
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.
• In the vocabulary lists are the

mathematical terms that are
introduced and defined in the
chapter. 

• 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.
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Vocabulary 
completing the squarequadratic equationroot

quadratic formula

Quadratic Equations

Chapter ProblemSkateboard half-pipe ramps typically 

have a semicircular cross section. A 

manufacturer decides to build a half-pipe 

with a parabolic cross section.In this chapter, you will solve related quadratic equations to fi nd the 

dimensions of the new half-pipe.

Many real-world situations can be modelled using 

quadratic relations. Related problems can be solved using 

quadratic equations. For example, designs in architecture 

and engineering use parabolic arches. Because of 

constant gravity, the fl ight path of a ball, a rocket, or a 

skateboarder is a parabola. In business, quadratic models 

are used to solve problems of maximizing revenue or 

minimizing the cost of production. In this chapter, you will relate quadratic equations to 

the graph of a quadratic relation and solve problems 

by modelling with quadratic equations.

CHAPTER

6
Quadratic Relations of the 
Form y = ax2 + bx + c� Express y = ax2 + bx + c in 
the form y = a(x — h)2 + k by 

completing the square in situations 

involving no fractions, using a 
variety of tools.

� Sketch or graph a quadratic relation 

whose equation is given in the 
form y = ax2 + bx + c, using a 
variety of methods.

� Determine the zeros and the 
maximum or minimum value of a 

quadratic relation from its graph or 

from its defi ning equation.� Solve quadratic equations that have 

real roots, using a variety of methods.
� Determine, through investigation, 

and describe the connection 
between the factors of a quadratic 

expression and the x-intercepts 
of the graph of the corresponding 

quadratic relation, expressed in the 

form y = a(x — r)(x — s).� Interpret real and non-real roots 
of quadratic equations, through 

investigation using graphing 
technology, and relate the 

roots to the x-intercepts of the 
corresponding relations.� Explore the algebraic development 

of the quadratic formula.� Solve problems arising from a 
realistic situation represented by a 

graph or an equation of a quadratic 

relation, with and without the use 

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

3. Simplify.

a) 5x � 2(x � y)

b) 3a � 2b � 4a � 9b

c) 2(x � y) � 3(x � y)

4. Simplify.

a) 5(2x � 3y) � 4(3x � 5y)

b) x � 2(x � 3y) � (2x � 3y) � 4(x � y)

c) 3(a � 2b � 2) � 2(2a � 5b � 1)

1. Evaluate each expression when x � �2 

and y � 3.

a) 3x � 4y
b) 2x � 3y � 5

c) 4x � y
d) �x � 2y

e) x � y
f)

x

2. Evaluate each expression when a � 4 

and b � �1.

a) a � b � 3
b) �2a � 3b � 7

c) 3b � 5 � a
d) 1 � 2a � 3b

e) a � b
f) b � a1

2
3
4

2
3
y �

1
2

1
2
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Substitute and Evaluate

Evaluate 3x � 2y � 1 when x � 4 and y � �3.

3x � 2y � 1

� 3(4) � 2(�3) � 1

� 12 � 6 � 1

� 19

Simplify Expressions

Simplify 3(x � y) � 2(x � y).

3(x � y) � 2(x � y)
Use the distributive property to expand.

� 3(x) � 3(y) � 2(x) � 2(�y)

� 3x � 3y � 2x � 2y
Collect like terms.

� x � 5y

Graph Lines

Method 1: Use a Table of Values

Graph the line y � 2x � 1.

Plot the points. Draw a line through the points.

Graph Lines

Method 2: Use the Slope and the y-Intercept

Graph the line y � x � 5.

The slope, m, is . So, � .

The y-intercept, b, is �5. So, a point on the line is (0, �5).

Start on the y-axis at (0, �5).

Then, use the slope to reach another point on the line.

Graph the line 3x � y � 2 � 0.

First rearrange the equation to write it in the form y � mx � b.

3x � y � 2 � 0

y � �3x � 2

The slope is �3, so � . The y-intercept is 2.

Use these facts to graph the line.

Method 3: Use Intercepts

Graph the line 3x � 4y � 12.

At the x-intercept, y � 0.

3x � 4(0) � 12

3x � 12

x � 4

The x-intercept is 4. A point on the line is (4, 0).

At the y-intercept, x � 0.

3(0) � 4y � 12

�4y � 12

y � �3

The y-intercept is �3. A point on the line is (0, �3).

�3
1

rise

run

2
3

rise
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Choose simple values for

x. Calculate each

corresponding value for y.
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x
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y = 2x + 1
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The equation

is in the form 

y = mx + b.

0

y

x

4 6 8

2

—2

—4

Run + 3

Rise + 2

2_
3y =    x — 5

0

y

x

—2

42

—2

—4

2
Run + 1

Rise — 3

3x — y  — 2 = 0

0

y

x

—2

42

—2

—4

3x — 4y = 12

5. Graph each line. Use a table of values or the

slope y-intercept method.

a) y � x � 2
b) y � 2x � 3

c) y � x � 5
d) y � � x � 6

6. Graph each line by first rewriting the

equation in the form y � mx � b.

a) x � y � 1 � 0
b) 2x � y � 3 � 0

c) �x � y � 7 � 0 d) 5x � 2y � 2 � 0

7. Graph each line by finding the intercepts.

a) x � y � 3
b) 5x � 3y � 15

c) 7x � 3y � 21
d) 4x � 8y � 16

8. Graph each line. Choose a convenient

method.

a) �x � y � 1 � 0 b) 2x � 5y � 20

c) 2x � 3y � 6 � 0 d) y � x � 13
4

2
5

1
2



Numbered Sections

Lesson Opener
Many lessons start with a photograph and short description of a 
real-world setting to which the mathematical concepts relate.
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5.3
During a performance at a sea-life park, a dolphinjumps out of the water. Its height, h, in metres,above the water after t seconds can be approximatedby the relation h � 10x � 5x2. This relation can also be written as h � 5x(2 � x), because the termsin the polynomial 10x � 5x2 have a common factor of 5x.

