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A Tour of Your Textbook

Unit Opener
Each unit begins with a two-page 
spread. The fi rst page of the Unit 
Opener introduces what you will 
learn in the unit. The Unit Project is 
introduced on the second page. Each 
Unit Project helps you connect the 
math in the unit to real life using 
experiences that may interest you.

Chapter Opener
Each chapter begins with a two-page 
spread that introduces you to what 
you will learn in the chapter.

The opener includes information 
about a career that uses the skills 
covered in the chapter. A Web Link 
allows you to learn more about 
this career and how it involves the 
mathematics you are learning.

Visuals on the chapter opener 
spread show other ways the skills 
and concepts from the chapter are 
used in daily life.

Project Corner boxes throughout the chapters help you gather information for 
your project. Some Project Corner boxes include questions to help you to begin 
thinking about and discussing your project.

The Unit Projects in Units 1, 3, and 4 provide an opportunity for you to choose 
a single Project Wrap-Up at the end of the unit.

The Unit Project in Unit 2 is designed for you to complete in pieces, chapter by 
chapter, throughout the unit. At the end of the unit, a Project Wrap-Up allows 
you to consolidate your work in a meaningful presentation.

CHAPTER

10 Function 
Operations

Key Terms

composite function

Career Link

To learn more about a career involving laser research, go 

to www.mcgrawhill.ca/school/learningcentres and follow 

the links.

earn more a

Web Link

Throughout your mathematics courses, 

you have learned methods of interpreting 

a variety of functions. It is important 

to understand functional relationships 

between variables since they apply to the 

fields of engineering, business, physical 

sciences, and social sciences, to name 

a few.

The relationships that exist between 

variables can be complex and can involve 

combining two or more functions. In 

this chapter, you will learn how to use 

various combinations of functions to 

model real-world phenomena.

Wave interference occurs when two or more waves 

travel through the same medium at the same time. 

The net amplitude at each point of the resulting 

wave is the sum of the amplitudes of the individual 

waves. For example, waves interfere in wave pools 

and in noise-cancelling headphones.

Did You Know?

In 2004, researchers from universities in British 

Columbia, Alberta, Ontario, and Québec, as 

well as from the National Research Council of 

Canada, began using the Advanced Laser Light 

Source (ALLS) to do fascinating experiments. 

The ALLS is a femtosecond (one quadrillionth 

(10-15) of a second) multi-beam laser facility 

used in the dynamic investigation of matter 

in disciplines such as biology, medicine, 

chemistry, and physics. Universities such as 

the University of British Columbia offer 

students the chance to obtain advanced degrees 

leading to careers involving laser research.

472 MHR • Chapter 10
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Trigonometry

Trigonometry is used extensively 
in our daily lives. For example, 
will you listen to music today? 
Most songs are recorded digitally 
and are compressed into MP3 
format. These processes all 
involve trigonometry.

Your phone may have a built-in 
Global Positioning System 
(GPS) that uses trigonometry to 
tell where you are on Earth’s 
surface. GPS satellites send a 
signal to receivers such as the 
one in your phone. The signal 
from each satellite can be 
represented using trigonometric 
functions. The receiver uses 
these signals to determine the 
location of the satellite and then 
uses trigonometry to calculate 
your position.

Unit 2 

Looking Ahead
In this unit, you will solve problems 
involving . . .

angle measures and the unit circle• 

trigonometric functions and their graphs
• 

the proofs of trigonometric identities
• 

the solutions of trigonometric equations
• 

 Unit 2 Project Applications of Trigonometry
In this project, you will explore angle measurement, trigonometric equations, and trigonometric functions, and you will explore how they relate to past and present applications.

In Chapter 4, you will research the history of units of angle measure such as radians. In Chapter 5, you will gather information about the application of periodic functions to the field of communications. Finally, in Chapter 6, you will explore the use of trigonometric identities in Mach numbers.

At the end of the unit, you will choose at least one of the following options:Research the history, usage, and relationship of types of units for angle measure.
• 

Examine an application of periodic functions in electronic communications and 
• 

investigate why it is an appropriate model.
Apply the skills you have learned about trigonometric identities to supersonic travel. 

• 
Explore the science of forensics through its applications of trigonometry.

• 

Unit 2 Trigonometry • MHR 163
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Three-Part Lesson
Each numbered section is organized 
in a three-part lesson: Investigate, 
Link the Ideas, and Check Your 
Understanding.

Investigate

• The Investigate consists of short 
steps often accompanied by 
illustrations. It is designed to help 
you build your own understanding 
of the new concept.

• The Refl ect and Respond questions help you to analyse and 
communicate what you are learning and draw conclusions.

Link the Ideas

• The explanations in this section help you connect the concepts 
explored in the Investigate to the Examples.

• The Examples and worked Solutions 
show how to use the concepts. The 
Examples include several tools to 
help you understand the work.
• Words in green font help you 

think through the steps.
• Different methods of solving the 

same problem are sometimes 
shown. One method may make 
more sense to you than the 
others. Or, you may develop 
another method that means more 
to you.

• Each Example is followed by a 
Your Turn. The Your Turn allows you to explore your understanding 
of the skills covered in the Example.

• After all the Examples are presented, the Key Ideas summarize the 
main new concepts.

 3. Compare the sets of graphs from step 1 to each other. Describe their similarities and differences as in step 2.
 4. Consider the cubic, quartic, and quintic graphs from step 1. Which graphs are similar to the graph of

• y = x?
• y = -x?
• y = x2?
• y = -x2?

 Explain how they are similar.

