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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 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.

Preface

VII
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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. Each subsection has a corresponding skills objective and conceptual 
objective.

CATCH THE MISTAKE

Have you ever made a mistake (or had a student bring you his or her homework with a 
mistake) and you’ve gone over it and over it and couldn’t find the mistake? It’s often easier 
to simply take out a new sheet of paper and solve it from scratch 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. 
Using these in class (with individuals or groups) leads to student discussion and offers an 
opportunity for formative assessment in real time.

LECTURE VIDEOS BY THE AUTHOR

I authored the videos to ensure consistency in the 
students’ learning experience. Throughout the book, 
wherever a student sees the video icon, that indicates a 
video. These videos provide mini lectures. The chapter 
openers and chapter summaries act as class discussions. 
The “Your Turn” problems throughout the book challenge 
the students to attempt a problem similar to a nearby 
example. The “worked-out example” videos are intended 
to come to the rescue for students if they get lost as they 
read the text and work problems outside the classroom.

VIII PREFACE
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NEW TO THE FOURTH EDITION

In the fourth edition, the main upgrades are updated applications throughout the 
text; new Skills and Conceptual objectives mapped to each subsection; new Concept 
Check questions in each subsection; and the substantially improved version of 
WileyPLUS, including ORION adaptive practice and interactive animations.

PREFACE IX

CONCEPT CHECK QUESTIONS

SKILLS AND CONCEPTUAL OBJECTIVES

APPLICATIONS TO BUSINESS, ECONOMICS, 
HEATH SCIENCES, AND MEDICINE
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X PREFACE

FEATURE BENEFIT TO STUDENT

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

Chapter Overview, Flowchart, and  
Learning Objectives

Allows students to see the big picture of how topics relate, and overarching learning objectives  
are presented.

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

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

Enables students to understand what they are reading, which reduces math anxiety and promotes  
student success.

Parallel Words and Math 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).

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

Color for Pedagogical Reasons 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.

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

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

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

Concept Checks Reinforces concept learning objectives, much as Your Turn features reinforce skill learning objectives.

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

Conceptual Exercises Teaches students to think more globally about a topic.

Inquiry-Based Learning Project  
(online only)

Lets students discover a mathematical identity, formula, and the like that is derived in the book.

Modeling Our World  
(online only)

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

Chapter Review Presents key ideas and formulas section by section in a chart. Improves study skills.

Chapter Review Exercises Improves study skills.

Chapter Practice Test Offers self-assessment and improves study skills.

Cumulative Test Improves retention.
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PREFACE XI

INSTRUCTOR SUPPLEMENTS
INSTRUCTOR’S SOLUTIONS MANUAL (ISBN: 978-1-119-27343-1)

• 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: 978-1-119-27346-2)

• Displays answers to the vast majority of exercise questions 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

•  WileyPLUS online homework features a full-service, digital learning environment, 
including additional resources for students, such as lecture videos by the author, 
self-practice exercises, tutorials, integrated links between the online text and  
supplements, and new interactive animations and ORION adaptive practice.

•  WileyPLUS has been substantially revised and improved since the third edition of 
Algebra and Trigonometry. It now includes ORION, an adaptive practice engine built 
directly into WileyPLUS that can connect directly into the WileyPLUS gradebook, or 
into your campus Learning Management System gradebook if you select that option.  
Wiley has been incorporating ORION into WileyPLUS courses for over five years, 
including the Young Precalculus program. ORION brings the power of adaptive 
learning, which will continue to help students and instructors “bridge the gap.”
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XII PREFACE

STUDENT SUPPLEMENTS
STUDENT SOLUTIONS MANUAL (ISBN: 978-1-119-27342-4)

• 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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I wrote 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 College Algebra.

A Note from the Author
TO THE STUDENT

XVIII

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.