Common Factors

Investigate A

How can you use a model to find factors of a polynomial?1. To factor 2x � 4, use algebra tiles to create a rectangular area
whose length and width represent the factors of the polynomial.a) Arrange two x-tiles and four unit tiles to form a rectangle with

area 2x � 4. Then, place tiles along the left side and top to find
the length and width of the rectangle. One dimension has been
done for you.

b) Write an equation for the area as a product of the length and width.
2. Repeat step 1 for 6x � 18. How many different rectangles can you find?

3. Use algebra tiles to find the factors of x2 � 2x. Express the area as a product of the length and width.

4. Use algebra tiles to factor 2x2 � 4x. How many different rectangles
can you find? Write an area statement for each one.5. Use algebra tiles to factor each expression, if possible. If it is not possible, explain why.

a) 3x � 3 b) 4x � 10 c) x2 � 4xd) 2x2 � 6x e) 2x � 5 f) 4x2 � 10x6. Reflect Explain how you can express a polynomial as a product of factors.

� algebra tiles

Tools

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
• Examples provide model solutions that show how

the new concepts are used. 
• The examples and their solutions include several

tools to help you understand the work.
– Notes in a thought bubble help you think through

the steps.
– Sometimes different methods of solving the same

problem are shown. One may make more sense to
you than the other. Often, alternative methods,
using different technology tools, are shown.

Example 1  Model a Binomial Product

Model the binomial product (x � 2)(2x � 3).

Solution

Method 1: Use Algebra Tiles

Use algebra tiles to create a rectangle with width x � 2

and length 2x � 3.

The area of the rectangle is 2x2 � 7x � 6.

(x � 2)(2x � 3) � 2x2 � 7x � 6

Method 2: Use a Diagram

Draw a vertical segment of any length and label it x � 2 units. Divide

the segment into a section x units long and a section 2 units long.

Perpendicular to the top of the vertical segment, draw a horizontal

segment, 2x � 3 units long, divided into a section 2x units long and 

a section 3 units long.

Complete the rectangle by drawing sides opposite x � 2 and 2x � 3.

Then, draw horizontal and vertical dashed segments from the section

marks to the opposite sides, as shown. Find the areas of the four

sections that make up the whole rectangle.

The binomial product (x � 2)(2x � 3) equals the sum of the four areas.

(x � 2)(2x � 3) � 2x2 � 3x � 4x � 6

� 2x2 � 7x � 6

x

2

2x + 3

2x
3

x + 2

x � 2x = 2x2

2 � 2x = 4x

x � 3 = 3x

2 � 3 = 6
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There are two x2-tiles,

seven x-tiles, and six

unit tiles.

Selecting Tools

Representing

Reasoning and Proving

Communicating

Connecting
Reflecting

Problem Solving
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Example 1 Right Bisector of a Chord

Verify that the centre of this

circle lies on the right bisector

of the chord AB.

Solution

The centre lies on the right bisector of AB only if the coordinates (0, 0)

satisfy the equation of the right bisector.

The midpoint of AB is on the right bisector. Use the coordinates of A 

and B to find the midpoint and the slope of AB. Then, calculate the slope

of a line perpendicular to AB. Use this slope and the coordinates of the

midpoint, M, to determine the equation of the right bisector of AB.

Find the midpoint coordinates and the slope of AB.

M(x, y) �
mAB �

�

�

� (3, �1)
�

� 3

Since the right bisector is perpendicular to AB, the slope of this

bisector is the negative reciprocal of mAB.

� � �

Use this slope and the coordinates M(3, �1) to find the y-intercept.

y � mx � b

�1 � � (3) � b

�1 � �1 � b

0 � b

The equation of the right bisector is y � � x. The coordinates (0, 0) 

satisfy this equation. Therefore, the centre of the circle lies on the right

bisector of the chord PQ.

1
3

1
3

1
3

1
mAB

6
2

2 � (�4)

4 � 2
a2 � 4

2
, 

�4 � 2

2
b

y2 � y1

x2 � x1ax1 � x2

2
, 
y1 � y2

2
b

—6

6

y

x

—2—4
4 6

20

—4

—2

2

4

B(4, 2)

A(2, —4)

M

—6

All lines with a y-intercept

of 0 pass through the

origin.

• Some examples use the four-step
problem solving model to remind
you of a very helpful way of
tackling problems.



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.
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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 examples.

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, these are noted and the question
has a Use Technology descriptor.

Extend
• These are more challenging and thought-provoking questions. 
• Most sections conclude with a few Math Contest questions.

Key Concepts
� The relation defined by y � ax2 � bx � c is a quadraticrelation.

� The graph of a quadratic relationis called a parabola.
� The vertex of a parabola is eitherthe minimum point or themaximum point on the graph.

� A parabola is symmetric about a vertical line that passes through the
vertex. This line is the axis of symmetry.

