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learn and understand mathematics.
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Available in MyMathLab® for your College Algebra Course

Success in math can make a difference in your life. MyMathLab is  
a learning experience with resources to help you Achieve Your 
Potential in this course and beyond. MyMathLab will help you learn 
the new skills required and also help you learn the bigger concepts 
and make connections for future courses and careers.

Achieve Your Potential

Visualization and Conceptual Understanding
These MyMathLab resources will help you think visually and connect the concepts.

NEW! Guided Visualizations
These engaging, interactive figures bring  
mathematical concepts to life, helping  
students visualize the concepts through  
directed explorations and purposeful  
manipulation. Guided Visualizations are  
assignable in MyMathLab and encourage  
active learning, critical thinking, and  
conceptual learning.

Video Assessment Exercises
Now assignable in MyMathLab, these videos 
provide a detailed walk-through of the solution 
process for key topics. Exercises correlated to 
the videos check for conceptual understanding.
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Preparedness and Study Skills

For more information on how MyMathLab can help you Achieve Your Potential visit
http://www.pearsonhighered.com/achieve-your-potential/

MyMathLab® gives access to many learning resources that refresh knowledge of  
 topics previously learned. An Integrated Review MyMathLab course, Getting Ready 
material, and Note-taking Guide are some of  the tools available.

Integrated Review  
Course
This new type of  MyMathLab course of-
fers a complete college algebra course with 
select topics from developmental algebra. 
Each chapter begins with a Skills Check  
assignment to pinpoint which prerequisite 
topics, if  any, need review. A personalized 
review homework assignment is automatically generated and provides extra  
support. Additional review materials (worksheets, videos, and more) are available  
at the start of  each chapter.

Students refresh prerequisite topics through 
skill review quizzes and personalized  
homework integrated in MyMathLab. With 
Getting Ready content in MyMathLab  
students get just the help they need to be 
prepared to learn the new material.

Getting Ready

Skills for Success modules help foster  
success in collegiate courses and prepare  
students for future professions. Topics  
such as “Time Management,” “Stress  
Management,” and “Financial Literacy” are  
available within the MyMathLab course.

Skills for Success Modules
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MyMathLab, Pearson’s online learning management system, creates personalized  
experiences for students and provides powerful tools for instructors. With a wealth 
of  tested and proven resources, each course can be tailored to fit your specific 
needs. Talk to your Pearson Representative about ways to integrate MyMathLab 
into your course for the best results.

Visit www.mymathlab.com and click Get Trained to make sure  
you’re getting the most out of MyMathLab.

Data-Driven Reporting for 
Instructors
• MyMathLab’s comprehensive online

gradebook automatically tracks
students’ results to tests, quizzes,
homework, and work in the study
plan.

• The Reporting Dashboard, found
under More Gradebook Tools,
makes it easier than ever to identify
topics where students are
struggling, or specific students who
may need extra help.

Get the most out of  MyMathLab®

Learning in Any Environment
• Because classroom formats and

student needs continually change
and evolve, MyMathLab has built-in
flexibility to accommodate various
course designs and formats.

• With a new, streamlined,
mobile-friendly design, students and
instructors can access courses from
most mobile devices to work
on exercises and review completed assignments.
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viii

College Algebra in Context is designed for a course in algebra that is based on data 
analysis, modeling, and real-life applications from the management, life, and social 
sciences. The text is intended to show students how to analyze, solve, and interpret 
problems in this course, in future courses, and in future careers. At the heart of this text 
is its emphasis on problem solving in meaningful contexts.

The text is application-driven and uses real data problems that motivate interest 
in the skills and concepts of algebra. Modeling is introduced early, in the discussion 
of linear functions and in the discussion of quadratic and power functions. Additional 
models are introduced when exponential, logarithmic, logistic, cubic, and quartic func-
tions are discussed. Mathematical concepts are introduced informally with an emphasis 
on applications. Each chapter contains real data problems and extended application 
projects that can be solved by students working collaboratively.

The text features a constructive chapter-opening Algebra Toolbox, which reviews 
previously learned algebra concepts by presenting the prerequisite skills needed for 
successful completion of the chapter. In addition, a section on calculus preparation at 
the end of the text emphasizes how students can use their new knowledge in a variety 
of calculus courses.

Changes in the Fifth Edition
We have made a number of changes based on suggestions from users and reviewers of 
the fourth edition, as well as our own classroom experiences.

j Additional modeling problems that involve decision making and critical thinking 
have been added throughout the text.

j To keep the applications current, nearly all of the examples and exercises using 
“date-related” real data have been updated or replaced.

j Over 300 additional algebra skills, examples, and applied exercises have been added.

j More specific Excel steps are presented within the text, with references to  
Appendix B for more details. 

j Excel procedures are given to solve  additional types of problems, especially in 
investment applications in Chapter 5.

j The Excel discussion and figures have been updated to Excel 2013 throughout the 
text and in Appendix B. Excel 2010 procedures are retained in Appendix B.

j Throughout the text and in Appendix A, the TI graphing calculator graphs have 
been updated to the latest format (TI-84 Plus Silver with Color).

j Appendix B has been updated to include instructions for Excel 2013 and Excel 2010.

j The MyMathLab course has been expanded to include additional problem types, 
such as Video Assessment exercises and Guided Visualizations.

j A new Note-taking Guide, written by the authors, is available to assist students in 
taking thorough, organized, and understandable notes during lectures.

