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Preface

x

As a mathematics professor I would hear my students say, “I understand you in class, but
when I get home I am lost.” When I would probe further, students would continue with
“I can’t read the book.” As a mathematician I always found mathematics textbooks quite
easy to read—and then it dawned on me: don’t look at this book through a mathematician’s
eyes; look at it through the eyes of students who might not view mathematics the same
way that I do. What I found was that the books were not at all like my class. Students
understood me in class, but when they got home they couldn’t understand the book.
It was then that the folks at Wiley lured me into writing. My goal was to write a book that
is seamless with how we teach and is an ally (not an adversary) to student learning.
I wanted to give students a book they could read without sacrificing the rigor needed
for conceptual understanding. The following quote comes from a reviewer of this third
edition when asked about the rigor of the book:

I would say that this text comes across as a little less rigorous 
than other texts, but I think that stems from how easy it is to 
read and how clear the author is. When one actually looks 

closely at the material, the level of rigor is high.

Distinguishing Features

Four key features distinguish this book from others, and they came directly from my
classroom.

PARALLEL WORDS AND MATH

Have you ever looked at your students’ notes? I found that my students were only
scribbling down the mathematics that I would write—never the words that I would say in
class. I started passing out handouts that had two columns: one column for math and one
column for words. Each Example would have one or the other; either the words were
there and students had to fill in the math, or the math was there and students had to fill in
the words. If you look at the Examples in this book, you will see that the words (your
voice) are on the left and the mathematics is on the right. In most math books, when the
author illustrates an Example, the mathematics is usually down the center of the page,
and if the students don’t know what mathematical operation was performed, they will
look to the right for some brief statement of help. That’s not how we teach; we don’t
write out an Example on the board and then say, “Class, guess what I just did!” Instead

we lead our students, telling them what
step is coming and then performing that
mathematical step together—and reading
naturally from left to right. Student
reviewers have said that the Examples in
this book are easy to read; that’s because
your voice is right there with them,
working through problems together.

EXAM PLE 1 Graphing a Quadratic Function Given in 
Standard Form

Graph the quadratic function f (x) (x 3)2 1.

Solution:

STEP 1 The parabola opens up. a 1, so a 0

STEP 2 Determine the vertex. (h, k) (3, 1)

STEP 3 Find the y-intercept. f (0) ( 3)2 1 8
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LECTURE VIDEOS BY THE AUTHOR

To ensure consistency in the students’ learning experiences,
I authored the videos myself. Throughout the book wherever
a student sees the video icon, that indicates a video. These
videos provide a mini lecture in that the chapter openers
and chapter summaries are more like class discussion and
selected Examples. Your Turns throughout the book also
have an accompanying video of me working out that exact
problem.

PR E FACE xi

SKILLS AND CONCEPTS (LEARNING

OBJECTIVES AND EXERCISES)

In my experience as a mathematics
teacher/instructor/professor, I find skills to
be on the micro level and concepts on the
macro level of understanding mathematics.
I believe that too often skills are emphasized
at the expense of conceptual understanding.
I have purposely separated learning objectives
at the beginning of every section into two categories: skills objectives—what students
should be able to do; and conceptual objectives—what students should understand. At
the beginning of every class I discuss the learning objectives for the day—both skills and
concepts. These are reinforced with both skills exercises and conceptual exercises. 

CATCH THE MISTAKE

Have you ever made a mistake (or had a student bring you his or her homework with a
mistake) and you go over it and over it and can’t find the mistake? It’s often easier to
simply take out a new sheet of paper and solve it from scratch again than it is to actually
find the mistake. Finding the mistake demonstrates a higher level of understanding. 
I include a few Catch the Mistake exercises in each section that demonstrate a common
mistake that I have seen in my experience. I use these in class (either as a whole or often
in groups), which leads to student discussion and offers an opportunity for formative
assessment in real time.

CONCE PTUAL OBJ ECTIVES

■ Classify lines as rising, falling, horizontal, and 
vertical.

■ Understand slope as a rate of change.
■ Associate two lines having the same slope with the

graph of parallel lines.
■ Associate two lines having negative reciprocal slopes

with the graph of perpendicular lines.

L I N ES

SKI LLS OBJ ECTIVES

■ Determine x- and y-intercepts of a line.
■ Calculate the slope of a line.
■ Find the equation of a line using slope–intercept form.
■ Find the equation of a line using point–slope form.
■ Find the equation of a line that is parallel or 

perpendicular to a given line.

SECTION

2.3

In Exercises 95–98, explain the mistake that is made.

95. Solve the equation: 4ex � 9.

Solution:

Take the natural log of both sides. ln(4ex) � ln 9

Apply the property of inverses. 4x � ln 9

Solve for x.

This is incorrect. What mistake was made?

96. Solve the equation: log(x) � log(3) � 1.

Solution:

x =
ln 9

4
L 0.55

97. Solve the equation: log(x) � log(x� 3) � 1 for x.

Solution:

Apply the product property (5). log(x2 � 3x) � 1

Exponentiate both sides (base 10).

Apply the property of inverses. x2 � 3x � 10

Factor. (x � 5)(x� 2) � 0

Solve for x. x ��5 and x � 2

This is incorrect. What mistake was made?

10log(x2+3x) = 101

■ C AT C H  T H E  M I S TA K E
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New to the Third Edition

The first edition was my book, the second edition was our book, and this third edition 
is our even better book. I’ve incorporated some specific line-by-line suggestions from
reviewers throughout the exposition, added some new Examples, and added over 
200 new Exercises. The three main global upgrades to the third edition are a new
Chapter Map with Learning Objectives, End-of-chapter Inquiry-Based Learning
Projects, and additional Applications Exercises in areas such as Business, Economics,
Life Sciences, Health Sciences, and Medicine. A section (2.5*) on Linear Regression
was added, as well as some technology exercises on Quadratic, Exponential, and
Logarithmic Regression.

LEARNING OBJECTIVES

xii PR E FACE

L E A R N I N G  O B J E C T I V E S

■ Find the domain and range of a function.
■ Sketch the graphs of common functions.
■ Sketch graphs of general functions employing translations of common functions.
■ Perform composition of functions.
■ Find the inverse of a function.
■ Model applications with functions using variation.

INQUIRY-BASED LEARNING PROJECTS

CHAPTE R 4 INQU IRY-BASE D LEAR N ING PR OJ ECT

466

Discovering the Connection between the Standard Form 
of a Quadratic Function and Transformations of the 
Square Function

In Chapter 3, you saw that if you are familiar with the graphs of a small library of
common functions, you can sketch the graphs of many related functions using 
transformation techniques. These ideas will help you here as you discover the 
relationship between the standard form of a quadratic function and its graph.

Let G and H be functions with:

G(x) � F(x � 1) � 3 and H(x) � �F(x � 2) � 4

where F(x) � x2.

1. For this part, consider the function G.

a. List the transformation you’d use to sketch the graph of G from the graph of F.

b. Write an equation for G(x) in the form G(x) � a(x � h)2 � k. This is called the
standard form of a quadratic function. What are the values of a, h, and k?

c. The vertex, or turning point, of the graph of F(x) � x2 is (0, 0). How can you
use the transformations you listed in part (a) to determine the coordinates of 
the vertex of the graph of G?

d. The vertical line that passes through the vertex of a parabola is called its axis
of symmetry. The axis of symmetry of the graph of F(x) � x2 is the y-axis, or
the vertical line with equation x � 0. How can you determine the axis of
symmetry of the graph of G? Write the equation of this line.

e. Sketch graphs of F and G.
2. Next consider the function H given above.

a. List the transformations that will produce the graph of H from the graph of F.

b. Write an equation for H(x) in standard form. What are the values of a, h, and k?

c. What are the coordinates of the vertex of the graph of H? How do the 
transformations you listed in part (a) help you determine this?

d. Determine the equation of the axis of symmetry of the graph of H.

e. Sketch graphs of F and H.
3. a. What do you know about the graph of a quadratic function just by looking at its

equation in standard form, f(x) � a(x � h)2 � k?

b. Shown below are the graphs of F(x) � x2 and another quadratic function, y � K(x).
Write the equation of K in standard form. Hint: Think about the transformations.

x

y

(0, 0)

(–4, 6)

y = F(x)

y = K(x)

APPLICATIONS TO BUSINESS, ECONOMICS, 
HEALTH SCIENCES, AND MEDICINE

49. Area. Find the area enclosed 
by the system of inequalities.

50. Area. Find the area enclosed 
by the system of inequalities.

51. Area. Find the area enclosed 10
by the system of linear inequalities 0
(assume y� 0). 1

52. Area. Find the area enclosed 
by the system of linear inequalities 
(assume y� 0).  x … 2

 x Ú 1
 -5x + y … 0

 x …
 x Ú

 5x + y …

 x 6 3
 y Ú 0
 x Ú 0
 y 6 ƒx ƒ

 y 6 2
 y 7 ƒx ƒ 53. Hurricanes. After back-to-back-to-back-to-back hurricanes

(Charley, Frances, Ivan, and Jeanne) in Florida in the summer
of 2004, FEMA sent disaster relief trucks to Florida. Floridians
mainly needed drinking water and generators. Each truck could
carry no more than 6000 pounds of cargo or 2400 cubic feet of
cargo. Each case of bottled water takes up 1 cubic foot of space
and weighs 25 pounds. Each generator takes up 20 cubic 
feet and weighs 150 pounds. Let x represent the number of
cases of water and y represent the number of generators, and
write a system of linear inequalities that describes the number
of generators and cases of water each truck can haul to Florida.