Reflect and Respond
 5. a) How are the graphs and equations of linear, cubic, and quintic functions similar?

b) How are the graphs and equations of quadratic and quartic functions similar?
c) Describe the relationship between the end behaviours of the graphs and the degree of the corresponding function.

 6. What is the relationship between the sign of the leading coefficient of a function equation and the end behaviour of the graph of the function?
 7. What is the relationship between the constant term in a function equation and the position of the graph of the function?
 8. What is the relationship between the minimum and maximum numbers of x-intercepts of the graph of a function with the degree of the function?

The degree of a polynomial function in one variable, x, is n, the exponent of the greatest power of the variable x. The coefficient of the greatest power of x is the leading coefficient, a
n, and the term whose value is not affected by the variable is the constant term, a

0.In this chapter, the coefficients a
n to a

1 and the constant a
0 are restricted to integral values.

Link the Ideas

polynomial 
function

a function of the form•  
f (x) = a

nx
n + a

n - 1
xn - 1 

+ a
n - 2

xn - 2 + … + a
2
x2 

+ a
1
x + a

0
, where

n �  is a whole number
x �  is a variable
 the coefficients  � a

n to 
a

0
 are real numbers

examples are • 
f (x) = 2x - 1, 
f (x) = x2 + x - 6, and 
y = x3 + 2x2 - 5x - 6

What power of x is 
associated with a

0
?

3.1

Characteristics of 
Polynomial Functions
Focus on . . .

identifying polynomial functions• 

analysing polynomial functions• 

A cross-section of a honeycomb 
has a pattern with one hexagon surrounded 
by six more hexagons. Surrounding these is 
a third ring of 12 hexagons, and so on. The 
quadratic function f (r) models the total 
number of hexagons in a honeycomb, where r is the number of rings. Then, you can use 
the graph of the function to solve questions 
about the honeycomb pattern.
A quadratic function that models this pattern will be discussed later in this section.

Falher, Alberta is known 
as the “Honey Capital of 
Canada.” The Fahler Honey 
Festival is an annual event 
that celebrates beekeeping 
and francophone history in 
the region.

Did You Know?

 1. Graph each set of functions on a different set of coordinate axes using graphing technology. Sketch the results.
Type of 

Function Set A Set B Set C Set D
linear y = x y = -3x y = x + 1
quadratic y = x2 y = -2x2 y = x2 - 3 y = x2 - x - 2
cubic y = x3 y = -4x3 y = x3 - 4 y = x3 + 4x2 + x - 6
quartic y = x4 y = -2x4 y = x4 + 2 y = x4 + 2x3 - 7x2 - 8x + 12
quintic y = x5 y = -x5 y = x5 - 1 y = x5 + 3x4 - 5x3 - 15x2 + 4x + 12

 2. Compare the graphs within each set from step 1. Describe their similarities and differences in terms of
• end behaviour

degree of the function in one variable, 
• 

x 
constant term• 
leading coefficient• 
number of • x-intercepts

Investigate Graphs of Polynomial Functions

Materials

graphing calculator • 
or computer with 
graphing software

end behaviour
the behaviour of the • 
y-values of a function 
as |x| becomes very 
large 

Recall that the degree 
of a polynomial is the 
greatest exponent of x.

Did You Know?
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Determine Exact Trigonometric Values for Angles
Determine the exact value for each expression.
a) sin   π _ 12  

b) tan 105°

Solution

a) Use the difference identity for sine with two special angles. 
For example, because   π _ 12   =   3π _ 12   -   2π _ 12  , use   π _ 4   -   π _ 6  .

 sin   π _ 12    = sin  (  π _ 4   -   π _ 6  ) 

= sin   π _ 4   cos   π _ 6   - cos   π _ 4   sin   π _ 6  

=  (   
√ 

__
 2   _ 2  )  (   

√ 
__

 3   _ 2  )  -  (   
√ 

__
 2   _ 2  )  (  1 _ 2  ) 

=    
√ 

__
 6   _ 4   -    

√ 
__

 2   _ 4  

=    
√ 

__
 6   -  √ 

__
 2   __ 4  

b) Method 1: Use the Difference Identity for Tangent Rewrite tan 105° as a difference of special angles. tan 105° = tan (135° - 30°)

 Use the tangent difference identity, tan (A - B) =   tan A - tan B  ___  1 + tan A tan B
  .

 tan (135° - 30°)  =   tan 135° - tan 30°  ____  1 + tan 135° tan 30°  

=   
-1 -   1 _ 

 √ 
__

 3  
  
  ___  

1 + (-1) (  1 _ 
 √ 

__
 3  
  ) 

  

=   
-1 -   1 _ 

 √ 
__

 3  
  
 __ 

1 -   1 _ 
 √ 

__
 3  
  
   

=  (  
-1 -   1 _ 

 √ 
__

 3  
  
 __ 

1 -   1 _ 
 √ 

__
 3  
  
  )  (  - √ 

__
 3   _ 

- √ 
__

 3  
  ) 

=    
√ 

__
 3   + 1 __ 

1 -  √ 
__

 3  
    

Example 4

The special angles   
π

 _
 

3
   and   

π
 _
 

4
   could also 

be used.

Use sin (A - B) 
= sin A cos B - cos A sin B.

How could you verify this answer with 
a calculator?

Are there other ways of writing 105° as the 
sum or difference of two special angles?

Simplify.

Multiply numerator and denominator 
by - √ 

__
 3  .

How could you rationalize the 
denominator?

