
Introductory Algebra

BITTINGER  |  BEECHER |  JOHNSON

Thirteenth Edition



Introductory 
Algebra

Marvin L. Bittinger
Indiana University Purdue University Indianapolis

Judith A. Beecher

Barbara L. Johnson
Ivy Tech Community College of Indiana

13
EDI T ION

A01_BITT8156_13_AIE_FM_ppi-xiv.indd   1 20/11/17   8:16 PM



Copyright © 2019, 2015, 2011 by Pearson Education, Inc. All Rights Reserved. Printed in the United States of 
America. This publication is protected by copyright, and permission should be obtained from the publisher prior to 
any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, 
mechanical, photocopying, recording, or otherwise. For information regarding permissions, request forms and 
the appropriate contacts within the Pearson Education Global Rights & Permissions department, please visit  
www.pearsoned.com/permissions.

Attributions of third-party content appear on page viii, which constitutes an extension of this copyright page.

PEARSON, ALWAYS LEARNING, and MYLAB MATH are exclusive trademarks owned by Pearson Education, 
Inc. of its affiliates in the U.S. and/or other countries.

Unless otherwise indicated herein, any third-party trademarks that may appear in this work are the property of their 
respective owners and any reference to third-party trademarks, logos or other trade dress are for demonstrative or 
descriptive purposes only. Such references are not intended to imply any sponsorship, endorsement, authorization, or 
promotion of Pearson’s products by the owners of such marks, or any relationship between the owner and Pearson 
Education, Inc., or its affiliates, authors, licensees, or distributors.

1 17

Director, Courseware  
Portfolio Management:

Courseware Portfolio Manager:
Courseware Portfolio 

Management Assistants:
Managing Producer:

Content Producer:
Producer:

Manager, Courseware QA:
Manager, Content Development:

Field Marketing Managers:
Marketing Manager:
Marketing Assistant:

Senior Author Support/ 
Technology Specialist:

Manager, Rights and Permissions:
Manufacturing Buyer:

Associate Director of Design:
Program Design Lead:

Text Design:
Editorial and Production Service:

Composition:
Illustration:

Cover Design:
Cover Image:

Michael Hirsch
Cathy Cantin

Shannon Bushee; Shannon Slocum
Karen Wernholm
Ron Hampton
Erin Carreiro
Mary Durnwald
Eric Gregg
Jennifer Crum; Lauren Schur
Kyle DiGiannantonio
Brooke Imbornone

Joe Vetere
Gina Cheselka
Carol Melville, LSC Communications
Blair Brown
Barbara T. Atkinson
Geri Davis/The Davis Group, Inc.
Martha Morong/Quadrata, Inc.
Cenveo® Publisher Services
Network Graphics; William Melvin
Cenveo® Publisher Services
Nick Veasey/Untitled X-Ray/Getty Images 

ISBN 13: 978-0-13-468963-0
ISBN 10: 0-13-468963-1

Library of Congress Cataloging-in-Publication Data is on file with the publisher.

A01_BITT8156_13_AIE_FM_ppi-xiv.indd   2 20/11/17   8:16 PM

http://www.pearsoned.com/permissions


iiiContents

Contents

Index of Activities  vi
Index of Animations  vii
Preface   ix
Index of Applications   xv

JUST-IN-TIME REVIEW   1
 1 All Factors of a Number   2
 2 Prime Factorizations   3
 3 Greatest Common Factor   4
 4 Least Common Multiple   5
 5 Equivalent Expressions and  

Fraction Notation   7
 6 Mixed Numerals   8
 7 Simplify Fraction Notation   9
 8 Multiply and Divide Fraction Notation   10
 9 Add and Subtract Fraction Notation   12
10 Convert from Decimal Notation to  

Fraction Notation   14
11  Add and Subtract Decimal Notation   15
12  Multiply and Divide Decimal Notation   16
13  Convert from Fraction Notation to  

Decimal Notation   17
14  Rounding with Decimal Notation   18
15  Convert Between Percent Notation and  

Decimal Notation   19
16  Convert Between Percent Notation and  

Fraction Notation   21
17  Exponential Notation   23
18  Order of Operations   24

 1  INTRODUCTION TO REAL 
NUMBERS AND ALGEBRAIC 
EXPRESSIONS 27

1.1  Introduction to Algebra   28
1.2  The Real Numbers   35

1.3  Addition of Real Numbers   46
1.4  Subtraction of Real Numbers   54

Mid-Chapter Review   61
1.5  Multiplication of Real Numbers   63
1.6  Division of Real Numbers   70
1.7  Properties of Real Numbers   79
1.8  Simplifying Expressions;  

Order of Operations   92

Summary and Review   101
Test   107

 2  SOLVING EQUATIONS  
AND INEQUALITIES 109

2.1  Solving Equations: The Addition 
Principle   110

2.2  Solving Equations: The Multiplication 
Principle   116

2.3  Using the Principles Together   122
2.4  Formulas   133

Mid-Chapter Review   141
2.5  Applications of Percent   143
2.6  Applications and Problem Solving   151

Translating for Success   162
2.7  Solving Inequalities   168
2.8  Applications and Problem Solving  

with Inequalities   180

Summary and Review   188
Test   193
Cumulative Review   195

A01_BITT8156_13_AIE_FM_ppi-xiv.indd   3 20/11/17   8:16 PM



iv

 3  GRAPHS OF LINEAR  
EQUATIONS 197

3.1  Graphs and Applications of  
Linear Equations   198

3.2  More with Graphing and Intercepts   215

Visualizing for Success   220
3.3  Slope and Applications   226
3.4  Equations of Lines   237