54. Hurricanes. Repeat Exercise 53 with a smaller truck and
different supplies. Suppose the smaller trucks that can haul
2000 pounds and 1500 cubic feet of cargo are used to 
haul plywood and tarps. A case of plywood is 60 cubic feet
and weighs 500 pounds. A case of tarps is 10 cubic feet and
weighs 50 pounds. Letting x represent the number of cases of
plywood and y represent the number of cases of tarps, write a
system of linear inequalities that describes the number of
cases of tarps and plywood each truck can haul to Florida.
Graph the system of linear inequalities.

■ A P P L I C AT I O N S

55. Health. A diet must be designed to provide at least 275 units
of calcium, 125 units of iron, and 200 units of Vitamin B.
Each ounce of food A contains 10 units of calcium, 15 units
of iron, and 20 units of vitamin B. Each ounce of food B
contains 20 units of calcium, 10 units of iron, and 15 units of
vitamin B.
a. Find a system of inequalities to describe the different

quantities of food that may be used (let x � the number of
ounces of food A and y � the number of ounces of 
food B).

b. Graph the system of inequalities.
c. Using the graph found in part (b), find two possible 

solutions (there are infinitely many).

56. Health. A diet must be designed to provide at least 350 units
of calcium, 175 units of iron, and 225 units of Vitamin B.
Each ounce of food A contains 15 units of calcium, 25 units
of iron, and 20 units of vitamin B. Each ounce of food B
contains 25 units of calcium, 10 units of iron, and 10 units of
vitamin B.
a. Find a system of inequalities to describe the different 

quantities of food that may be used (let x� the number of
ounces of food A and y� the number of ounces of food B).

b. Graph the system of inequalities.
c. Using the graph found in part (b), find two possible 

solutions (there are infinitely many).

57. Business. A manufacturer produces two types of computer
mouse: USB wireless mouse and a Bluetooth mouse. Past
sales indicate that it is necessary to produce at least twice as
many USB wireless mice than Bluetooth mice. To meet
demand, the manufacturer must produce at least 1000 
computer mice per hour. 
a. Find a system of inequalities describing the production

levels of computer mice. Let x be the production level for
USB wireless mouse and y be the production level for
Bluetooth mouse.

b. Graph the system of inequalities describing the 
production levels of computer mice.

c. Use your graph in part (b) to find two possible solutions.

58. Business. A manufacturer produces two types of mechanical
pencil lead: 0.5 millimeter and 0.7 millimeter. Past sales 
indicate that it is necessary to produce at least 50% more 
0.5 millimeter lead than 0.7 millimeter lead. To meet
demand, the manufacturer must produce at least 10,000
pieces of pencil lead per hour. 
a. Find a system of inequalities describing the production

levels of pencil lead. Let x be the production level for 
0.5 millimeter pencil lead and y be the production level
for 0.7 millimeter pencil lead.

b. Graph the system of inequalities describing the 
production levels of pencil lead.

c. Use your graph in part (b) to find two possible solutions.
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FEATU R E B E N E FIT TO STU DE NT

Chapter Opening Vignette

Chapter Overview, Flowchart, and
Learning Objectives

Skills and Conceptual Objectives

Clear, Concise, and Inviting Writing
Style, Tone, and Layout

Parallel Words and Math

Common Mistakes

Color for Pedagogical Reasons

Study Tips

Author Videos

Your Turn

Catch the Mistake Exercises

Conceptual Exercises

Inquiry-Based Learning Project

Modeling OUR World

Chapter Review

Chapter Review Exercises

Chapter Practice Test

Cumulative Test

Piques the student’s interest with a real-world application of material
presented in the chapter. Later in the chapter, the same concept
from the vignette is reinforced.

Students see the big picture of how topics relate and overarching
learning objectives are presented.

Skills objectives represent what students should be able to do.
Conceptual objectives emphasize a higher level global perspective
of concepts.

Students are able to read this book, which reduces math anxiety and
promotes student success.

Increases students’ ability to read and understand examples with a
seamless representation of their instructor’s class (instructor’s voice
and what they would write on the board).

Addresses a different learning style: teaching by counter-example.
Demonstrates common mistakes so that students understand why a
step is incorrect and reinforces the correct mathematics.

Particularly helpful for visual learners when they see a function
written in red and then its corresponding graph in red or a function
written in blue and then its corresponding graph in blue.

Reinforces specific notes that you would want to emphasize in class.

Gives students a mini class of several examples worked by the
author.

Engages students during class, builds student confidence, and
assists instructor in real-time assessment.

Encourages students to assume the role of teacher—demonstrating a
higher mastery level.

Teaches students to think more globally about a topic.

Lets students discover a mathematical identify, formula, etc. that is
derived in the book.

Engages students in a modeling project of a timely subject: global
climate change.

Key ideas and formulas are presented section by section in a chart.
Improves study skills.

Improves study skills.

Offers self-assessment and improves study skills.

Improves retention.
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Instructor Supplements

INSTRUCTOR’S SOLUTIONS MANUAL (ISBN: 978-1-118-13759-8)
• Contains worked-out solutions to all exercises in the text.

INSTRUCTOR’S MANUAL

Authored by Cynthia Young, the manual provides practical advice on teaching with the
text, including:

• sample lesson plans and homework assignments
• suggestions for the effective utilization of additional resources and supplements
• sample syllabi
• Cynthia Young’s Top 10 Teaching Tips & Tricks
• online component featuring the author presenting these Tips & Tricks

ANNOTATED INSTRUCTOR’S EDITION (ISBN: 978-1-118-13491-7)
• Displays answers to all exercise questions, which can be found in the back

of the book.
• Provides additional classroom examples within the standard difficulty range 

of the in-text exercises, as well as challenge problems to assess your students’
mastery of the material.

POWERPOINT SLIDES

• For each section of the book, a corresponding set of lecture notes and worked-out
examples are presented as PowerPoint slides, available on the Book 
Companion Site (www.wiley.com/college/young) and WileyPLUS.

TEST BANK

• Contains approximately 900 questions and answers from every section of the text.

COMPUTERIZED TEST BANK

Electonically enhanced version of the Test Bank that
• contains approximately 900 algorithmically-generated questions.
• allows instructors to freely edit, randomize, and create questions.
• allows instructors to create and print different versions of a quiz or exam.
• recognizes symbolic notation.

BOOK COMPANION WEBSITE (WWW.WILEY.COM/COLLEGE/YOUNG)

• Contains all instructor supplements listed plus a selection of personal response
system questions.

WILEYPLUS
• Features a full-service, digital learning environment, including additional resources

for instructors, such as assignable homework exercises, tutorials, gradebook, and
integrated links between the online version of the text and supplements.

Student Supplements

STUDENT SOLUTIONS MANUAL (ISBN: 978-1-118-13758-1)
• Includes worked-out solutions for all odd problems in the text.

BOOK COMPANION WEBSITE (WWW.WILEY.COM/COLLEGE/YOUNG)

• Provides additional resources for students to enhance the learning experience.
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What Do Students Receive with WileyPLUS? 

A RESEARCH-BASED DESIGN

WileyPLUS provides an online environment that integrates relevant resources, including
the entire digital textbook, in an easy-to-navigate framework that helps students study
more effectively. 

• WileyPLUS adds structure by organizing textbook content into smaller, more 
manageable “chunks.”

• Related media, examples, and sample practice items reinforce the learning objectives. 
• Innovative features such as visual progress tracking, and self-evaluation tools

improve time management and strengthen areas of weakness.

ONE-ON-ONE ENGAGEMENT

With WileyPLUS, students receive 24/7 access to resources that promote positive learning
outcomes. Students engage with related examples (in various media) and sample practice
items, including:

• Self-Study Quizzes
• Video Quizzes
• Proficiency Exams
• Guided Online (GO) Tutorial Problems 
• Concept Questions
• Lecture Videos by Cynthia Young, including chapter introductions, chapter 

summaries, and selected video examples.

MEASURABLE OUTCOMES

Throughout each study session, students can assess their progress and gain immediate
feedback. WileyPLUS provides precise reporting of strengths and weaknesses, as well as
individualized quizzes, so that students are confident they are spending their time on the
right things. With WileyPLUS, students always know the exact outcome of their efforts.

What Do Instructors Receive with WileyPLUS?

WileyPLUS provides reliable, customizable resources that reinforce course goals inside and
outside of the classroom, as well as visibility into individual student progress. Pre-created
materials and activities help instructors optimize their time.

CUSTOMIZABLE COURSE PLAN

WileyPLUS comes with a pre-created Course Plan designed by a subject matter expert
uniquely for this course.

PRE-CREATED ACTIVITY TYPES INCLUDE:

• Questions
• Readings and Resources
• Print Tests

COURSE MATERIALS AND ASSESSMENT CONTENT

• Lecture Notes PowerPoint Slides 
• Instructor’s Manual
• Question Assignments (all end-of-chapter problems coded algorithmically with

hints, links to text, whiteboard/show work feature, and instructor controlled 
problem solving help)
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GRADEBOOK

WileyPLUS provides instant access to reports on trends in class performance, student use
of course materials, and progress toward learning objectives, helping inform decisions
and drive classroom discussions.
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A Note from the Author 
to the Student

xxi

Iwrote this text with careful attention to ways in which to make your 
learning experience more successful. If you take full advantage 

of the unique features and elements of this textbook, I believe your
experience will be fulfilling and enjoyable. Let’s walk through some of
the special book features that will help you in your study of 
algebra and trigonometry.