Chapter Introduction,  
Flowchart, Section Headings, 
and Objectives

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

Prerequisites and Review  
[Chapter 0]

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

Clear, Concise, and Inviting Writing

Special attention has been paid to presenting 
an engaging, clear, precise narrative in a layout 
that is easy to use and designed to reduce any 
math anxiety you may have.
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A NOTE FROM THE AUTHOR TO THE STUDENT XIX

Study Tips  
and Caution Notes

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

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 to read 
through examples as the material 
flows more naturally from left to 
right and as commonly presented 
in class.

Common Mistake/Correct Versus Incorrect

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

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.
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XX A NOTE FROM THE AUTHOR TO THE STUDENT

Six 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.

Video Icons

Video icons appear on all chapter  
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.”
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A NOTE FROM THE AUTHOR TO THE STUDENT 1

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.

Concept Check Questions

Similar to how Your Turn features 
reinforce skill learning objectives, 
Concept Checks reinforce concept 
learning objectives.
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C H A P T E R

LEARNING OBJECTIVES

[ [

■■ 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.

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.

Prerequisites 
and Review0
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3

[ I N  T H I S  C H A P T E 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.

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

• The Set of 
Real Numbers

• Approxima
tions: Round
ing 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
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4 CHAPTER 0 Prerequisites and Review

0.1.1 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 B ( A.

For example, the starting lineup on a baseball team is a subset of the entire team. 
The set of natural numbers, 51, 2, 3, 4, . . .6, is a subset of the set of whole numbers,  
50, 1, 2, 3, 4, . . .6, which is a subset of the set of integers, 5. . . , 24, 23, 22, 21, 0, 1, 
2, 3, . . .6, 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 [. The set of real numbers consists of two main subsets: rational and 
 irrational numbers.

DEFINITION Rational Number

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

integers, 
a

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

the denominator and where b 2 0 .

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

5,  217,  
1

3
,  !2,  p,  1.37,  0,  2

19

17
,  3.666,  3.2179 . . .

are examples of real numbers, where 5, 217, 13, 1.37, 0, 2  1 9
1 7 , and 3.666 are rational 

numbers, and !2, p, 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 that the 
decimal expansion terminates.

RATIONAL NUMBER 
(FRACTION)

CALCULATOR 
DISPLAY

DECIMAL 
REPRESENTATION DESCRIPTION

7
2 3.5 3.5 Terminates

1 5
1 2 1.25 1.25 Terminates

2
3 0.666666666 0.6 Repeats

1
1 1 0.09090909 0 .0 9 Repeats

0.1.1 S K I L L

Classify real numbers as rational 
or irrational.

0.1.1 C O N C E P T U A L

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

S K I L L S  O B J E C T I V E S
■■ Classify real numbers as rational or irrational.
■■ Round or truncate real numbers.
■■ Simplify expressions and evaluate algebraic expressions 
using the correct order of operations.

■■ Apply properties of real numbers and basic rules of  
algebra in simplifying and evaluating expressions.

C O N C E P T U A L  O B J E C T I V E S
■■ Understand that rational and irrational numbers are mutually 
exclusive and complementary subsets of real numbers.

■■ Understand the difference between rounding and 
truncating decimal values and that the resulting 
approximations may or may not be equal.

■■ Learn the order of operations for real numbers.
■■ Know and understand the basic properties of real numbers 
and the basic rules of algebra.

0.1 REAL NUMBERS
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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.

Real Numbers

Irrational Numbers

Integers

Negative Counting Numbers

Zero

Rational Numbers

Fractions
Ratio of two nonzero integers that
does not reduce to an integer

Whole Numbers

Natural Numbers

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 . . . , 25, 24, 23, 22, 21, 0, 1, 2, 3, 4, 5, . . .

Q Rational numbers Ratios of integers: 
a

b
 1b 2 0 2

• Decimal representation terminates, or

• Decimal representation repeats

217, 219
7 , 0, 13, 1.37, 3 .6 6 6 , 5

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

!2, 1.2179. . . , p

R Real numbers Rational and irrational numbers p, 5, 22
3, 17.25, !7  

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 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

EXAMPLE 1 Classifying Real Numbers

Classify the following real numbers as rational or irrational:

23, 0, 1
4, !3, p, 7.51, 1

3, 28
5, 6.66666

Solution:
Rational: 23, 0, 1

4, 7.51, 1
3, 28

5, 26.66666 Irrational: !3, p

Y O U R  T U R N   Classify the following real numbers as rational or irrational:

27
3, 5.9999, 12, 0, 25.27, !5, 2.010010001  . . .