� If a relation is quadratic, the second differences are constant, but the
first differences are not.

c) You can read the maximum y-value fromthe pencil-and-paper graph or use theTRACE feature on the graphing calculator.Since the maximum value of y is 26, theheight of each arch is 26 m.
The x-axis represents the floor of thehallway. The width of each arch is the difference between the two
x-intercepts. From the pencil-and-paper graph, the x-intercepts
appear to be about 7 and �7. Use the TRACE feature on the
graphing calculator to find that the curve crosses the x-axis at
about �6.9 and �6.9.
6.9 � (�6.9) � 13.8
The width of each arch is about 13.8 m.
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I can see that the
maximum occurs when 
x = 0. From the equation,
when x = 0, y = 26.

Technology Tip
You can get a better
approximation of the 
x-intercepts by zooming in.
• Position the cursor near

one of the x-intercepts.
• Press z, select

2:Zoom In, and then
press e.

• Press u and
reposition the cursor.

The accuracy of the
approximation improves
each time you repeat
these steps.

axis of symmetry

vertex,
minimum

point

vertex,
maximum

point

Communicate Your Understanding
El-Noor used the following incorrect technique to determine that
the relation is not quadratic. Explain the flaw in his reasoning.

In Section 4.1, Investigate Part A, you found that the relationship
between thumb length and palm area is non-linear. Is the relation
quadratic? Explain.

C2C2

C1C1

First Differences

—10

—8

2

6

24

Second Differences

2

10

4

18

x y

—3 13

—2 3

0 —5

1 —3

2 3

4 27

8. Write an equation for the quadratic relationthat results from each transformation.a) The graph of y � x2 is stretchedvertically by a factor of 8.b) The graph of y � x2 is compressed 
vertically by a factor of .

For help with question 9, see the Example.9. The grass in the backyardof a house is a squarewith side length 10 m. Asquare patio is placed inthe centre. If the side length, in metres, of the patio is x, then thearea of grass remaining is given by therelation A � �x2 � 100.
a) Graph the relation.
b) Find the intercepts. What do theyrepresent?

c) How does the equation change if thegrass in the backyard of a house is asquare with side length 12 m?d) For what values of x is each equationvalid?

10. The relation l � 0.04s2 can be used tocalculate the length, l, in metres, of theskid mark for a car travelling at a speed, s,in kilometres per hour, on dry pavementbefore braking.
a) What is the length of the skid mark for acar travelling at 50 km/h? 100 km/h?b) How do the results in part a) compare?c) For what values of s is this model valid?d) How would the skid marks and theequation change if the pavement werewet? 

11. The first three diagrams in a pattern areshown. Each square has a side length of1 unit.

a) Make a table comparing base length andarea. Use finite differences to determinewhether the relation is linear, quadratic,or neither.
b) Determine an equation for therelationship between the base lengthand the area.

c) Describe the transformation from thegraph of y � x2.

Extend
12. The transformations to graph y � ax2 and y � x2 � k both follow what is indicatedby the operation, but in y � (x � h)2, thetransformation is opposite to what theoperation seems to indicate.a) Explain why this might be so.b) Describe the transformation you woulduse to graph y � (2x)2.

13. A parabola y � ax2 � k passes through the points (�1, 3) and (3, �13). Find thevalues of a and k.
14. Compare the graphs of y � (x � 2)2and y � (2 � x)2. Explain any similaritiesand differences.

15. Math Contest
a) Identify the similarities and differencesin the graphs of y � (x � 2)2 � 5 and x � (y � 2)2 � 5.

b) Solve the second equation for y.

1
5
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For help with questions 1 to 4, see theInvestigate.

1. Sketch graphs of these three quadraticrelations on the same set of axes.
a) y � �3x2

b) y � x2

c) y � � x2

2. Sketch graphs of these three quadraticrelations on the same set of axes.a) y � (x � 9)2
b) y � (x � 2)2c) y � (x � 5)2

3. Sketch graphs of these three quadraticrelations on the same set of axes.a) y � x2 � 8 b) y � x2 � 5c) y � x2 � 10

4. Sketch the graph of each parabola. Label atleast three points on the parabola. Describethe transformation from the graph of y � x2.
a) y � 4x2

b) y � x2

c) y � x2 � 5 d) y � (x � 8)2

e) y � � x2
f) y � (x � 3)2

g) y � x2 � 0.5 h) y � �x2 � 2

5. a) Make tables of values for y � x2, y � 2x2, y � x2 � 1, and y � (x � 3)2.b) Compare the y-values for y � x2 and y � 2x2.
c) Compare the y-values for y � x2 and y � x2 � 1.

d) Compare the y-values for y � x2 and y � (x � 3)2.

Connect and Apply
6. Write an equation for the quadratic relationthat results from each transformation.a) The graph of y � x2 is translated 6 unitsupward.

b) The graph of y � x2 is translated 4 unitsdownward.

7. Write an equation for the quadratic relationthat results from each transformation.a) The graph of y � x2 is translated 7 unitsto the left.
b) The graph of y � x2 is translated 5 unitsto the right.

c) The graph of y � x2 is translated 8 unitsto the left.
d) The graph of y � x2 is translated 3 unitsto the right.

1
2

2
3

1
4

1
4
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Communicate Your UnderstandingHow do the graphs of y � 2x2 and y � �2x2 compare? 
Explain the similarities and the differences.Match each graph with theappropriate equation. Explainyour reasoning.

a) y � x2 � 2

b) y � � x2

c) y � x2

d) y � (x � 2)2

1
3

C2C2

C1C1

0 2 4

y

x
—2—4

—2

—4

2

B

CD

A

4

Practise

A Technical Collision Investigator or Reconstructionist is a
specially trained police officer who investigates serious traffic
accidents. These officers collect and interpret evidence to
determine the cause of the collision and if any charges should
be laid.

