� a�
1
2

b



15. Use a geoboard or centimetre dot paper to find how many different
rectangles with a perimeter of 20 cm and whole-number side lengths
can be made. Find the area of each rectangle. Record your results in
a table.

16. This is a tangram, which is a very old puzzle that originated in
ancient China.
a) Determine the fraction of the whole square that each labelled

shape represents.
b) What fraction of the whole square does each of the following

represent? Illustrate your answer using pieces of the tangram 
and using operations with fractions.
i) A � B ii) C � G iii)  D � E

iv) F � E v)  A vi)  D � F

17. Use the tangram in question 16.
a) Write piece F as the sum of two or more smaller pieces.
b) Write piece B as the sum of two or more smaller pieces.

18. Use an appropriate tool to help determine the thousandth term 
in the sequence 45, 41, 37, 33, … .

19. Use an appropriate tool to help determine which term in the
sequence 100, 93, 86, … is �600.

20. How many cups of water would fill up a bathtub? Explain your
reasoning.

Extend
21. If you fold a piece of string in half, in half again, and so on, up to

n folds, and then cut it through the middle with a pair of scissors,
how many pieces of string will you have?
a) Develop a solution. Explain your reasoning.
b) Use a model to verify your solution.

22. A rope winds around a cylindrical tube a total of four times. The
tube has a circumference of 10 m and a height of 24 m. How long 
is the rope?

1
2

1
4

Length (cm) Width (cm) Perimeter (cm) Area (cm2)

20
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A

D

E

F

B

C

G



1.6 Focus on Reasoning and Proving • MHR  29

Focus on Reasoning and Proving

Investigate

How can you apply reasoning skills to solve a problem?

A vending machine has 90 coins in its coin-collecting slots. There 
are one third as many dimes as quarters and half as many dimes as
nickels. How much money is in the machine?

1. Read the problem above. Read it again. Express it in your own
words.

2. A possible strategy is to guess the answer, check to see if it works,
and then revise the guess if necessary. What type of number must
the number of nickels be? What type of number must the number
of quarters be?

3. Make your first guess. If it is incorrect, read the clues again and
use reasoning skills to decide what needs changing. Continue until
you are successful.

4. Check that your answer works for each clue. Is another answer
possible?

5. Reflect Was this the appropriate strategy for this problem? Explain.

People need to use their reasoning skills to make mathematical
observations (such as those from patterns), to justify conclusions, and to
use mathematics to plan and support solutions to problems.



You may be asked to prove a mathematical . This means that
you need to provide mathematical evidence that a statement is true.

Example Prove a Conjecture

Conjecture: The sum of any two consecutive whole numbers is an 
odd number.

a) Give three examples of the conjecture.
b) Prove that the conjecture is true.

Solution

a) 1 � 2 � 3
2 � 3 � 5
3 � 4 � 7

b) Let n represent a whole number.
Then, n � 1 represents the next consecutive whole number.
The sum of these two consecutive numbers is

n � n � 1
� 2n � 1
Since 2n means 2 times any whole number, this is always an even
number. When you add 1 to an even number, you get the next odd
number.
So, the conjecture is true.

Key Concepts
� You can use reasoning to determine which mathematical process 

is best in a given situation.

� Many simple problems can be solved using reasoning by systematic
trial, especially if you have not yet learned other mathematical
methods.

� To prove a mathematical conjecture, you need to justify your
conclusion by using a well-organized mathematical argument.

conjecture
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� a general conclusion drawn
from a number of individual
facts

� it may or may not be true

conjecture

In these examples, the sum
of two consecutive whole
numbers is an odd number.

Selecting ToolsRepresenting

Reasoning and Proving

Communicating

Connecting Reflecting

Problem Solving
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Communicate Your Understanding
Jay’s method for solving the problem “Which power of �2 is closest
to �300?” is shown.
(�2)5 � �32
(�2)6 � 64
(�2)7 � �128 � �300 � (�512) � 212
(�2)8 � 256 � �300 � (�128) � �172
(�2)9 � �512

The power of �2 that is closest to �300 is (�2)7.
a) Describe Jay’s strategy.
b) Do you think this was the most efficient strategy? Explain.

a) Estimate the measure of each of the equal angles in the 
following triangles.

b) In each case, is your estimate greater than or less than 90°?
c) Do your results prove that the equal angles of an isosceles

triangle are acute? Explain.

Practise
For help with questions 1 and 2, see the Investigate.

1. Copy the diagram. Place one of the numbers from
1 to 6 in each circle so that the sum of the three
numbers on each side is the same.

2. Copy the diagram. Place one of the integers
from �6 to 5 in each circle so that the sum of
the three numbers on each side is the same.

For help with questions 3 and 4, see the Example.

3. Prove that the sum of three consecutive whole numbers is 
divisible by 3.

4. Prove that a newspaper always has an even number of pages.

C2C2

C1C1



Connect and Apply
In each problem, write one or two sentences to describe your strategy.
Then, carry out your strategy and justify your solution. Reflect and
decide if your strategy was an appropriate one.

5. Paul claims that you only need seven coins to be able to make any
amount of money up to 50¢. Show that Paul is correct.

6. Copy the numbers in the order shown. Replace each � with some 
of the symbols �, �, �, �, ( ), and � to make true statements.
a) 5 � 2 � 8 � 3 � 15 b) 25 � 5 � 11 � 25 � 9

c) � � � d) � �

7. The low temperature between January 1 and January 30 
was �5°C.

a) What would the temperature need to be on January 31 to lower
the mean temperature to �6°C?

b) What would the temperature need to be on January 31 to raise 
the mean temperature to �4.5°C?

8. Give a to prove each statement false.
a) All prime numbers are odd.
b) The sum of any two integers is always negative.
c) All fractions are less than 1.
d) All quadrilaterals are rectangles.

9. In the game of chess, a knight can move two spaces forward or
backward and one space left or right, or two spaces left or right 
and one space forward or backward. Copy the small board shown.
Can a knight eventually land on any square on the board?

counter-example

Day

January Mean Low Temperature

�20

�15

�10

5
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5
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 (°
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1
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1
3

1
2
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� the sum of the values in a
set of data, divided by the
number of values in the set

mean

� an example that proves
that a conjecture is false

counter-example
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10. Although most masses are measured in kilograms or grams in
Canada, cheese is often bought by the pound. Three quarters of a
pound and three quarters of a block of cheese balance with an entire
block of cheese. What is the mass of the block of cheese, in pounds?

11. The integer �5 can be expressed as a difference of squares.
22 � 32

� 4 � 9
� �5
How many integers between �1 and �10 can be expressed as a
difference of squares of whole numbers?

12. Sam went on four rides a total of eight times at the fair. Roller Magic
costs $3.25, Death Drop costs $3.75, The Amazing Loop costs $4.00,
and Fire Pit costs $4.50. Sam says he went on one ride more than
three times. He spent a total of $33.00. How many times did Sam go
on each ride?

13. How many floor tiles are there on the floors in your school?

Extend
14. Each three by three square, each

row, and each column must
contain each of the numerals 1
through 9 only once. Copy and
complete this Sudoku puzzle.

15. What is the mass of a school bus with 45 student passengers?

16. For the sequence 1, �2, �2, 3, 3, 3, �4, �4, �4, �4, 5, 5, 5, 5, 5, … ,
a) what is the 50th term?
b) what is the 100th term?
c) what is the sum of the first 50 terms?
d) what is the sum of the first 100 terms?

3��4 lb

1 6 9 8 2

7 5

9 2 4 7

2 5

1 8 5 9 2

9 5

7 1 5 9

3 2

3 9 2 6 4
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Focus on Reflecting

When you solve a problem, you need to regularly check and re-check
your thought processes.

• Is your strategy the best one?
• Are you checking to make sure you are not making any errors?
• Have you considered alternative strategies or the use of different tools?
• Does your answer make sense?
• Can you verify that your solution is correct?

Reflecting on your processes will make you a better problem solver.

Investigate

How can the process of reflecting help you solve problems?

A: Möbius strip

How can a sheet of paper have only one side?

1. Cut a strip of paper about 4 cm wide
and 28 cm long. Twist it a half turn
and tape the ends together. This is
called a Möbius strip.

2. Draw a line along one face of the
paper without lifting your pencil.
Describe what happened.

3. Predict what would happen if you cut
all the way along this line.

4. Test your hypothesis. What happened? Explain.

5. Make another Möbius strip. This time, draw two lines, each one-
third of the distance from each edge. Then, cut along the two lines.

6. Reflect What happened? Can you explain why the result was
different?

B: Strategies

How many numbers between 1 and 100 are divisible by 7?

1. Devise two strategies that would be efficient in solving this
problem.

2. Solve the problem in two ways, using both strategies.

3. Reflect Explain which strategy was more effective.

� paper strips

� tape

� pencil

Tools



Key Concepts
� As you solve a problem, indicate, in words or symbols, what 

your strategy is, so you can evaluate it later on.

� Reflect back to evaluate the effectiveness of your strategies and 
to verify that your solution is correct.

� If you determine that the solution was incorrect, check to see 
if your steps were done correctly, or try a different strategy.

Communicate Your Understanding
To answer the problem, “Find five odd numbers that add up to 55,”
Ben used the strategy of systematic trial.
a) Ben’s first trial was 3 � 5 � 7 � 9 � 11 � 35. What might his

next trial be? Why?
b) Do you think that systematic trial is a good strategy for this

problem? Explain.

A triangle has sides of length 3 cm, 5 cm, and 7 cm. Describe how
you can verify whether this is a right triangle.

Using the drive-through one night at a local coffee shop, Tara
ordered a large coffee and a muffin. The drive-through attendant
told her that her total was $19.38. Tara argued with the attendant
that it is not possible for the total to be $19.38 when she only
ordered a coffee and a muffin. The attendant insisted the total 
was $19.38.
a) Explain what the drive-through attendant should have done

when Tara questioned the total.
b) Discuss what the drive-through attendant might have done wrong.

Practise
For help with question 1, see the Investigate, Part A.

1. To create a double Möbius strip, place two strips of paper together,
one on top of the other. Twist them a half-turn and tape them
together, end to end, at both the top and bottom. Then, cut the strip
down the middle. Describe the results and explain why it happened.

2. If you multiply a number by �7, and then add 12, the result is �380.
What is the number?

3. Half of a number, decreased by , gives . What is the number?

4. What strategies did you use in questions 2 and 3? How effective
were they?

7
12

3
4

C3C3

C2C2

C1C1
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5. What is the least number divisible by all of the integers 1 through 9?
Explain your strategy and whether it was effective.

Connect and Apply
6. a) Using only the integers �3, �2, �1, 0, 1, 2, and 3, find all

solutions to X � Y � Z � �5. You may repeat numbers.
b) What strategy did you use? Was it effective? Explain.

7. a) Multiply 1 � 2 � 3 � 4. b) Calculate 52 � 1.
c) Multiply 2 � 3 � 4 � 5. d) Calculate 112 � 1.
e) Multiply 4 � 5 � 6 � 7. f) Calculate 292 � 1.
g) Describe a rule that this pattern seems to illustrate.
h) Verify your rule by trying it with two more examples.
i) Did your examples work? If not, try to develop a different rule

and verify it.

8. In a video game, a character has been programmed to start at 60 pixels
to the left of centre. The character moves 90 pixels to the right, then
75 pixels to the left, then 60 pixels to the right, and so on.
a) The character disappears when it lands on zero, the centre. After

how many moves will this occur?
b) Verify that your answer is correct.

9. How many numbers between 1 and 100 are divisible by either 2 or
3? Explain your strategy and verify that it works.

10. A recipe calls for 1 kg of flour, 500 mL of milk, 2 eggs, and 125 g of
sugar. To triple the recipe, Karen calculated that she needed 3 kg of
flour, 15 L of milk, 6 eggs, and 3.75 kg of sugar.
a) Without calculating the correct amounts, find Karen’s errors, and

describe the clues to her errors.
b) Verify that your discoveries are correct.

Extend
11. How many square metres of pizza are ordered in Ontario in a year?

12. In a magic square, the rows, columns, and diagonals each add to the
same sum.
a) Construct a magic square using these numbers:

i) 1, 2, 3, 4, 5, 6, 7, 8, 9
ii) �4, �3, �2, �1, 0, 1, 2, 3, 4

b) Describe the strategies that you used.
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A pixel is a single grid point on
a computer or TV screen. Many
screens are 640 pixels across
and 480 pixels high.

onnections
Literac

diagonalscolumns

rows
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Chapter 1 Review

For each question, try to use the most
appropriate tools, computational methods, 
and problem solving strategies. Provide
complete justification for each solution.

1. Continue each pattern for three more terms.
Describe how to find successive terms.
a) 12, 9, 6, 3 b) 7, 14, 28
c) 5, 6, 8, 11 d) 3, �1, �6, �12

2. A fence will be built to enclose a 100-m 
by 70-m field. It will need a post at each
corner and one every 5 m. How many 
posts are needed?

3. An archery target has points as shown.

a) Describe a strategy to determine how
many different scores are possible 
with three arrows.

b) Use your strategy to find the different
possible scores.

4. Three houses, A, B, and C, are to be
connected to hydro, cable TV, and telephone
wires, labelled as P, Q, and R, without 
the wires crossing each other. Can this be
done? If yes, show the solution. If not,
explain why.

5. Plot the points E(4, 5), F(7, 0), and G(1, �4).
Find all locations of the point H so that
EFGH is a parallelogram.

6. How many squares of all sizes are there in
this diagram? What strategy did you use?

7. Dave is meeting his friends at 7:30 P.M. The
average speed of the bus is 28 km/h, and he
needs to travel 20 km. When should he
catch the bus? Describe your strategy and
whether it was appropriate.

8. a) A rectangular yard measures 8 m by 6 m.
What happens to the area if each
dimension is doubled?

b) Use an appropriate tool to illustrate what
happens to the area of any rectangle
when its dimensions are doubled.

9. What power of 7 is 40 353 607? Describe
your strategy.

10. Find three consecutive integers that have 
a sum of �402. Describe your strategy. 

11. Evaluate.

a) b)

c) d)

12. Using only fractions between �1 and 1, 
find three different solutions to 

A � B � C � � .

13. A bracelet is to be made
from 2 red and 5 blue
beads. How many
different bracelets can be
made? Describe your
strategy.