To improve the exposition, new content has been added, and the organization of some 
sections has been changed.

j Multiplying Monomials and Binomials was moved to the Chapter 1 Algebra 
 Toolbox, and Division of Polynomials by Monomials has been added there.

j The discussion of Aligning Data was moved to Section 1.1.

preface
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 Preface ix

 j The discussion of Difference Quotients in Section 1.4 was expanded.

 j A new subsection, Rounding Function Coefficients and Constants, which includes 
a discussion of significant digits, was added to the Chapter 2 Algebra Toolbox.

 j A new subsection, Equations in Quadratic Form, was added to Section 4.4.

 j A summary table of Transformations of Graphs was added to Section 5.1.

 j New graphing calculator and Excel instructions and examples are given for solving 
investment problems in Section 5.5, Exponential Functions and Investing, and in 
Section 5.6, Annuities; Loan Repayment.

 j A new subsection, Simplifying Complex Fractions, was added to the Chapter 6 
Algebra Toolbox.

 j Instructions and examples using Excel 2013 to perform matrix operations have 
been added in Section 7.3.

 j Instructions and examples using Excel 2013 to solve systems of linear equations 
with inverse matrices have been added in Section 7.4.

 j A new Section 7.5, Determinants and Cramer’s Rule, has been added to Chapter 7.

 j A new Section 8.6, The Binomial Theorem, has been added to Chapter 8.

 j A new Section 8.7, Conic Sections: Circles and Parabolas, has been added to 
 Chapter 8.

 j A new Section 8.8, Conic Sections: Ellipses and Hyperbolas, has been added to 
Chapter 8.

Continued Features
Features of the text include the following:

 j The development of algebra is motivated by the need to use algebra to find the solu-
tions to real data–based applications.

  Real-life problems demonstrate the need for specific algebraic concepts and 
 techniques. Each section begins with a motivational problem couched in a real-life 
setting. The problem is solved after the necessary skills have been presented in 
that section. The aim is to prepare students to solve problems of all types by first 
introducing them to various functions and then encouraging them to take  advantage 
of available technology. Special business and finance models are included to 
 demonstrate the application of functions to the business world.

 j Technology has been integrated into the text.
  The text discusses the use of graphing calculators and Excel to solve problems, but 

there are no specific technology requirements. When a new calculator or spread-
sheet skill  becomes useful in a section, students can find the required keystrokes or 
commands in the text and in the Graphing Calculator and Excel® Manual, located 
within MyMathLab, as well as in Appendixes A and B discussed below. Technol-
ogy is used to enhance and support learning when appropriate—not to supplant 
learning.

 j The text contains two technology appendixes: a Basic Graphing Calculator 
Guide and a Basic Guide to Excel 2010 and Excel 2013. Footnotes throughout 
the text refer students to these guides for a detailed exposition when a new use of 
technology is introduced. Additional Excel solution procedures have been added, 
but, as before, they can be omitted without loss of continuity in the text.

 j Each of the first seven chapters begins with an Algebra Toolbox section that 
 reviews the prerequisite skills needed for successful completion of the chapter.
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  Topics discussed in the Toolbox are topics that are prerequisite to a college algebra 
course (they are often found in a Chapter R or appendix of a college algebra text). 
Key objectives are listed at the beginning of each Toolbox, and topics are intro-
duced “just in time” to be used in the chapter under consideration.

 j Many problems posed in the text are multi-part and multi-level problems.
  Many problems require thoughtful, real-world answers adapted to varying condi-

tions, rather than numerical answers. Questions such as “When will this model no 
longer be valid?” “What additional limitations must be placed on your answer?” 
and “Interpret your answer in the context of the application” are commonplace in 
the text.

 j Chapter objectives are listed at the beginning of each chapter, and key objectives 
are given at the beginning of each section.

 j Each chapter has a Chapter Summary, a Chapter Skills Check, and a Chapter 
Review.

  The Chapter Summary lists the key terms and formulas discussed in the chapter, 
with section references. Chapter Skills Check and Chapter Review exercises pro-
vide additional review problems.

 j The text encourages collaborative learning.
  Each chapter ends with one or more Group Activities/Extended Applications that 

require students to solve multi-level problems involving real data or situations, 
making it desirable for students to collaborate in their solutions. These activities 
provide opportunities for students to work together to solve real problems that 
 involve the use of technology and that frequently require modeling.

 j In Chapter 8, a Preparing for Calculus section is included that shows how algebra 
skills from the first four chapters are used in a calculus context.

  Many students have difficulty in calculus because they have trouble applying alge-
bra skills to calculus. This section reviews earlier topics and shows how they apply 
to the development and application of calculus.

 j The text encourages students to improve communication skills and research 
skills.

  The Group Activities/Extended Applications require written reports and frequently 
require use of the Internet or a library. Some Extended Applications call for stu-
dents to use literature or the Internet to find a graph or table of discrete data describ-
ing an issue. They are then required to make a scatter plot of the data, determine the 
function type that is the best fit for the data, create the model, discuss how well the 
model fits the data, and discuss how it can be used to analyze the issue.

 j Answers to Selected Exercises include answers to all Chapter Skills Checks, 
 Chapter Reviews, and odd-numbered application exercises so students have 
 feedback regarding the exercises they work.

 j Supplements are provided that will help students and instructors use technology 
to improve the learning and teaching experience. See the instructor and student 
resources lists.

x Preface
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allow instructors to easily manage their classes while remaining in complete control, 

regardless of  course format.