Did You Know ?

10 mx
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� a value of x for which arelation has a value of 0
� corresponds to an x-intercept of the graph of the relation

zero

Example  Falling Stone
A stone is dropped from the top of a 50-m cliff above a river. Its

height, y, in metres, above the water can be estimated using the

relation y � �4.9x2 � 50, where x is the time, in seconds.
a) Graph the relation.b) Find the intercepts. What do they represent?

c) How would the equation change if the stone were dropped 

from a 75-m cliff instead of a 50-m cliff?
d) For what values of x is each equation valid?Solution

a) Use a graphing calculator with the window settings shown.

b) For the y-intercept, let x � 0.y � �4.9(0)2 � 50� 50

The y-intercept is 50. This represents the height from 

which the stone was dropped, 50 m above the water.
To find the x-intercept, or , of the relation use the Zero

operation on a graphing calculator.
• Press n[CALC] to display the CALCULATE menu, 

and select 2:zero.• Move the cursor to the left of the x-intercept and press e.• Move the cursor to the right of the 
x-intercept and press e.• Press e again.The x-intercept is approximately 3.19.

This represents the time when the stone hits the water, 3.19 s.
c) The constant term would be 75 instead of 50. The equation 

would change to y � �4.9x2 � 75.

zero

Since height
and time cannot
be negative,
this graph
shows only part
of a parabola.

I can see that the y-interceptis 50 from the graph.

Selecting Tools

Representing

Reasoning and Proving

Communicating

Connecting
Reflecting

Problem Solving

Technology  

Scientific and graphing calculators are useful for many sections.
Keystroke sequences are provided for techniques that may be
new to you.
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Method 2: Use a Computer Algebra System (CAS)
When a solution involves fractions, a CAS is helpful for checking

your work.
Turn on the TI-89 calculator. If the CAS does not start, press ÍHOME .

• Press n¡ to access the F6 menu.
• Select 2:NewProb to clear the CAS.
• Press e.
Solve equation � for y:• Type in the equation 4x � y � 9.• Press e.

• Place brackets around theequation.
• Type -4 ÍX . Press e.

Substitute 9 � 4x in place of y inequation �. Press e. Copy thesimplified form, and Paste it intothe command line. Put bracketsaround the equation, and add 9.Press e.
Copy the new form of theequation, and Paste it into thecommand line. Put bracketsaround the equation, and divide by 6. Press e.

To find the corresponding valuefor y:
• Copy y � 9 � 4x and Paste itinto the command line (orretype it).

• Type Í| ÍX =13 ÷6.• Press e.

The lines intersect at .

Note that the solution to Example 3 involves
fractions. This is an example that cannot be
solved accurately by graphing, unless a graphing
calculator is used.

a 13
6 , 

1
3
b
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Technology Tip
There are several ways tosolve linear systems usinga CAS. The steps shownhere follow the steps usedby hand.

Technology Tip
The Í| key means “suchthat.” It is used to evaluatean expression for a givenvalue.

• The Geometer’s Sketchpad® is used in
several sections for investigating concepts
related to analytic geometry. Alternative
steps for doing investigations using pencil
and paper are provided for those who do
not have access to this computer software.

Method 2: Use The Geometer’s Sketchpad®

1. Choose Show Grid from the Graph menu. Then, choose Snap

Points. Move the origin so that most of the work area is in the 

first quadrant. Construct the triangle with vertices A(2, 5), B(1, 2),

and C(6, 2).

2. Measure the length of each side to verify that �ABC is isosceles.

Which angles of �ABC are equal?

3. Construct the midpoint, D, of side AB. Then, construct the median

from vertex C. Measure �ADC. What can you conclude about the

median CD?

4. Measure and compare �ACD and �BCD.

5. Turn off Snap Points. Drag a vertex of �ABC to a new location.

Move one of the other vertices until AC � BC. Observe the

measures of �ADC, �ACD, and �BCD as you repeat this process

for various locations of the vertices.

6. Reflect How are the median, the altitude, and the angle bisector

at vertex C related? How are these line segments related to the

right bisector of AB? Do you think all isosceles triangles have

these properties? Explain your reasoning.

Method 3: Use a Graphing Calculator

1. Start the Cabri® Jr. application. If the axes are not displayed,

choose Hide/Show from the F5 menu; then, choose Axes from

the submenu. Move the origin so that most of the work area is

in the first quadrant.
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� computer with The

Geometer’s Sketchpad®

Tools

� TI-83 Plus or TI-84 Plus

graphing calculator

Tools

Technology Tip

You can also place the

vertices by choosing Plot

Points from the Graph

menu and typing the

coordinates.

• Some sections show you how to use a
computer algebra system (CAS) to explore
algebraic processes or as an alternative
tool to solve algebraic problems. This 
text uses the TI-89 calculator. 

Technology Tip
• This margin feature points out helpful hints or alternative

strategies for working with graphing calculators or The
Geometer’s Sketchpad®. 

Technology Appendix
• The Technology Appendix provides detailed help with all

the functions of the graphing calculators and The Geometer’s
Sketchpad® that are used in this course.

• A TI-83 Plus or TI-84 Plus graphing
calculator is useful for some sections,
particularly for graphing relations. In the
analytic geometry chapters, alternative
methods using Cabri® Jr are shown.
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18. Chapter Problem Here are the first three
stages of a Koch snowflake, named after the
Swedish mathematician Niels Fabian Helge
von Koch (1870�1924). This snowflake
starts with an equilateral triangle. At each
stage, the middle third of each side is
replaced by two segments, each equal in
length to the segment they replace.a) Find the coordinates of the three new

vertices on the bottom of the snowflake
in the second stage.b) Are Koch snowflakes fractals? Explain.