Prerequisites and Review (Chapter 0)

A comprehensive review of prerequisite knowledge (intermediate 
algebra topics) in Chapter 0 provides a brush up on knowledge and skills
necessary for success in the course.

Clear, Concise, and Inviting Writing

Special attention has been made to present an engaging, clear, precise
narrative in a layout that is easy to use and designed to reduce any math
anxiety you may have.

Chapter Introduction,
Flow Chart, Section
Headings, and 
Objectives 

An opening vignette, flow chart,
list of chapter sections, and chapter
learning objectives give you an
overview of the chapter.

Skills and Conceptual Objectives

For every section, objectives are further divided by
skills and concepts so you can see the difference
between solving problems and truly understanding
concepts.

0
Prerequisites and
Review

Would you be able to

walk successfully along

a tightrope? Most people

probably would say no

because the foundation is

“shaky.” Would you be able

to walk successfully along a beam (4 inches wide)? Most people would probably say yes—even though

for some of us it is still challenging. Think of this chapter as the foundation for your walk. The more solid

your foundation is now, the more successful your walk through College Algebra will be.

The purpose of this chapter is to review concepts and skills that you already have learned in a previous

course. Mathematics is a cumulative subject in that it requires a solid foundation to proceed to the next

level. Use this chapter to reaffirm your current knowledge base before jumping into the course.
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Functions and 
Their Graphs

On a sales rack of clothes at a

department store, you see a shirt you

like. The original price of the shirt was $100,

but it has been discounted 30%. As a

preferred shopper, you get an automatic

additional 20% off the sale price at the

register. How much will you pay for the shirt?

Naïve shoppers might be lured into thinking this shirt will cost $50 because they add the 20% and 30% to

get 50% off, but they will end up paying more than that. Experienced shoppers know that they first take 30%

off of $100, which results in a price of $70, and then they take an additional 20% off of the sale price, $70,

which results in a final discounted price of $56. Experienced shoppers have already learned composition of

functions.

A composition of functions can be thought of as a function of a function. One function takes an input 

(original price, $100) and maps it to an output (sale price, $70), and then another function takes that output

as its input (sale price, $70) and maps that to an output (checkout price, $56).

John G
iustina/S

uperstock/Photo library
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I N TH IS CHAPTE R you will find that functions are part of our everyday thinking: converting from degrees Celsius to
degrees Fahrenheit, DNA testing in forensic science, determining stock values, and the sale price of a shirt. We will develop a
more complete, thorough understanding of functions. First, we will establish what a relation is, and then we will determine
whether a relation is a function. We will discuss common functions, domain and range of functions, and graphs of functions. We
will determine whether a function is increasing or decreasing on an interval and calculate the average rate of change of a
function. We will perform operations on functions and composition of functions. We will discuss one-to-one functions and inverse
functions. Finally, we will model applications with functions using variation.

267

• Recognizing
and
Classifying
Functions

• Increasing
and
Decreasing
Functions

• Average Rate
of Change

• Piecewise-
Defined
Functions

• Relations
and
Functions

• Functions
Defined by
Equations

• Function
Notation

• Domain of a
Function

• Horizontal
and Vertical
Shifts

• Reflection
about the
Axes

• Stretching
and
Compressing

• Adding,
Subtracting,
Multiplying,
and Dividing
Functions

• Composition
of Functions

• Determine
Whether 
a Function Is
One-to-One

• Inverse
Functions

• Graphical
Interpretation
of Inverse
Functions

• Finding the
Inverse
Function

• Direct
Variation

• Inverse
Variation

• Joint
Variation and
Combined
Variation

FUNCTIONS AND THEIR GRAPHS

L E A R N I N G  O B J E C T I V E S

■ Find the domain and range of a function.
■ Sketch the graphs of common functions.
■ Sketch graphs of general functions employing translations of common functions.
■ Perform composition of functions.
■ Find the inverse of a function.
■ Model applications with functions using variation.

3.1
Functions

3.2
Graphs of
Functions;
Piecewise-
Defined

Functions;
Increasing

and
Decreasing
Functions;

Average Rate
of Change

3.3
Graphing

Techniques:
Transformations

3.4
Operations

on Functions
and

Composition
of Functions

3.5
One-To-One
Functions

and Inverse
Functions

3.6
Modeling
Functions

Using
Variation

P OLYNOM IAL FU NCTIONS 
OF H IG H E R DEG R E E

SECTION

4.2

CONCE PTUAL OBJ ECTIVES

■ Understand that real zeros of polynomial functions
correspond to x-intercepts.

■ Understand the intermediate value theorem and how it
assists in graphing polynomial functions.

■ Realize that end behavior is a result of the leading
term dominating.

■ Understand that zeros correspond to factors of the
polynomial.

SKI LLS OBJ ECTIVES

■ Identify a polynomial function and determine its
degree.

■ Graph polynomial functions using transformations.
■ Identify real zeros of a polynomial function and their

multiplicities.
■ Determine the end behavior of a polynomial function.
■ Graph polynomial functions.

● x-intercepts
● multiplicity (touch/cross) of each zero
● end behavior
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xxii A NOTE FR OM TH E AUTHOR TO TH E STU DE NT

Examples

Examples pose a specific problem using concepts
already presented and then work through the solution.
These serve to enhance your understanding of the
subject matter.

Your Turn 

Immediately following many examples, you are
given a similar problem to reinforce and check your
understanding. This helps build confidence as you
progress in the chapter. These are ideal for in-class
activity or for preparing for homework later. Answers
are provided in the margin for a quick check of your
work.

Common Mistake/
Correct vs. Incorrect

In addition to standard examples, some problems are worked
out both correctly and incorrectly to highlight common
errors students make. Counter examples like these are often
an effective learning approach for many students.

Parallel Words and Math

This text reverses the common textbook presentation
of examples by placing the explanation in words on
the left and the mathematics in parallel on the right.
This makes it easier for students to read through
examples as the material flows more naturally from left
to right and as commonly presented in class.

Study Tips and 
Caution Notes

These marginal reminders call out important
hints or warnings to be aware of related to
the topic or problem.

Technology Tips

These marginal notes provide problem
solving instructions and visual examples
using graphing calculators.

EXAM PLE 9 Evaluating the Difference Quotient

For the function find

Solution:

Use placeholder notation for the function ƒ(x) ϭ x2 Ϫ x. ƒ( ) ϭ ( )2 Ϫ ( )

Calculate ƒ(x ϩ h). ƒ(x ϩ h) ϭ (x ϩ h)2 Ϫ (x ϩ h)

Write the difference quotient.

Let ƒ(x ϩ h) ϭ (x ϩ h)2 ϪϪ (x ϩ h) and ƒ(x) ϭ x2 Ϫ x. 

Eliminate the parentheses inside the 
first set of brackets. 

Eliminate the brackets in the numerator.

Combine like terms.

Factor the numerator.

Divide out the common factor, h. ϭ 2x ϩ h Ϫ 1

■ YOU R TU R N  Evaluate the difference quotient for ƒ(x) ϭϭ x2 Ϫ 1.

h Z 0

=
h(2x + h - 1)

h

=
2xh + h2 - h

h

=
x2 + 2xh + h2 - x - h - x2 + x

h

=
[x2 + 2xh + h2 - x - h] - [x2 - x]

h

h Z 0=
C (x + h)2 - (x + h) D - Cx2 - x D

h

f (x + h) - f (x)

h

f (x + h) - f (x)

h

f (x + h) - f (x)

h
, h Z 0.f (x) = x2 - x,

f(x+h) f(x)u r

INCOR R ECT

The ERROR is in interpreting the 
notation as a sum.

 Z x2 - 3x - 2

 f (x + 1) Z f (x) + f (1)

COR R ECT

Write the original function.

Replace the argument x with a 
placeholder.

f ( ) ϭ ( )2 Ϫ 3( )

Substitute x ϩ 1 for the argument.

Eliminate the parentheses.

Combine like terms.

f (x + 1) = x2 - x - 2

f (x + 1) = x2 + 2x + 1 - 3x - 3

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

f (x) = x2 - 3x

A common misunderstanding is to interpret the notation ƒ(x ϩ 1) as a sum:
f (x + 1) Z f (x) + f (1).

C O M M O N M I S TA K E

★

WORDS MATH

Write the interest formula for compounding continuously. A ϭ Pert

Let A ϭ 2P (investment doubles). 2P ϭ Pert

Divide both sides of the equation by P. 2 ϭ ert

Take the natural log of both sides of the equation. ln 2 ϭ ln ert

Simplify the right side by applying the property ln ex ϭ x. ln 2 ϭ rt

Divide both sides by r.

Approximate t L
0.7
r

ln 2 L 0.7.

t =
ln 2

r

Technology Tip

A graphing utility can be used to 
evaluate P(2). Enter P(x) ϭ 4x5 Ϫ 3x4

ϩ 2x3 Ϫ 7x2 ϩ 9x Ϫ 5 as Y1.

To evaluate P(2), press   VARS   

Y-VARS 1:Function 1:Y1

(  2 ) ENTER

�Study Tip

The largest number of zeros a 
polynomial can have is equal to 
the degree of the polynomial.