Personalized Support for Students
•	 MyMathLab comes with many learning resources–eText, animations, videos, and 

more–all designed to support your students as they progress through their course.

•	 The Adaptive Study Plan acts as a personal tutor, updating in real time based on 

student performance to provide personalized recommendations on what to work 

on next. With the new Companion Study Plan assignments, instructors can now 

assign the Study Plan as a prerequisite to a test or quiz, helping to guide students 

through concepts they need to master.

•	 Personalized Homework allows instructors to create homework assignments 

tailored to each student’s specific needs, focused on just the topics they have not 

yet mastered.

Used by nearly 4 million students each year, the MyMathLab and MyStatLab family of 

products delivers consistent, measurable gains in student learning outcomes, retention, 

and subsequent course success.
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for Harshbarger’s College Algebra
MyMathLab®

MyMathLab delivers proven results in helping individual students succeed. The 
authors, Ronald Harshbarger and Lisa Yocco, have developed specific content in 
MyMathLab to give students the practice they need to become adept problem 
solvers in their future courses and careers. The MyMathLab features described 
here will help:
•	Apply math in real-world scenarios
•	Review math skills and forgotten concepts
•	Organize the note-taking process

Apply the Math

The exercise sets are fashioned for students 
majoring in business, social sciences, and life 
sciences. The focus is on developing students’ 
problem-solving skills to prepare them for 
their future courses and careers. Exercise sets 
incorporate modeling techniques, application 
problems, and real data.

Organize Notes

New! The Note-taking Guide is a workbook 
that provides a framework for students as 
they take notes for this course. Students have 
a guide to help them organize definitions, 
examples, and processes. The guide is available 
for download in MyMathLab and also as a print 
supplement.

Refresh Skills

Students who need help with prerequisite 
content are supported when and where they 
need it. Getting Ready assignments are available 
at the start of  each chapter to refresh the 
algebra skills needed to learn the new material. 
Getting Ready assignments are available in both 
quiz and homework format.
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Instructor Resources
Additional resources can be downloaded from  
www.mymathlab.com or www.pearsonhighered.com 
or hardcopy resources can be ordered from your sales 
representative.

Annotated Instructor’s Edition
The instructor’s edition includes all answers to the 
exercise sets. Shorter answers are presented on 
the same page as the exercise; longer answers are 
in the back of  the text. Sample homework assign-
ments, selected by the authors, are indicated by a blue 
 underline and may be assigned in MyMathLab®.

TestGen®

TestGen (www.pearsoned.com/testgen) enables  
instructors to build, edit, print, and administer tests 
using a computerized bank of  questions developed to 
cover all the objectives of  the text.

Instructor’s Solutions Manual
This manual provides complete solutions to all 
 problems in the text (download only).

PowerPoint® Lecture Slides
Written specifically for this text, these fully editable  
lecture slides provide an outline for presenting 
 definitions, figures, and key examples.

Instructor’s Testing Manual
This manual contains three alternative forms of   
tests per chapter with answer keys that contain more 
applications (download only).

Student Resources
Additional resources to promote student success:

Additional Skill and Exercise Manual
This manual provides additional practice and test 
preparation for students (download only).

Student’s Solutions Manual
This manual provides detailed, worked-out solutions 
to odd- numbered exercises.

Note-taking Guide
This workbook, written by Ron Harshbarger and  
Lisa Yocco, provides a framework for students to help 
them take thorough, organized, and understandable 
notes for the course.

www.mymathlab.com
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to the Student

College Algebra in Context was written to help you develop the math skills you need 
to model problems and analyze data—tasks that are required in many jobs in the fields 
of management, life science, and social science. As you read this text, you may be sur-
prised by how many ways professionals use algebra—from predicting how a popula-
tion will vote in an upcoming election to projecting sales of a particular good.

There are many ways in which this text will help you succeed in your algebra 
course, and you will be a key partner in that success. Consider the following sugges-
tions, which our own students have found helpful.

 1. Take careful notes in an organized notebook. Good organization is essential in 
a math course so that you do not fall behind and so that you can quickly refer to a 
topic when you need it.
j  Separate your notebook into three sections: class notes and examples, home-

work, and a problem log consisting of problems worked in class (which will 
provide a sample test).

j  Begin each set of notes with identifying information: the date, section of the 
book, page number from the book, and topic.

j  Write explanations in words, rather than just enumerating the steps in solving 
a problem, so that you will understand later what was done in each step. Use 
abbreviations and short phrases, rather than complete sentences, so that you 
can keep up with the explanation as you write.

j  Write step-by-step instructions for each process.
j  Keep handouts and tests in your notebook, using either a spiral notebook with 

pockets or a loose-leaf notebook.
 2. Read the textbook. Reading a mathematics textbook is different from reading 

other textbooks. Some suggestions follow.
j  Skim the material to get a general idea of the major topics. As you skim 

the material, circle any words that you do not understand. Read the Chapter 
Summary and look at the Exercises at the end of each section.

j  Make note cards for terms, symbols, and formulas. Review these note cards 
often to retain the information.

j  Read for explanation and study the steps to work a problem. It is essential 
that you learn how to work a problem and why the process works, rather than 
just memorizing sample problems.

j  Study any illustrations and other aids provided to help you understand a 
sample problem; then cover up the solution and try to work the problem on your 
own.

j  Practice the process. The more problems you do, the more confident you 
will become in your ability to do math and perform on tests. When doing your 
homework, don’t give in to frustration. Put your homework aside for a while and 
come back to it later.

j  Recite and review. You should know and understand the example problems in 
your text well enough to be able to work similar problems on a test. Make note 
cards with example problems on one side and solutions on the other side.