7
12

7
12

� a�1
3
4

b�
2
3

�
1
4

�
2
9

� a�
1
6

b
2
5

� a�
3
7

b

A B C

P Q R

20 15 10 �5



Vocabulary 
  hypothesis
statistics
primary data
secondary data
sample
population
census
random sample

Relations
 This chapter introduces methods for analysing 
relationships between variables. These relationships occur 
in many areas, including business, science, sports, and the 
arts. Analysing these relationships helps you understand 
trends and make accurate predictions.

CHAPTER

2
Linear Relations
� Interpret the meanings of points 

on scatter plots and graphs.

� Pose problems, identify 
variables, and formulate 
hypotheses about relationships 
between two variables.

� Design and carry out an 
investigation or experiment 
involving relationships 
between two variables.

� Describe trends and relationships 
observed in data, make inferences 
from data, compare the inferences 
with hypotheses, and explain any 
differences between them.

� Construct graphs, using a variety 
of tools.

� Construct tables of values, 
scatter plots, and lines or 
curves of best � t.

� Determine values of a linear 
relation by interpolating or 
extrapolating from the graph 
of the relation.

� Describe a situation that 
corresponds to a graph of a 
relationship between two 
variables.

� Determine a line of best � t 
for a scatter plot, using an 
informal process.

� Determine other representations 
of a linear relation, given one 
representation.

simple random sampling
systematic random sampling
strati� ed random sampling
non-random sampling
bias
inference
dependent variable
independent variable

outlier
interpolate
extrapolate
linear relation
line of best � t
curve of best � t
distance-time graph

38



Chapter Problem
 A coach is selecting students to compete in the 
high jump event for the school�s track and � eld 
team. What factors should the coach consider? 
Explain your thinking.

You will be designing an experiment to test how 
these factors affect an athlete�s performance in the 
high jump.

39



1. This graph shows data from a 
survey taken by Statistics Canada.
a) What do the heights of the 

bars represent?
b) Which province has the greatest

unemployment rate?
c) In what region did people have

the best chance of finding work in
2003? Why?
Adapted from Statistics Canada, CANSIM
database, Table 109-5204, accessed via
http://estat.statcan.ca, February 2006.

2. This graph shows exchange rates
between the U.S. dollar and the
Canadian dollar in 2005.
a) What is the lowest value 

of the U.S. dollar shown 
on the graph?

b) When was the value of the U.S.
dollar the greatest compared to
the Canadian dollar?

c) Describe any pattern you 
see in the graph.
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Bar Graphs
This bar graph shows the number of tickets sold
during one week at the Main Street Cinema.

The graph shows that the cinema sold the fewest
tickets on Monday and the most on Saturday.
The attendance increases from Monday to
Saturday but drops on Sunday.
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3. Every hour for 7 h, a biology student
counted the number of larvae that hatched
from a batch of fruit fly eggs. Here are 
the student’s data.

a) Make a scatter plot of the data. Put time
on the x-axis and the number of larvae
on the y-axis. Label the axes, and include
a title for the scatter plot.

b) Estimate the number of larvae hatched
after 4.5 h.

4. This table shows the mean air pressure 
at various altitudes.

a) Make a scatter plot of the data. Put
altitude on the x-axis and air pressure 
on the y-axis. Label the axes, and include
a title for the scatter plot.

b) Estimate the air pressure at an altitude 
of 18 km.

Altitude
(km)

0 5 10 15 20 25 30

Air Pressure
(kPa)

101.3 54.0 26.0 12.0 5.5 2.5 1.2
Time (h) 0 1 2 3 4 5 6

Number of
Larvae

5 10 21 43 82 168 320
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Scatter Plots
Here are the ages and annual incomes of 11 members
of a family.

You can use a scatter plot to display data involving
two variables.
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5. Calculate each unit rate.
a) A printer prints 42 pages in 6 min.
b) Dog food costs $15 for a 5-kg bag.
c) A car travelled 880 km in 11 h.

6. Calculate each unit rate.
a) A breakfast cereal costs $4.19 for 750 g.
b) A recipe calls for 500 mL of flour to

make 24 bran muffins.
c) Jessie ran 5000 m in 38.6 min.

Rates
A rate compares quantities that are measured in different units.

A rate of 348 km in 4.0 h is equivalent to a unit rate of � 87 km/h.
348 km

4.0 h

Age (years) 25 28 32 32 33 45 47 53 54 59 60

Income
(thousands
of dollars)

35 75 34 37 36 44 60 51 58 68 72
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2.1 Hypotheses and Sources of Data

Some people think that drivers
of red cars are more likely than
other drivers to have an
accident. How can you tell if
this opinion is valid? First,
write a that clearly
states what you want to prove
or disprove. You can use

to test whether the
hypothesis is likely to be true.

For example, you could start
with the hypothesis that the
accident rate for red cars is
higher than that for other cars. You could then use data from accident
reports or insurance claims to see if your hypothesis is correct. Often, it
is not practical to collect enough data to determine for certain whether a
hypothesis is true.

statistics

hypothesis

Investigate

How do you state a hypothesis?

1. Write a hypothesis for each question.
a) What percent of students in your school will get a 

driver’s licence this year?
b) Is television advertising more effective than newspaper

advertising?
c) Do people consider price or brand more important 

when buying toothpaste?
d) Do boys and girls have different study habits?
e) How often do people use the phonebook?
f) Which sport do teenagers like the most?

2. Do all hypotheses have to include numbers? How could 
you classify different types of hypotheses?

3. Reflect What information would you need to test each  
hypothesis in step 1?

All hypotheses are either true or false. If a hypothesis is false, 
then its opposite must be true.

� a theory or statement that
is either true or false

� numerical data, or the
collection, organization,
and analysis of numerical
data

statistics

hypothesis



Example 1  State a Hypothesis and Its Opposite

Write a hypothesis about a relationship between the variables 
in each pair. Then, give the opposite hypothesis.

a) a driver’s age and the risk of having an accident
b) attendance at school and marks
c) the heights of boys and the heights of girls

Solution

There are many possible hypotheses. Here is one example for each
pair of variables.

a) Hypothesis: As drivers age, their risk of having an accident
increases.
Opposite: As drivers age, their risk of having an accident does not
increase. You can state the opposite another way: As drivers age,
their risk of having an accident either decreases or stays the same.

b) Hypothesis: Students’ marks decrease as they miss more classes.
Opposite: Students’ marks do not decrease as they miss more classes.

c) Hypothesis: On average, boys and girls of the same age are the
same height.
Opposite: On average, boys and girls of the same age are not the
same height.

Data Sources

Often, you need data to test a hypothesis. Researchers must decide
whether to collect new data or use data that other people have already
collected. come from experiments and surveys done by the 
researchers. Researchers can find in sources such as
publications, the Internet, and surveys done by Statistics Canada.

Example 2  Identify Primary and Secondary Data

Explain whether each set of data is primary or secondary. What are the
advantages and any disadvantages of each person’s choice of data source?

a) Daniel telephoned 100 families in his town to ask them how many
pets they have.

b) Cathy used data from Statistics Canada to determine the
proportion of households in Canada that have at least one car.

c) Anja found a Web site with the results from a survey on the
spending habits of teenagers across Canada.

d) Tomas checked the Web sites of 24 stores for the price of the latest
Harry Potter DVD.

secondary data
Primary data
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� original data that a
researcher gathers
specifically for a particular
experiment or survey

� data that someone else
has already gathered for
some other purpose

secondary data

primary data



Solution

a) The telephone interviews produce primary data because Daniel
performed the survey himself. The telephone survey is easy to do,
but time-consuming. Data on pets in his town are unlikely to be
available from a secondary source.

b) Cathy is using a secondary source since Statistics Canada gathered
the survey data. Statistics Canada is an excellent source because it
collects data from a huge number of families all across Canada.
Cathy could never gather that much data by herself.

c) The Web site is a secondary source since Anja did not collect the
survey data herself. The Web site is a convenient way to get survey
results. It might take Anja a lot of time and expense to gather
similar data herself. However, data on Web sites are not always
reliable. Anja should check who did the survey and whether the
results are complete and accurate. When a business or organization
does a survey, they sometimes publish only data that are
favourable to them.

d) Tomas used the Web sites as a way to survey the prices that the
video stores charged for the DVD. So, Tomas collected primary
data from the Internet. This method was probably faster and
cheaper than phoning all the video stores.

Key Concepts
� A hypothesis is a statement that can be tested to determine if 

it is likely to be true.

� Primary data are new information collected by a researcher.

� Secondary data are existing data that were gathered for some 
other purpose.

Communicate Your Understanding
a) Give an example of a hypothesis that involves numbers.
b) Give an example of a hypothesis that does not involve numbers.
c) Describe how you could test each hypothesis.

Is it always better to use primary data when testing a hypothesis?
Explain why or why not.

C2C2

C1C1
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Your school can get free access
to data from Statistics Canada
through its educational Web
resource, � -STAT.

Did You Know ?



Practise
For help with questions 1 and 2, see Example 1.

1. State the opposite of each hypothesis.
a) Most people’s favourite number is 7.
b) Adults spend more time listening to classical music than to rap.
c) In Ontario, more teenagers join soccer teams than hockey teams.
d) Chocolate is not the most popular flavour of ice cream.

2. State a hypothesis about a relationship between each pair of
variables. Then, state the opposite of each hypothesis.
a) a student’s age and time spent doing homework
b) a mother’s height and the height of her children
c) temperature and crime rates
d) the cost of gasoline and the number of people using public transit

For help with questions 3 and 4, see Example 2.

3. Which of the following data are primary and which are secondary?
Explain.
a) An office manager hands out a questionnaire to see if employees

want to work earlier hours during the summer.
b) A student finds data on Internet use in a report published by

Statistics Canada.
c) A researcher collects information about how far people travel on

public transit by talking to passengers on the buses.
d) A researcher downloads data about the length of rides taken on

public transit from a transit authority’s Web site.

4. Identify each data source as primary or secondary. State one
advantage of each source of data.
a) A researcher interviewed 100 students about their study habits.
b) A sporting goods company searched on the Internet for data on

how Canadians spend their leisure time.
c) A manufacturer surveyed 1000 recent customers about possible

changes to a product.
d) A student found advertisements in out-of-town newspapers 

at a library to check admission prices at theatres
across the country.

Connect and Apply
5. a) Make a hypothesis about whether the students in

your class prefer cats or dogs as pets.
b) Describe how you could test your hypothesis.

Explain whether you would use primary or
secondary data.
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6. Steve prepared the following table
using data volunteered by eight
male students in his science class.
a) Is Steve using primary or

secondary data? Explain.
b) Make two hypotheses based on

these data.
c) How could you test your

hypotheses?

7. a) Make a hypothesis about the number of phone calls Canadians
make.

b) Describe how you could use primary data to test your hypothesis.
c) Describe how you could use secondary data to test your

hypothesis.
d) Which set of data is more likely to give accurate results?

8. Chapter Problem A coach is selecting students to compete in the
high jump for the school’s track and field team.
a) Make a hypothesis about a physical characteristic that could 

help an athlete do well in the high jump.
b) What data would you need to test your hypothesis? Would 

you use primary or secondary data? Explain why.

9. a) Make a hypothesis about the relationship between the speed 
of a computer and its price.

b) Use Technology Use an Internet search engine to collect data
about computer prices. Compare the results when you use the key
words “computer stores,” “computer memory,” and “computer
prices.”

c) Did you conduct primary or secondary research? Explain.
d) Describe another method for gathering data about computer

speeds and prices.

10. Use Technology 
a) Make a hypothesis about how much milk a cow produces in 

a day. Then, use an Internet search engine to find data to test 
your hypothesis.

b) Make a hypothesis about how much hay a cow eats in a day.
Then, use data from the Internet to test your hypothesis.

c) Did you gather primary or secondary data in parts a) and b)?
Explain.

Name Eye Colour Height (cm)

Josanth brown 167

Fred green 181

Graham green 185

Cho brown 171

Seth blue 154

Jamal green 183

Juan brown 160

Cameron blue 173
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Achievement Check

11. This table shows the number of fish 
that entrants in a fishing derby caught.

Before the fishing derby began, Heather 
predicted that most entrants would not 
catch any fish. George predicted that most 
entrants would catch either one or two fish.
a) Is Heather’s hypothesis true? Explain.
b) Is George’s hypothesis true? Explain.
c) Write the opposite of Heather’s hypothesis 

and of George’s hypothesis.
d) Can the opposite of Heather’s hypothesis and the opposite of

George’s hypothesis both be true? Explain your reasoning.
e) George found the results of the derby in a local newspaper. 

Are these data primary or secondary? Explain.
f) Modify Heather’s prediction and George’s prediction to make 

new hypotheses that are true.

Extend
12. a) Make a hypothesis about the relationship between the latitude 

of a city and the mean of its daily maximum temperatures in
January.

b) Use data from an atlas or an online source to test your hypothesis.

13. a) Make a hypothesis about how the difference between the Olympic
records for men and women in the marathon has changed over
the years.

b) Use the Internet or other sources to collect data to test your
hypothesis.

c) Explain how the data you found prove or disprove your
hypothesis.

14. Math Contest The mean of a list of n numbers is 6. When the
number 17 is added to the list, the mean becomes 7. What is the
value of n?

Number of Fish Number of Entrants

0 20

1 12

2 12

3 7

4 3

5 0

6 1
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The coldest temperature ever
recorded in North America was
� 63”C at Snag, Yukon on
February 3, 1947.

Did You Know ?
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2.2 Sampling Principles

Do radio call-in shows
accurately reflect the
opinions of all their
listeners? Are these
listeners likely to have
the same opinions as
people who do not
listen to the program?
How can you reduce the
chances of inaccurate
results from a survey?

Investigate

How can you choose participants for a survey?

A sportswear manufacturer is thinking of hiring a world-champion
speed skater to help promote its products. Since the company wants
someone who will appeal to teenagers, it surveyed 200 teenagers for
their opinions about the speed skater.

1. Which of these is likely to accurately reflect 
the opinions of teenagers in the whole country? Explain.
a) 200 students at a school near the company’s office
b) 200 teenagers selected from across Canada
c) the first 200 teenagers willing to answer a questionnaire 

at a shopping mall
d) 10 teenagers from each of 20 schools chosen from across

Canada

2. Reflect How could you select a sample so that it properly
represents the whole ?

The population depends on what you are trying to measure or study. 
If you are studying the music preferences of teenagers in your school, 
the population is all the teenagers in the school. It is often not practical
to survey all members of a large population. So, instead of doing a

, you survey a sample of the population.census

population

samples
� any group of people or

items selected from a
population

sample

� the whole group of people
or items being studied

� a survey of all members of
a population

census

population



Example 1  Identify the Population

Identify the population in each situation. Then, indicate whether each
researcher should survey a sample of the population or do a census.
Explain your reasoning.

a) A teacher wishes to know how early his students wake up in the
morning.

b) The principal of a school with 2100 students wants to find out
how much homework her students have each day.

c) A clothing store needs to find out whether its customers are happy
with its service.

d) A newspaper wants to know the public’s opinion of a federal
political party.

e) A polling firm wants to know how people will vote in the next
federal election.