▼ C A U T I O N

f � g Z  f # g
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A NOTE FR OM TH E AUTHOR TO TH E STU DE NT xxiii

Video icons

Video icons appear on all chapter and
section introductions, chapter and section
reviews, as well as selected examples
throughout the chapter to indicate that the
author has created a video segment for
that element. These video clips help you
work through the selected examples with
the author as your “private tutor.”

I N TH IS CHAPTE R you will find that functions are part of our everyday thinking: converting from degrees Celsius to
degrees Fahrenheit, DNA testing in forensic science, determining stock values, and the sale price of a shirt. We will develop a
more complete, thorough understanding of functions. First, we will establish what a relation is, and then we will determine
whether a relation is a function. We will discuss common functions, domain and range of functions, and graphs of functions. We
will determine whether a function is increasing or decreasing on an interval and calculate the average rate of change of a
function. We will perform operations on functions and composition of functions. We will discuss one-to-one functions and inverse
functions. Finally, we will model applications with functions using variation.

Joint variation occurs when one quantity is directly proportional
to two or more quantities. Combined variation occurs when one
quantity is directly proportional to one or more quantities and
inversely proportional to one or more other quantities.

SU M MARY

Direct, inverse, joint, and combined variation can be used to
model the relationship between two quantities. For two quantities
x and y, we say that

■ y is directly proportional to x if y ϭ kx.

■ y is inversely proportional to x if .y =
k

x

SECTION

3.6

EXAM PLE 9 Evaluating the Difference Quotient

For the function find

Solution:

Use placeholder notation for the function ƒ(x) ϭ x2 Ϫ x. ƒ( ) ϭ ( )2 Ϫ ( )

Calculate ƒ(x ϩ h). ƒ(x ϩ h) ϭ (x ϩ h)2 Ϫ (x ϩ h)

f (x + h) - f (x)

h
, h Z 0.f (x) = x2 - x,

CHAPTE R 3 R EVI EW

SECTION CONCEPT KEY IDEAS/FORMULAS

3.1 Functions

Relations and functions All functions are relations, but not all relations are functions.

Functions defined by equations A vertical line can intersect a function in at most one point.

Function notation Placeholder notation: 

Difference quotient:
ƒ(x + h) - ƒ(x)

h
; h Z 0

f (x) = 3x2 - 6x + 2  f(n) = 3(n)2 - 6(n) + 2

Six Different Types of Exercises

Every text section ends with Skills, Applications, Catch the
Mistake, Conceptual, Challenge, and Technology exercises.
The exercises gradually increase in difficulty and vary in skill

and conceptual emphasis. Catch the Mistake
exercises increase the depth of understanding
and reinforce what you have learned. Conceptual
and Challenge exercises specifically focus on
assessing conceptual understanding. Technology

exercises enhance your understanding
and ability using scientific and
graphing calculators.

EXE RCISES

SECTION

3.5

In Exercises 1–16, determine whether the given relation is a function. If it is a function, determine whether it is 
a one-to-one function.

1. 2.

3 4

Domain Range

(202) 555-1212
(307) 123-4567
(878) 799-6504

10-DIGIT
PHONE #

PERSON

Mary

Jason

Chester

Domain Range

78°F
68°F

AVERAGE
TEMPERATURE

MONTH

October
January
April

■ SKILLS

Security, write a function E(x) that expresses the student’s
take-home pay each week. Find the inverse function EϪ1(x).
What does the inverse function tell you?

70. Salary. A grocery store pays you $8 per hour for the first
40 hours per week and time and a half for overtime. Write a
piecewise-defined function that represents your weekly earnings
E(x) as a function of the number of hours worked x. Find the
inverse function EϪ1(x). What does the inverse function tell you?

In Exercises 71–74, refer to the following:

By analyzing available empirical data it was determined that 
during an illness a patient’s body temperature fluctuated during
one 24-hour period according to the function

h T h i ’ i d

T(t) = 0.0003(t - 24)3 + 101.70

65. Temperature. The equation used to convert from degrees
Celsius to degrees Fahrenheit is .f (x) = 9

5 x + 32

Determine the inverse function CϪ1(x). What does the inverse
function represent?

67. Budget. The Richmond rowing club is planning to enter
the Head of the Charles race in Boston and is trying to 
figure out how much money to raise. The entry fee is $250
per boat for the first 10 boats and $175 for each additional
boat. Find the cost function C(x) as a function of the 
number of boats the club enters x. Find the inverse 
function that will yield how many boats the club can enter

Determine the inverse function f Ϫ1(x). What does the
inverse function represent?

66. Temperature. The equation used to convert from degrees
Fahrenheit to degrees Celsius is .C(x) = 5

9 (x - 32)

■ A P P L I C AT I O N S

In Exercises 75–78, explain the mistake that is made.

75. Is x ϭ y2 a one-to-one 
function?

Solution:

Yes, this graph 
represents a one-to-one 
function because it 
passes the horizontal 
line test.

This is incorrect. What mistake was made?

76. A linear one-to-one function is graphed below. Draw its
inverse.

Solution:

Note that the points 
(3, 3) and (0, �4) lie 
on the graph of the 
function.

This is incorrect. What mistake was made?

By symmetry, the 
points (�3,�3) and 

x

y

y

(0, 4)

■ C AT C H  T H E  M I S TA K E

x

y

(3, 3)

(0, –4)

In Exercises 91–94, determine if each statement is true or false.

94. The range of all polynomial functions is (Ϫ , ).

95. What is the maximum number of zeros that a polynomial of
degree n can have?

96. What is the maximum number of turning points a graph of an
nth-degree polynomial can have?

ϱϱ91. The graph of a polynomial function might not have any 
y-intercepts.

92. The graph of a polynomial function might not have any 
x-intercepts.

93. The domain of all polynomial functions is (Ϫ , ).ϱϱ

■ C O N C E P T U A L

93. For the functions and g(x) ϭ x2 Ϫ a find
and state its domain.

94. For the functions and  , find and

state its domain. Assume a 7 1 and b 7 1.

g � fg(x) =
1

xbf (x) =
1

x a

g � f
f (x) = 1x + a91. For the functions ƒ(x) ϭ x ϩ a and , find

and state its domain.

92. For the functions ƒ(x) ϭ ax2 ϩ bx ϩ c and ,
find and state its domain.g � f

g(x) =
1

x - c

g � f
g(x) =

1
x - a

■ CHALLE NG E

95. Using a graphing utility, plot and .

Plot y3 ϭ y1 ϩ y2. What is the domain of y3?

96. Using a graphing utility, plot , , 

and . What is the domain of y3?y3 =
y1

y2

y2 =
1

13 - x
y1 = 31x + 5

y2 = 19 - xy1 = 1x + 7 97. Using a graphing utility, plot , 

, and . If y1 represents a function y3 =
1

y2
1 - 14

y2 =
1

x2 - 14

y1 = 2x2 - 3x - 4

f and y2 represents a function g, then y3 represents the 
composite function g � f. The graph of y3 is only defined 
for the domain of g � f. State the domain of g � f.

98. Using a graphing utility, plot ,y1 = 11 - x, y2 = x2 + 2

■ T E C H N O L O G Y
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Modeling Our World

These unique end-of-chapter exercises
provide a fun and interesting way to take
what you have learned and model a real
world problem. By using climate change 
as the continuous theme, these exercises
can help you to develop more advanced
modeling skills with each chapter while
seeing how modeling can help you better
understand the world around you.

xxiv A NOTE FR OM TH E AUTHOR TO TH E STU DE NT

Inquiry-Based
Learning 
Projects

These end of chapter
projects enable you to
discover mathematical
concepts on your own! 

Transformations of Functions

Being a creature of habit, Dylan usually sets out 
each morning at 7 AM from his house for a jog. 
Figure 1 shows the graph of a function, y = d(t), 
that represents Dylan’s jog on Friday.

a. Use the graph in Figure 1 to fill in the table
below.

Describe a jogging scenario that fits the graph and table above.

b. The graph shown in Figure 2 represents 
Dylan’s jog on Saturday. It is a transformation 
of the function y = d(t) shown in Figure 1.

Complete the table of values below for this 
transformation. You may find it helpful to 
refer to the table in part (a).

What is the real-world meaning of this transformation? How is Dylan’s jog on
Saturday different from his usual jog? How is it the same?

The original function (in Figure 1) is represented by the equation y = d(t). Write an 
equation, in terms of d(t), that represents the function graphed in Figure 2. Explain.

c. The graph shown in Figure 3 represents 
Dylan’s jog on Sunday It is a transformation

CHAPTE R 3 INQU IRY-BASE D LEAR N ING PR OJ ECT
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Figure 1

Figure 2

Chapter Review, 
Review Exercises, 
Practice Test, 
Cumulative Test

At the end of every chapter, a
summary review chart organizes
the key learning concepts in an
easy to use one or two-page
layout. This feature includes key
ideas and formulas, as well as
indicating relevant pages and
review exercises so that you can
quickly summarize a chapter
and study smarter. Review
Exercises, arranged by section
heading, are provided for extra
study and practice. A Practice
Test, without section headings,
offers even more self-practice
before moving on. A new
Cumulative Test feature offers
study questions based on all
previous chapters’ content, thus
helping you build upon
previously learned concepts.