 3. Work through the Algebra Toolbox. The Algebra Toolbox will give you a great 
review of the skills needed for success in each chapter. Note the Key Objectives 
listed at the beginning of the Toolbox; reread them once you have completed the 
Toolbox Exercises.

 4. Practice with Skills Check exercises. Skills Check exercises provide a way to 
practice your algebra skills before moving on to more applied problems.

 5. Work the Exercises carefully. The examples and exercises in this book model 
ways in which mathematics is used in the world. Look for connections between the 

xv
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examples and what you are learning in your other classes. The examples will help 
you work through the applied exercises in each section.

 6. Prepare for your exams.
j  Make a study schedule. Begin to study at least three days before the test. You 

should make a schedule, listing those sections of the book that you will study 
each day. Schedule a sample test to be taken upon completion of those sections. 
This sample test should be taken at least two days before the test date so that you 
have time to work on areas of difficulty.

j  Rework problems. You should actively prepare for a test. Do more than read 
your notes and the textbook. Do more than look over your homework. Review 
the note cards prepared from your class notes and text. Actually rework prob-
lems from each section of your book. Use the Chapter Summary at the end of 
each chapter to be sure you know and understand the key concepts and formu-
las. Then get some more practice with the Chapter Skills Checks and Review 
Exercises. Check your answers!

j  Get help. Do not leave questions unanswered. Remember to utilize all resources 
in getting the help you need. Some resources that you might consider using are 
your fellow classmates, tutors, MyMathLab, the Student’s Solutions Manual, 
math videos, and even your teacher. Do not take the gamble that certain ques-
tions will not be on the test!

j  Make a sample test. Write a sample test by choosing a variety of problems 
from each section in the book. Then write the problems for your sample test in 
a different order from that in which they appear in the book. (Hint: If you write 
each problem, with directions, on a separate index card and mix them up, you 
will have a good sample test.)

j  Review and relax the night before the test. The night before the test is best 
used reviewing the material. This may include working one problem from each 
section, reworking problems that have given you difficulty, or thinking about 
procedures you have used.

j  Practice taking tests online. Ask your professor if MathXL or MyMathLab is 
available at your school. Both provide online homework, tutorial, and assess-
ment systems for unlimited practice exercises correlated with your textbook. 
(An access code is required to use these products.)

 7. Develop better math test-taking skills.
j  Do a memory download. As soon as you receive your test, jot down formulas 

or rules that you will need but are likely to forget. If you get nervous later and 
forget this information, you can simply refer to the memory cues that you have 
written down.

j  Skip the difficult questions. Come back to these later, or try to work at least 
one step for partial credit.

j  Keep a schedule. The objective is to get as many points as possible. Don’t linger 
over one question very long.

j  Review your work. Check for careless errors and make sure your answers make 
sense.

j  Use all the time given. There are no bonus points for turning your test in early. 
Use extra time for checking your work.

 8. Have fun! Look for mathematics all around you. Read the newspaper, look at data 
on government websites, and observe how professionals use mathematics to do 
their jobs and communicate information to the world.

We have enjoyed teaching this material to our students and watching their understand-
ing grow. We wish you the very best this semester and in your future studies.

Ronald J. Harshbarger
Lisa S. Yocco

xvi To the Student
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section objectives applications

1.1 Functions and Models Determine graphs, tables, and equations that 
represent functions; find domains and ranges; 
evaluate functions and mathematical models; 
align data

Body temperature, personal  computers, 
stock market, elderly men in the 
 workforce, public health expenditures

1.2 Graphs of Functions Graph and evaluate functions with technology; 
graph mathematical models; graph data points; 
scale data

Aging workers, cost-benefit, voting,  
U.S. diabetes

1.3 Linear Functions Identify and graph linear functions; find and 
 interpret intercepts and slopes; find constant 
rates of change; model revenue, cost, and 
profit; find marginal revenue, marginal cost, and 
marginal profit; identify special linear functions

Hispanics in the United States, loan 
balances, revenue, cost, profit, marginal 
cost, marginal revenue, marginal profit

1.4 Equations of Lines Write equations of lines; identify parallel and 
perpendicular lines; find average rates of 
change; compute the difference quotient;  
model approximately linear data

Service call charges, blood alcohol 
 percent, inmate population, Tesla auto-
mobile sales, public school enrollment, 
average velocity

Functions, Graphs,  
and Models;  

Linear Functions
With digital TV becoming more affordable by the day, the demand for high-
definition home entertainment is growing rapidly, with 115 million 
Americans having digital TV in 2010. The worldwide total was 517 million 
in 2010, with 40% of TV households having digital TV. More than 401 mil-
lion digital TV homes are expected to be added between the end of 2010 
and the end of 2015, and by 2015 more than 1 billion sets should be in use 
worldwide. Cell phone use is also on the rise, not just in the United States 
but throughout the world. By the middle of 2006, the number of subscrib-
ers to cell phone carriers had dramatically increased, and the number of 
total users had reached 4.6 billion by 2010. If the numbers continue to 
increase at a steady rate, the number of subscribers is expected to reach 
into the tens of billions over the next few years. These projections and oth-
ers are made by collecting real-world data and creating mathematical 
models. The goal of this chapter and future chapters is to use real data and 
mathematical models to make predictions and solve meaningful problems.