 Method 2: Use a Quotient Identity with Sine and Cosine
 tan 105°  =   sin 105° __ cos 105°  

=   
sin (60° + 45°)

  ___  
cos (60° + 45°)

  

=   sin 60° cos 45° + cos 60° sin 45°    ______   cos 60° cos 45° - sin 60° sin 45°
  

=   
 (   

√ 
__

 3   _ 2  )  (   
√ 

__
 2   _ 2  )  +  (  1 _ 2  )  (   

√ 
__

 2   _ 2  ) 
   _____  

 (  1 _ 2  )  (   
√ 

__
 2   _ 2  )  -  (   

√ 
__

 3   _ 2  )  (   
√ 

__
 2   _ 2  ) 
  

=   
   
√ 

__
 6   _ 4   +    

√ 
__

 2   _ 4  
 __ 

   
√ 

__
 2   _ 4   -    

√ 
__

 6   _ 4  
  

=  (   
√ 

__
 6   +  √ 

__
 2   __ 4  )  (  4 __ 

 √ 
__

 2   -  √ 
__

 6  
  ) 

=    
√ 

__
 6   +  √ 

__
 2   __ 

 √ 
__

 2   -  √ 
__

 6  
  

Your Turn
Use a sum or difference identity to find the exact values of
a) cos 165° b) tan   11π _ 12  

Key Ideas

 You can use the sum and difference identities to simplify expressions and to determine exact trigonometric values for some angles.
 Sum Identities Difference Identities  sin (A + B) = sin A cos B + cos A sin B sin (A - B) = sin A cos B - cos A sin B  cos (A + B) = cos A cos B - sin A sin B cos (A - B) = cos A cos B + sin A sin B  tan (A + B) =   tan A + tan B  ___  1 - tan A tan B

   tan (A - B) =   tan A - tan B  ___  1 + tan A tan B
  

 The double-angle identities are special cases of the sum identities when the two angles are equal. The double-angle identity for cosine can be expressed in three forms using the Pythagorean identity, cos2 A + sin2 A = 1.
  Double-Angle Identities
  sin 2A = 2 sin A cos A cos 2A = cos2 A - sin2 A   tan 2A =   2 tan A __ 1 - tan2 A

     cos 2A = 2 cos2 A - 1   cos 2A = 1 - 2 sin2 A

Use sum identities with 
special angles. Could 
you use a difference of 
angles identity here?

How could you verify that 
this is the same answer as in 
Method 1?
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Check Your Understanding

• Practise: These questions allow you to check your understanding 
of the concepts. You can often do the fi rst few questions by 
checking the Link the Ideas notes or by following one of the 
worked Examples.

• Apply: These questions ask you to apply what you have learned 
to solve problems. You can choose your own methods of solving 
a variety of problem types.

• Extend: These questions may be more challenging. Many 
connect to other concepts or lessons. They also allow you to 
choose your own methods of solving a variety of problem types.

• Create Connections: These questions focus your thinking on 
the Key Ideas and also encourage communication. Many of these 
questions also connect to other subject areas or other topics 
within mathematics.

• Mini-Labs: These questions provide hands-on activities that 
encourage you to further explore the concept you are learning.

Key Terms
logarithmic function

logarithm

common logarithm

logarithmic equation

To learn more about a career in radiology, go to 
www.mcgrawhill.ca/school/learningcentres and 
follow the links.

earn more ab

Web Link

The SI unit used to measure radioactivity is the 
becquerel (Bq), which is one particle emitted per 
second from a radioactive source. Commonly used 
multiples are kilobecquerel (kBq), for 103 Bq, and 
megabecquerel (MBq), for 106 Bq.

Did You Know?

Other Features
Key Terms are listed on the Chapter Opener pages. 
You may already know the meaning of some of 
them. If not, watch for these terms the fi rst time 
they are used in the chapter. The meaning is given 
in the margin. Many defi nitions include visuals that 
help clarify the term.

Some Did You Know? boxes provide additional 
information about the meaning of words that are 
not Key Terms. Other boxes contain interesting 
facts related to the math you are learning.

Opportunities are provided to use a variety of 
Technology tools. You can use technology to 
explore patterns and relationships, test predictions, 
and solve problems. A technology approach 
is usually provided as only one of a variety of 
approaches and tools to be used to help you 
develop your understanding.

Web Links provide Internet information related to 
some topics. Log on to www.mcgrawhill.ca/school/

learningcentres and you will be able to link to 
recommended Web sites.

Key Ideas

An exponential function of the form 
y = cx, c > 0, c ≠ 1, 

is increasing for  � c > 1
is decreasing for 0  � < c < 1
has a domain of { � x | x ∈ R}
has a range of { � y | y > 0, y ∈ R}
has a  � y-intercept of 1
has no  � x-intercept
has a horizontal asymptote at 

 �
y = 0

y

x42-2

2

4

6

8

0

y = 1_
2( )x

y

x42-2

2

4

6

8

0

y = 2x

Check Your Understanding

Practise
 1. Decide whether each of the following 

functions is exponential. Explain how 
you can tell.
a) y = x3

b) y = 6x

c) y =  x     
1 _ 2   

d) y = 0.75x

 2. Consider the following exponential 
functions:

f• (x) = 4x

g• (x) =   (  1 _ 4  )    
x

 

h• (x) = 2x

a) Which is greatest when x = 5?
b) Which is greatest when x = -5?
c) For which value of x do all three 

functions have the same value? 
What is this value?

 3. Match each exponential function to its 
corresponding graph.
a) y = 5x

b) y =   (  1 _ 4  )    
x

 

c) y = 2x

d) y =   (  2 _ 3  )    
x

 

A y

x42-2-4

2

4

0

B y

x42-2-4

2

4

0

C y

x42-2-4

2

4

0

D 

6

y

x42-2

2

4

0
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A Chapter Review and a 
Practice Test appear at the end 
of each chapter. The review is 
organized by section number 
so you can look back if you 
need help with a question. 
The test includes multiple 
choice, short answer, and 
extended response questions.