The U.S. National Oceanic and Atmospheric Association (NOAA) monitors temperature and
carbon emissions at its observatory in Mauna Loa, Hawaii. NOAA’s goal is to help foster an
informed society that uses a comprehensive understanding of the role of the oceans, coasts,
and atmosphere in the global ecosystem to make the best social and economic decisions.
The data presented in this chapter is from the Mauna Loa Observatory, where historical
atmospheric measurements have been recorded for the last 50 years. You will develop linear
models based on this data to predict temperature and carbon emissions in the future.

The following table summarizes average yearly temperature in degrees Fahrenheit �F
and carbon dioxide emissions in parts per million (ppm) for Mauna Loa, Hawaii.

1. Plot the temperature data with time on the horizontal axis and temperature on the
vertical axis. Let t ϭ 0 correspond to 1960.

2. Find a linear function that models the temperature in Mauna Loa.

a. Use data from 1965 and 1995.
b. Use data from 1960 and 1990.
c. Use linear regression and all data given.

3. Predict what the temperature will be in Mauna Loa in 2020.

a. Apply the line found in Exercise 2(a).
b. Apply the line found in Exercise 2(b).
c. Apply the line found in Exercise 2(c).

Year 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Temperature (�F) 44.45 43.29 43.61 43.35 46.66 45.71 45.53 47.53 45.86 46.23

CO2 Emissions 316.9 320.0 325.7 331.1 338.7 345.9 354.2 360.6 369.4 379.7
(ppm)

MODE LING OU R WOR LD

CHAPTE R 3 R EVI EW

SECTION CONCEPT KEY IDEAS/FORMULAS

3.1 Functions

Relations and functions All functions are relations, but not all relations are functions.

Functions defined by equations A vertical line can intersect a function in at most one point.

Function notation Placeholder notation: 

Difference quotient:

Domain of a function Are there any restrictions on x?

3.2 Graphs of functions;  
piecewise-defined functions; 
increasing and decreasing  
functions; average rate of change

Recognizing and classifying functions Common functions

ƒ(x) ϭ mx ϩ b, ƒ(x) ϭ x, ƒ(x) ϭ x2,

Even and odd functions
Even: Symmetry about y-axis: ƒ(Ϫx) ϭ ƒ(x)
Odd: Symmetry about origin: ƒ(Ϫx) ϭ Ϫƒ(x)

Increasing and decreasing • Increasing: rises (left to right)
functions • Decreasing: falls (left to right)

Average rate of change

Piecewise-defined functions Points of discontinuity

3.3 Graphing techniques: Shift the graph of ƒ(x).
Transformations

Horizontal and vertical shifts ƒ(x ϩ c) c units to the left, c Ͼ 0
ƒ(x Ϫ c) c units to the right, c Ͼ 0
ƒ(x) ϩ c c units upward, c Ͼ 0
ƒ(x) Ϫ c c units downward, c Ͼ 0

Reflection about the axes Ϫƒ(x) Reflection about the x-axis
ƒ(Ϫx) Reflection about the y-axis

Stretching and compressing cƒ(x) if c Ͼ 1; stretch vertically
cƒ(x) if 0 Ͻ c Ͻ 1; compress vertically

ƒ(cx) if c Ͼ 1; compress horizontally

ƒ(cx) if 0 Ͻ c Ͻ 1; stretch horizontally

x1 Z x2

ƒ(x2) - ƒ(x1)

x2 - x1

ƒ(x) = ƒ x ƒ , ƒ(x) =
1
x

f (x) = x3,  f (x) = 1x,  f (x) = 31x,

ƒ(x + h) - ƒ(x)

h
; h Z 0

f (x) = 3x2 - 6x + 2  f(n) = 3(n)2 - 6(n) + 2
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CHAPTE R 3 R EVI EW EXE RCISES

3.1 Functions

Determine whether each relation is a function.

1.

2. {(1, 2), (3, 4), (2, 4), (3, 7)}

3. {(Ϫ2, 3), (1, Ϫ3), (0, 4), (2, 6)}

4. {(4, 7), (2, 6), (3, 8), (1, 7)}

5. x2 ϩ y2 ϭ 36 6. x ϭ 4

7. y ϭ x ϩ 2 8.

9. 10.

Use the graphs of the functions to find:

11. 12.

x

y

x

y

x

y

x

y

y = 1xƒƒ

Domain Range

NAMES

Allie

Hannah

Danny

Ethan

Vickie

AGES

27

10

4

21

13. 14.

Evaluate the given quantities using the following three
functions.

ƒ(x) ϭ 4x Ϫ 7 F(t) ϭ t2 ϩ 4t Ϫ 3 g(x) ϭ x2 ϩ 2x ϩ 4

15. ƒ(3) 16. F(4)

17. f (Ϫ7) � g(3) 18.

19. 20.

21. 22.

Find the domain of the given function. Express the domain in
interval notation.

23. ƒ(x) ϭ Ϫ3x Ϫ 4 24. g(x) ϭ x2 Ϫ 2x ϩ 6

25. 26.

27. 28.

Challenge

29. If , ƒ(4) and ƒ(Ϫ4) are undefined, and

, find D.

30. Construct a function that is undefined at x ϭ Ϫ3 and x ϭ 2
such that the point (0, Ϫ4) lies on the graph of the function.

3.2 Graphs of Functions

Determine whether the function is even, odd, or neither.

31. ƒ(x) ϭ 2x Ϫ 7 32. g(x) ϭ 7x5 ϩ 4x3 Ϫ 2x

33. h(x) ϭ x3 Ϫ 7x 34. ƒ(x) ϭ x4 ϩ 3x2

35. ƒ(x) ϭ x1/4 ϩ x 36.

37. 38. f (x) =
1

x2 + 3x4 + ƒx ƒf (x) =
1

x3 + 3x

f (x) = 1x + 4

f(5) = 2

f(x) =
D

x2 - 16

H(x) =
1

12x - 6
G(x) = 1x - 4

F(x) =
7

x2 + 3
h(x) =

1

x + 4

F(t + h) - F(t)

h

f(3 + h) - f (3)

h

f(3 + h)
f (2) - F(2)

g(0)

F(0)

g(0)

ƒƒ

x

y

x

y

a. ƒ(Ϫ1) b. ƒ(1)

c. x, where ƒ(x) ϭ 0

a. ƒ(Ϫ4) b. ƒ(0)

c. x, where ƒ(x) ϭ 0

a. ƒ(Ϫ2) b. ƒ(4)

c. x, where ƒ(x) ϭ 0

a. ƒ(Ϫ5) b. ƒ(0)

c. x, where ƒ(x) ϭ 0
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1. Graph the parabola y ϭ Ϫ(x Ϫ 4)2 ϩ 1.

2. Write the parabola in standard form y ϭ Ϫx2 ϩ 4x Ϫ 1.

3. Find the vertex of the parabola 

4. Find a quadratic function whose vertex is (Ϫ3, Ϫ1) and
whose graph passes through the point (Ϫ4, 1).

5. Find a sixth-degree polynomial function with the given
zeros:

2 of multiplicity 3 1 of multiplicity 2 0 of multiplicity 1

6. For the polynomial function f (x) ϭ x4 ϩ 6x3 Ϫ 7x:

a. List each real zero and its multiplicity.

b. Determine whether the graph touches or crosses at each
x-intercept.

c. Find the y-intercept and a few points on the graph.

d. Determine the end behavior.

e. Sketch the graph.

7. Divide Ϫ4x4 ϩ 2x3 Ϫ 7x2 ϩ 5x Ϫ 2 by 2x2 Ϫ 3x ϩ 1.

8. Divide 17x5 Ϫ 4x3 ϩ 2x Ϫ 10 by x ϩ 2.

9. Is x Ϫ 3 a factor of x4 ϩ x3 Ϫ 13x2 Ϫ x ϩ 12?

10. Determine whether Ϫ1 is a zero of P(x) ϭ x21 Ϫ 2x18 ϩ
5x12 ϩ 7x3 ϩ 3x2 ϩ 2.

11. Given that x Ϫ 7 is a factor of P(x) ϭ x3 Ϫ 6x2 Ϫ 9x ϩ 14,
factor the polynomial in terms of linear factors.

12. Given that 3i is a zero of P(x) ϭ x4 Ϫ 3x3 ϩ 19x2 Ϫ 27x ϩ
90, find all other zeros.

13. Can a polynomial have zeros that are not x-intercepts? Explain.

14. Apply Descartes’ rule of signs to determine the possible 
combinations of positive real zeros, negative real zeros, and
complex zeros of P(x) ϭ 3x5 ϩ 2x4 Ϫ 3x3 ϩ 2x2 Ϫ x ϩ 1.

15. From the rational zero test, list all possible rational zeros of
P(x) ϭ 3x4 Ϫ 7x2 ϩ 3x ϩ 12.

In Exercises 16–18, determine all zeros of the polynomial
function and graph.

16. P(x) ϭ Ϫx3 ϩ 4x

17. P(x) ϭ 2x3 Ϫ 3x2 ϩ 8x Ϫ 12

18. P(x) ϭ x4 Ϫ 6x3 ϩ 10x2 Ϫ 6x ϩ 9

19. Sports. A football player shows up in August at 300 pounds.
After 2 weeks of practice in the hot sun, he is down to 285
pounds. Ten weeks into the season he is up to 315 pounds
because of weight training. In the spring he does not work out,
and he is back to 300 pounds by the next August. Plot these
points on a graph. What degree polynomial could this be?

f (x) = - 1
2x2 + 3x - 4.