  1

1 

M01_HARS0076_05_AIE_C01_001-083.indd   1 8/29/15   4:32 PM



2

The Algebra Toolbox is designed to review prerequisite skills needed for success in 
each chapter. In this Toolbox, we discuss sets, the real numbers, the coordinate system, 
algebraic expressions, equations, inequalities, absolute values, and subscripts.

Sets
In this chapter we will use sets to write domains and ranges of functions, and in future 
chapters we will find solution sets to equations and inequalities. A set is a well-defined 
collection of objects, including but not limited to numbers. In this section, we will 
 discuss sets of real numbers, including natural numbers, integers, and rational numbers, 
and later in the text we will discuss the set of complex numbers. There are two ways to 
define a set. One way is by listing the elements (or members) of the set (usually 
 between braces). For example, we may say that a set A contains 2, 3, 5, and 7 by writing 
A = {2, 3, 5, 7}. To say that 5 is an element of the set A, we write 5 [ A. To indicate 
that 6 is not an element of the set, we write 6 Ó A. Domains of functions and solutions 
to equations are sometimes given in sets with the elements listed.

If all the elements of the set can be listed, the set is said to be a finite set. If all 
 elements of a set cannot be listed, the set is called an infinite set. To indicate that a set 
continues with the established pattern, we use three dots. For example, B =  
{1, 2, 3, 4, 5, c , 100} describes the finite set of whole numbers from 1 through 100, 
and N = {1, 2, 3, 4, 5, c} describes the infinite set of all whole numbers beginning 
with 1. This set is called the natural numbers.

Another way to define a set is to give its description. For example, we may write 
{x u x is a math book} to define the set of math books. This is read as “the set of all x 
such that x is a math book.” N = {x u x is a natural number} defines the set of natural 
numbers, which was also defined by N = {1, 2, 3, 4, 5, c} above.

The set that contains no elements is called the empty set and is denoted by [.

Algebra TOOLBOX
KEY OBJECTIVES

■■ Write sets of numbers 
using description or 
 elements

■■ Identify sets of real 
 numbers as being 
 integers, rational numbers, 
and/or irrational numbers

■■ Identify the coefficients of  
terms and constants in 
 algebraic expressions

■■ Remove parentheses and 
simplify polynomials

■■ Express inequalities 
as intervals and graph 
inequalities

■■ Multiply polynomials

■■ Divide polynomials by 
 monomials

■■ Plot points on a coordinate 
system

■■ Use subscripts to 
 represent fixed points

Write the following sets in two ways.

a. The set A containing the natural numbers less than 7.

b. The set B of natural numbers that are at least 7.

SOLuTiOn

a. A = {1, 2, 3, 4, 5, 6}, A = {x u x [ N, x 6 7}

b. B = {7, 8, 9, 10,c}, B = {x u x [ N, x Ú 7}

 EXAMpLE 1 c Sets

The relations that can exist between two sets follow.

Relations Between Sets
1. Sets X and Y are equal if they contain exactly the same elements.

2. Set A is called a subset of set B if each element of A is an element of B. This 
is denoted A # B.

3. If sets C and D have no elements in common, they are called disjoint.
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 Algebra Toolbox 3

For the sets A = {x u x … 9, x is a natural number}, B = {2, 4, 6}, C = {3, 5, 8, 10}:

a. Which of the sets A, B, and C are subsets of A?

b. Which pairs of sets are disjoint?

c. Are any of these three sets equal?

SOLuTiOn

a. Every element of B is contained in A. Thus, set B is a subset of A. Because every 
 element of A is contained in A, A is a subset of A.

b. Sets B and C have no elements in common, so they are disjoint.

c. None of these sets have exactly the same elements, so none are equal.

 EXAMpLE 2 c Relations Between Sets

The Real numbers
Because most of the mathematical applications you will encounter in an applied 
 nontechnical setting use real numbers, the emphasis in this text is the real number 
system.* Real numbers can be rational or irrational. Rational numbers include inte-
gers, fractions containing only integers (with no 0 in a denominator), and decimals that 
either terminate or repeat. Some examples of rational numbers are

-9, 
1
2

, 0, 12, -  
4
7

, 6.58, -7.3

Irrational numbers are real numbers that are not rational. Some examples of 
 irrational numbers are p (a number familiar to us from the study of circles), 12, 13 5, 
and 13 -10.

The types of real numbers are described in Table 1.1.