A Cumulative Review and a 
Unit Test appear at the end 
of each unit. The review is 
organized by chapter. The 
test includes multiple choice, 
numerical response, and 
written response questions.

Answers are provided for the Practise, Apply, Extend, Create 
Connections, Chapter Review, Practice Test, Cumulative Review, and 
Unit Test questions. Sample answers are provided for questions that 
have a variety of possible answers or that involve communication. If 
you need help with a question like this, read the sample and then try 
to give an alternative response.

Refer to the illustrated Glossary at the back of the student resource if 
you need to check the exact meaning of mathematical terms.

If you want to fi nd a particular math topic in Pre-Calculus 12, look 
it up in the Index, which is at the back of the student resource. The 
index provides page references that may help you review that topic.

 13. The radical function S =   √ 
_____

 255d   can be 
used to estimate the speed, S, in kilometres 
per hour, of a vehicle before it brakes from 
the length, d, in metres, of the skid mark. 
The vehicle has all four wheels braking 
and skids to a complete stop on a dry road. 
Express your answer to the nearest tenth.
a) Use the language of transformations to 

describe how to create a graph of this 
function from a graph of the base square 
root function.

b) Sketch the graph of the function and 
use it to determine the length of skid 
mark expected from a vehicle travelling 
at 100 km/h on this road.

Extended Response
 14. a) How can you use transformations to 

graph the function y = -  √ 
___

 2x   + 3?
b) Sketch the graph.
c) Identify the domain and range of the 

function.
d) Describe how the domain and range 

connect to your answer to part a).
e) How can the graph be used to solve the 

equation 5 +   √ 
___

 2x   = 8?
 15. Using the graph of y = f (x), sketch 

the graph of y =   √ 
____

 f (x)   and explain 
your strategy.

  

x0

y

2 4 6 8 10-2

2

4

6

-2

-4

-4

y = f(x) 

 16. Consider the roof of the mosque at the 
Canadian Islamic Centre in Edmonton, 
Alberta. The diameter of the base of the 
roof is approximately 10 m, and the 
vertical distance from the centre of the 
roof to the base is approximately 5 m.

  

   ( )  
 

a) Determine a function of the form 
y = a  √ 

________
 b(x - h)   + k, where y 

represents the distance from the 
base to the roof and x represents the 
horizontal distance from the centre. 

b) What are the domain and range of 
this function? How do they relate to 
the situation?

c) Use the function you wrote in part 
a) to determine, graphically, the 
approximate height of the roof at 
a point 2 m horizontally from the 
centre of the roof.

Chapter 2 Practice Test
Multiple Choice

For #1 to #6, choose the best answer.
 1. If f (x) = x + 1, which point is on the graph 

of y =   √ 
____

 f (x)  ?
A (0, 0) B (0, 1)
C (1, 0) D (1, 1)

 2. Which intercepts will help you find the 
roots of the equation   √ 

_______
 2x - 5   = 4?

A x-intercepts of the graph of the function 
y =   √ 

_______
 2x - 5   - 4

B x-intercepts of the graph of the function 
y =   √ 

_______
 2x - 5   + 4

C y-intercepts of the graph of the function 
y =   √ 

_______
 2x - 5   - 4

D y-intercepts of the graph of the function 
y =   √ 

_______
 2x - 5   + 4

 3. Which function has a domain of 
{x | x ≥ 5, x ∈ R} and a range of 
{y | y ≥ 0, y ∈ R}?
A f (x) =   √ 

______
 x - 5  

B f (x) =   √ 
__

 x   - 5
C f (x) =   √ 

______
 x + 5  

D f (x) =   √ 
__

 x   + 5
 4. If y =   √ 

__
 x   is stretched horizontally by a 

factor of 6, which function results?
A y =   1 _ 6    √ 

__
 x  

B y = 6  √ 
__

 x  

C y =  √ 
___

   1 _ 6  x  

D y =   √ 
___

 6x  
 5. Which equation represents the function 

shown in the graph?
  

2x-2-4-6 0

y

-2

A y - 2 = -  √ 
__

 x   B y + 2 = -  √ 
__

 x  
C y - 2 =   √ 

___
 -x   D y + 2 =   √ 

___
 -x  

 6. How do the domains and ranges compare 
for the functions y =   √ 

__
 x   and y =   √ 

___
 5x   + 8?

A Only the domains differ.
B Only the ranges differ.
C Both the domains and ranges differ.
D Neither the domains nor the ranges 

differ.

Short Answer
 7. Solve the equation 5 +   √ 

________
 9 - 13x   = 20 

graphically. Express your answer to the 
nearest hundredth.

 8. Determine two forms of the equation 
that represents the function shown in 
the graph.

  

2 4 6 8 10x

2

4

6

8

10

12

0

y

 9. How are the domains and ranges of the 
functions y = 7 - x and y =   √ 

______
 7 - x   

related? Explain why they differ.
 10. If f (x) = 8 - 2x2, what are the domains 

and ranges of y = f (x) and y =   √ 
____

 f (x)  ?
 11. Solve the equation   √ 

_________
 12 - 3x2   = x + 2 

using two different graphical methods. 
Show your graphs.