Solution

a) The population is the students in the teacher’s class. He should 
do a census since the population is small and easy to survey.

b) The population is the students in the school. The principal should
use a sample, since the school population is quite large and all
students in any particular class may have the same amount of
homework for that subject.

c) The population is the store’s customers. A random sample is
probably best because it could be difficult and time-consuming 
to reach all of the store’s customers.

d) The population is everyone in Canada. The newspaper will have
to use a sample since it is next to impossible to get the opinion of
every person in Canada.

e) The population is every person who can vote in the next federal
election. Again, a census is not practical. It will take far less time
and expense to interview a sample of voters from across the
country.

You can never be completely certain that a sample is representative of
the population. However, a usually gives reasonably
accurate results. You can use several different methods to select a
random sample.

random sample
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� a sample in which all
members of a population
have an equal chance of
being chosen

random sample



Example 2  Choose a Random Sample

A principal of a school with
1600 students wants to know
whether they favour
introducing school uniforms.
Describe three methods he
could use to select a random
sample of 200 students.

Solution

1. The principal takes an alphabetical list of all the students at the
school and numbers the names in sequence. He then uses a
graphing calculator or a spreadsheet to generate 200 random
numbers between 1 and 1600. He selects the names on the list that
correspond to these numbers. This method is an example of

.

2. The principal finds a starting point on the list of students by
picking a single random number between 1 and 1600. To get a 
random sample with 200 students, he then selects every eighth
name before and after the starting point. This method is an
example of .

3. The principal uses lists of the students in each grade. He then
randomly selects the same fraction of students from the list for
each grade. Since he wants a sample of 200 students out of a total 

of 1600, he needs to choose � of the students in each 

grade. Thus, if there are 480 students in grade 9, he would 

randomly select of these grade 9 students to be 

part of the sample. This method is an example of
.

Sometimes people use samples that are not randomly chosen.
can be cheaper or more convenient than random

sampling, but the results are less likely to be accurate. Samples that are
not random may tend to choose a certain type of member from the
population. As a result of this , the sample does not properly
represent the whole population.

bias

Non-random sampling

stratified random sampling

1
8

� 480 � 60

1
8

200
1600

systematic random sampling

simple random sampling
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� choosing a specific number
of members randomly from
the entire population

� choosing members of a
population at fixed
intervals from a randomly
selected member

systematic random
sampling

simple random
sampling

� dividing a population into
distinct groups and then
choosing the same fraction
of members from each
group

� using a method that is not
random to choose a sample
from a population

� error resulting from
choosing a sample that
does not represent the
whole population

bias

non-random
sampling

stratified random
sampling



Example 3  Identify Sampling Techniques

Identify the type of sampling in each situation. Explain any bias that
the samples could have.

a) The personnel department sends questionnaires to 75 employees
randomly selected from a list of everyone working for the company.

b) A computer randomly chooses one name from an alphabetical list
of a store’s customers and then also selects every 25th person
listed before and after that name.

c) The president of a restaurant chain interviews employees at
one branch.

d) The student council of a school randomly selects a number 
of students from each class. This number is proportional to 
the size of the class.

Solution

a) simple random sampling

b) systematic random sampling

c) non-random sampling: This sample could be biased since the
employees of one branch may not be representative of the
employees of the whole chain.

d) stratified random sampling

Key Concepts
� A population is the entire group of people or items that is being

studied.

� A sample is any part of the population.

� A random sampling technique ensures that all members of a
population are equally likely to be selected. As a result, a random
sample is likely to be representative of the whole population.

� Sampling methods include simple random, systematic random,
stratified random, and non-random sampling.

� Bias can make the results of a survey inaccurate.
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Communicate Your Understanding
The city council is considering building a new library. Your
councillor surveys 75 people in your neighbourhood to see if they
approve of this expense. Is this survey a good method for judging
how the citizens of the city feel about the project? Use the words
“population” and “sample” in your explanation.

a) Describe two ways you could select a random sample to estimate
how many of the students in your school have access to the
Internet at home.

b) Describe a survey method that is unlikely to give an accurate
estimate.

Practise
For help with questions 1 and 2, see Example 1.

1. Identify the population in each situation.
a) Generally, girls learn to walk before boys do.
b) The mean mark on yesterday’s test was 72%.
c) As cars age, their repair costs increase.
d) Most food stores charge more for cream than for milk.

2. Describe the data required to answer each question. Explain whether
you would use a census or a sample to collect each set of data.
a) Do girls learn to walk before boys do?
b) Is the mean mark on a test greater than 75%?
c) Is the mean annual salary of employees in Canada less than

$50 000?
d) How are a person’s height and age related?
e) What is the most common make of car in your school’s parking

lot?
f) What is the most common colour among the cars that drive 

by your school?

For help with question 3, see Example 2.

3. Describe how you could choose a random sample to determine 
each of the following.
a) the type of coffee preferred by customers of a local cafe
b) Ontario teenagers’ favourite magazines
c) political parties supported by bilingual Canadians
d) countries of origin for immigrants to Canada

C2C2

C1C1
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For help with question 4, see Example 3.

4. Identify the type of sample in each situation. Comment on any
possible bias in these samples.
a) A career studies class interviews University of Waterloo graduates

to learn about career choices for university graduates.
b) A town council randomly selects phone numbers from a town

directory to survey citizens’ opinions on a new park.
c) Moviegoers leaving a cinema are interviewed to find out how

people spend their free time.
d) Every fifth person entering the cafeteria is asked to fill out a

questionnaire about the menu.

Connect and Apply
5. List three ways you could divide the students in your school into

groups for selecting a stratified random sample.

6. A government agency wants to survey Ontario farmers.
a) Identify the population.
b) Suggest a stratified random sampling technique that the agency

could use.

7. A company wants to select 50 of its 325 employees for a survey.
a) Identify the population.
b) Describe a systematic random sampling technique that the

company could use.

8. The physical education department wants to survey the members 
of school teams.
a) Identify the population.
b) Describe a method of randomly selecting 15% of the members 

of the teams.

9. This table lists the enrolment at a high school.

The school administration wants to interview a random sample 
of 150 students, stratified by grade. How many students should 
the administration select from each grade?
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Grade Number of Students

9 330

10 308

11 295

12 283

Births in Canada peaked at
405 486 in 1990. As a result,
total enrolment is high schools
is now declining.

Did You Know ?



10. Use Technology Use this method to generate random integers with a 
TI-83 Plus or TI-84 graphing calculator.
• Press k. Cursor over to display the PRB menu.
• Move the cursor down to 5:randInt(, and press e.
• Press 1 , 10 ,  20 ) e.
The calculator will display 20 randomly selected integers between 
1 and 10, inclusive.
a) What command would you enter to produce a list of 25 random

integers between 12 and 36?
b) How could you use a graphing calculator to randomly select

40 house numbers between 1 and 500?
c) What command would you enter to randomly select 75 house

numbers between 100 and 1000?

11. A survey selects five students from each grade at 100 high schools
across Ontario.
a) Explain why this sample is not completely random.
b) How does this sampling method bias the results of the survey?

12. Identify the population for each of the following. Then, describe 
how you could select an appropriate sample of each population.
a) the popularity of various kinds of music in your school
b) the popularity of various kinds of music in your community
c) the effectiveness of a national campaign to convince people

between the ages of 18 and 30 not to smoke
d) the spending habits of senior citizens in Ontario
e) the quality of printing from various computer printers on sale 

in Canada
f) the mean cost of gasoline in your community

13. In a voluntary sample, people choose to answer the survey, rather
than being selected by the person doing the survey. For example, 
a Web site could ask people browsing the site to fill out an online
survey form. Discuss whether this voluntary sample accurately
represents a population.

14. Even in the 1920s, polling companies conducted surveys by calling
people randomly selected from telephone directories.
a) Explain why using this sampling method in the 1920s would not

produce a representative sample of the opinions of everyone in
the country.

b) Describe two ways in which a telephone survey today could be
biased.
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15. Design and conduct a survey to determine how much exercise
students get. Present your results in a table and a graph. Explain
your choice of sampling technique.

16. Design and conduct a survey to determine
• the percent of students in your school who buy lunch in the

school’s cafeteria
• the reasons for their choice
Present your data in a table and a bar graph. Explain your choice 
of sampling technique.

Extend
17. Bias can occur in a survey if it uses non-random sampling. Describe

two other ways a survey can become biased.

18. To make sure that the Asian long-
horned beetle is not infesting trees
in a large downtown park, the
city’s forester decides to inspect
10% of the trees. Describe how the
forester could choose which trees
to inspect using
a) simple random sampling
b) stratified random sampling
c) systematic random sampling
d) non-random sampling
Which would be the best method to
use? Explain your reasoning.

19. Survey companies often use convenience samples because they are
easy to do. Interviewing shoppers at a mall is one example of a
convenience sample.
a) Work with a partner to list two more examples of convenience

samples.
b) Debate the statement “Convenience samples are true random

samples.” One partner argues for the statement, while the other
argues against it. Debate for a maximum of 5 min. Then, decide 
if the statement is correct.

20. Math Contest How many odd three-digit numbers can be made by
choosing from the digits 1, 2, 3, 4, 5, 6, and 7 if each number must
contain three different digits?
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The Asian long-horned beetle,
Anoplophora glabripennis is
called long-horned because it
has two long antennae.

Did You Know ?
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2.3
Doctors and dieticians often
tell people to “eat smart.”
By choosing your food
carefully, you can get the
nutrients that your body
needs while avoiding the
less healthy types of fats and
carbohydrates. You can use
graphs to analyse the
relationship between these
nutrients
and the energy content of
common fast foods.

Investigate A

How can you use a scatter plot to analyse
data?

In a science fiction movie, Martians land on
Earth. The scientists in the movie notice that
the Martians have small hands and thin arms.
The scientists measure the left forearm and left
handspan of a sample of 10 Martians. The
table lists these data.

Name of
Martian

Left Forearm
Length (cm)

Left Handspan
(cm)

Enyaw 23.1 14.6

Yaj 27.3 17.2

Adnil 21.0 11.5

Sset 21.5 12.4

Nairb 26.8 15.0

Eiggam 20.2 11.1

Derf 24.4 13.2

Sirhc 23.1 15.8

Narf 24.6 17.0

Yllor 22.1 12.7

Use Scatter Plots to Analyse Data

� TI-83 Plus or TI-84
graphing calculator

� grid paper

Tools

20 g fat

40 g carbohydrates

95 kJ energy

15 g fat

80 g carbohydrates

125 kJ energy



The following steps outline how to use a graphing calculator to
organize and display the data.

1. First, clear any old data from the calculator’s lists:
• Press n [MEM] to display the MEMORY menu.
• Move the cursor down to 4:ClrAllLists, and press e twice.

2. To start entering a table of data, press q. Then, select 1:Edit
by pressing either 1 or e.

3. Enter the data for left forearm length into list L1, pressing e

after each entry. Similarly, enter the data for left handspan into
list L2.

4. Now, set the calculator to display a scatter plot of the data:
• Press n [STATPLOT] to display the STAT PLOTS menu.
• Select 1:Plot1 to display the settings for Plot 1.
• Select ON if it is not already highlighted.
• Scroll down to Type and select the scatter plot symbol.
• Xlist should be set to L1. If a different list is already selected,

scroll down to Xlist: and enter L1. Similarly, Ylist should be 
set to L2.

• Then, press z and select 9:ZoomStat.

5. What does the horizontal axis of the scatter plot represent? What
does the vertical axis represent?

6. Copy the scatter plot onto a sheet of graph paper. Label your 
graph properly.

7. Reflect Describe the relationship between a Martian’s left forearm
length and left handspan.

8. Derf’s ordered pair on the graph is (24.4, 13.2). Describe the
meaning of this ordered pair. How does this ordered pair differ
from the rest of the data?

9. Reflect What could cause the data for Derf to differ from the
pattern of the other data?
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Technology Tip
Pressing the e key is like
saying �Please do this.� It
tells the calculator to carry
out the command displayed
on the screen.

You can select a menu
option either by pressing the
number for the option or by
moving the cursor to the
option and pressing e.



Investigate B

How do you conduct an experiment?

Is there a relationship between a human’s forearm length and
handspan? To answer this question, you need to collect and analyse
data.

1. Objective: Outline the purpose of your experiment.

2. Hypothesis: Make a hypothesis based on the objective. Do you
think a person’s forearm length and handspan are related? If so,
what pattern do you expect the data to have?

3. Procedure: Measure your own forearm length and handspan.
Then, gather more data from nine classmates. Record these data 
in a table similar to the one for the Martian data.

4. Observations: Make a scatter plot of your data. Describe any
pattern you see in the data.

5. Conclusion: Make an based on your observations. 
Does this inference support your hypothesis? Explain.

6. Evaluation: Did the experiment meet its objective? How could 
you improve the experiment?

7. Reflect How could you compare the relationship between 
a Martian’s forearm length and handspan that you found in
Investigate A to the relationship between a human’s forearm 
length and handspan?

If you have a set of measurements of one variable, you can calculate
statistics for that variable, such as the mean and the median. When 
you have data for two variables, you can look for a relationship 
between the two variables. Often, you use the data to determine 
whether the value of the changes when the 
value of the changes.independent variable

dependent variable

inference
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Your forearm is the part of
your arm from your elbow to
your wrist.

Your handspan is the distance
from the tip of your thumb to
the tip of your little finger
when your fingers are spread
out.

onnections
Literac

� conclusion based on
reasoning and data

inference

� a variable that is affected
by some other variable

� a variable that affects the
value of another variable

independent
variable

dependent variable



Example 1  Identify Related Variables

Identify the independent and dependent variable in each situation.
a) Does the outdoor temperature affect the amount of fuel needed 

to heat a house?
b) Is there a relationship between people’s ages and their heights?
c) Does the amount of rain in a region depend on its latitude?