Achievement Check
19. Lightning starts a forest fire at a point with mapcoordinates 

F(23, 25). Thenearest towns havecoordinates A(15, 19) and B(23, 17).a) Which town is at greater risk fromthe fire?
b) Describe any assumptions you made

for your answer to part a).c) At a campground midway between the
two towns, a camper learns about the fire
from a newscast. The camper estimates
that he is about 9 km from the fire. Is the
camper correct? Justify your response.

Extend
20. The point A(x, 1) is 5 units from the

point (2, 6).
a) Find a possible value for x.b) Is this value the only solution? Explain.21. a) On a grid, draw line segments with the

lengths listed below. Describe your
method. How do you know that each
line segment is the correct length?i)  ii)  iii)  iv)  b) Compare the line segments you drew to

those drawn by a classmate. Verify that
both sets of line segments have the
correct lengths.

22. List the points that satisfy each condition
and have integer coordinates.a) 5 units from the originb) 5 units from the point (2, 1)c) 10 units from the point (�5, �2)23. Sally has hidden her brother’s birthday

present somewhere in the backyard. When
writing instructions for finding the present,
she used a coordinate system with each
unit on the grid representing 1 m. The
positive y-axis of this grid points north.
The instructions read “Start at the origin,
walk halfway to (8, 6), turn 90° left, and
then walk twice as far.” Where is the
present? How far is it from the origin?24. Math Contest The number of arrangements

of five letters from the word magnetic that
contain the word net isA 60     B 100     C 360     D 630     E 72025. Math Contest Show that the area of the

larger semicircle is equal to the sum of the
areas of the two smaller semicircles.

241
213

25
22

(0, 0)
(3, 0)
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Go to www.mcgrawhill.ca/links/principles10 and follow

the links to learn more about Koch snowflakes.
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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 sections.

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 you need
to study further. 
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Key Concepts
� The midpoint of a line segment canbe found by adding half of the runand half of the rise to the coordinatesof the first endpoint.

� Each coordinate of the midpoint of a line segment is the mean of thecorresponding coordinates of theendpoints.
� The midpoint of a line segment with endpoints (x1, y1) and (x2, y2) has coordinates 

.
� To find an equation for the median of a triangle, first find the

coordinates of the midpoint of the side opposite the vertex. Use the
coordinates of the midpoint and the vertex to calculate the slope of
the median. Then, substitute the slope and the coordinates of either
point into y � mx � b to solve for the median’s y-intercept.

� To find an equation for the right bisector of a line segment, first find
the slope and midpoint of the segment. Use the line segment’s slope
to calculate the slope of a perpendicular line. Then, substitute this
slope and the coordinates of the midpoint into y � mx � b to solve
for the right bisector’s y-intercept.

Communicate Your UnderstandingDescribe two methods for finding themidpoint of this line segment.

Describe how to determine an equation for the median from vertex A of �ABC.

Describe how to determine an equation for the right bisector of line segment PQ.

C3C3

C2C2

C1C1

a x1 � x2

2 ,  
y1 � y2

2 b

x
1 + x

2 _______
      2

y
1 + y

2 _______
      2

M (               ,                )

A (x
1, y

1)
run___

2

run___

2

rise___

2

rise___

2

B (x
2, y

2)

2

0 2 4

y

x
1 3 5 6

1

3 P (1, 3)

Q (5, 1)

0

y

x
—2—1—1

2 31

2

3

1

A(—2, 3)

C(3, 0)
B(—1, 1)

0

y

x—2—4—6
642

2

4

6

P(—4, 2)

Q(6, 5)

Chapter Problem Wrap-Up
This summary problem occurs at the end of
the Chapter Review. The Chapter Problem
may be assigned as a project.
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3.5 Properties of Circles, pages 145—15110. a) Show that A(�12, �5) and B(12, 5) areendpoints of a diameter of the circledefined by x2 � y2 � 169.b) State the coordinates of another point,C, on the circle.
c) Show that �ABC is a right triangle.11. a) Verify that points P(5, 7) and Q(7, �5) lieon the circle with equation x2 � y2 � 74.b) Verify that the right bisector of thechord PQ passes through the centre of the circle.

12. Divers from scuba clubs in St. Catharines,Hamilton, and Oakville are workingtogether to practise rescues in deep water.Describe how the clubs could find apractice site that is equidistant from thethree towns.

Oakville

Lake Ontario

Hamilton

St. Catharines

Chapter 3 Review

3.1 Investigate Properties of Triangles, pages 110—116

1. a) Define a median.
b) List two additional properties of themedians of a triangle.

c) Outline how you could use geometrysoftware to show that the medians of all triangles have these properties.
2. a) Use congruent trianglesto show how the

lengths of the mediansto the two equal sidesof an isosceles triangleare related.
b) Describe how you canuse geometry software to demonstratethat this relationship applies for allisosceles triangles.

3. a) Draw a right triangle with the shortersides aligned with the coordinate axes.Then, draw the right bisectors of allthree sides.
b) Show that the point of intersection ofthe right bisectors of the sides of anyright triangle lies on the hypotenuse.c) Describe how you can use geometrysoftware to answer part b).

3.2 Verify Properties of Triangles, pages 117—127

4. a) Verify that �DEF is a right triangle.

b) Describe another method that you coulduse to answer part a).

5. a) Verify that the altitude from vertex Jbisects side KL in the triangle withvertices J(�5, 4), K(1, 8), and L(�1, �2).b) Classify �JKL. Explain your reasoning.