 12. Solve the equation 4 +   √ 
______

 x + 1   = x 
graphically and algebraically. Express 
your answer to the nearest tenth.
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Unit 1 Test

Multiple Choice

For #1 to #7, choose the best answer.
 1. The graph of f (x) and its transformation, 

g(x), are shown below.
  y

x2 4-2-4-6

2

4

6

-2

0

f(x)

g(x)

  The equation of the transformed 
function is

A g(x) = f  (  1 _ 2  (x - 3))  + 1

B g(x) = f (2(x - 3)) + 1

C g(x) = f  (   1 _ 2  (x + 3))  + 1

D g(x) = f (2(x + 3)) + 1
 2. The graph of the function y = f (x) is 

transformed by a reflection in the y-axis 
and a horizontal stretch about the y-axis by 
a factor of 3. Which of the following will 
not change?
 I the domain
 II the range
III the x-intercepts

IV the y-intercept

A I only

B I and III
C II and IV
D depends on y = f (x)

 3. Which pair of functions are not inverses of 
each other?
A f (x) = 5x and g(x) =   x _ 5  

B f (x) = x + 3 and g(x) = x – 3
C f (x) = 4x - 1 and g(x) =   1 _ 4  x +   1 _ 4  
D f (x) =   x _ 2   + 5 and g(x) = 2x - 5

 4. Which function has a domain of {x | x ∈ R} 
and a range of {y | y ≥ -3, y ∈ R}?
A y = |x + 4| - 3
B y =  √ 

______
 x + 4   - 3

C y =  √ 
______

 x2 - 4   - 3
D y = (x - 4)3 - 3

 5. If the graph of y =  √ 
______

 x + 3   is reflected 
in the line y = x, then which statement 
is true?

A All invariant points lie on the y-axis.
B The new graph is not a function.
C The point (6, 3) will become (-3, 6).
D The domain of the new graph is 

{x | x ≥ 0, x ∈ R}.
 6. If the graph of a polynomial function of 

degree 3 passes through (2, 4) and has 
x-intercepts of -2 and 3 only, the function 
could be

A f (x) = x3 + x2 - 8x - 12
B f (x) = x3 - x2 - 8x + 12
C f (x) = x3 - 4x2 - 3x + 18
D f (x) = x3 + 4x2 - 3x - 18

 7. If P(x) = -x3 - 4x2 + x + 4, then
A x + 1 is a factor
B P(0) = -1
C the y-intercept is -4
D x - 1 is not a factor

Numerical Response

Copy and complete the statements in #8 
to #11.

 8. When x4 + k is divided by x + 2, the 
remainder is 3. The value of k is �.

 9. If the range of the function y = f (x) is 
{y | y ≥ 11, y ∈ R}, then the range of the 
new function g(x) = f (x + 2) - 3 is �.

 10. The graph of the function f (x) = |x| 
is transformed so that the point (x, y) 
becomes (x - 2, y + 3). The equation of 
the transformed function is g(x) = �.

 11. The root of the equation x =  √ 
_______

 2x - 1   + 2 
is �.

Written Response

 12. a) The graph of y = x2 is stretched 
horizontally about the y-axis by a factor 
of   1 _ 2   and then translated horizontally 
6 units to the right. Sketch the graph.

b) The graph of y = x2 is translated 
horizontally 6 units to the right and 
then stretched horizontally about the 
y-axis by a factor of   1 _ 2  . Sketch the 
graph.

c) How are the two images related? 
Explain.

 13. Consider f (x) = x2 - 9.
a) Sketch the graph of f (x).
b) Determine the equation of the inverse of 

f (x) and sketch its graph.
c) State the equation of y =  √ 

____
 f (x)   and 

sketch its graph.
d) Identify and compare the domain and 

range of the three relations.

 14. The graph of y = f (x) represents one 
quarter of a circle. Describe the reflections 
of y = f (x) required to produce a whole 
circle. State the equations required.

  

6

y

x2 4-2-4-6

2

4

6

-2

0

f(x)

 15. Mary and John were asked to solve the 
equation 2x =  √ 

______
 x + 1   + 4.

a) Mary chose to solve the equation 
algebraically. Her first steps are shown. 
Identify any errors in her work, and 
complete the correct solution.

  2x =  √ 
______

 x + 1   + 4
Step 1: (2x)2 = ( √ 

______
 x + 1   + 4)2

Step 2: 4x2 = x + 1 + 16
b) John decided to find the solution 

graphically. He entered the following 
equations in his calculator. Could 
his method lead to a correct answer? 
Explain.

 y =  √ 
______

 x + 1   + 4
 y = 2x

 16. Given that x + 3 is a factor of the 
polynomial P(x) = x4 + 3x3 + cx2 - 7x + 6, 
determine the value of c. Then, factor the 
polynomial fully.

 17. Consider P(x) = x3 - 7x - 6.
a) List the possible integral zeros of P(x).
b) Factor P(x) fully.
c) State the x-intercepts and y-intercept of 

the graph of the function P(x).
d) Determine the intervals where P(x) ≥ 0.

160

161

p metres 
per hour, of a vehicle before it brakes from 
the length, d, in metres, of the skid mark. 
The vehicle has all four wheels braking 
and skids to a complete stop on a dry road. 
Express your answer to the nearest tenth.
a) Use the language of transformations to 

describe how to create a graph of this 
function from a graph of the base square 
root function.

b) Sketch the graph of the function and 
use it to determine the length of skid 
mark expected from a vehicle travelling 
at 100 km/h on this road.