20. Profit. The profit of a company is governed by the polynomial
P(x) ϭ x3 Ϫ 13x2 ϩ 47x Ϫ 35, where x is the number of units
sold in thousands. How many units does the company have
to sell to break even?

21. Interest Rate. The interest rate for a 30-year fixed mortgage
fluctuates with the economy. In 1970, the mortgage interest
rate was 8%, and in 1988 it peaked at 13%. In 2002, it dipped
down to 4%, and in 2005, it was up to 6%. What is the lowest
degree polynomial that can represent this function?

In Exercises 22–25, determine (if any) the:

a. x- and y-intercepts

b. vertical asymptotes

c. horizontal asymptotes

d. slant asymptotes

e. graph

22. 23.

24. 25.

26. Food. On eating a sugary snack, the average body almost
doubles its glucose level. The percentage increase in glucose
level y can be approximated by the rational function 

, where x represents the number of minutes after 

eating the snack. Graph the function.

27. a. Use the calculator commands   STAT QuadReg  to model
the data using a quadratic function.

b. Write the quadratic function in standard form and identify
the vertex.

c. Find the x-intercepts.

d. Plot this quadratic function with a graphing calculator. Do
they agree with the given values?

y =
25x

x2 + 50

F(x) =
x - 3

x2 - 2x - 8
h(x) =

3x3 - 3

x2 - 4

g(x) =
x

x2 - 4
f (x) =

2x - 9

x + 3

CHAPTE R 4 PRACTICE TEST

476

x Ϫ3 2.2 7.5

y 10.01 Ϫ9.75 25.76

28. Find the asymptotes and intercepts of the rational function 

. Note: Combine the two expressions 

into a single rational expression. Graph this function utilizing
a graphing utility. Does the graph confirm what you found?

f (x) =
x(2x - 3)

x2 - 3x
+ 1
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17. Evaluate g( f (Ϫ1)) for f(x) ϭ 7 Ϫ 2x2 and g(x) ϭ 2x Ϫ 10.

18. Find the inverse of the function f (x) ϭ (x Ϫ 4)2 ϩ 2, 
where x Ն 4.

19. Find a quadratic function that has the vertex (Ϫ2, 3) and
point (Ϫ1, 4).

20. Find all of the real zeros and state their multiplicities of the
function f(x) ϭ Ϫ3.7x4 Ϫ 14.8x3.

21. Use long division to find the quotient Q(x) and the remainder
r(x) of (Ϫ20x3 Ϫ 8x2 ϩ 7x Ϫ 5) Ϭ (Ϫ5x ϩ 3).

22. Use synthetic division to find the quotient Q(x) and the
remainder r(x) of (2x3 ϩ 3x2 Ϫ 11x ϩ 6) Ϭ (x Ϫ 3).

23. List the possible rational zeros, and test to determine all
rational zeros for P(x) ϭ 12x3 ϩ 29x2 ϩ 7x Ϫ 6.

24. Given the real zero x ϭ 5 of the polynomial
P(x) ϭ 2x3 Ϫ 3x2 Ϫ 32x Ϫ 15, determine all the other zeros
and write the polynomial in terms of a product of linear
factors.

25. Find all vertical and horizontal asymptotes of .

26. Graph the function .

27. Find the asymptotes and intercepts of the rational function

. Note: Combine the two expressions 

into a single rational expression. Graph this function 
utilizing a graphing utility. Does the graph confirm 
what you found?

28. Find the asymptotes and intercepts of the rational function

. Note: Combine the two f (x) =
6x

3x + 1
-

6x

4x - 1

f (x) =
5

2x - 3
-

1
x

f (x) =
2x3 - x2 - x

x2 - 1

f (x) =
3x - 5

x2 - 4
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1. Simplify and express in terms of positive exponents.
(5x-1y-2)3

(-10x2y2)2

2. Factor .

3. Multiply and simplify .

4. Solve for x: | 2x Ϫ 5| ϩ 3 Ͼ 10.

5. Austin can mow a lawn in 75 minutes. The next week Stacey
mows the same lawn in 60 minutes. How long would it take
them to mow the lawn working together?

6. Use the discriminant to determine the number and type of
roots: Ϫ4x2 ϩ 3x ϩ 15 ϭ 0.

7. Solve and check .

8. Apply algebraic tests to determine whether the equation’s
graph is symmetric with respect to the x-axis, y-axis, or 
origin for y ϭ | x | Ϫ 3.

9. Write an equation of the line that is parallel to the line 
x Ϫ 3y ϭ 8 and has the point (4, 1).

10. Find the x-intercept and y-intercept and sketch the graph for
2y Ϫ 6 ϭ 0.

11. Write the equation of a circle with center (0, 6) and that
passes through the point (1, 5).

12. Express the domain of the function with
interval notation.

13. Determine whether the function is even,
odd, or neither.

14. For the function y ϭ Ϫ(x ϩ 1)2 ϩ 2, identify all of the 
transformations of y ϭ x2.

15. Sketch the graph of and identify all y = 1x - 1 + 3

g(x) = 1x + 10

f (x) = 16x - 7

216 + x2 = x + 2

4x2 - 36

x2
# x3 + 6x2

x2 + 9x + 18

2xy - 2x + 3y - 3
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DEFINITIONS, RULES, FORMULAS, AND GRAPHS

ARITHMETIC OPERATIONS

a

a
b

c
b

=
ac

b
a

a

b
b

c
=

a

bc

a Z 0
ab + ac

a
= b + c,

a - b

c - d
=

b - a

d - c
aa

b

c
b =

ab

c

a
a

b
b

a
c

d
b

=
ad

bc

a + b

c
=

a

c
+

b

c

a

b
+

c

d
=

ad + bc

bd
ab + ac = a(b + c)

EXPONENTS AND RADICALS

A
n  a

a

b b =
2n a

2n b
2n a = a1/n

(ab)x = axbxaxay = ax+ y

2n ab = 2n a2n b2a = a1/ 2(ax)y = axya-x =
1

ax

2n am = am/n = A1n a B ma
a

b
b

x

=
ax

bx

ax

ay = ax- ya Z 0a0 = 1,

ABSOLUTE VALUE SPECIAL FACTORIZATIONS

1.

2. If then or 
3. If then 
4. If then or (c 7 0)x 7 c.x 6 -cƒx ƒ 7 c,

(c 7 0)-c 6 x 6 c.ƒx ƒ 6 c,
(c 7 0)x = -c.x = cƒ x ƒ = c,

ƒ x ƒ = e x if x Ú  0

-x if x 7 0

1. Difference of two squares:

2. Perfect square trinomials:

3. Sum of two cubes:

4. Difference of two cubes:

A3 - B3 = (A - B) AA2 + AB + B2 B

A3 + B3 = (A + B) AA2 - AB + B2 B

A2 - 2AB + B2 = (A - B)2

A2 + 2AB + B2 = (A + B)2

A2 - B2 = (A + B)(A - B)

PROPERTIES OF LOGARITHMS

1.

2.

3.

4.

5.
6. x 7 0eln x = xblogb x = x;

lnex = xlogbbx = x;

logbM =
logaM

logab
=

lnM

lnb
=

logM

logb

logbMp = plogbM

logb a
M

N
b = logbM - logbN

logb(MN ) = logbM + logbN

SYMMETRY

x

y

(x, �y)

(x, y)
x

y

(x, y)

(�x, �y)

y-Axis Symmetry x-Axis Symmetry Origin Symmetry

x

y

(�x, y) (x, y)
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FORMULAS/EQUATIONS

The distance from to is 

The midpoint of the line segment with endpoints and is 

The standard equation of a circle of radius r with center at is

The slope m of the line containing the points and is 

m is undefined if 

The equation of a line with slope m and y-intercept (0, b) is 

The equation of a line with slope m containing the point is 

The solutions of the equation are 

If there are two distinct real solutions.

If there is a repeated real solution.

If there are two complex solutions (complex conjugates).b2 - 4ac 6 0,

b2 - 4ac = 0,

b2 - 4ac 7 0,

x =
-b ; 2b2 - 4ac

2a
a Z 0,ax2 + bx + c = 0,

y - y1 = m(x - x1)(x1, y1)

y = mx + b

x1 = x2

(x1 Z x2)slope (m) =
change in y

change in x
=

y2 - y1

x2 - x1

(x2, y2)(x1, y1)

(x - h)2 + (y - k)2 = r 2
(h, k)

a
x1 + x2

2
, 
y1 + y2

2
b .(x2, y2)(x1, y1)

2(x2 - x1)
2 + (y2 - y1)

2.(x2, y2)(x1, y1)Distance Formula

Midpoint Formula

Standard Equation
of a Circle

Slope Formula

Slope-Intercept
Equation of a Line

Point-Slope
Equation of a Line

Quadratic Formula

GEOMETRY FORMULAS

Circle

Triangle

Rectangle

Rectangular Box

Sphere

Right Circular Cylinder

Height (Altitude),

S = 2�r 2 + 2�rhV = �r 2h
S = Surface areaV = Volume,h = Height,r = Radius,

S = 4�r 2V = 4
3�r 3

S = Surface areaV = Volume,r = Radius,

S = 2lw + 2lh + 2whV = lwh
S = Surface areaV = Volume,h = Height,w = Width,l = Length,

P = 2l + 2wA = lw
P = perimeterA = area,w = Width,l = Length,

A = 1
2bh

A = areah =b = Base,

C = 2prA = pr2
C = CircumferenceA = Area,r = Radius,

CONVERSION TABLE

1 pound L 0.454 kilogramL 0.305 meter1 newton L 0.225 pound
1 ounce L 28.350 grams1 foot L 30.480 centimeters1 liter L 0.264 gallon