Solution

a) Since you want to know whether the outdoor temperature affects 
the amount of fuel required for heating, the independent variable
is the outdoor temperature and the dependent variable is the
amount of fuel required.

b) The independent variable is age and the dependent variable
is height.

c) The dependent variable is the amount of rain and the independent
variable is the latitude. Note that the latitude might not actually
affect the amount of rain. However, to analyse the data, you treat
latitude as the independent variable and the amount of rain as the
dependent variable.

Often, a scatter plot can help you see if there is a relationship
between two variables. On such graphs, the horizontal axis
usually represents the independent variable, while the vertical
axis represents the dependent variable. A measurement of the
independent variable and the corresponding measurement of
the dependent variable make up an ordered pair, (x, y), which
appears as a point on the scatter plot.

An is a point separated from the main body of data on a
graph. Sometimes, an outlier results from a measurement error or from
some factor that affects only a few of the observed values for a variable.
If you can show that an outlier is inaccurate or unrepresentative, you can
leave it out of your calculations. Otherwise, you should include the
outlier in the data set.

outlier
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a
Age independent 

variable

outlier

dependent 
variable

H
ei

gh
t

� measurement that differs
significantly from the rest
of the data

outlier



Example 2  Draw a Scatter Plot

A skateboarder starts from various points along a steep ramp and
practises coasting to the bottom. This table lists the skateboarder’s
initial height above the bottom of the ramp and his speed at the
bottom of the ramp.

a) Identify the independent variable and the dependent variable.
Explain your reasoning.

b) Make a scatter plot of the data.

c) Describe the relationship between the variables.

d) Identify any outliers. What might cause an outlier in the data?

Solution

a) The skateboarder’s speed at the bottom of the ramp depends on
how high up the ramp he starts. So, the independent variable is
the initial height, and the dependent variable is the skateboarder’s
speed at the bottom of the ramp.

b) Method 1: Use Pencil and Paper

Method 2: Use Fathom�

Click on the case table
icon and drag it onto
the desktop.
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s

h0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

1.0 2.0 3.0 4.0 5.0 6.0
Initial Height (m)

Sp
ee

d 
(m

/s
)

case table icon

Initial Height (m) 2.0 2.7 3.4 3.8 4.0 4.5 4.7 5.0

Speed (m/s) 4.4 5.2 5.8 6.1 4.5 6.5 6.6 6.9



Click on <new> in the
first column, and enter 
“InitialHeight.” Click on
<new> in the second
column, and enter
“Speed.”

Enter the data in the case table.

Click on the graph icon
and drag it onto the
desktop.

Drag the “InitialHeight” heading to the horizontal axis.

Drag the “Speed” heading to the vertical axis. Fathom™ then
generates the scatter plot automatically.

2.3 Use Scatter Plots to Analyse Data • MHR  61

Technology Tip
You can use Ctrl-Z to undo
an action. This shortcut
works in many programs.

graph icon



Method 3: Use a Spreadsheet

Enter the data in the first two columns of the spreadsheet. Then,
select these data.

In Corel® Quattro® Pro, click Insert/Chart. Then, click Next.
Uncheck the 3D box. For chart type, click on Scatter, and select
the no line option. Click Next again.
Enter the title for your graph and the labels for the axes. Click Finish.
Then, move the cursor to where you want the graph to appear, and
click to place it.

In Microsoft® Excel, click Insert/Chart. Under Chart type, click 
on XY (Scatter), and click the Next button twice.
Enter the title for your graph and the labels for the axes.
Click the Next button again, and then click Finish.
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Technology Tip
You can delete the legend
box from your graph.

In Quattrofi Pro, click on the
graph, then click Chart on
the toolbar. Select Legend,
click on the image of a
graph without a legend, and
click OK.

In Excel, right-click on the
graph, select Chart Options,
click the Legend tab, and
uncheck the Show Legend
box.



You can make your graph easier to read by enlarging it. Click on
the graph, then drag a side or corner.
You can also adjust the scale of the axes.
• In Quattro® Pro, click on the axis to select it, then right-click.

Select Axis Properties, click on the Scale tab, and enter the
settings you want.

• In Excel, right-click on the axis and select Format Axis. Then,
click on the Scale tab and enter the settings you want.

c) As the initial height increases, the skateboarder’s speed at the
bottom of the ramp increases. The pattern of the data points is 
a curve rather than a straight line.

d) The ordered pair (4.0, 4.5) is an outlier because it is separated
from the rest of the data. The speed is less than you would expect
from looking at the rest of the data. The skateboarder could have
dragged his foot or started at an angle that slowed him down.

Key Concepts
� Scatter plots can help you see relationships between variables.

� Graphing calculators, spreadsheets, and statistics software can 
plot graphs of data.

� When the value of the independent variable changes, the value 
of the dependent variable may also change.

� An outlier is separate from the main body of data. You can discard
an outlier only if you know that it not representative of the
relationship between the variables.

Communicate Your Understanding
Explain how a scatter plot can show that two variables are related.

Which statement is true? Why?
A You should discard all outliers since they do not follow the

pattern of the rest of the data.
B You should not discard an outlier unless you can show that 

it does not accurately represent the relationship between the
variables.

C2C2

C1C1
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Practise
For help with question 1, see Example 1.

1. Identify the independent and the dependent variable in each pair.
a) blood pressure and physical fitness
b) income and level of education
c) load in an airplane and length of runway needed for takeoff

For help with questions 2 and 3, see Example 2.

2. This scatter plot compares the body lengths and wingspans of
11 birds of prey.

a) How would you change the graph to show wingspan 
as the independent variable?

b) Describe the relationship between length and wingspan 
of the birds of prey.

3. This table shows the numbers of
days absent from science class and
the report card marks for 15
students.
a) Identify the independent

variable and the dependent
variable. Explain your reasoning.

b) Make a scatter plot of the data.
c) Describe the relationship

between a student’s marks and
attendance.

d) Are there any outliers? If so,
explain how they differ from the
rest of the data.

Number of Days Absent Mark (%)

2 81

0 73

12 50

7 63

1 77

22 38

10 44

3 95

3 56

4 71

8 67

0 78

9 61

15 40
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Connect and Apply
In these questions, you can draw the scatter plots by hand or produce
them with a graphing calculator, Fathom™, or a spreadsheet.

4. This table lists the data from an experiment to measure how high 
a ball bounces after being dropped from six different heights.

a) Identify the independent variable and the dependent variable.
Explain your reasoning.

b) Make a scatter plot of the data.
c) Describe the relationship between the initial height of the ball

and its bounce height.
d) If the data included the ordered pair (4.00, 1.62), would you

consider it to be an outlier? Would you discard this ordered 
pair from the data set? Explain your reasoning.

5. This table shows the distance it took a car to stop when travelling 
at various speeds.

a) Make a scatter plot of these data.
b) Describe the relationship between the speed of a car and its

stopping distance.
c) An additional measurement produces the ordered pair (85, 46).

Explain the meaning of this pair. Is it an outlier? Explain why 
or why not.

6. a) Make a hypothesis about the relationship between a person’s
height and shoulder width. 

b) Design and carry out an experiment to investigate the
relationship. What conclusions can you make from the data 
you collected?

c) Compare your hypothesis with the results of your experiment.
d) How could you improve your experiment?

Speed (km/h) 40 50 60 70 80 90 100 120 140 160

Stopping Distance (m) 12 14 21 35 41 51 62 84 122 159
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Initial Height (m) Bounce Height (m)

1.00 0.62

1.50 0.91

2.00 1.18

2.50 1.51

3.00 1.80

3.50 2.08

Selecting ToolsRepresenting

Reasoning and Proving

Communicating

Connecting Reflecting

Problem Solving

Shoulder width is the distance
from the outside of one
shoulder to the outside of the
other.

onnections
Literac



7. Chapter Problem In Section 2.1, question 8, you made a hypothesis
about a physical characteristic that could help an athlete do well in
the high jump.
a) Outline an experiment to examine the relationship between 

this physical characteristic and the height a person can jump.
Describe how you could collect the data.

b) Identify the independent and the dependent variable in 
your experiment.

c) Describe how you could use a scatter plot to analyse the data.
What pattern would you see in the scatter plot if your hypothesis
were true?

8. This table shows the fat and energy content in typical servings of
fast food.

a) Calculate the amount of fat, in milligrams, per gram of each item.
Round to the nearest milligram. Then, calculate the energy
content per gram of each item. List the results of your calculations
in a table.

b) Make a scatter plot of the two sets of data you calculated in 
part a). Would you put the fat per gram or the energy per gram 
on the horizontal axis? Why?

c) Identify and explain any outliers. Should they be removed 
from the data set? Explain.

d) Describe what you can learn from the scatter plot.
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Item Serving Size (g) Fat (g) Energy (kJ)

Harvey�s Original Hamburger 157 20 410

Harvey�s Veggie Burger 142 9 317

Mr. Submarine Small Assorted Sub 179 6 280

Mr. Submarine Small Vegetarian Sub 117 3 180

Pizza Pizza Pepperoni Slice (walk-in) 277 19 630

Pizza Pizza Vegetarian Slice (walk-in) 326 14 580

KFC Chicken Breast 161 19 380

KFC Popcorn Chicken 114 21 380

Swiss Chalet Quarter Chicken Breast 159 12 300

Swiss Chalet Garden Salad (no dressing) 162 0 30

Swiss Chalet Caesar Salad 170 32 360



Extend
9. The costume designers for a science-fiction movie decide to 

make the Martians’ heights about 6 times their neck circumferences.
North Americans’ heights are about 4.5 times their neck
circumferences. Draw a graph of both relationships on the same grid.

10. This table lists the number of times at bat and the numbers of
doubles, home runs, and strikeouts for starting first basemen 
in American League baseball during the 2004 season.

a) Make a scatter plot of doubles per at bat versus home runs 
per at bat.

b) Make a scatter plot of doubles per at bat versus strikeouts 
per at bat.

c) Make a scatter plot of home runs per at bat versus strikeouts 
per at bat.

d) Do any of the scatter plots show a relationship between the
variables?

11. Math Contest Each of the letters in the expression 

represents a different integer from 1 to 6 inclusive. Find the smallest

possible value for .
a
b

�
c
d

�
e
f

a
b

�
c
d

�
e
f

Player At Bats Doubles Home Runs Strikeouts

B. Broussard 418 28 17 95

C. Delgado 458 26 32 115

D. Erstad 495 29 7 74

J. Giambi 264 9 12 62

K. Harvey 456 20 13 89

S. Hatteberg 550 30 15 48

P. Konerko 563 22 41 107

T. Martinez 458 20 23 72

D. Mientkiewicz 391 24 6 56

J. Morneau 280 17 19 54

J. Olerud 425 20 9 61

R. Palmero 550 29 23 61

C. Pena 481 22 27 146

M. Sweeney 411 23 22 44

M. Teixeira 545 34 38 117
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The earliest known baseball
game in Canada took place 
in Beachville, Ontario on 
June 14, 1838.

Did You Know ?
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2.4 Trends, Interpolation, 
and Extrapolation

Have you ever heard people say that the price of a comic
book was only 10¢ when they were young? Or that their
allowance was $2 a week? Over the years, the prices of
most items have increased. You can analyse these trends
and use them to make predictions.

� TI-83 Plus or TI-84
graphing calculator

� grid paper

Tools

Technology Tip
Enter negative values with
the � key rather than
the - key.

Investigate

How can you use trends to make predictions?

For a science project, Audrey recorded the minimum temperatures 
in her backyard for the first 10 days in March.

Method 1: Use a Graphing Calculator

1. First, clear the calculator’s lists:
• Press n [MEM] to display the MEMORY menu.
• Move the cursor down to 4:ClrAllLists, and press e twice.

2. To start entering the data, press q, and select 1:Edit.

3. Enter the days into list L1, pressing e

after each entry. Then, enter the minimum
temperatures into list L2.

4. Set the calculator to display a scatter plot:
• Press n [STATPLOT] to display the

STAT PLOTS menu.
• Select 1:Plot1 to display the settings for

Plot1.
• Select ON if it is not already highlighted.
• Scroll down to Type and select the scatter

plot symbol.
• Xlist should be set to L1. If a different list

is shown, scroll down to Xlist: and enter
L1. Similarly, Ylist should be set to L2.

• Then, press z and select 9:ZoomStat.

Day 1 2 3 4 5 6 7 8 9 10

Minimum Temperature (°C) �9 �6 �3 �5 �4 �1 0 �1 2 3



5. What does the horizontal axis of the scatter plot graph represent?
What does the vertical axis represent?

6. Copy the scatter plot onto a sheet of graph paper. Label your 
graph completely.

7. Describe any trend you see in the temperatures on your graph.

8. Reflect Can you use a trend in the data to predict the minimum
temperatures on March 11 and 12? Explain. Describe how you
could estimate what the minimum temperature was on
February 26.

Method 2: Use Fathom�

1. Click on the case table icon and drag it onto the desktop.

2. Click on <new> at the top of the first column. Enter the heading
“Day,” then press e. Enter the heading “MinTemp” in the
second column. Then, enter the data in the appropriate cells.

3. Click on the graph icon and drag it onto the desktop.
Drag the “Day” heading to the horizontal axis.
Then, drag the “MinTemp” heading to the vertical axis.
You will see a scatter plot in the graph window.
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4. What does the horizontal axis of the scatter plot represent? 
What does the vertical axis represent?

5. Print the scatter plot. Then, add a title and proper labels to 
the axes on the printout.

6. Describe any trend you see in the temperatures on your graph.

7. Reflect Can you use a trend in the data to predict the minimum
temperatures on March 11 and 12? Explain. Describe how you
could estimate what the minimum temperature was on
February 26.

Graphs can help you recognize trends in a set of data. If you find 
a trend, you can use it to predict values of the variables.
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Severe acute respiratory
syndrome (SARS) is a serious
illness caused by a virus. An
outbreak of SARS spread from
China to North America, South
America, and Europe in the
spring of 2003. However, this
outbreak was contained, and
only a few isolated cases have
appeared since.

Did You Know ?

Example Use a Graph to Make Predictions

This table shows the number of paid admissions to movies in 
Canada for 12-month periods (fiscal years) ending on March 31.

a) Graph the data.
b) Describe any trends in movie attendance from 1994 to 2004.
c) Statistics Canada did not survey movie attendance for the period

from April 2001 to March 2002. Estimate the movie attendance
during this period.

d) Predict the number of paid admissions to movies in Canada for 
the 12-month period ending in March 2006.

e) The SARS outbreak in Canada occurred in the spring and summer
of 2003. Would you change your prediction for 2005�2006 based
on this additional information?