Extended Response
14. a) How can you use transformations to 

graph the function y = - √
___

√√2x + 3?
b) Sketch the graph.
c) Identify the domain and range of the 

function.
d) Describe how the domain and range 

connect to your answer to part a).
e) How can the graph be used to solve the 

equation 5 + √
___

√√2x = 8?
15. Using the graph of y = f (x), sketch 

the graph of y = √
____

√√f√√ (x) and explain 
your strategy.

x0

y

22 44 66 88 100-2

22

44

66

--22

--44

-44

yy = ff(ff x))xx

Canadian Islamic Centre in Edmonton, 
Alberta. The diameter of the base of the 
roof is approximately 10 m, and the 
vertical distance from the centre of the 
roof to the base is approximately 5 m.

 ( )  

a) Determine a function of the form 
y = a √

________
√√b(x - h) + k, where y

represents the distance from the 
base to the roof and x represents the 
horizontal distance from the centre. 

b) What are the domain and range of 
this function? How do they relate to 
the situation?

c) Use the function you wrote in part 
a) to determine, graphically, the 
approximate height of the roof at 
a point 2 m horizontally from the 
centre of the roof.

which point is on the graph 

B (0, 1)

D (1, 1)
ts will help you find the 
ation √

_______
√√2x - 5 = 4?

of the graph of the function 
- 4

f the graph of the function 
+ 4

f the graph of the function 
- 4

f the graph of the function 
+ 4

has a domain of 
and a range of 

?

hed horizontally by a 
function results?

presents the function 
h?

22x

B y + 2 = - √
__

√√x √√

D y + 2 = √
___

√√-x 

B Only the ranges differ.
C Both the domains and ranges differ.
D Neither the domains nor the ranges 

differ.

Short Answer
7. Solve the equation 5 + √

________
√√9 - 13x = 20 

graphically. Express your answer to the 
nearest hundredth.

8. Determine two forms of the equation 
that represents the function shown in 
the graph.

22 44 66 88 100x
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44
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10110110
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0

y

9. How are the domains and ranges of the 
functions y = 7 - x and y = √

______
√√7 - x 

related? Explain why they differ.
10. If f (x) = 8 - 2x2, what are the domains 

and ranges of y = f (x) and y = √
____

√√f√√ (x) ?
11. Solve the equation √

_________
√√12 - 3x2 = x + 2 

using two different graphical methods. 
Show your graphs.

12. Solve the equation 4 + √
______

√√x√√ + 1 = x
graphically and algebraically. Express 
your answer to the nearest tenth.
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Chapter 6 Review

a) sin 15°

b) cos  (-  π _ 12  ) 

c) tan 165°

d) sin   5π _ 12  

 9. If cos A = -  5 _ 13  , where   π _ 2   ≤ A < π, 
evaluate each of the following.
a) cos  (A -   π _ 4  ) 

b) sin  (A +   π _ 3  ) 

c) sin 2A
 10. What is the exact value of 

(sin   π _ 8   + cos   π _ 8  )    
2
 ?

 11. Simplify the expression   cos2 x - cos 2x  ___  0.5 sin 2x
   

to one of the primary trigonometric ratios.

6.3 Proving Identities, pages 309—315
 12. Factor and simplify each expression.

a)   1 - sin2 x  ____  cos x sin x - cos x
  

b) tan2 x - cos2 x tan2 x
 13. Prove that each identity holds for all 

permissible values of x.
a) 1 + cot2 x = csc2 x
b) tan x = csc 2x - cot 2x

c) sec x + tan x =   cos x __ 1 - sin x
  

d)   1 __ 1 + cos x   +   1 __ 1 - cos x   = 2 csc2 x

 14. Consider the equation sin 2x =   2 tan x __ 1 + tan2 x
  .

a) Verify that the equation is true when 
x =   π _ 4  . Does this mean that the equation 
is an identity? Why or why not?

b) What are the non-permissible values for 
the equation?

c) Prove that the equation is an identity 
for all permissible values of x.

 15. Prove each identity.
a)   cos x + cot x  ___  sec x + tan x   = cos x cot x 

b) sec x + tan x =   cos x __ 1 - sin x
  

 16. Consider the equation 
cos 2x = 2 sin x sec x.
a) Describe two methods that can be used 

to determine whether this equation is 
an identity.

b) Use one of the methods to show that the 
equation is not an identity.

6.4 Solving Trigonometric Equations Using 
Identities, pages 316—321
 17. Solve each equation algebraically over the 

domain 0 ≤ x < 2π.
a) sin 2x + sin x = 0
b) cot x +  √ 

__
 3   = 0

c) 2 sin2 x - 3 sin x - 2 = 0
d) sin2 x = cos x - cos 2x

 18. Solve each equation algebraically over the 
domain 0° ≤ x < 360°. Verify your solution 
graphically.
a) 2 sin 2x = 1
b) sin2 x = 1 + cos2 x
c) 2 cos2 x = sin x + 1
d) cos x tan x - sin2 x = 0

 19. Algebraically determine the general 
solution to the equation 4 cos2 x - 1 = 0. 
Give your answer in radians.

 20. If 0° ≤ x < 360°, what is the value of cos x 
in the equation 2 cos2 x + sin2 x =   41 _ 25  ?

 21. Use an algebraic approach to find the 
solution of 2 sin x cos x = 3 sin x over the 
domain -2π ≤ x ≤ 2π.

6.1 Reciprocal, Quotient, and Pythagorean 
Identities, pages 290—298
 1. Determine the non-permissible values, in 

radians, for each expression.
a)   3 sin x __ cos x  

b)   cos x _ tan x  

c)   sin x ___ 1 - 2 cos x  

d)   cos x __ sin2 x - 1
  

 2. Simplify each expression to one of the 
three primary trigonometric functions.
a)   sin x _ tan x   

b)   sec x
 _
 csc x  

c)   sin x + tan x  ___ 1 + cos x   

d)   csc x - sin x
  ___
 cot x  

 3. Rewrite each trigonometric expression 
in terms of sine or cosine or both. Then, 
simplify.
a) tan x cot x

b)   1 __ csc2 x
   +   1 __ sec2 x

  

c) sec2 x - tan2 x
 4. a) Verify that the potential identity 

  cos x __ 1 - sin x
   =   1 + sin x __ 

cos x
   is true for 

x = 30° and for x =   π _ 4  .
b) What are the non-permissible values 

for the equation over the domain 
0° ≤ x < 360°?