3.3 Investigate Properties of Quadrilaterals,pages 128—136

6. List two properties of the diagonals of each geometric shape.
a) square     b)  parallelogram     c)  kite

7. a) Show that the line segment joining themidpoints of opposite sides of anyparallelogram bisects the area of theparallelogram.

b) Describe another way to answer part a).

3.4 Verify Properties of Quadrilaterals, pages 137—144

8. Verify that quadrilateral JKLM is atrapezoid.

9. a) Classify the quadrilateral with verticesT(2, 4), U(8, 2), V(7, �1), and W(1, 1).Justify this classification.b) Verify a property of the diagonals ofTUVW.

—2—4

y

x420
6 8

—2

2

4

J(—3, 2)

K(—2, —2)

L(7, 1)

M(3, 4)

A
D

B

E
F

C

y

x
—2

420

2

4 D(1, 4)

F(3, 1)
E(—2, 2)

The golden ratio is also known as thedivine proportion, the golden mean, andthe golden section. Many people find thatobjects with proportions in the goldenratio are pleasing to the eye. For thisreason, artists and architects sometimesuse these proportions in their work.a) Research the golden ratio at a libraryor on the Internet. Is the golden ratioa rational number? Explain.b) Give an example of a regulargeometric shape that involves thegolden ratio. Describe how thegolden ratio appears in this shape.c) Give an example of a natural object that may contain the golden
ratio. Explain why researchers disagree on whether the golden ratio
occurs frequently in nature.d) Some researchers argue that designers in ancient times used the
golden ratio in buildings such as the Parthenon in Athens, Greece,
and the Great Pyramid at Giza, Egypt. Do you think these claims
are valid? Justify your answer.e) Measure a textbook. Are any of the dimensions related by the
golden ratio? Explain.

Chapter Problem Wrap-Up

B

M N

C

A

Go to

www.mcgrawhill.ca/links/principles10 and follow
the links to learn more
about the golden ratio.
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Practice Test 
• Each chapter ends with a

practice test.

Tasks
• Tasks are presented at the end of Chapters 3, 6 and 8. 
• These are more involved problems that require you to use

several concepts from the preceding chapters. Each task has
multi-part questions and may take about 20 min to complete. 

• Some tasks may be assigned as individual or group projects.
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11. Tess was flying from Toronto toHamilton at night. She noticed that herheading indicator was malfunctioningand decided to check her position. She called Hamilton Tower and St. Catharines Radio, knowing that thestations were 50 km apart. Hamiltonreported that the position of her planeformed an angle of 65° with the linejoining the two stations. St. Catharinesreported that her position made an angleof 48°. How far was the plane fromHamilton, to the nearest kilometre?
12. Scuba divers count fin strokes to estimatethe distance they have travelled underwater. Felipe uses this method and acompass to swim 300 m north from thedive boat. He then turns right 120° andswims 400 m. How far from the boat is he,to the nearest metre? In what directionmust Felipe swim to return to the boat?13. While standing exactly halfway betweentwo tall trees, Nikki spots a blue jay at thetop of one tree and a cardinal at the top ofthe other, as shown.

From Nikki’s point of view, the angles of elevation to the blue jay and to thecardinal are 60° and 50°, respectively. The trees are 40 m apart.
a) If Nikki is 1.5 m tall, find the height of each tree, to the nearest tenth of a metre.

b) How far apart are the two birds, to the nearest tenth of a metre?

14. A fire station serves an area bordered bythree highways that join the towns of WestPort, Sackville, and Jonestown, as shown.

The fire station serves a total area of126 km2. Find the number of minutes itwould take for a fire truck to drive theperimeter of this region, assuming anaverage speed of 80 km/h.
15. From his cockpit, thepilot of a flying planeobserves a jet flyingdirectly above an airport,as shown. From theplane, the angle ofelevation to the jet is 14°and the angle of depression to the airportis 38°. Find the altitude of both aircraft, tothe nearest kilometre.

Achievement Check
16. A small lake has

three approximatelystraight shorelines
so it forms a
triangle, �LAK.
a) List all of the

possible
measurements 
that could be
determined for this lake.b) If you were a surveyor standing at pointL, which of these measurements wouldyou measure and which ones wouldyou calculate? Justify your choice.c) Could you have made a different choicein part b)? Is this choice better thanyour previous one? Explain.

Sackville

JonestownFire Station

West Port

12 km

17 km

82°

N

B

C

40 m

1. Find the length of theindicated side, to thenearest centimetre.

2. Find the length of theindicated side, to thenearest tenth of a metre.

3. Find the measure of theindicated angle, to thenearest degree.

4. Find the measure of theindicated angle, to thenearest degree.

5. Two wires are
supporting a tent pole,as shown.

a) How far apart are
the wires fixed in the ground, to thenearest tenth of a metre?b) Find the angle each wire makes withthe ground, to the nearest degree. Stateany assumptions you make.

6. Cheryl is trying to hither golf ball betweentwo trees. She
estimates the
distances shown.
Within what angle
must Cheryl make hershot, in order to passbetween the trees?

Round to the nearesttenth of a degree.

7. Solve �XYZ. Round the side length to thenearest tenth of a metre and the anglemeasures to the nearest degree.

8. In acute �NTW, �N � 54°, n � 2.3 km,and w � 1.8 km.
a) Sketch this triangle and label the giveninformation.

b) Solve this triangle. Round the sidelength to the nearest tenth of a metreand the angle measures to the nearestdegree.