Fiscal Year 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Attendance
(millions)

83.8 87.3 91.3 99.1 111.6 119.3 119.3
no

data
125.4 119.6

A fiscal year is a 12-month
period used for accounting.
The federal government and
many businesses have a fiscal
year that ends on March 31.
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Solution

a) The movie admissions are given for 1-year intervals. A bar graph is
a good way to display data for intervals.

Adapted from Statistics Canada, �Movie theatres and drive-ins: data tables,� Catalogue
87F0009XIE, 2003/2004, 2002/2003, 2000/2001, and from Statistics Canada, Motion
Picture Theatres Survey, various years.

b) The attendance at movies increased by almost half from 1994 
to 2000, but after 2000 there was little increase overall.

c) You can an estimate of attendance at movies in the 
2001�2002 period. A reasonable estimate is the mean of the
numbers for 2000�2001 and 2002�2003, or about 122 million.

d) You can the trend in the data. Since there was only 
a small overall increase since 2000, a reasonable estimate for the
2005�2006 period is 120 million paid admissions.

e) During the SARS outbreak, many people avoided crowds,
especially in Toronto and Vancouver.
The SARS outbreak likely caused a drop
in movie attendance during the
2003�2004 period. So, the number of
paid admissions during this period may
not reflect the overall trend in movie
attendance. If you leave out this outlier,
then a reasonable prediction is 
that movie attendance will increase at
the same  rate as it did from 2000 to
2003. This trend gives an estimate of
about 131 million paid admissions 
in the 2005�2006 period.

extrapolate

interpolate
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� estimate a value between
two measurements in 
a set of data

� estimate a value beyond
the range of a set of data

extrapolate

interpolate
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Key Concepts
� A pattern in the graph of a set of data often indicates a trend.

� You can interpolate values between those in a set of data.

� You can extrapolate trends to predict values outside the range 
of a set of data.

Communicate Your Understanding
Amy collected the following data on the sales of cell phones at 
her store. What type of graph should she use to display these 
data? Explain.

The national fertility rate is the mean number of children born 
of women between the ages of 15 and 49 in Canada. This graph
shows Canadian fertility rates since 1950.

Adapted from Statistics Canada, Vitial Statistics, Birth Database, various years

A newspaper reporter predicted, “If the trend continues, there 
will be no children born in 2030.”
a) Has the reporter interpreted the graph correctly? Explain.
b) What fertility rate would you predict for 2030? Explain how 

you made your estimate.
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Canadian Fertility Rate

C2C2

C1C1

Year 2000 2001 2002 2003 2004 2005

Number Sold 2451 3010 3559 4925 4388 6052
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National surveys by Statistics
Canada require processing
huge amounts of data. Often,
the results of these surveys
are not available until several
years after the data were
collected.

Did You Know ?



Practise
For help with questions 1 and 2, see the Example.

1. This table shows the mean monthly rent for a two-bedroom
apartment in Guelph, Ontario, from 1996 to 2003.

Adapted from CMHC Rental Market Reports, 1996�2003

a) Make a bar graph of the data.
b) Describe the trend in rents.
c) Predict the mean rent for a two-bedroom apartment in Guelph 

in 2010.

2. This table lists the estimated population of the world over the 
last 1000 years.

a) Make a scatter plot of the data.
b) Describe the trend in world population growth.
c) The United Nations predicts that the world population will

stabilize at about 10 billion people around the year 2200. Does
this prediction follow the trend shown in your graph? Explain.

Connect and Apply
3. This table shows the height of a bean plant 

during the first 2 weeks after it germinated.
a) Make a scatter plot of the data.
b) Describe the growth trend of the bean 

plant during the 2 weeks.
c) Predict what will happen to the trend 

in future weeks. Explain your reasoning.

4. This table shows the approximate mean retail price 
for 4 L of milk in southern Ontario since 1980.

a) Graph the data.
b) Describe the trend in milk prices.
c) Estimate the cost of 4 L of milk in 1998.
d) Predict when the price of 4 L of milk will reach $6.00. 

What assumption did you make for this prediction?

Year 1980 1985 1990 1995 2000 2005

Price ($) 1.87 2.85 3.30 3.56 3.82 4.70

Year 1000 1250 1500 1750 1800 1850 1900 1950 2000

Population (millions) 310 400 500 790 980 1260 1650 2520 6060

Year 1996 1997 1998 1999 2000 2001 2002 2003

Rent ($) 658 678 686 702 736 764 801 823
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Day 8 9 10 11 12 13 14

Height (cm) 15.0 16.9 18.6 20.7 22.5 24.7 26.8

Day 1 2 3 4 5 6 7

Height (cm) 0.8 2.4 4.9 6.8 8.5 10.5 12.9

Selecting ToolsRepresenting

Reasoning and Proving

Communicating

Connecting Reflecting

Problem Solving



5. This table summarizes the results of a survey of charitable donations
by Canadians.

a) Make a bar graph of the data for the donor rates of the age groups.
Describe the trend in this graph.

b) Make a bar graph of the data for mean donations by the age
groups. Describe the trend in this graph.

c) Compare the trends in the two graphs.

6. This table summarizes data about Internet use in Canada.

Adapted from Statistics Canada CANSIM Database, Table 358-0002, http://estat.statcan.ca/cgi-
win/CNSMCGI.EXE?CANSIMFILE=EStat\English\CII_1_E.htm, November 2005

Households Using the Internet (%)

Year Canada Ontario Saskatchewan

1998 22.6 25.5 18.2

1999 28.7 32.0 23.6

2000 40.1 44.1 32.5

2001 48.7 53.4 40.2

2002 51.4 57.7 46.0

2003 54.5 59.7 50.6

Age Group Donor Rate (%) Mean Amount per Donor ($)

15�19 58 114

20�24 70 122

25�34 77 229

35�44 85 242

45�54 83 338

55�64 81 316

65�74 80 294

75+ 72 330
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a) Use a graph to compare
the trend in Internet use
in Canada with the trends
in Ontario and
Saskatchewan.

b) Statistics Canada stopped
this survey of Internet use
after 2003. Estimate the
percent of Canadian
households that used the
Internet in 2005. List any
assumptions that you
make.



7. The table shows the number of music singles, cassettes, and CDs
sold in Canada between 1998 and 2004.

a) Use graphs to help you describe the trends in the sales 
of each type of recording.

b) Predict the sales of each type of recording in 2005.
c) Use data from the Internet to check if your predictions 

were correct. Did any of the trends change in 2005?

Achievement Check

8. This table shows the time it takes a skateboarder to reach the bottom
of a ramp when starting from various points along the ramp.

a) Identify the independent variable and the dependent variable.
Explain your reasoning.

b) Make a scatter plot of the data.
c) Describe the relationship between the variables.
d) Identify any outliers. Explain whether you would include 

any of these outliers in the data set.
e) Estimate the time it would take the skateboarder to reach 

the bottom of the ramp from a starting height of 3.6 m. Explain
how you made your estimate.

Sales of Recorded Music in Canada (millions of units)

Year Singles Cassettes CDs

1998 0.9 8.4 57.7

1999 0.8 5.7 58.4

2000 0.5 2.8 57.3

2001 0.5 1.4 54.0

2002 0.6 1.0 50.9

2003 0.8 0.3 49.0

2004 0.5 < 0.1 51.3
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Initial Height (m) Descent Time (s)

2.0 1.4

2.7 1.9

3.4 2.5

3.8 2.7

4.0 2.8

4.5 2.2

4.7 3.0

5.0 3.1

Go to
www.mcgrawhill.ca/

links/principles9 and follow
the links to learn more about
the sales of recordings in
Canada.



Extend
9. This table shows some of the results of a survey of volunteer work 

by Canadians.

a) Compare the relationship between age and volunteerism for
Ontario residents with the relationship for all Canadians.

b) Which age group in Ontario has the greatest volunteer rate?
Suggest why this age group volunteers more than others.

c) Describe the relationship between age and hours volunteered
across Canada. Suggest a reason for this relationship.

10. The Club of Rome is a group of scientists, teachers, economists, and
others who study world issues. In 1972, this group published a book
called Limits to Growth. Use the Internet or a library to find one of
the predictions made in this book. Describe the prediction. Discuss
whether it is correct and how it relates to the topics in this section.

11. Math Contest At noon a group of boys and girl are in the cafeteria.
When 15 girls leave, the ratio of boys to girls becomes 2:1. Then, 45
boys leave. There are now 5 girls for each boy. The number of girls in
the group at noon was
A 29 
B 40 
C 43 
D 50 

12. Math Contest Find the greatest number of Saturdays that can occur
in the first 100 days of a year. Justify your answer.
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Volunteer Rate Mean Hours per Volunteer

Age Group Canada (%) Ontario (%) Canada Ontario

15�24 29 28 130 150

25�34 24 19 131 149

35�44 30 29 153 163

45�54 30 31 158 151

55�64 28 28 181 157

65+ 18 17 269 261

To earn a highschool diploma,
you must do 40 h of volunteer
community service. See your
guidance teacher for details.

Makin
onnections

Go to
www.mcgrawhill.ca/

links/principles9 and follow
the links to learn more
information about Limits
to Growth.
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2.5 Linear and Non-Linear Relations

These graphs are called growth charts. Doctors use them to help judge
the health of young children. The graphs show the normal range 
of lengths for boys and girls from birth to age 3.

Investigate

How do linear and non-linear graphs compare?

Use the growth charts to answer the following questions.

1. What is the same about the growth of young girls and the growth
of young boys?

2. How does the growth of young girls differ from that of young boys?

3. A graph of a forms a straight line. For what age
range does the growth of girls and boys appear to be linear?

4. For what age range does the growth of girls and boys appear to
be non-linear?

5. Reflect How do changes in non-linear graphs differ from changes
in linear graphs?

linear relation
� a relation between two

variables that forms a
straight line when graphed

linear relation
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Often, you can use a linear relation to model the data on a scatter plot.
This linear relation corresponds to a Lines of best fit pass
through or close to as many points as possible. Any points that are not
on the line of best fit should be distributed evenly above and below it. A
line of best fit can help you make interpolations and extrapolations.

Many non-linear relations can be modelled with a You
can draw curves of best fit using the same method as for a line of best fit.
A curve of best fit should pass through or close to as many points as
possible, and any points that are not on the curve should be distributed
evenly above and below it.

Example 1  Use a Line of Best Fit

The gymnophthalmid lizard lives in the Amazon rainforest. Recent
research found that this lizard keeps its body temperature close to the
temperature of its surroundings. The table lists data from this research.

a) Graph the data.
b) How are the two variables

related? Is this relationship
linear or non-linear?
Explain.

c) Draw a line of best fit.
d) Estimate the lizard’s body temperature 

if the surrounding temperature is
26°C.

e) Estimate the lizard’s temperature if the
surrounding
temperature is 35°C.

Solution

a) Plot the data using a
scatter plot.

curve of best fit.

line of best fit.

Surrounding
Temperature (°C)

25.0 24.8 27.9 30.3 28.2 24.8 25.6 29.9 25.5 28.4 28.5 28.0 27.9

Lizard�s Body
Temperature (°C)

26.2 28.2 29.7 30.3 29.8 28.3 27.6 30.8 29.5 30.0 28.8 28.7 29.0
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� a straight line that comes
closest to the points on a
scatter plot

� a curve that comes
closest to the points 
on a scatter plot of a
non-linear relation

curve of best fit

line of best fit
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b) The data points show a clear trend. As the surrounding
temperature increases, so does the lizard’s body temperature. You
can classify the relationship as linear since the data points lie
close to a straight line. Although the relationship is not perfectly
linear, a linear relation is a good model for the data.

c) Method 1: Use Pencil and Paper

Draw a straight line as close as possible to the points on the graph.

Method 2: Use a Graphing Calculator

Clear all the calculator’s lists.
Press q and select 1:Edit.
Enter the surrounding temperatures
in list L1 and the lizard’s body
temperatures in list L2.

Display the scatter plot:
• Press n [STAT PLOT] to display the

STAT PLOTS menu.
• Select 1:Plot1 to display the settings for

Plot1.
• Select On and the scatter plot symbol if

they are not already highlighted.
• Make sure that Xlist is set to L1 and Ylist is set to L2.
• Press z and select 9:ZoomStat.

Add the line of best fit:
• Press q, cursor over to display the

CALC menu, and select 
4:LinReg(ax + b).

• Press v, and cursor over to display 
the Y-VARS menu.

• Select 1:FUNCTION; then, select 1:Y1.
• Press e to get to the LinReg screen, and press g.
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Method 3: Use Fathom�

Drag the case table icon onto the desktop.
Enter the headings “SurroundTemp” and “LizardTemp” at the top
of the first two columns.
Enter the data into the case table.

Drag the graph icon onto the desktop.
Drag the “SurroundTemp” heading to the horizontal axis
and the “LizardTemp” heading to the vertical axis.
To add a line of best fit, click on Graph, and 
choose Least Squares Line.

Method 4: Use a Spreadsheet
Enter the data in the first two columns of a spreadsheet. Then,
select these data.

In Corel® Quattro® Pro, click Insert/Chart. Click Next.
Uncheck the 3D box. For chart type, click on Scatter, and select
the no line option. Click Next again.
Enter the title for your graph and the labels for the axes.
Click Finish.
Then, move the cursor to where you want the graph to appear 
and click to place it.
To add a line of best fit, select the scatter plot. Right-click on the
data points, and select Series Properties. Then, click on the
Trendline tab and select Linear fit.

In Microsoft® Excel, click Insert/Chart.
Under Chart type, click on XY (Scatter), and click the Next
button twice.
Enter the title for your graph and the labels for the axes.
Click the Next button again; then, click Finish.
To add a line of best fit, click on Chart and select Add Trendline.
In the dialogue box for Type, choose Linear, and click OK.
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Technology Tip
Ctrl-Z will undo an action
in either Corel� Quattro�
Pro or Microsoft� Excel.
For example, you can use
Ctrl-Z to restore something
you deleted by mistake.
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d) Interpolate using a line of best fit. Read up from 26°C on the
horizontal axis to the line of best fit. Then, read across to find that
the lizard’s body temperature is about 28°C.

e) Extrapolate using a line of best fit. Extend the line far enough that
you can read up to it from 35°C on the horizontal axis. Then, read
across to the vertical axis to find the corresponding body
temperature of the lizard. The temperature of the lizard will be
about 33°C when the surrounding temperature is 35°C. This
estimate is reasonable only if the relationship between the two
temperatures is still linear at temperatures greater than those in the
set of data.