 5. a) Determine two values of x that satisfy 
the equation  √ 

__________
 tan2 x + 1   = sec x.

b) Use technology to graph 
y =  √ 

__________
 tan2 x + 1   and y = sec x over the 

domain -  π _ 2   ≤ x <   3π _ 2  . Compare the 
two graphs.

c) Explain, using your graph in part b), 
how you know that  √ 

__________
 tan2 x + 1   = sec x 

is not an identity.

6.2 Sum, Difference, and Double-Angle 
Identities, pages 299—308
 6. A Fourier series is an infinite series in 

which the terms are made up of sine and 
cosine ratios. A finite number of terms 
from a Fourier series is often used to 
approximate the behaviour of waves.

  y

0 x2 4 6-2-4-6

-2

-4

2

4

sawtooth wave

f(x) = sin x + cos x + sin 2x + cos 2x

  The first four terms of the Fourier series 
approximation for a sawtooth wave are 
f (x) = sin x + cos x + sin 2x + cos 2x.
a) Determine the value of f (0) and of f  (  π _ 6  ) .
b) Prove that f (x) can be written as 

f (x) =  sin x + cos x + 2 sin x cos x 
- 2 sin2 x + 1.

c) Is it possible to rewrite this Fourier 
series using only sine or only cosine? 
Justify your answer.

d) Use the pattern in the first four 
terms to write f (x) with more terms. 
Graph y = f (x) using technology, 
for x ∈ [-4π, 4π]. How many terms 
are needed to arrive at a good 
approximation of a sawtooth wave?

 7. Write each expression as a single 
trigonometric function, and then evaluate.
a) sin 25° cos 65° + cos 25° sin 65°
b) sin 54° cos 24° - cos 54° sin 24°
c) cos   π _ 4   cos   π _ 12   + sin   π _ 4   sin   π _ 12  

d) cos   π _ 6   cos   π _ 12   - sin   π _ 6   sin   π _ 12  
 8. Use sum or difference identities to find 

the exact value of each trigonometric 
expression.
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x) and its transformation, 
below.
yy

xx22 44
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the transformed 

- 3)) + 1

3)) + 1

+ 3)) + 1

3)) + 1

function y = f (x) is 
reflection in the y-axis yy
tretch about the y-axis yy by 

ch of the following will 

f (x)

A f (x) = 5x and g(x) = x_
5

B f (x) = x + 3 and g(x) = x – 3
C f (x) = 4x - 1 and g(x) = 1_

4 x + 1_
4

D f (x) = x_
2 + 5 and g(x) = 2x - 5

4. Which function has a domain of {x | x ∈ R} 
and a range of {y | y ≥ -3, y ∈ R}?
A y = |x + 4| - 3
B y = √

______
√√x√√ + 4 - 3

C y = √
______

√√x√√ 2 - 4 - 3
D y = (x - 4)3 - 3

5. If the graph of y = √
______

√√x√√ + 3 is reflected 
in the line y = x, then which statement 
is true?

A All invariant points lie on the y-axis.yy
B The new graph is not a function.
C The point (6, 3) will become (-3, 6).
D The domain of the new graph is 

{x | x ≥ 0, x ∈ R}.
6. If the graph of a polynomial function of 

degree 3 passes through (2, 4) and has 
x-intercepts of -2 and 3 only, the function 
could be

A f (x) = x3 + x2 - 8x - 12
B f (x) = x3 - x2 - 8x + 12
C f (x) = x3 - 4x2 - 3x + 18
D f (x) = x3 + 4x2 - 3x - 18

7. If P(x) = -x3 - 4x2 + x + 4, then
A x + 1 is a factor
B P(0) = -1
C the y-intercept yy is -4
D x - 1 is not a factor

8. When x4 + k is divided by x + 2, the 
remainder is 3. The value of k is ����.

9. If the range of the function y = f (x) is 
{y | y ≥ 11, y ∈ R}, then the range of the 
new function g(x) = f (x + 2) - 3 is ��.

10. The graph of the function f (x) = |x|
is transformed so that the point (x, y) yy
becomes (x - 2, y + 3). The equation of 
the transformed function is g(x) = ��.

11. The root of the equation x = √
_______

√√2x - 1 + 2
is ��.

Written Response

12. a) The graph of y = x2 is stretched 
horizontally about the y-ayy xis by a factor 
of 1_

2 and then translated horizontally 
6 units to the right. Sketch the graph.

b) The graph of y = x2 is translated 
horizontally 6 units to the right and 
then stretched horizontally about the 
y-axis yy by a factor of 1_

2 . Sketch the 
graph.

c) How are the two images related? 
Explain.

13. Consider f (x) = x2 - 9.
a) Sketch the graph of f (x).
b) Determine the equation of the inverse of 

f (x) and sketch its graph.
c) State the equation of y = √

____
√√f√√ (x) and 

sketch its graph.
d) Identify and compare the domain and 

range of the three relations.

circle. State the equations required.
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15. Mary and John were asked to solve the 
equation 2x = √

______
√√x√√ + 1 + 4.

a) Mary chose to solve the equation 
algebraically. Her first steps are shown. 
Identify any errors in her work, and 
complete the correct solution.