Table 1.1 

Types of Real Numbers Descriptions

Natural numbers 1, 2, 3, 4, c

Integers Natural numbers, zero, and the negatives of the natural 
 numbers: . . . , -3, -2, -1, 0, 1, 2, 3, . . .

Rational numbers All numbers that can be written in the form 
p

q
, where p and q 

are both integers with q ? 0. Rational numbers can be written 
as terminating or repeating decimals.

Irrational numbers All real numbers that are not rational numbers. Irrational num-
bers cannot be written as terminating or repeating decimals.

We can represent real numbers on a real number line. Exactly one real number is 
associated with each point on the line, and we say there is a one-to-one correspondence 
between the real numbers and the points on the line. That is, the real number line is a 
graph of the real numbers (see Figure 1.1).

* The complex number system will be discussed in the Chapter 3 Toolbox.

Figure 1.1 

ÏÏ29 126.568p27.3 013
6

250
3 3 9

22
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4 Chapter 1 Functions, Graphs, and Models; Linear Functions

Notice the number p on the real number line in Figure 1.1. This special number, which 
can be approximated by 3.14, results when the circumference of (distance around) any 
circle is divided by the diameter of the circle. Another special real number is e; it is 
denoted by

e < 2.71828

We will discuss this number, which is important in financial and biological applica-
tions, later in the text.

inequalities and intervals on the number Line
In this chapter, we will sometimes use inequalities and interval notation to describe 
domains and ranges of functions. An inequality is a statement that one quantity is 
 greater (or less) than another quantity. We say that a is less than b (written a 6 b) if the 
point representing a is to the left of the point representing b on the real number line. We 
may indicate that the number a is greater than or equal to b by writing a Ú b. The sub-
set of real numbers x that lie between a and b (excluding a and b) can be denoted by the 
double inequality a 6 x 6 b or by the open interval (a, b). This is called an open 
interval because neither of the endpoints is included in the interval. The closed interval 
[a, b] represents the set of all real numbers satisfying a … x … b. Intervals containing 
one endpoint, such as [a, b) or (a, b], are called half-open intervals. We can represent 
the inequality x Ú a by the interval [a, q ), and we can represent the inequality x 6 a 
by the interval 1-q , a2. Note that q  and -q  are not numbers, but q  is used in 
[a, q ) to represent the fact that x increases without bound and -q  is used in 1-q , a2 
to indicate that x decreases without bound. Table 1.2 shows the graphs of different types 
of intervals.

Table 1.2 

Interval 
Notation

Inequality  
Notation

Verbal  
Description

 
Number Line Graph

(a, q ) x 7 a x is greater than a x
a

[a, q ) x Ú a x is greater than or equal to a x
a

(-q , b) x 6  b x is less than b x
b

(-q , b] x … b x is less than or equal to b x
b

(a, b) a 6 x 6 b x is between a and b, not including 
either a or b

x
a b

[a, b) a … x 6 b x is between a and b, including a 
but not including b

x
a b

(a, b] a 6 x … b x is between a and b, not including 
a but including b

x
a b

[a, b] a … x … b x is between a and b, including 
both a and b

x
a b

Note that open circles may be used instead of parentheses, and solid circles may be used instead of brackets, in the  
number line graphs.
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 Algebra Toolbox 5

Algebraic Expressions
In algebra we deal with a combination of real numbers and letters. Generally, the letters 
are symbols used to represent unknown quantities or fixed but unspecified constants. 
Letters representing unknown quantities are usually called variables, and letters repre-
senting fixed but unspecified numbers are called literal constants. An expression cre-
ated by performing additions, subtractions, or other arithmetic operations with one or 
more real numbers and variables is called an algebraic expression. Unless otherwise 
specified, the variables represent real numbers for which the algebraic expression is a 
real number. Examples of algebraic expressions include

5x - 2y, 
 3x - 5
12 + 5y

, and 7z + 2

A term of an algebraic expression is the product of one or more variables and a real 
number; the real number is called a numerical coefficient or simply a coefficient. A 
constant is also considered a term of an algebraic expression and is called a constant 
term. For instance, the term 5yz is the product of the factors 5, y, and z; this term has 
coefficient 5.

polynomials
An algebraic expression containing a finite number of additions, subtractions, and 
 multiplications of constants and nonnegative integer powers of variables is called a 
 poly nomial. When simplified, a polynomial cannot contain negative powers of variables, 
 fractional powers of variables, variables in a denominator, or variables inside a radical.

The expressions 5x - 2y and 7z3 + 2y are polynomials, but 
3x - 5
12 + 5y

 and 3x2 - 61x 

are not polynomials. If the only variable in the polynomial is x, then the polynomial is 
called a polynomial in x. The general form of a polynomial in x is

an xn + an-1xn-1 + g + a1x + a0

where a0 and each coefficient an, an-1,c  are real numbers and each exponent 
n, n - 1,c  is a positive integer.