L

T0

26

27

28

29

30

31

32

33

24 25 26 27 28 29 30 31 32 33 34 35 36
Surrounding Temperature (°C)

Lizard Temperatures

Li
za

rd
�s

 B
od

y 
Te

m
pe

ra
tu

re
 (°

C)



Example 2  Decide Whether a Line of Best Fit Is Appropriate

Why is a line of best fit not a good model for the data in each graph?

a) b) 

c) 

Solution

a) There are not enough data points to determine the relationship
between the variables.

b) The data points tend to follow a curve rather than a straight line.
The middle points are all below the line and the points near the
ends are mostly above the line. The relation is non-linear. A curve
of best fit is a better model for these data.

c) The points have no apparent pattern.

y

x0

y

x0

y

x0
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Key Concepts
� Data that form a relatively straight line on

a scatter plot indicate a linear relationship
between the variables.

� A line of best fit can model a linear
relationship, but is usually a poor model
for a non-linear relationship.

� You can use a line or curve of best fit to
interpolate values within a data set.

� You can extrapolate values beyond the range of a set of data by
extending a line or curve of best fit.

Communicate Your Understanding
Which of these scatter plots shows a linear relationship? Explain.
a) b)

Can you draw a line of best fit that does not pass through any of the
data points? Explain your answer. Give an example if possible.

Practise
1. Does each graph show a linear relationship? Explain.

a) b)

2. Does each set of points have a linear relationship? Justify your answer.
a) (�6, �4), (�5, �2), (�4, 0), (�3, 2), (�2, 4), (�1, 6), (0, 8), (1, 10),

(2, 12), (3, 14)
b) (0, 0), (1, 1), (2, 4), (3, 9), (4, 16), (5, 25), (6, 36)
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For help with questions 3 and 4, see Example 2.

3. State whether each of these lines of best fit is a good model for
the data. Justify your answers.
a) b)

c) d)

e)

4. Plot each set of points on a grid. If your plot shows a linear
relationship, draw a line of best fit. If the relation appears 
non-linear, sketch a curve of best fit.
a)

b)

c) (�5, 3), (6, 1), (2, 2), (�3, 0), (�1, 2), (9, 10), (8, 4), (0, 1), (7, 5),
(�4, 1)

Time (s) 40 32 55 18 66 43 37

Score 7 9.5 6 10 4 6 7.5

x 1 2 7 4 9 3 6 2

y �2 0 12 5 20 3 11 1

y

x0

y

x0

y

x0

y

x0

y

x0
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Connect and Apply
5. A weather balloon recorded the air temperature at various altitudes.

a) Make a scatter plot of the data.
b) Describe the relation and draw a line or curve of best fit.
c) Use your line or curve of best fit to estimate the temperature 

at an altitude of 600 m.
d) Estimate the temperature at 2500 m.

6. Farmers have found that the spacing
between plants affects the crop yield.
This table lists data for canola.
a) Make a scatter plot of the data.
b) Describe any trends you see in the

scatter plot. What type of relation do
these trends indicate?

c) Is a line of best fit a good model for
the data? Explain why or why not.

d) Suggest two factors that could affect
the relation between planting density
and crop yields for canola.

7. a) This table lists the speed of a skydiver during the first 4 s of free
fall. Plot the data on a grid with time from 0 s to 12 s on the
horizontal axis and speed from 0 m/s to 100 m/s on the vertical
axis.

b) Extrapolate to estimate the skydiver’s speed after 12 s of free fall.
c) This table gives the skydiver’s speed for the next 8 s of free fall.

Add these data to the graph you made in part a).

d) Describe the trend in the enlarged set of data. What causes this
trend?

e) Explain why extrapolations can be inaccurate.

Altitude (m) 500 800 1000 1500 1700 2100

Temperature (°C) 16.2 14.5 13.1 11.2 9.8 8.1

Density
(plants/m2)

Plants With
Good Yield (%)

20 57.0

40 85.0

60 91.5

80 94.0

100 95.5

120 96.5

140 96.0

160 95.5

180 95.0

200 94.5

300 91.5

400 86.5

500 85.0

About 1800 weather balloons
are launched every day to
measure conditions high in the
atmosphere.

Did You Know ?

Leonardo da Vinci drew
designs for a parachute
around 1492. However, the
first known parachute jump
was made by Faust Vrancic 
in 1617.

Did You Know ?

Time (s) 0 1 2 3 4

Speed (m/s) 0 6 12 18 23

Time (s) 5 6 7 8 9 10 11 12

Speed (m/s) 28 33 37 40 42 43 43 43



8. Conduct an experiment to investigate how a person’s heart rate
changes immediately after exercise. Work with a partner.
a) Objective: Describe the purpose of your experiment.
b) Hypothesis: Make a hypothesis about the trend in a person’s heart

rate after exercise.
c) Procedure: One partner runs on the spot for 2 min while the

other partner keeps track of the time. Then, the runner counts his
or her pulse over 10-s intervals for a total of 80 s. The other
partner records the data in a table.

d) Observations: Graph your measurements. Draw a line or a curve
of best fit. Compare your graph with those drawn by your
classmates. Do you see any pattern in the way your heart rates
slow down?

e) Conclusion: What inference can you make from the data? Do your
observations support your hypothesis?

f) Evaluation: Did the experiment meet its objective? Could there be
any errors in your data? How could you improve the experiment?

9. Design and carry out an experiment to see if there is a linear relation
between the height of water in a graduated cylinder and the number
of pennies dropped into the water. Write a report on your
experiment. This report should include
a) the objective of the experiment
b) your hypothesis
c) a description of your procedure
d) your observations
e) your conclusions
f) an evaluation of the experiment

Achievement Check

10. This table shows a series of measurements of water temperature at
various depths below a research ship.

a) Make a scatter plot of the data.
b) Draw a line or curve of best fit.
c) Describe the relationship between the variables.
d) Estimate the water temperature at a depth of 700 m.
e) Extrapolate to estimate the temperature at a depth of 1600 m.
f) Which of your two estimates is likely to be more accurate?

Explain your reasoning.
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Depth (m) 100 200 300 400 500 800 1000 1200

Temperature (°C) 19.4 19.0 18.1 17.5 16.0 9.7 6.2 6.0

ml
10

20

30

40

50
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t �3 �2 �1 0 1 2

h 5 0 �3 �4 �3 0

t �2 �1 0 1 2 3 4 5

d �9 �4 1 6 11 16 21 26

Extend
11. Consider each set of data. How can you tell whether 

the relation between the variables in each pair is linear without
graphing the data?
a)

b)

12. Gayle recorded the distances she drove and the readings 
of the fuel gauge in her truck.

If the truck’s fuel efficiency was constant, what can you conclude
about the relation between the fuel gauge reading and the amount of
fuel left in the tank? Explain your reasoning.

13. Math Contest If n is positive, which of the following expressions
always has a value less than 1?

A B

C D

14. Math Contest Determine the number of even three-digit numbers
that can be made by choosing from the digits 1, 2, 3, 4, 5, and 6 if
each number must contain three different digits.

1
n

Distance Travelled (km) Fuel Gauge Reading (eighths)

0 8 (full)

105 7

205 6

300 5

395 4

460 3

525 2

580 1

625 0

1 � n
n

1 � n
n

n
n � 1
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2.6 Distance-Time Graphs

Radar antennas on ships
send out pulses of radio
waves. By measuring the
pulses that reflect back from
objects, such as other ships,
a radar system can
determine the location of the
objects. Sonic rangefinders
work in a similar way. These
devices send out pulses of
sound waves. By measuring
the time it takes a pulse to
reflect back from an object,
the rangefinder can calculate
the distance to the object.

Investigate A

How can you make distance-time graphs with a rangefinder?

Work with a partner. There are several different models of
rangefinders. Your teacher will tell you if the model you have 
requires any changes to the directions below.

1. Connect the CBR™ to a graphing calculator.

2. Set the calculator to record data from the CBR™:
• Press �, select CBL/CBR, and press e.
• Select 3:RANGER, press e, and select 1:SETUP/SAMPLE.
• Make sure that your settings match those shown here. With these

settings, the rangefinder will record distances in metres for a
period of 4 s.

• Move the cursor up to START NOW at the
top of the screen, and press e.

3. Stand about 3 m from a wall, and hold the
rangefinder with its sensor pointed at the
wall. Press e and walk slowly toward the
wall for about 2 s. Pause for a moment; then, back away from the
wall, slowly at first, but steadily faster for the remaining 2 s. Keep
the sensor pointed at the wall as you walk. You will hear a
clicking sound from the CBR™ as it measures distances.

� TI-83 Plus or TI-84
graphing calculator

� CBR� (calculator-based
rangefinder)

� link cable

Tools



4. When the measurements are complete, a will
appear on the calculator’s screen. If you are not satisfied with your
graph, press e, and select 5:REPEAT SAMPLE. Then, repeat step 3.

5. What does the horizontal axis of the graph represent? What does the
vertical axis represent? Which variable is independent? Explain.

6. a) Describe the graph of your motion toward the wall.
b) Describe the graph of your motion away from the wall.
c) Describe the graph when you are standing still.
d) Which parts of your graph are straight? Which part is curved?

How does the motion represented by a straight part of your
graph differ from the motion represented by the curved part?

7. Match each of the following distance-time graphs by pointing the
CBR™ at a wall and walking toward or away from the wall.
Describe how you moved to match each graph.

a) b)  

8. Reflect Summarize how different kinds of motion appear on a
distance-time graph.

Investigate B

How can you graph the motion of a falling object?

Work with a partner to produce a distance-time graph for a falling ball.

1. Connect the CBR™ to a graphing calculator.

2. Set the calculator to record data from the CBR™:
• Press �, select CBL/CBR, and press e.
• Select 3:RANGER, press e, and select 1:SETUP/SAMPLE.
• Make sure that your settings match those shown here. With 

these settings, the rangefinder will record distances in metres 
for a period of 1 s.

• Move the cursor up to START NOW at the top of the screen, 
and press e.
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2.6 Distance-Time Graphs • MHR  89

� TI-83 Plus or TI-84
graphing calculator

� CBR� (calculator-based
rangefinder)

� link cable

� large ball (such as a
basketball or volleyball)

Tools

� a graph that shows how
distance varies with 
time

distance-time graph



3. One partner holds the CBR™ steady
about 2.0 m above the floor and points
the sensor downward. The other
partner holds the ball 0.5 m directly
below the CBR™. Press e and
immediately release the ball. Let the
ball bounce.

4. When the measurements are complete,
a distance-time graph will appear on
the calculator’s screen. If you are not
satisfied with your graph, press e,
and select 5:REPEAT SAMPLE. Then,
repeat step 3.

5. What does the horizontal axis of the
graph represent? What does the vertical axis represent?

6. How you can identify the point on the 
graph where the ball hit the floor?

7. Use the TRACE feature to find the
coordinates of this point. Press u, and
use the arrow keys to move the cursor
along the graph to the point where the ball
hit the floor. What do the coordinates of
this point represent?

8. Reflect Is the relation between distance and time linear from the
time you released the ball until it reached the floor? Explain how
you can tell from the distance-time graph. What can you conclude
about the speed of the ball?

Key Concepts
� A distance-time graph shows an object’s distance from a fixed

point over a period of time.

� On these graphs, a rising line shows
that the distance increases as time
increases. A falling line shows a
decrease with time, and a horizontal
line shows that the distance remains
constant.
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Communicate Your Understanding
State which phrase best describes each segment
of this distance-time graph. Justify your answer.
a) no movement
b) fastest movement
c) slowest movement
d) backward movement

These graphs show a person’s distance from a wall. Describe the 
motion shown in the first graph. Then, explain how the motion in 
each of the other two graphs differs from that shown in the first graph.

a) b) c) d
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Practise
1. Describe the motion shown in each distance-time graph. 

Write a few sentences describing a situation that could be 
represented by each graph.
a) b) c)

d) e) f)

2. Which of the graphs in question 1 show linear relations between 
distance and time? Justify your answer.
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Connect and Apply
3. A canoeist starts from a dock and paddles to the end of a lake and

back. This graph shows the canoeist’s distance from the dock during
this trip.

a) How long did this trip take?
b) How far is it to the end of the lake?
c) What does the flat portion of the graph represent?
d) Was the canoeist travelling faster on the way out 

or on the way back?

4. This graph shows how far a cyclist has
travelled from her starting point. Describe
the cyclist’s motion in a few sentences.

5. a) You are holding a rangefinder pointed at
a nearby wall. Describe how you would
move in order to match this graph.

b) How would the distance-time graph
change if you walked faster?

c) How would the graph change if you
walked slower?

d) How would the graph change if you
stopped sooner?

e) If a rangefinder and graphing calculator are available, use them to
check your answers to parts b), c), and d).
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6. a) Sketch your own distance-time graph.
b) Describe the motion shown in your graph.
c) If a rangefinder and graphing calculator are available, use 

them to check your answer to part b).

7. Draw a distance-time graph for this situation:
A student leaves home, walking at a steady pace. He slows down,
then stops for a few seconds to mail a letter. He turns around and
runs home at a constant speed.

8. Sketch a distance-time graph for a car that slowly speeds up after
stopping at a traffic light.

9. Water is flowing at a constant rate into each pail. The pails have the
same height and the same base. Draw a graph showing the depth of
the water in each pail during the time it takes to fill the pails.
a) b)

10. Use Technology Carry out this activity with a small group.
a) Connect a CBR™ to a graphing calculator.
b) Press �, select CBL/CBR, and press e. Then, select

3:RANGER, press e, and select 3:APPLICATIONS. Select
1:METERS and then 1:DIST MATCH.

c) Follow the instructions on the screen. Have each member 
of the group try to match a different distance-time graph.

d) Write a brief summary of what you learned about 
distance-time graphs.

Extend
11. a) Find the speed of the canoeist in question 3 during each of 

the three segments of the trip.
b) Draw a speed-time graph for the canoeist’s trip.
c) How is the speed of the canoeist related to the shape of the

distance-time graph?
d) What does negative speed represent in this situation?
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Technology Tip
CLR/CBR may appear
anywhere on the
APPLICATIONS menu. If
CBL/CBR is not among the
first seven items, scroll down
to see the rest of the list.