[CONCEPT CHECK]
TRUE OR FALSE All integers are 
rational numbers.

ANSWER True
▼

▼
A N S W E R

Rational: 27
3, 5.9999, 12, 0, 25.27

Irrational: !5 , 2.010010001 . . .

▼

STUDY TIP
Every real number is either a 
rational number or an irrational 
number.
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6 CHAPTER 0 Prerequisites and Review

0.1.2 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.

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

Y O U R  T U 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

Y O U R  T U R N  Approximate 22.381865 to four decimal places by

a. truncation   b. rounding

▼

0.1.2 S K I L L

Round or truncate real numbers.

0.1.2 C O N C E P T U A L

Understand the difference between 
rounding and truncating decimal 
values and know that the resulting 
approximations may or may not 
be equal.

▼
A N S W E R

a. Truncation: 22.3818 
b. Rounding: 22.3819

▼
A N S W E R

a. Truncation: 23.02 
b. Rounding: 23.02

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

0.1.3 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.

OPERATION NOTATION RESULT

Addition a 1 b Sum

Subtraction a 2 b Difference

Multiplication a # b or ab or  1a2 1b2 Product

Division
a

b
 or a /b  1b 2 02 Quotient (Ratio)

[CONCEPT CHECK]
TRUE OR FALSE Truncating and 
rounding always have the same 
result.

ANSWER False
▼

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).
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Since algebra involves variables such as x, the  traditional multiplication sign 3 is 
not used. Three alternatives are shown in the preceding table. Similarly, the arithmetic 
sign for division 4 is often represented by vertical or slanted fractions.

The symbol 5 is called the equal sign and is pronounced “equals” or “is.” 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 1 11 5 18
Three times five is fifteen: 3 # 5 5 15
Four times six equals twenty-four: 4 162 5 24

Eight divided by two is four: 
8

2
54

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

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 1 2 # 5? 
Do we multiply first and then add, or do we add first and then multiply? In mathematics, 
conventional order implies multiplication first and then addition: 3 1 2 # 5 5 3 1 10 5 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 the order of  
operations and will be discussed in Section 0.2.

ORDER OF OPERATIONS

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.

0.1.3 S K I L L

Simplify expressions and evaluate 
algebraic expressions using the 
correct order of operations.

0.1.3 C O N C E P T U A L

Learn the order of operations for 
real numbers.

EXAMPLE 4  Simplifying Expressions Using the Correct Order  
of Operations

Simplify the expressions.

a. 4 1 3 ⋅2 2 7 ⋅5 1 6  b. 
7 2 6

2 ⋅3 1 8
Solution (a):
Perform multiplication first.            4 1 3 ⋅2 2 7 ⋅5 1 6

Then perform the indicated additions and subtractions. 5 4 1 6 2 35 1 6 5

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.    
7 2 6

2 ⋅3 1 8

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

Y O U R  T U R N  Simplify the expressions.

a. 27 1 4 ⋅5 2 2 ⋅6 1 9  b. 
9 2 6

2 ⋅5 1 6

f

6 35

f

219

6

f

5 
7 2 6

6 1 8
5  

1

14

▼
A N S W E R

a. 10  b. 3
16

▼

[CONCEPT CHECK]
TRUE OR FALSE In Example 4(a), 
we could have also started with 
adding 4 1 3.

ANSWER False
▼

0.1 Real Numbers 7
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8 CHAPTER 0 Prerequisites and Review

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.