9. Students of Fowler’s Aeronautical Schoolhave this crest on their pilot’s cap. Findthe total length of gold trim needed tomake a crest, to the nearest tenth of acentimetre. State any assumptions youmake.

10. Use the
measurements
given to find the
height of the
Peace Tower in
Ottawa, to the
nearest metre.
AB � 50 m
�XAY � 43°
�XAB � 60°
�ABX � 82°

6.2 m

16 cm
46°

Z

X

Y

8.3 m

68° 7.2 m

Chapter 8 Practice Test

B
A

C

25 cm

45° 74°

b = ?

R
T

K

4.3 m

r = ?
3.6 m

36°

D
N

Y

13 km

16 km

65°

?

H

E

S

18 mm

24 mm

21 mm
?

2.2 m
2.8 m

80°

35 m

20 m

A

B

X

Y

Kl

k a

A

L

J

P

16 km

12 km

A
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Cari Sports Centre
Some of the costs of running Cari Sports Centre decrease as the number

of people using the facility increases. Other costs, such as the salaries of

staff needed to serve the additional people, grow.
As part of a budget review, city council would like to improve the profit

from the Cari Sports Centre. City council surveys people using the centre

and develops a formula by examining
• the price of admission to the centre
• the number of tickets sold• the constant daily expenses in running the centre

The centre manager, Emily, was given the formula that related the number

of admission tickets, the price of a ticket, and the daily profit. Unfortunately,

Emily lost the paper on which the formula was written, but she had

already calculated the following data list.

a) Copy the table and find the first and second differences. What can

you conclude about the formula?b) Make a scatter plot of the data.  Draw a curve of best fit. What ticket

price will give the greatest daily profit?
c) What are the constant daily expenses? 

d) What range of admission prices will ensure that the daily profit is at

least $326?

Ticket Price ($)
Daily Profit ($)8

56
10

200
12

296
14

344

TaskTasks

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

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

Course Review
• A Course Review follows the tasks at the end of Chapter 8.

This comprehensive selection of questions will help you
to determine if you are ready for the final examination.

x y

1 11

2 18

3 27

4 38

5 51

x y

—2 —10

—1 —2

0 0

1 2

2 10

x y

—2 —9

—1 —6

0 —3

1 0

2 3
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Chapter 4 Review
4.1 Investigate Non-Linear Relations,
pages 164—167
1. Which scatter plot(s) could be modelled

using a curve instead of a line of best fit?
Explain.
a)

b)  

2. A scientist tested thestrength of wood beamsby securing beams ofvarious lengths andplacing a 500-kg mass atthe end of each beam.The table shows themean deflections, incentimetres.
a) Make a scatter plot ofthe data. Draw a curveof best fit.

b) Describe the
relationship between the length of the
beam and the deflection.c) Use your curve of best fit to predict the

deflection of a 6.0-m-long beam.
4.2 Quadratic Relations, pages 168—173
3. Use finite differences to determine whether

each relation is linear, quadratic, or neither.
a)

b)
c) 

4. The flight of an aircraft from Toronto to
Montréal can be modelled by the relation
h � �2.5t2 � 200t, where t is the time, in
minutes, and h is the height, in metres.a) Graph the relation.b) How long does it take to fly from Toronto

to Montréal?
c) What is the maximum height of the

aircraft? At what time does the aircraft
reach this height?

4.3 Investigate Transformations of Quadratics,
pages 174—179, and 4.4 Graph y = a(x — h)2 + k, pages 180—188
5. Sketch the graph of each parabola. Describe

the transformation from the graph of y � x2.
a) y � x2 � 6
b) y � �0.5x2

c) y � (x � 2)2

d) y � �2x2

6. Copy and complete the table for each
parabola. Replace the heading for the
second column with the equation for the
parabola. Then, sketch each parabola.

a) y � (x � 1)2 � 4
b) y � 2(x � 3)2 � 1

c) y � (x � 5)2� 1
d) y � �(x � 2)2 � 6

1
4

0

y

x

0

y

x

Length

(m)
Deflection

(cm)
1.0

0.33

1.5
1.48

2.0
2.51

2.5
4.22

3.0
6.11

3.5
8.17

4.0 10.52

4.5 12.98

5.0 16.72

Property
y = a(x — h)2 + kVertex

Axis of symmetry
Stretch or compressionfactor relative to y = x2

Direction of opening
Values x may take
Values y may take



Other Features

The Mathematical Process
These seven mathematical processes are integral to learning
mathematics: 
• problem solving
• reasoning and proving
• reflecting
• selecting tools and computational strategies
• connecting
• representing
• communicating 

These processes are interconnected and are used throughout 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.
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Household white vinegar is

5% acetic acid. A 5% acetic

acid solution means that 5%

pure acid is mixed with 95%

water. For example, 1 L of

white vinegar contains

50 mL of pure acetic acid

and 950 mL of water.

Did You Know ?

It is a good idea to read a

word problem three times.

Read it the first time to get

the general idea.

Read it a second time for

understanding. Express the

problem in your own words.

Read it a third time to plan

how to solve the problem.

onnections
LiteracLiteracy Connections

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

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.mcgrawhill.ca/links/principles10.

Did You Know?
This feature provides interesting facts
related to the topics in the examples
or the exercises.

22. Math Contest A continued fraction is a

fraction of the form
.

a) Evaluate the continued fraction

.

b) Evaluate the infinite continued

fraction
.