12. Use Technology Work with a partner to investigate the motion of a
bouncing ball.  Use a large ball, such as a basketball or a volleyball.
a) Connect a CBR™ to a graphing calculator. Clear all lists.
b) Press �, select CBL/CBR, and press e. Then, select

3:RANGER, press e, and select
3:APPLICATIONS. Select METERS
and then BALL BOUNCE.

c) Follow the instructions on the screen. Hold
the CBR™ up high with the sensor pointed
down. Drop the ball from a point about 0.5 m directly below the
CBR™. Press the trigger on the CBR™ the moment the ball first
hits the floor. Allow the ball to bounce at least five times.

d) When the measurements are complete, a graph will appear on the
calculator’s screen. What does the horizontal axis of this graph
represent? What does the vertical axis represent?

e) Is there a linear relation between these two variables? Explain.
f) Use the TRACE function to find the maximum height the ball

reaches on each bounce. Move the cursor to the top of the curve
representing each bounce. Record the coordinates of these points
in a table under the headings “Time” and “Bounce Height.”

g) Enter the times into list L3 and the bounce heights into L4.
h) To plot these coordinates, Press n

[STAT PLOT] and select 2:Plot2. Select 
On and the line graph icon. Enter L3 for
Xlist and L4 for Ylist. Then, press g.

i) Is there a linear relation between time 
and bounce height? Explain.

13. Use Technology Carry out this activity with a small group.
a) Connect a CBR™ to a graphing calculator.
b) Press �, select CBL/CBR, and press e. Then, select

3:RANGER, press e, and select 3:APPLICATIONS. Select
1:METERS and then 2:VEL MATCH.

c) Follow the instructions on the screen. Have each member 
of the group try to match a different speed-time graph.

d) Write a brief summary of what you learned about speed-time
graphs.

14. Math Contest In 2005, Shaheen’s age on her birthday was equal 
to the sum of the digits of the year she was born. In what year 
was Shaheen born?
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Chapter 2 Review

2.1 Hypotheses and Sources of Data, 
pages 42�47

1. State a hypothesis about a relationship
between each pair of variables. Then, state
the opposite hypothesis.
a) the temperature in a town during the

summer and the volume of water used by
the town’s residents

b) a person’s height and marks in mathematics

2. State whether each data source is primary or
secondary. Then, discuss whether the source
is a good choice.
a) To determine the number of each size of

school uniform to buy, a principal
surveyed 200 of the school’s students by
telephone.

b) To check trends in house prices across
Canada, a real-estate agent found a
database on the Internet.

c) To find data on the sizes of bears in
British Columbia, a student used an
encyclopedia.

d) To choose music for a school dance, the
dance committee checked a list of the
top-selling CDs in Canada in a music
magazine.

2.2 Sampling Principles, pages 48�55

3. You want to survey students’ opinions about
the extracurricular activities at your school.
a) Identify the population.
b) Describe how you could use a stratified

random sample for your survey.

4. An airline wants to determine how its
passengers feel about paying extra for
in-flight meals.
a) Identify the population.
b) Describe how the airline could use a

systematic random sample for its survey.

5. Identify the population in each situation
and describe the sampling technique you
would use.
a) A department store wishes to know how

far away its customers live.
b) The Ontario government wants to find

out the incomes of people who camp in
provincial parks.

c) Your school librarian needs to find out
how to improve lunchtime services for
students.

2.3 Use Scatter Plots to Analyse Data, 
pages 56�67

6. This table shows the heights and shoe sizes
of ten grade-9 boys.

a) Make a scatter plot of the data.
b) Describe the relationship between a

student’s height and shoe size.
c) Identify any outliers. Should you discard

the outliers? Explain.

Height (cm) Shoe Size

157 7

168 8.5

162 8

151 6.5

186 12

180 11

167 12

159 9

168 9.5

181 10
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7. This table shows the
length of ten ferries and
the number of cars each
one can carry.
a) Make a scatter plot of

the data.
b) Describe the

relationship between
the length of a ferry
and its capacity.

c) Identify any outliers.
What could cause
these outliers?

2.4 Trends, Interpolation, and Extrapolation, 
pages 68�76

8. This table shows the
population of Canada
from 1861 to 2001.
a) Make a scatter plot of

the data.
b) Describe the trend in

the population.
c) Estimate the

population during
Canada’s centennial
year, 1967.

d) Predict Canada’s
population in 2021.

Adapted from Statistics
Canada, Web site,
http://www40.statcan.ca/l01/
cst01/demo03.htm, November
2005

9. This table lists the winning heights in the
high jump for men and women at the
Olympics from 1928 to 2004.

a) Graph the data. Use one colour for the
men’s data and another for the women’s
data.

b) Compare the trends in the men’s and
women’s results.

c) Identify any outliers.
d) Predict the winning heights in the men’s

and women’s high jump at the 2012
Olympics. Explain your reasoning.

Year Men (m) Women (m)

1928 1.94 1.59

1932 1.97 1.66

1936 2.03 1.60

1948 1.98 1.68

1952 2.04 1.67

1956 2.12 1.76

1960 2.16 1.85

1964 2.18 1.90

1968 2.24 1.82

1972 2.23 1.92

1976 2.25 1.93

1980 2.36 1.97

1984 2.35 2.02

1988 2.38 2.03

1992 2.34 2.02

1996 2.39 2.05

2000 2.35 2.01

2004 2.36 2.06

Winning Heights in Olympic High Jump

Length
(m)

Capacity
(cars)

34.1 16

167.2 600

27.4 11

22.9 12

115.5 205

100.0 150

15.2 4

51.2 35

75.8 100

110.8 80

Year
Population
(millions)

1861 3.2

1871 3.7

1881 4.3

1891 4.8

1901 5.4

1911 7.2

1921 8.8

1931 10.4

1941 11.5

1951 13.6

1961 18.2

1971 21.6

1981 24.8

1991 28.0

2001 31.0



Time (days) Height (cm)

0 0.4

1 1.7

2 3.5

3 4.4

4 5.1

5 5.4

6 5.7

7 5.9

x y

4 �8

8 �14

�2 7

6 �11

0 1

�5 15

�2 5

3 �5

10 �17

7 �11

�3 8
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2.5 Linear and Non-Linear Relations,
pages 77�87

10. Graph each set of points on a grid. Then,
draw a line of best fit. Is a line of best fit a
good model for each set of data? Explain.
a) b)

11. Two ships are travelling
on parallel courses that
are 10 km apart. This
table shows the distance
between the two ships
over a 12-h period.
a) Make a scatter plot of

the data.
b) Describe the

relationship and draw
a line of best fit.

c) Identify any outliers.
d) Estimate when the

ships will be closest to
each other.

2.6 Distance-Time Graphs, pages 88�94

12. Describe a situation that corresponds to
each distance-time graph.
a)

b)

c)

13. Draw a distance-time graph to represent
each situation.
a) A worker with a wheelbarrow filled with

bricks starts at a point 50 m from the
entrance to a construction site. The
worker pushes the wheelbarrow away
from the entrance at a speed of 1 m/s for
10 s, stops for 5 s to unload, and then
moves back toward the entrance at a
speed of 2 m/s for 20 s.

b) A stone dropped from a height of 10 m
steadily increases in speed until it hits
the ground after about 1.4 s.

d

t0
Time

D
is

ta
nc

e

d

t0
Time

D
is

ta
nc

e

d

t0
Time

D
is

ta
nc

e

Time
(h)

Separation
(km)

0 575.5

1 534.3

2 501.5

3 447.2

4 412.1

5 379.1

6 330.6

7 299.0

8 255.8

9 210.6

10 177.2

11 134.1

12 95.3



Time
(s)

Mass
(g)

0 106.1

0.5 51.4

1.0 28.9

1.5 13.5

2.0 5.8

2.5 3.7

3.0 1.6

3.5 0.9

4.0 0.4

Time
(h)

Distance
(km)

2 7.0

1 7.0

2 9.5

0 4.0

7 16.5

4 11.0

1 6.0

2 9.0

6 19.0
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Multiple Choice

For questions 1 to 4, select the best answer.

1. Which of the following is a primary data
source?
A finding a list of the year’s top-grossing

films in the newspaper
B having 20 of your friends ask their family

members for their favourite colour
C getting information on the world’s

longest rivers from an atlas
D using the Internet to find the results of

the latest Paralympic Games

2. Which of the following is not an example of
random sampling?
A using a random-number generator to

select 10% of the players in each
division of a provincial soccer league

B selecting every 10th person on a list,
beginning with the name corresponding
to a randomly generated number between
1 and 10, inclusive

C standing on a street corner and asking
every 10th person who goes by for their
opinions

D writing names on slips of paper and
picking 10% of the slips out of a box
after shaking the box thoroughly

3. Estimating values beyond the known data
for a relation is
A extrapolation
B interpolation
C a line of best fit
D discarding outliers

4. The final step in an experiment is the
A procedure
B conclusion
C evaluation
D hypothesis

Short Response

Show all steps to your solutions.

5. Write the opposite of each hypothesis.
a) Caffeine can affect your sleep.
b) The more you study, the worse you do on

tests.
c) At least half of the students in your

school have a part-time job.
d) Cell phone use has more than doubled in

the past 2 years.

6. A school board wishes to survey a
representative sample of its teachers.
a) Identify the population.
b) Describe a suitable stratified random

sample for this survey.
c) Describe a suitable systematic random

sample.
d) Give an example of a non-random

sample.
e) Explain why the non-random sample

might not be representative of the
population.

7. Make a scatter plot of each set of data. Draw
a line or curve of best fit. State whether each
scatter plot shows a linear or non-linear
relationship. Justify your answer.
a) b)

Chapter 2 Practice Test
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8. Briefly describe the motion represented by
each section of this distance-time graph.

Extended Response

Provide complete solutions.

9. Outline an experiment to investigate the
relationship between the distance a person
stands from a ceiling light and the length of
the person’s shadow. Your outline should
include
a) a hypothesis
b) a procedure for gathering data
c) a description of how you will analyse the

data
d) an explanation of how you can tell if the

data show a linear relation

10. After landing on Mars, a spacecraft shoots
out a probe to take measurements away from
any possible contamination at the landing
site. This table shows the probe’s height
during the first 4 s of its flight.

a) Make a scatter plot of the data. Label
your graph.

b) Describe the relationship between time
and the height of the probe.

c) Identify any outliers. What could cause
such outliers?

d) Draw a line or a curve of best fit,
excluding any outliers.

e) Estimate the probe’s height after 5 s.

d

t0
Time

D
is

ta
nc

e A

B

C D
E

F

In Section 2.3, question 7, you outlined an experiment to examine
the relationship between a physical characteristic and performance
in the high jump.

a) Carry out the experiment. Did you have
to make any changes to the procedure
you described in Section 2.3? Explain.

b) Draw a scatter plot of the data. Does 
this scatter plot suggest a linear or a
non-linear relationship? Explain.

c) Draw a line or a curve of best fit.
Comment on the accuracy of this line or
curve of best fit.

d) Compare the results of the experiment
with your hypothesis. What conclusion
can you make?

Chapter Problem Wrap-Up

Time (s) Height (m)

0 1.0

0.5 5.5

1.0 9.2

1.5 11.8

2.0 13.6

2.5 21.4

3.0 14.4

3.5 13.3

4.0 11.4



Vocabulary 
   variable
algebraic expression
term
polynomial

Polynomials
 As science becomes more complex, it becomes more 
important to communicate mathematical ideas clearly. 
Imagine if Einstein always had to write out his famous 
equation E = mc2 as �energy equals mass times the 
square of the speed of light.� Using letters or symbols to 
represent unknown amounts is called algebra. Algebra 
is a basic building block of advanced mathematical 
and scienti� c thinking. How can you use algebra to 
communicate your mathematical ideas?

CHAPTER

3
Number Sense and Algebra
� Substitute into and evaluate 

algebraic expressions involving 
exponents.

� Describe the relationship between 
the algebraic and geometric 
representations of a single-variable 
term up to degree three.

� Derive, through the investigation 
and examination of patterns, the 
exponent rules for multiplying 
and dividing monomials, and 
apply these rules in expressions 
involving one and two variables 
with positive exponents.

� Relate understanding of inverse 
operations to squaring and taking 
the square root.

� Extend the multiplication rule to 
derive and understand the power 
of a power rule, and apply it to 
simplify expressions involving one 
and two variables with positive 
exponents.

� Add and subtract polynomials with 
up to two variables.

� Multiply a polynomial by a 
monomial involving the same 
variable.

� Expand and simplify polynomial 
expressions involving one variable.

degree of a term
degree of a polynomial
like terms
distributive property

100



Chapter Problem
 Alysia has selected the letter E to design 
the logo for her school team, the Eagles.

The design will be used to make different-
sized crests for clothing such as jackets, 
sweaters, and baseball caps. How can Alysia 
make sure that, when the crest is made 
larger or smaller, the proportions do not change?

101



1. Add or subtract.
a) 7 � 5 b) 10 � 3
c) 5 � (�9) d) 5 � (�4)
e) (�4) � 6 f) 7 � 9
g) (�3) � (�11) h) (�4) � (�8)

2. Evaluate.
a) (�2) � (�2) � 1 b) 10 � (�3)
c) 5 � (�7) � 7 d) 4 � (�3) � (�2)
e) (�9) � 6 f) 1 � (�1)
g) (�5) � 8 h) (�8) � 9 � (�2)
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3. Multiply.
a) 3 � (�8) b) (�4) � (�6)
c) (�8) � 4 d) (�5)(�6)
e) 12(�5) f) �2(20)

4. Divide.
a) (�8) � 4 b) 9 � (�3)

c) d)

e) 25 � (�5) f) �36 � (�4)

�6
�6

�16
8

Multiply and Divide Integers
The product or quotient of two integers of the same sign gives a positive result. 
The product or quotient of two integers of opposite signs gives a negative result.

5 � 3 � 15
�14 � (�7) � 2

�3 � (�4) � 12

� �1
�8
8

�5 � 6 � �30
15 � (�5) � �3

�2 is the opposite of �2. 

�1 is the opposite of �1. 

Add and Subtract Integers
To add integers, you can use a number line.

• Start at the first integer.
• Add the second integer by drawing an

arrow.
• The arrow points to the right if the second

integer is positive, and to the left if it is
negative.

• The answer is at the tip of the arrow.

(�1) � (�2) � �3

2 � (�3) � �1
�2

�3

�1 0 1 2

�2�3

�2

�1 0

Opposite integers add to zero. For
example, (�4) � (�4) � 0.