1 foot-lb L 1.356 Joules1 inch L 2.540 centimeters1 kilometer L 0.621 mile
1 pound L 4.448 newtons1 kilogram L 2.205 poundsL 3.281 feet
1 gallon L 3.785 liters1 gram L 0.035 ounce1 meter L 39.370 inches

1 mile L 1.609 kilometers1 joule L 0.738 foot-pound1 centimeter L 0.394 inch

r

h
b

w

l

r

r

h

h w
l
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FUNCTIONS

GRAPHS OF COMMON FUNCTIONS

Constant Function

Linear Function

Quadratic Function

Polynomial Function

Rational Function

Exponential Function

Logarithmic Function

where m is the slope and b is the y-intercept

or parabola vertex 

f (x) = logbx, b 7 0, b Z  l

b Z 1f (x) = bx, b 7 0,

R(x) =
n(x)

d(x)
=

anx
n + an-1x

n-1 + Á + a1x + a0

bmxm + am-1x
m-1 + Á + b1x + b0

f (x) = anx
n + an-1x

n-1 + Á + a1x + a0

(h, k)f (x) = a(x - h)2 + ka Z 0 f (x) = ax2 + bx + c,

 f (x) = mx + b,

 f (x) = b

x

y

f (x) = |x |

x

y

f (x) = c

f (x) = x

x

y

x

y

f (x) = √x

(0, 0)

–5 –3 –1 3 421 5

–2

–3
–4
–5

3
4

1

2

5

–5 –3 –1 3 421 5

–2

–3
–4
–5

3
4

1

2

5

3 5 6 9 10874

3

2
1

4
5

8
9

6

7

10

3

2
1

4
5

8
9

6

7

10

–5 –3 –1 3 421 5

x

y

x

y

(0, 1) (1, b)

f (x) = x3 f (x) = bx

f (x) = logbx

f (x) = x2

x

y

(1, 0)

(b, 1)

–5 –4 –3 –2 3 421 5

–4
–2

–6
–8
–10

6
8

2

4

10

x

y

Constant Function Identity Function Absolute Value Function Square Root Function

Square Function Cube Function Exponential Function Logarithmic Function

TRANSFORMATIONS

In each case, c represents a positive real number.

Function Draw the graph of f and:

Vertical
translations

Horizontal 
translations

Reflections 

Shift f upward c units.
Shift f downward c units.

Shift f to the right c units.
Shift f to the left c units.

Reflect f about the x-axis.
Reflect f about the y-axis.e y = - f (x)

y = f (- x )

e y = f (x - c)
y = f (x + c)

e y = f ( x ) + c
y = f ( x ) - c

HERON’S FORMULA

FOR AREA

If the semiperimeter, s, of a
triangle is

then the area of that triangle is

A = 1s (s - a) (s - b) (s - c)

s =
a + b + c

2
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0
Prerequisites and
Review

Would you be able to

walk successfully along

a tightrope? Most people

probably would say no

because the foundation is

“shaky.” Would you be able

to walk successfully along a beam (4 inches wide)? Most people would probably say yes—even though

for some of us it is still challenging. Think of this chapter as the foundation for your walk. The more solid

your foundation is now, the more successful your walk through College Algebra will be.

The purpose of this chapter is to review concepts and skills that you already have learned in a previous

course. Mathematics is a cumulative subject in that it requires a solid foundation to proceed to the next

level. Use this chapter to reaffirm your current knowledge base before jumping into the course.

G
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ages/B
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G
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I N TH IS CHAPTE R real numbers, integer exponents, and scientific notation will be discussed, followed by rational
exponents and radicals. Simplification of radicals and rationalization of denominators will be reviewed. Basic operations such as
addition, subtraction, and multiplication of polynomials will be discussed followed by a review of how to factor polynomials.
Rational expressions will be discussed and a brief overview of solving simple algebraic equations will be given. After reviewing
all of these aspects of real numbers, this chapter will conclude with a review of complex numbers.

• The Set of
Real
Numbers

• Approxima-
tions:
Rounding
and
Truncation

• Order of
Operations

• Properties
of Real
Numbers

• Integer
Exponents

• Scientific
Notation

• Adding and
Subtracting 
Polynomials

• Multiplying
Polynomials

• Special
Products

• Greatest
Common
Factor

• Factoring
Formulas:
Special
Polynomial
Forms

• Factoring a
Trinomial as
a Product
of Two
Binomials

• Factoring by
Grouping

• A Strategy
for Factoring
Polynomials

• Rational
Expressions
and Domain
Restrictions

• Simplifying
Rational
Expressions

• Multiplying
and Dividing
Rational
Expressions

• Adding and
Subtracting
Rational
Expressions

• Complex
Rational
Expressions

• Square
Roots

• Other (nth)
Roots

• Rational
Exponents

• The
Imaginary
Unit, i

• Adding and
Subtracting
Complex
Numbers

• Multiplying
Complex
Numbers

• Dividing
Complex
Numbers

• Raising
Complex
Numbers to
Integer
Powers

PREREQUISITES AND REVIEW

0.1
Real

Numbers

0.2
Integer

Exponents
and

Scientific
Notation

0.3
Polynomials:

Basic
Operations

0.4
Factoring

Polynomials

0.5
Rational

Expressions

0.6
Rational

Exponents
and

Radicals

0.7
Complex
Numbers

■ Understand that rational and irrational numbers together constitute the real numbers.
■ Apply properties of exponents.
■ Perform operations on polynomials.
■ Factor polynomials.
■ Simplify expressions that contain rational exponents.
■ Simplify radicals.
■ Write complex numbers in standard form.

L E A R N I N G  O B J E C T I V E S

3
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The Set of Real Numbers

A set is a group or collection of objects that are called members or elements of the set. If
every member of set B is also a member of set A, then we say B is a subset of A and denote
it as .

For example, the starting lineup on a baseball team is a subset of the entire team. The
set of natural numbers, {1, 2, 3, 4, . . .}, is a subset of the set of whole numbers,
{0, 1, 2, 3, 4, . . .}, which is a subset of the set of integers, {. . . , Ϫ4, Ϫ3, Ϫ2, Ϫ1, 0, 1, 2, 3, . . .},
which is a subset of the set of rational numbers, which is a subset of the set of real
numbers. The three dots, called an ellipsis, indicate that the pattern continues indefinitely.

If a set has no elements, it is called the empty set, or null set, and is denoted by the
symbol л. The set of real numbers consists of two main subsets: rational and
irrational numbers.

B ( A

CONCE PTUAL OBJ ECTIVES

■ Understand that rational and irrational numbers are
mutually exclusive and complementary subsets of real
numbers.

■ Learn the order of operations for real numbers.

R EAL N U M B E RS

SKI LLS OBJ ECTIVES

■ Classify real numbers as rational or irrational.
■ Round or truncate real numbers.
■ Simplify expressions using correct order of operations.
■ Evaluate algebraic expressions.
■ Apply properties of real numbers.

SECTION

0.1

A rational number is a number that can be expressed as a quotient (ratio) of two

integers, where the integer a is called the numerator and the integer b is called the

denominator and where b Z  0.

a

b
,

Rational Number

Rational numbers include all integers or all fractions that are ratios of integers. Note that
any integer can be written as a ratio whose denominator is equal to 1. In decimal form, the
rational numbers are those that terminate or are nonterminating with a repeated decimal
pattern, which is represented with an overbar. Those decimals that do not repeat and do not
terminate are irrational numbers. The numbers

are examples of real numbers, where 5, Ϫ17, , 1.37, 0, , and are rational
numbers, and , and 3.2179. . . are irrational numbers. It is important to note that the
ellipsis following the last decimal digit denotes continuing in an irregular fashion, whereas
the absence of such dots to the right of the last decimal digit implies the decimal expansion
terminates.

12, p
3.666- 19

17
1
3

5,  -17,  
1

3
,  12,  p,  1.37,  0,  -

19

17
,  3.666,  3.2179 . . .

D E F I N I T I O N

4
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0.1 Real Numbers 5

Notice that the overbar covers the entire repeating pattern. The following figure and table
illustrate the subset relationship and examples of different types of real numbers.

RATIONAL NUMBER CALCULATOR DECIMAL

(FRACTION) DISPLAY REPRESENTATION DESCRIPTION

3.5 3.5 Terminates

1.25 1.25 Terminates

0.666666666 Repeats

0.09090909 Repeats0.091
11

0.62
3

15
12

7
2

SYMBOL NAME DESCRIPTION EXAMPLES

N Natural numbers Counting numbers 1, 2, 3, 4, 5, . . .

W Whole numbers Natural numbers and zero 0, 1, 2, 3, 4, 5, . . .

Z Integers Whole numbers and negative natural numbers . . . , Ϫ5, Ϫ4, Ϫ3, Ϫ2, Ϫ1, 0, 1, 2, 3, 4, 5, . . .