2x = √
______

√√x√√ + 1 + 4
Step 1: (2x)2 = ( √( (

______
√√x√√ + 1 + 4)2

Step 2: 4x2 = x + 1 + 16
b) John decided to find the solution 

graphically. He entered the following 
equations in his calculator. Could 
his method lead to a correct answer? 
Explain.

y = √
______

√√x√√ + 1 + 4
y = 2x

16. Given that x + 3 is a factor of the 
polynomial P(x) = x4 + 3x3 + cx2 - 7x + 6, 
determine the value of c. Then, factor the 
polynomial fully.

17. Consider P(x) = x3 - 7x - 6.
a) List the possible integral zeros of P(x).
b) Factor P(x) fully.
c) State the x-intercepts and y-intercept yy of 

the graph of the function P(x).
d) Determine the intervals where P(x) ≥ 0.
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Chapter 1 Function Transformations
 1. Given the graph of the function y = f (x), 

sketch the graph of each transformation.
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y = f(x)

a) y + 2 = f (x - 3) b) y + 1 = -f (x)
c) y = f (3x + 6) d) y = 3f (-x)

 2. Write the equation for the translated graph, 
g(x), in the form y - k = f (x - h).
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 3. Describe the combination of transformations 
that must be applied to the function f(x) to 
obtain the transformed function g(x).
a) y = f (x) and g(x) = f (x + 1) - 5
b) f (x) = x2 and g(x) = -3(x - 2)2

c) f (x) = |x| and g(x) = |-x + 1| + 3
 4. The graph of y = f (x) is transformed as 

indicated. State the coordinates of the 
image point of (6, 9) on the transformed 
graph.

a) h(x) = f (x - 3) + 1
b) i(x) = -2f (x)
c) j(x) = f (-3x)

 5. The x-intercepts of the graph of y = f (x) 
are -4 and 6. The y-intercept is -3. 
Determine the new x-intercepts and 
y-intercept for each of the following 
transformations of f(x).
a) y = f (3x) b) y = -2f (x)

 6. Consider the graph of y = |x| + 4.
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a) Does this graph represent a function?
b) Sketch the graph of the inverse of 

y = |x| + 4.
c) Is the inverse of y = |x| + 4 a function? 

If not, restrict the domain of y = |x| + 4 
so that its inverse is a function.

Chapter 2 Radical Functions
 7. The graph of the function f (x) =  √ 

__
 x   is 

transformed to the graph shown. Determine 
the equation of the transformed graph in 
the form g(x) =  √ 

________
 b(x - h)   - k.
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 8. The graph of the function f (x) =  √ 
__

 x   is 
transformed by a vertical stretch by a 
factor of 2 and then reflected in the y-axis 
and translated 1 unit to the left. State the 
equation of the transformed function, 
sketch the graph, and identify the domain 
and range.

 9. The graph of g(x) is a transformation of 
the graph of f(x).
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a) Write the equation of g(x) as a 
horizontal stretch of f(x).

b) Write the equation of g(x) as a 
vertical stretch of f(x).

c) Show that the functions in parts a) 
and b) are equivalent.

 10. Consider the functions f(x) = x2 - 1 
and g(x) =  √ 

____
 f (x)  .

a) Compare the x-intercepts of the 
graphs of the two functions. Explain 
your results.

b) Compare the domains of the functions. 
Explain your results.

 11. The radical equation 2x =  √ 
______

 x + 3   - 5 can 
be solved graphically or algebraically.
a) Ron solved the equation algebraically 

and obtained the solutions x = -2.75 
and x = -2. Are these solutions correct? 
Explain.

b) Solve the equation graphically to 
confirm your answer to part a).

 12. Consider the function f(x) = 3 √ 
______

 x - 4   - 6.
a) Sketch the graph of the function and 

determine its x-intercept.
b) Solve the equation 0 = 3 √ 

______
 x - 4   - 6.

c) Describe the relationship between the 
x-intercept of the graph and the solution 
to the equation.

Chapter 3 Polynomial Functions
 13. Divide each of the following as indicated. 

Express your answer in the form 
  
P(x)

 __ x - a   = Q(x) +   R __ x - a  . Confirm your 
remainder using the remainder theorem.
a) x4 + 3x + 4 divided by x + 1
b) x3 + 5x2 + x - 9 divided by x + 3

 14. List the possible integral 
zeros of the polynomial 
P(x) = x4 - 3x3 - 3x2 + 11x - 6. Use 
the remainder theorem to determine the 
remainder for each possible value.

 15. Factor fully.
a) x3 - 21x + 20
b) x3 + 3x2 - 10x - 24
c) -x4 + 8x2 - 16

 16. Determine the x-intercepts and the 
y-intercept of the graphs of each 
polynomial function. Then, sketch the 
graph.

a) f (x) = -x3 + 2x2 + 9x - 18
b) g(x) = x4 - 2x3 - 3x2 + 4x + 4

 17. The volume of a box is represented by the 
function V(x) = x3 + 2x2 - 11x - 12.
a) If the height of the box can be 

represented by x + 1, determine the 
possible length and width by factoring 
the polynomial.

b) If the height of the box is 4.5 m, 
determine the dimensions of the box.

 18. Determine the equation of the transformed 
function.

  f (x) = x3 is stretched vertically about the 
x-axis by a factor of 3, then reflected in the 
y-axis, and then translated horizontally 
5 units to the right.
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