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

Simplify the expression 3 35 ⋅ 14 2 22 2 2 ⋅74.
Solution:
Simplify the inner parentheses. 3 35 ⋅ 14 2 22 2 2 ⋅74 5 3 35 ⋅2 2 2 ⋅74
Inside the brackets, perform the multiplication 
5 ⋅2 5 10 and 2 ⋅7 5 14. 5 3 310 2 144
Inside the brackets, perform the subtraction. 5 3 3244
Multiply. 5

Y O U R  T U R N   Simplify the expression 2 323 ⋅ 113 2 52 1 4 ⋅34.

212

▼
A N S W E R

224

▼

EXAMPLE 6 Evaluating Algebraic Expressions

Evaluate the algebraic expression 7x 1 2 for x 5 3.

Solution:
Start with the algebraic expression. 7x 1 2

Substitute x 5 3. 7 132 1 2

Perform the multiplication. 5 21 1 2

Perform the addition. 5 23

Y O U R  T U R N  Evaluate the algebraic expression 6y 1 4 for y 5 2.
▼

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.

DEFINITION Algebraic Expression

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 1 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 1 3
 Value of the variable: x 5 2
 Substitute x 5 2: 5 122 1 3 5 10 1 3 5 13 

▼
A N S W E R

16
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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 12x 2 5y2? 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.

0.1.4 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 in 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.

0.1.4 S K I L L

Apply properties of real numbers  
and basic rules of algebra in 
simplifying and evaluating 
expressions.

0.1.4 C O N C E P T U A L

Know and understand the basic 
properties of real numbers and 
the basic rules of algebra.

The properties in the previous table govern addition and multiplication. Subtraction 
can be defined in terms of addition of the additive inverse, and division can be defined 
in terms of multiplication by the multiplicative inverse (reciprocal).

0.1 Real Numbers 9

PROPERTIES OF REAL NUMBERS (BASIC RULES OF ALGEBRA)

NAME DESCRIPTION
MATH (LET a, b, AND c EACH 

BE ANY REAL NUMBER) EXAMPLE

Commutative property 
of addition

Two real numbers can be added in 
any order. 

a 1 b 5 b 1 a 3x 1 5 5 5 1 3x

Commutative property 
of multiplication

Two real numbers can be multiplied 
in any order.

ab 5 ba y ⋅3 5 3y

Associative property of 
addition

When three real numbers are 
added, it does not matter which two 
numbers are added first.

1a 1 b2 1 c 5 a 1  1b 1 c2 1x 1 52 1 7 5 x 1  15 1 72

Associative property of 
multiplication

When three real numbers are 
multiplied, it does not matter which 
two numbers are multiplied first.

1ab2 c 5 a 1bc2 123x2 y 5 23 1xy2 

Distributive property Multiplication is distributed over all 
the terms of the sums or differences 
within the parentheses. 

a 1b 1 c2 5 ab 1 ac 
a 1b 2 c2 5 ab 2 ac

5 1x 1 22 5 5x 1 10 
5 1x 2 22 5 5x 2 10

Additive identity 
property

Adding zero to any real number 
yields the same real number.

a 1 0 5 a 
0 1 a 5 a

7y 1 0 5 7y

Multiplicative identity 
property

Multiplying any real number by  
1 yields the same real number.

a ⋅1 5 a 
1 ⋅a 5 a

18x2 112 5 8x 

Additive inverse 
property

The sum of a real number and its 
additive inverse (opposite) is zero.

a 1  12a2 5 0 4x 1 (24x2 5 0

Multiplicative inverse 
property

The product of a nonzero real 
number and its multiplicative 
inverse (reciprocal) is 1.

a⋅
1

a
5 1  a 2 0 1x 1 22 ⋅ a 1

x 1 2
b 5 1

x 2 22

SUBTRACTION AND DIVISION

Let a and b be real numbers.

MATH TYPE OF INVERSE WORDS

Subtraction a 2 b 5 a 1  12b2 2b is the additive inverse or opposite of b Subtracting a real number is equal to adding its 
opposite.

Division a 4 b 5 a⋅
1

b
b 2 0

1

b
 is the multiplicative inverse or 

reciprocal of b

Dividing by a real number is equal to multiplying by 
its reciprocal.
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