Write the interval corresponding to each of the inequalities in parts (a)–(e), and then 
graph the inequality.

a. -1 … x … 2    b. 2 6 x 6 4    c. -2 6 x … 3    d. x Ú 3    e. x 6 5

SOLuTiOn

a. [-1, 2] x
21 2

b. (2, 4) x
2 4

c. (-2, 3] x
22 3

d. [3, q ) x
3

e. 1-q , 52 x
5

 EXAMpLE 3 c Intervals
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6 Chapter 1 Functions, Graphs, and Models; Linear Functions

For a polynomial in the single variable x, the power of x in each term is the degree 
of that term, with the degree of a constant term equal to 0. The term that has the highest 
power of x is called the leading term of the polynomial, the coefficient of this term is 
the leading coefficient, and the degree of this term is the degree of the polynomial. 
Thus, 5x4 + 3x2 - 6 is a fourth-degree polynomial with leading coefficient 5. 
Polynomials with one term are called monomials, those with two terms are called 
binomials, and those with three terms are called trinomials. The right side of the equa-
tion y = 4x + 3 is a first-degree binomial, and the right side of y = 6x2 - 5x + 2 is 
a second-degree trinomial.

Operations with polynomials
Terms that contain exactly the same variables with exactly the same exponents are 
called like terms. For example, 3x2y and 7x2y are like terms, but 3x2y and 3xy are not. 
We add or subtract (combine) algebraic expressions by combining the like terms. For 
example, the sum of the expressions 5sx - 2y + 7z3 and 2y + 5sx - 4z3 is

 15sx - 2y + 7z32 + 12y + 5sx - 4z32 = 5sx - 2y + 7z3 + 2y + 5sx - 4z3

 = 10sx + 3z3

The simplified form of

3x2y + 7xy2 + 6x2y - 4xy2 - 5xy is 9x2y + 3xy2 - 5xy

For each polynomial, state the constant term, the leading coefficient, and the degree of 
the polynomial.

a. 5x2 - 8x + 2x4 - 3    b. 5x2 - 6x3 + 3x6 + 7

SOLuTiOn

a. The constant term is -3; the term of highest degree is 2x4, so the leading coefficient 
is 2 and the degree of the polynomial is 4.

b. The constant term is 7; the term of highest degree is 3x6, so the leading coefficient is 
3 and the degree of the polynomial is 6.

 EXAMpLE 4 c Polynomials

Removing parentheses
We often need to remove parentheses when simplifying algebraic expressions and when 
solving equations. Removing parentheses frequently requires use of the distributive 
property, which says that for real numbers a, b, and c, a1b + c2 = ab + ac. Care 
must be taken to avoid mistakes with signs when using the distributive property. 
 Multiplying a sum in parentheses by a negative number changes the sign of each term 
in the parentheses. For example,

-31x - 2y2 = -31x2 + 1-32 1-2y2 = -3x + 6y

and

- 13xy - 5x32 = -3xy + 5x3
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 Algebra Toolbox 7

Certain products and powers involving binomials occur frequently, so the following 
special products should be remembered.

The difference of the expressions 5sx - 2y + 7z3 and 2y + 5sx - 4z3 is

 15sx - 2y + 7z32 - 12y + 5sx - 4z32 = 5sx - 2y + 7z3 - 2y - 5sx + 4z3

 = -4y + 11z3

Note that removing parentheses preceded by a negative sign results in the sign of every 
term being changed.

We multiply two monomials by multiplying the coefficients and adding the expo-
nents of the respective variables that are in both monomials. For example,

13x3y22 14x2y2 = 3 # 4 # x3 # x2 # y2 # y = 3 # 4x3+2y2+1 = 12x5y3

We can multiply more than two monomials in the same manner.
We can use the distributive property,

a1b + c2 = ab + ac

to multiply a monomial times a polynomial. For example,

x13x + y2 = x # 3x + x # y = 3x2 + xy

We can extend the property a1b + c2 = ab + ac to multiply a monomial times any 
polynomial. For example,

3x12x + xy + 62 = 3x # 2x + 3x # xy + 3x # 6 = 6x2 + 3x2y + 18x

The product of two binomials can be found by using the distributive property as follows:

1a + b2 1c + d 2 = a1c + d 2 + b1c + d 2 = ac + ad + bc + bd

Note that this product can be remembered as the sum of the products of the First, Outer, 
Inner, and Last terms of the binomials, and we use the word FOIL to denote this method.
 First Last F O I L

1a + b2 1c + d2 = ac + ad + bc + bd
 Inner 
 Outer

Special Binomial Products
1. 1x + a2 1x - a2 = x2 - a2 (difference of two squares)

2. 1x + a2 2 = x2 + 2ax + a2 (perfect square trinomial)

3. 1x - a2 2 = x2 - 2ax + a2 (perfect square trinomial)

Find the following products.

a. 1x - 42 1x - 52    b. 12x - 32 13x + 22

SOLuTiOn

a.  1x - 42 1x - 52 = x # x + x1-52 + 1-42x + 1-42 1-52
 = x2 - 5x - 4x + 20 = x2 - 9x + 20

b.  12x - 32 13x + 22 = 12x2 13x2 + 12x22 + 1-32 13x2 + 1-322 

 = 6x2 + 4x - 9x - 6 = 6x2 - 5x - 6

 EXAMpLE 5 c Multiplying Polynomials
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 EXAMpLE 6 c Special Binomial Products
Find the following products by using the special binomial products formulas.