Q Rational numbers Ratios of integers: Ϫ17, , 0, , 1.37, , 5

• Decimal representation terminates, or
• Decimal representation repeats

I Irrational numbers Numbers whose decimal representation , 1.2179. . . ,
does not terminate or repeat

R Real numbers Rational and irrational numbers , 5, , 17.25, 17- 2
3p

p12

3.6661
3- 19

7
a

b
  (b Z 0)

Real Numbers

Irrational Numbers

Integers

Negative Counting Numbers

Zero

Rational Numbers

Fractions
• Ratio of two nonzero integers, and
• Does not reduce to an integer

Whole Numbers

Natural Numbers

Since the set of real numbers can be formed by combining the set of rational numbers and
the set of irrational numbers, then every real number is either rational or irrational. The set
of rational numbers and the set of irrational numbers are both mutually exclusive (no
shared elements) and complementary sets. The real number line is a graph used to represent
the set of all real numbers. –3 –2 –1 10 2 3

19
17

– √2

Study Tip

Every real number is either a rational
number or an irrational number.
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6 CHAPTE R 0 Prerequisites and Review

EXAMPLE 1 Classifying Real Numbers

Classify the following real numbers as rational or irrational:

Solution:

Rational: Ϫ3, 0, , 7.51, , , Irrational:

■ YOU R TU R N Classify the following real numbers as rational or irrational:

-7
3, 5.9999, 12, 0, -5.27, 15, 2.010010001 . . .

13, p-6.66666- 8
5

1
3

1
4

-3, 0, 1
4, 13, p, 7.51, 1

3, - 8
5, 6.66666

■ Answer:
Rational: , , 12, 0, Ϫ5.27

Irrational: , 2.010010001 . . .15

5.9999-7
3

■ Answer: a. Truncation: 23.02
b. Rounding: 23.02

■ Answer: a. Truncation: Ϫ2.3818
b. Rounding: Ϫ2.3819

EXAMPLE 2 Approximating Decimals to Two Places

Approximate 17.368204 to two decimal places by

a. truncation b. rounding

Solution:

a. To truncate, eliminate all digits to the right of the 6. 17.36

b. To round, look to the right of the 6.
Because “8” is greater than 5, round up (add 1 to the 6). 17.37

■ YOU R TU R N Approximate 23.02492 to two decimal places by

a. truncation b. rounding

EXAMPLE 3 Approximating Decimals to Four Places

Approximate 7.293516 to four decimal places by

a. truncation b. rounding

Solution:

The “5” is in the fourth decimal place.

a. To truncate, eliminate all digits to the right of 5. 7.2935

b. To round, look to the right of the 5.
Because “1” is less than 5, the 5 remains the same. 7.2935

■ YOU R TU R N Approximate Ϫ2.381865 to four decimal places by

a. truncation b. rounding

Study Tip

When rounding, look to the right of
the specified decimal place and use
that digit (do not round that digit
first). 5.23491 rounded to two
decimal places is 5.23 (do not round
the 4 to a 5 first).

Approximations: Rounding and Truncation

Every real number can be represented by a decimal. When a real number is in decimal form, it
can be approximated by either rounding off or truncating to a given decimal place. Truncation
is “cutting off” or eliminating everything to the right of a certain decimal place. Rounding
means looking to the right of the specified decimal place and making a judgment. If the digit
to the right is greater than or equal to 5, then the specified digit is rounded up, or increased by
one unit. If the digit to the right is less than 5, then the specified digit stays the same. In both of
these cases all decimal places to the right of the specified place are removed.
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0.1 Real Numbers 7

OPERATION NOTATION RESULT

Addition a ϩ b Sum

Subtraction a Ϫ b Difference

Multiplication a b or ab or (a)(b) Product

Division or a�b Quotient (Ratio)(b Z  0)
a

b

#

Since algebra involves variables such as x, the traditional multiplication sign ϫ is not
used. Three alternatives are shown in the preceding table. Similarly, the arithmetic sign for
division Ϭ is often represented by vertical or slanted fractions.

The symbol ϭ is called the equal sign, and is pronounced “equals” or “is,” and it
implies that the expression on one side of the equal sign is equivalent to (has the same value
as) the expression on the other side of the equal sign.

WORDS MATH

The sum of seven and eleven equals eighteen: 7 ϩ 11 ϭ 18

Three times five is fifteen: 3 5 ϭ 15

Four times six equals twenty-four: 4(6) ϭ 24

Eight divided by two is four:

Three subtracted from five is two: 5 Ϫ 3 ϭ 2

8

2
= 4

#

It is important to note that rounding and truncation sometimes yield the same 
approximation (Example 3), but not always (Example 2).

Order of Operations

Addition, subtraction, multiplication, and division are called arithmetic operations. The
results of these operations are called the sum, difference, product, and quotient, respectively.
These four operations are summarized in the following table.

When evaluating expressions involving real numbers, it is important to remember the
correct order of operations. For example, how do we simplify the expression 3 ϩ 2 5? Do
we multiply first and then add, or add first and then multiply? In mathematics, conventional
order implies multiplication first, and then addition: 3 ϩ 2 5 ϭ 3 ϩ 10 ϭ 13. Parentheses
imply grouping of terms, and the necessary operations should always be performed inside
them first. If there are nested parentheses, always start with the innermost parentheses and
work your way out. Within parentheses follow the conventional order of operations.
Exponents are an important part of order of operations and will be discussed in Section 0.2.

#
#

1. Start with the innermost parentheses (grouping symbols) and work outward.
2. Perform all indicated multiplications and divisions, working from left to right.
3. Perform all additions and subtractions, working from left to right.

ORDER OF OPERATIONS
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8 CHAPTE R 0 Prerequisites and Review

EXAMPLE 5 Simplifying Expressions That Involve Grouping 
Signs Using the Correct Order of Operations

Simplify the expression 3[5 (4 Ϫ 2) Ϫ 2 7].

Solution:

Simplify the inner parentheses. 3[5 (4 Ϫ 2) Ϫ 2 7] ϭ 3[5 2 Ϫ 2 7]

Inside the brackets, perform the multiplication
5 2 ϭ 10 and 2 7 ϭ 14. ϭ 3[10 Ϫ 14]

Inside the brackets, perform the subtraction. ϭ 3[Ϫ4]

Multiply. ϭ Ϫ12

■ YOU R TU R N Simplify the expression 2[Ϫ3 (13 Ϫ 5) ϩ 4 3].##

##

####

##

EXAMPLE 4 Simplifying Expressions Using the 
Correct Order of Operations

Simplify the expressions.

a. 4 ϩ 3 2 Ϫ 7 5 ϩ 6 b.

Solution (a):

Perform multiplication first.

Then perform the indicated additions and subtractions. ϭ 4 ϩ 6 Ϫ 35 ϩ 6 ϭ Ϫ19

Solution (b):

The numerator and the denominator are similar to expressions in parentheses. Simplify these
separately first, following the correct order of operations.

Perform multiplication in the denominator first.

Then perform subtraction in the numerator 
and addition in the denominator.

■ YOU R TU R N Simplify the expressions.

a. Ϫ7 ϩ 4 5 Ϫ 2 6 ϩ 9 b.
9 - 6

2 # 5 + 6
##

=  
7 - 6

6 + 8
=  

1

14

7 - 6

2 # 3 + 8

4 + 3 # 2 - 7 # 5 + 6

7 - 6

2 # 3 + 8
##

u

6

u

6

■ Answer: a. 10 b. 3
16

Parentheses ( ) and brackets [ ] are the typical notations for grouping and are often used
interchangeably. When nesting (groups within groups), use parentheses on the innermost
and then brackets on the outermost.

u

35

■ Answer: Ϫ24
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0.1 Real Numbers 9

An algebraic expression is the combination of variables and constants using basic
operations such as addition, subtraction, multiplication, and division. Each term is
separated by addition or subtraction.

Algebraic Expression Variable Term Constant Term Coefficient
5x ϩ 3 5x 3 5

When we know the value of the variables, we can evaluate an algebraic expression
using the substitution principle:

Algebraic expression: 5x ϩ 3
Value of the variable: x ϭ 2
Substitute x ϭ 2: 5(2) ϩ 3 ϭ 10 ϩ 3 ϭ 13 

Algebraic ExpressionD E F I N I T I O N

Algebraic Expressions

Everything discussed until now has involved real numbers (explicitly). In algebra, however,
numbers are often represented by letters (such as x and y), which are called variables. A
constant is a fixed (known) number such as 5. A coefficient is the constant that is
multiplied by a variable. Quantities within the algebraic expression that are separated by
addition or subtraction are referred to as terms.

EXAMPLE 6 Evaluating Algebraic Expressions

Evaluate the algebraic expression 7x ϩ 2 for x ϭ 3.

Solution:

Start with the algebraic expression. 7x ϩ 2

Substitute x � 3. 7(3) ϩ 2

Perform the multiplication. ϭ 21 ϩ 2

Perform the addition. ϭ 23

■ YOU R TU R N Evaluate the algebraic expression 6y ϩ 4 for y ϭ 2.
■ Answer: 16

In Example 6, the value for the variable was specified in order for us to evaluate the
algebraic expression. What if the value of the variable is not specified; can we simplify an
expression like 3(2x Ϫ 5y)? In this case, we cannot subtract 5y from 2x. Instead, we rely on
the basic properties of real numbers, or the basic rules of algebra.

Properties of Real Numbers

You probably already know many properties of real numbers. For example, if you add up
four numbers, it does not matter in which order you add them. If you multiply five
numbers, it does not matter what order you multiply them. If you add 0 to a real number or
multiply a real number by 1, the result yields the original real number. Basic properties of
real numbers are summarized in the following table. Because these properties are true for
variables and algebraic expressions, these properties are often called the basic rules of
algebra.
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