23. Math Contest In 1202, Leonardo of Pisa

(1175�1250), better known as Fibonacci,

published a book called Liber Abaci. In it,

he showed a sequence of numbers now

called the Fibonacci sequence: 1, 1, 2, 3, 5,

8, 13, 21, ….

a) Find the next three terms and a

formation rule for this sequence.

b) Examine the ratios of successive 

terms of the Fibonacci sequence 

. Conjecture a possible 

value for the ratio .

24. Math Contest Solve the system of

equations.

a � b � c � 0

a � c � d � 1

a � 2b � 2d � 0

b � d � 3

1000th term

999th term

(n � 1)th term

nth term

1 �
1

1 �
1

1 �
1

1 � p

2 �
1

3 �
1

4 �
1
5

a �
1

b �
1

c �
1

d � p
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A mind map can provide a mental picture of how many of the concepts you have learned about

quadratics in Chapters 4, 5, and 6 are connected. One is started here. Make a larger version for

yourself. Complete the shaded parts and add any other details that help you.

Quadratic Relations

Makin
onnections

0

y

xts
r

c

A y = ax2 + bx + c

a > 0 means 

a < 0 means 

c is the 

B y = a(x — h)2 + k

a means the same as in form A

(h, k) is the  

C y = a(x — r)(x — s)

a means the same as in form A

r and s are the 

Quadratic Equations

ax2 + bx + c = 0

If the quadratic expression factors:

• a(x — r)(x — s) = 0

2 zeros are at 

• a(x — t)2 = 0   perfect square

1 zero at t

• a(x — p)(x + p) = 0  difference of squares

roots are 

axis of symmetry is 

If no easy factors are found:

• complete the square to get form B

• use the quadratic formula

if no real roots exist, then parabola

x-intercepts↔zeros↔roots

Making Connections
This feature points out some of the connections between
topics in the course, or to topics learned previously.



Appendices

Challenge Problems Appendix
A varied selection of more difficult problems is presented on
pages 448–457. Some are directly related to the content of this
course, while others are more general “puzzler” problems.
These problems will provide new challenges and enrichment.
They will help if you are planning to take the grade 11
university course to prepare for more difficult problems. 

Prerequisite Skills Appendix
If you need help with any of the topics in the Get Ready 
for each chapter, refer to this appendix on pages 458–475.
Examples and practice questions are provided. The topics 
are arranged in alphabetical order.

Technology Appendix
The Technology Appendix, on pages 476–503, provides detailed
help for some basic functions of the TI-83 Plus or TI-84 Plus
graphing calculator, the computer algebra system on the TI-89
graphing calculator, and The Geometer’s Sketchpad®. These
pages will be particularly helpful if you have not used these
tools before. 

Other Back Matter

Glossary
A complete illustrated glossary is included. All key terms of the text, as
well as other mathematical terms, are listed on pages 570–581. This is a
good resource if you want to check the exact meaning of a term.

Answers
Complete illustrated answers are provided for all questions in each 
Get Ready, numbered section, Chapter Review, and Practice Test. Refer 
to pages 504–569. Answers for the Achievement Check questions, the
Chapter Problem Wrap-Up, the Investigate questions, and Communicate
Your Understanding questions are provided in Principles of Mathematics 10
Teacher’s Resource.

Index
A general index is included on pages 582–585.

A Tour of Your Textbook • MHR  1

448 MHR • Challenge Problems Appendix

1. Write an equation that forms a system of equations with x � y � 4,

so that the system hasa) no solution
b) infinitely many solutionsc) one solution

2. Sketch a graph to represent a system of two equations with one

solution, so that the two lines havea) different x-intercepts and different y-intercepts
b) the same x-intercepts but different y-intercepts
c) different x-intercepts but the same y-intercept
d) the same x-intercept and the same y-intercept

3. Find the point of intersection of each linear system.
a) 2(x � 4) � y � 63x � 2(y � 3) � 13b) 2(x � 1) � 3(y � 3) � 03(x � 2) � (y � 7) � 20c) 2(3x � 1) � (y � 4) � 7 � 04(1 � 2x) � 3(3 � y) �12 � 0d) 2(x � 1) � 4(2y � 1) � � 1x � 3(3y � 2) � 2

4. In the figure, the side of each small square represents 1 cm.

Determine the area of the shaded part.

5. Solve the following linear system for x and y by letting 
a � and b � .

3
x �

2
y �

5
12

1
x �

3
y �

3
4

1
y

1
x

Challenge Problems Appendix
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Adding Polynomials
To add 2x � 5y � 4, add the like terms.3x � 2y � 5___________

1. Add.
a) 3x � 2y � 5

b) 3x � 4y � 5
4x � 3y � 7

6x � 2y � 7

___________
___________

c) x2 � 6x � 4
d) 3a2 � a � 2

2x2 � 4x � 8
2a2 � 4a � 1

___________
___________

e) 2y2 � y � 3
f) �6a � 2b � 4

3y2 � y � 2

4a � 3b � 7

___________
___________

Angle Properties
To find the measure of x, recall that the sum of the

interior angles of a triangle is 180°.
x � 72° � 67° � 180°x � 139° � 180°

x � 180° � 139°x � 41°
When a transversal intersects two parallel lines:
a) the alternate angles

b) the corresponding angles

are equal

are equal

c) the co-interior angles are supplementary

To find the measures of x, y, and z, use the
fact that, since AC is parallel to EF, the
alternate angles are equal.�BEF � �ABE (alternate angles)x � 54°

�BFE � �CBF (alternate angles)

Prerequisite Skills Appendix

72°
67°

x
x + y = 180°y

73°
54°

BA

C

E
F

y

x
z

2x � 5y � 4
3x � 2y � 5___________
5x � 3y � 9