a. 15x + 12 2  b. 12x - 52 12x + 52  c. 13x - 42 2

SOLuTiOn

a. 15x + 12 2 = 15x2 2 + 215x2 112 + 12 = 25x2 + 10x + 1

b. 12x - 52 12x + 52 = 12x2 2 - 52 = 4x2 - 25

c. 13x - 42 2 = 13x2 2 - 213x2 142 + 42 = 9x2 - 24x + 16

Dividing polynomials by Monomials
A polynomial can be divided by a monomial if the monomial can be divided into each 
term of the polynomial. In this case, the monomial is called a factor of the polynomial. 
For example, if x is not equal to 0, we can simplify the algebraic expression

3x2 - 4x
x

 as 
3x2

x
-

4x
x

= 3x - 4

The Coordinate System
Much of our work in algebra involves graphing. To graph in two dimensions, we use a 
rectangular coordinate system, or Cartesian coordinate system. Such a system allows us 
to assign a unique point in a plane to each ordered pair of real numbers. We construct the 
coordinate system by drawing a horizontal number line and a vertical number line so that 
they intersect at their origins (Figure 1.2). The point of intersection is called the origin of 
the system, the number lines are called the coordinate axes, and the plane is divided into 
four parts called quadrants. In Figure 1.3, we call the horizontal axis the x-axis and the 
vertical axis the y-axis, and we denote any point in the plane as the ordered pair 1x, y2.

The ordered pair (a, b) represents the point P that is 0 a 0  units from the y-axis (right 
if a is positive, left if a is negative) and 0 b 0  units from the x-axis (up if b is positive, 
down if b is negative). The values of a and b are called the rectangular coordinates of 
the point. Figure 1.3 shows point P with coordinates 1a, b2. The point is in the second 
quadrant, where a 6 0 and b 7 0.
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Figure 1.2 
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y
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Figure 1.3 

Subscripts
We sometimes need to distinguish between two y-values and/or x-values in the same 
problem or on the same graph, or to designate literal constants. It is often convenient to 
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do this by using subscripts. For example, if we have two fixed but unidentified points 
on a graph, we can represent one point as 1x1, y12 and the other as 1x2, y22. Subscripts 
also can be used to designate different equations entered in graphing utilities; for ex-
ample, y = 2x - 5 may appear as y1 = 2x - 5 when entered in the equation editor of 
a graphing calculator.

 1. Write “the set of all natural numbers N less than 9” in 
two different ways.

 2. Is it true that 3 [ {1, 3, 4, 6, 8, 9, 10}? 

 3. Is A a subset of B if A = {2, 3, 5, 7, 8, 9, 10} and 
B = {3, 5, 8, 9}? 

 4. Is it true that 
1
2

[ N  if N is the set of natural 
 numbers? 

 5. Is the set of integers a subset of the set of rational 
numbers? 

 6. Are sets of rational numbers and irrational numbers 
disjoint sets? 

Identify the sets of numbers in Exercises 7–9 as containing 
one or more of the following: integers, rational numbers, 
and/or irrational numbers.

 7. {5, 2, 5, 8, -6} 8. b 1
2

, -4.1, 
5
3

, 1
2
3
r  

 9. b13, p, 
13 2
4

, 15 r  

In Exercises 10–12, express each interval or graph as an 
inequality.

 10. x
23

 

 11. [-3, 3]  12. (-q , 3] 

In Exercises 13–15, express each inequality or graph in 
interval notation.

 13. x … 7  14. 3 6 x … 7 

 15. x
4

 

In Exercises 16 –18, graph the inequality or interval on a 
real number line.

 16. 1-2, q 2 17. 5 7 x Ú 2

 18. x 6 3

In Exercises 19–21, plot the points on a coordinate system.

 19. 1-1, 32 20. 14, -22
 21. 1-4, 32

 22. Plot the points 1-1, 22, 13, -12, 14, 22, and 
1-2, -32 on the same coordinate system.

 23. Plot the points 1x1, y12 and 1x2, y22 on a coordinate 
system if

x1 = 2, y1 = -1, x2 = -3, y2 = -5

Determine whether each expression in Exercises 24–27 is 
a polynomial. If it is, state the degree of the polynomial.

 24. 14x4 - 6x3 + 9x - 7 25. 
5x - 8
3x + 2

 

 26. 10x - 1y  27. -12x4 + 5x6 

For each algebraic expression in Exercises 28 and 29, give 
the coefficient of each term and give the constant term.

 28. -3x2 - 4x + 8 29. 5x4 + 7x3 - 3

 30. Find the sum of z4 - 15z2 + 20z - 6 and 
2z4 + 4z3 - 12z2 - 5. 

 31. Simplify the expression

 3x + 2y4 - 2x3y4 - 119 - 5x - 3y2 + 5y4 + 110

Remove the parentheses and simplify in Exercises 32–37.

 32. 41  p + d 2 33. -213x - 7y2
 34. -a1b + 8c2 35. 41x - y2 - 13x + 2y2
 36. 412x - y2 + 4xy - 51y - xy2 - 12x - 4y2
 37. 2x14yz - 42 - 15xyz - 3x2 

In Exercises 38–42, find the products.

 38. 14x2y32 1-3a2x32 
 39. 2xy312x2y + 4xz - 3z22 
 40. 1x - 72 12x + 32 41. 1k - 32 2 

 42. 14x - 7y2 14x + 7y2 

 43. Simplify 
12x - 5x2

x
. 

44. Simplify 
8x2 + 2x

2x
. 

Toolbox EXERCiSES
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