Subtracting an integer is the same
as adding the opposite.

5 � (�2)
� 5 � (�2)
� 7

(�3) � (�1)
� (�3) � (�1)
� �4
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Multiply Rational Numbers
To multiply fractions, multiply the numerators together and multiply the
denominators together.

When a numerator and a denominator share a common factor, you can
divide it out before multiplying.

�

�

When negative fractions or decimals occur, apply the same rules as 
for products of integers.

�

�

Check:
�0.25 � 0.5 � �0.125
Using a scientific calculator: 
ç0.25\*0.5 =

Using a graphing calculator: 
�0.25 * 0.5 e

Using a scientific calculator: 
ç3 \�4 *1 �5 � =

Using a graphing calculator: 
�3 ÷4 *1 ÷5 k1 e

�
3

20

a�
3
4

b �
1
5

a�
3
4

b �
1
5

1
2

2
1

3
1

�
3
1

4
2

2
3

�
3
4 3��4

2��3

5. Multiply.

a) b)

c) d)

e) f)

6. Multiply.

a) b)

c) 0.6 � (�0.95) d) (�0.3)(�0.4)
e) �2.5 (3.2) f) 8(�3.8)

a�
3
10

b � a�
5
6

ba�
2
5

b �
1
4

1
2

 a�1
1
2

b�
3
8

�
4
5

a�
3
4

b � a�
1
5

b
3
5

� a�
2
9

b

�
1
3

�
1
4

4
5

�
1
3

My scientific calculator may need
different keystrokes. I�ll check the manual.

When I multiply a negative by a positive, 
I get a negative result.



3.1
Petra likes to run at the track to keep in shape.
This year, to motivate herself, she
will record her training progress
visually. What are some ways
that she can do this?

Investigate

How can you model length, area, and volume using concrete
materials?

Part A: Model Length

Petra’s running record for the first 2 weeks of the year is shown below.
Petra used algebra tiles to model each distance. She used the side
length of a unit tile to represent 1 km.

Algebra tiles are tools that can be used to 
model measured quantities.

A unit tile is a square tile that measures 
1 unit by 1 unit. It can be used as a counter.

On July 14, Petra ran 4 km.

A tile model is a good way of tracking Petra’s 
progress visually.

� algebra tiles

� linking cubes

Tools

unit tile

Build Algebraic Models
Using Concrete Materials

Date Distance (km) Progress

January 1 1

January 3 2

January 6 2

January 8 3

January 10 3

January 14 4
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What other concrete
materials could I use
to represent one unit?

In this book,
positive algebra
tiles are green
and negative
algebra tiles 
are white.



One weekend, Petra cross-country skiied around a lake three times.
She did not know the distance around the lake, so she used a

, x, to represent it.

An x-tile is a rectangular tile that is used to represent the variable x. 
It has the same width as the side length of a unit tile. You can use an
x-tile to describe any unknown value.

The total distance can be modelled using three x-tiles:

This means that on the weekend, Petra skiied a total of 3x kilometres, 
where x is the distance around the lake.

1. Use tiles to represent each length.
a) 6 km
b) an unknown distance
c) an unknown distance and back
d) 3 km plus an unknown distance

2. Use tiles to model each .
a) 7 b) 4x c) x � 3 d) 3x � 2

3. Write an algebraic expression for each model.
a) b)

c) d)

4. Create an algebraic expression of your own and build a tile 
model to represent it. Record the expression and the model.

Part B: Model Area

You can use an x2-tile to represent an unknown area, measured in
square units, if you let the side length of each tile represent x units.
Note that the side length of an x2-tile is equal to the length of an x-tile.

algebraic expression

x-tile

variable
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� a quantity whose value can
change (or vary)

� usually represented by a
letter

variable

� a mathematical phrase
made up of numbers and
variables, connected by
addition or subtraction
operators

� can be used to model 
real-life situations

� 2x � 3 is an algebraic
expression

algebraic expression

Expressions are sometimes
confused with equations.
For example, 2x � 3 is an
expression, but 2x � 3 � 1
is an equation. Equations
contain an equal sign,
expressions do not.

onnections
Literac

1 4 9
(square units) x2-tile

x2-tile

x-tile

x-tile



This model shows that Petra mowed one square lawn 6 times over a
summer. The total area mowed, in square metres, is 6x2, where x is the
side length, in metres, of the square lawn.

5. Use algebra tiles to represent each area.
a) 16 square units
b) 25 square units
c) 3x2

d) 5x2

6. Use algebra tiles to represent each expression.
a) x2 � 2
b) 2x2 � x
c) x2 � 3x � 2
d) 3x2 � 5x � 1

Part C: Model Volume

7. A cube is a rectangular prism with length, width, and height all
equal.
a) Use linking cubes to build a model of a cube that has a side

length of 3 cm. Sketch your model.
b) What is the volume, in cubic centimetres, of this cube?
c) Express the volume of the cube as a power.

8. Repeat step 7 for a cube with a side length of 5 cm.

9. Describe other concrete materials you could use to build an
algebraic model of volume.

10. Suppose you do not know the side length of a cube. You can use
the variable x to represent the side length.
a) Sketch the cube and label its length, width, and height.
b) Write an algebraic expression for the area of one face of 

the cube.
c) Write an algebraic expression for the volume of the cube.

11. Reflect Describe how concrete materials can be used to build
algebraic models of length, area, and volume. Use words,
expressions, and diagrams to support your explanation.
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Key Concepts
� Concrete materials, such as algebra

tiles and linking cubes, can be used
to build algebraic models.

� You can build length models with
algebra tiles.

� You can build area models with
algebra tiles.

� You can build volume models with
linking cubes.

Communicate Your Understanding
State the length and width of each.
a) a unit tile
b) an x-tile
c) an x2-tile

a) How are the length and width of a unit tile and an x-tile related?
b) How are the length and width of an x-tile and an x2-tile related?

a) Suggest two other objects that could be used to model length.
b) Suggest two other objects that could be used to model area.
c) For your answers to parts a) and b), identify any advantages or

disadvantages of each object.

Explain how concrete materials can be used to model each type 
of measurement. Include a diagram to support each explanation.
a) length b)  area c)  volume

Practise
1. Which expression is represented by the algebra

tile model?
A 4x2 � 2x � 5 B �4x2 � 2x � 5
C 4x2 � 2x � 5 D 4x2 � 2x � 5

C4C4

C3C3

C2C2

C1C1
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x-tile �x-tile

x2-tile �x2-tile

unit tile
�1 �1

negative
unit tile



2. Use tiles to model each algebraic expression.
a) x2 � 3x
b) 2x2 � 5
c) 3x2 � x � 2
d) x2 � 2x � 4

3. Write the algebraic expression represented by each model.
a)

b)

c)

d)

Connect and Apply
4. Each unit tile represents 1 km that Miko rode her bicycle. 

Find each distance.
a)

b)

c)

d)

5. Create an algebraic expression of your own, using x2-tiles, x-tiles,
and unit tiles, and build a tile model to represent it. Record the
expression and the model.

6. a) Build a volume model to represent a cube with length, width, 
and height all equal to 4 cm. Sketch the model and label the
length, width, and height.

b) What is the volume? Write this as a power.
c) Write an expression for the area of one face as a power. 

Evaluate the area of one face.
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The Greek mathematician
Diophantus (about 250-275)
was the first person to use 
a letter to represent an
unknown.

Did You Know ?



7. A cube has a volume of 216 cm3.
a) What side length of the cube would give this volume?
b) Determine the area of one face of the cube.

8. The area of one face of a cube is 49 m2.
a) What side length of the cube would give this area?
b) Determine the volume of the cube.

Extend
9. Build an area model using tiles that have length and

width as indicated.
a) length � x � 3, width � x
b) length � x � 4, width � x � 1

10. A cube has a volume of 8 cm3. Find the total surface area of 
all six faces.

11. Math Contest Mersenne numbers are numbers of the form 2n � 1.
Father Marin Mersenne (1588�1648) was especially interested 
in prime numbers of this form. One conjecture about Mersenne
numbers is that numbers of the form 2p � 1 are prime if p is prime.
Investigate this conjecture and write a brief report of your findings.

12. Math Contest Find the smallest possible value of ab � cd � e f if a, b,
c, d, e, and f are all different and are chosen from the values 1, 2, 3,
4, 5, and 6.

13. Math Contest When 3040 � 4030 is written in expanded form, the
number of zeros at the end of the number is
A 30
B 40
C 70
D 120
E 1200

14. Math Contest Fermat numbers are numbers of the form 22n � 1.
Pierre de Fermat (1601�1665) conjectured that all numbers of this
form are primes. Investigate this conjecture. Write a brief report of
your findings.
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3.2 Work With Exponents

Suppose the trend in the cartoon continues:
every day each new customer tells two new
friends at school about the Barney Burger.
How many new customers will Barney get
each day?

Sammy

friend

Day 1 Day 2

friend

friend

friend

friend

friend



Investigate

How can you use exponential models to describe growth patterns?

1. Copy and complete the table. In the last column, write the number
of new customers as a power of 2.

2. Barney’s is open 7 days a week. Use this model to determine how
many new customers Barney should expect on Day 7. Explain how
you found your answer.

3. Use this model to determine how many new customers Barney
should expect on Day 14. Is this answer realistic? Why or why not?

4. Estimate the number of students at your school. How long would 
it take for everyone at your school to find out about Barney’s?
Describe how you found your answer, and identify any
assumptions you made.

5. Suppose that each new customer told three friends about
Barney’s, instead of two, and that this trend continued.
Use exponents to help explain your answers to the following.
a) How many new customers should Barney expect after 2 days?
b) How many new customers should Barney expect after 4 days?
c) How much more quickly would word reach all the students

at your school? Explain.

6. Reflect Explain how exponents are useful in describing growth
patterns.

A power is a product of identical factors and consists of two parts:
a base and an exponent.

24 is a power

base exponent

The base is the identical factor, and the exponent tells how many factors
there are.

24 � 2 � 2 � 2 � 2

exponential form expanded form

Powers are useful for expressing repeated multiplication.

Day New Customers Expanded Form Power

1 2 2 21

2 4 2 � 2 22

3

4
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Example 1  Evaluate Powers

Write in expanded form, and then evaluate.
a) 25 b) (�3)3 c) (�3)4

d) �34 e) 3.53 f)

Solution

a) 25 � 2 � 2 � 2 � 2 � 2
� 32

b) (�3)3 � (�3) � (�3) � (�3)
� �27

c) (�3)4 � (�3) � (�3) � (�3) � (�3)
� 81

d) �34 � �(3 � 3 � 3 � 3)
� �81

e) 3.53 � 3.5 � 3.5 � 3.5
� 42.875 ç3.5 Y3 =

f) �

�

�

Example 2  Apply Exponents to Solve Problems

Mega-Box Jumbo Drum

Which container holds more popcorn? How much more? Assume that
each container is filled just to the top. Round your answer to the
nearest cubic centimetre.

8
27

2 � 2 � 2
3 � 3 � 3

a
2
3

ba
2
3

ba
2
3

ba
2
3

b
3

a
2
3

b
3
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There is an odd number of
negative factors. The
answer is negative.

There is an even number
of negative factors. The
answer is positive.

The base of this power is 3, not
�3. The negative sign in front
makes the result negative.

To multiply fractions, I multiply
numerators together and
multiply denominators together.

9.2 cm

9.2 cm

Popcorn

9.2 cm

9.0 cm

10.4 cm



Solution

Mega-Box

The Mega-Box is in the shape of a cube. Apply the formula for the
volume of a cube.

V � s3 s is the side length of the cube.

� 9.23 ç9.2 Y3 =

� 778.688

The Mega-Box holds about 779 cm3 of popcorn.

Jumbo Drum

The Jumbo Drum is in the shape of a cylinder. Apply the formula 
for the volume of a cylinder.

V � �r2h r is the radius of the base and h is the height of the cylinder. 

� �(5.2)2(9.0) The radius is half the diameter: 10.4 � 2 � 5.2

�� 764.54 ç�*5.2 x*9 =

The Jumbo Drum holds about 765 cm3 of popcorn.

The Mega-Box holds 14 cm3 more popcorn than the Jumbo Drum.

Key Concepts
� Powers are a useful way to express repeated multiplication. For

example, 
4 � 4 � 4 � 43

� A power consists of a base and an exponent, e.g., 43.
� The base is the identical factor.
� The exponent tells how many factors there are.

� Powers sometimes appear in formulas. When evaluating expressions
involving powers, follow the correct order of operations.

Communicate Your Understanding
Identify the base and the exponent of each power.

a) 34     b) c)  (�2)6 d)  �26 e)  1.22

a) Evaluate each power in question 1.
b) Explain why the answers to parts c) and d) are different.

C2C2

a
1
2

b
4

C1C1
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779 � 765 � 14

Selecting ToolsRepresenting

Reasoning and Proving

Communicating

Connecting Reflecting

Problem Solving



The first step in evaluating the volume of a
cylinder is to substitute the known values for
r and h into the formula for the volume of a
cylinder: V � �r2h. Describe the next step.

Which expressions would you evaluate using
a calculator? Explain.
a) 23 b) (�4)2 c) (1.25)4

d) �82 e) 76 f) (�0.1)3

Practise
For help with questions 1 to 5, see Example 1.

1. Which is 6 � 6 � 6 � 6 written as a power?
A 64 B 64

C 46 D 1296

2. Which is 35 written in expanded form?
A 3 � 5 B 5 � 5 � 5
C 3 � 3 � 3 � 3 � 3 D 243

3. Write each expression as a power.
a) (�5) � (�5) � (�5)
b) 1.05 � 1.05 � 1.05 � 1.05 � 1.05 � 1.05

c)

4. Write each power in expanded form. Then, evaluate the expression.

a) (�4)3 b) 0.82 c)

5. Evaluate.
a) 93 b) (�7)2 c) �24

d) e) f) 1.22

g) 18 h) (�1)55 i) 0.53

6. Evaluate. Remember to use the correct order of operations.
a) 25 � 42 b) 53 � 52 c) 13 � 16 � 12

d) (32 � 42) � (34 � 43) e) f) 500(1.08)5a
2
3

b
3

� a
3
4

b
2

a�
2
3

b
4

a
5
6

b
3

a
3
4

b
4

a�
3
5

b � a�
3
5

b � a�
3
5

b

C4C4

C3C3
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