Mid-Chapter Review   243
3.5  Graphing Using the Slope  

and y-Intercept   245
3.6  Parallel Lines and Perpendicular Lines  251
3.7  Graphing Inequalities in Two Variables   256

Visualizing for Success   260
Summary and Review   263
Test   271
Cumulative Review   275

 4  POLYNOMIALS: OPERATIONS 277

4.1  Integers as Exponents   278
4.2  Exponents and Scientific Notation   288
4.3  Introduction to Polynomials   300
4.4  Addition and Subtraction of Polynomials   313

Mid-Chapter Review   321
4.5  Multiplication of Polynomials   323
4.6  Special Products   330

Visualizing for Success   336
4.7  Operations with Polynomials  

in Several Variables   341
4.8  Division of Polynomials   350

Summary and Review   357
Test   363
Cumulative Review   365

 5  POLYNOMIALS: FACTORING 367

5.1  Introduction to Factoring   368
5.2  Factoring Trinomials of the Type  

x2 + bx + c   376
5.3  Factoring ax2 + bx + c, a ≠ 1:  

The FOIL Method   386
5.4  Factoring ax2 + bx + c, a ≠ 1:  

The ac-Method   394

Mid-Chapter Review   400
5.5  Factoring Trinomial Squares  

and Differences of Squares   402
5.6  Factoring: A General Strategy   412
5.7  Solving Quadratic Equations  

by Factoring   420
5.8  Applications of Quadratic  

Equations   428

Translating For Success   433
Summary and Review   439
Test   445
Cumulative Review   447

 6  RATIONAL EXPRESSIONS  
AND EQUATIONS 449

6.1  Multiplying and Simplifying  
Rational Expressions   450

6.2  Division and Reciprocals   460
6.3  Least Common Multiples  

and Denominators   465
6.4  Adding Rational Expressions   469
6.5  Subtracting Rational Expressions   477

Mid-Chapter Review   485
6.6  Complex Rational Expressions   487
6.7  Solving Rational Equations   493
6.8  Applications Using Rational Equations  

and Proportions   501

Contents

A01_BITT8156_13_AIE_FM_ppi-xiv.indd   4 20/11/17   8:16 PM



vContents

Translating for Success   508
6.9  Direct Variation and Inverse Variation   515

Summary and Review   524
Test   531
Cumulative Review   533

 7  SYSTEMS OF EQUATIONS 535

7.1  Systems of Equations in Two Variables   536
7.2  The Substitution Method   543
7.3  The Elimination Method   550

Mid-Chapter Review   558
7.4  Applications and Problem Solving   560
7.5  Applications with Motion   571

Translating for Success   575

Summary and Review   578
Test   583
Cumulative Review   585

 8  RADICAL EXPRESSIONS  
AND EQUATIONS 587

8.1  Introduction to Radical Expressions   588
8.2  Multiplying and Simplifying with  

Radical Expressions   596
8.3  Quotients Involving Radical 

Expressions   604

Mid-Chapter Review   611
8.4  Addition, Subtraction, and  

More Multiplication   613
8.5  Radical Equations   621
8.6  Applications with Right Triangles   629

Translating for Success   632
Summary and Review   635
Test   641
Cumulative Review   643

 9  QUADRATIC EQUATIONS 645

9.1  Introduction to Quadratic Equations   646
9.2  Solving Quadratic Equations  

by Completing the Square   654
9.3  The Quadratic Formula   663

Mid-Chapter Review   669
9.4  Formulas   671
9.5  Applications and Problem Solving   677

Translating for Success   680
9.6  Graphs of Quadratic Equations   685

Visualizing for Success   689
9.7  Functions   693

Summary and Review   704
Test   709
Cumulative Review   711

APPENDIXES    717
A   Factoring Sums or Differences of Cubes   718
B    Finding Equations of Lines:  

Point–Slope Equation   722
C   Higher Roots   726
D   Sets   730
E   Mean, Median, and Mode   734
F   Inequalities and Interval Notation   737

Answers   A-1
Guided Solutions   A-31
Glossary   G-1
Index   I-1

A01_BITT8156_13_AIE_FM_ppi-xiv.indd   5 20/11/17   8:16 PM



Index of 
Activities

vi Index of Activities

Chapter Title

1 American Football

2 Pets in the United States

3 Going Beyond High School

3 Waterfalls

4 Finding the Magic Number

5 Visualizing Factoring

6 Data and Downloading

7 Fruit Juice Consumption

8 Firefighting Formulas

9 Music Downloads

A01_BITT8156_13_AIE_FM_ppi-xiv.indd   6 20/11/17   8:16 PM



viiIndex of Animations

Section Title

1.2d Order on the Number Line

2.7b Graphing Inequalities

3.1d Graphing Linear Equations

3.3a Slope

3.3a Slope of a Line

3.4a Slope–Intercept Form

3.4a Equations of Lines: Slope–Intercept Form

3.7b Linear Inequalities in Two Variables

4.1f Negative Exponents

4.6c Special Products

5.7b Intercepts and Solutions

6.8a Motion Problems

7.4a Mixture Problems

9.6a Graphs of Quadratic Functions

9.6b Intercepts and Solutions

9.7c Graphing Functions

Appendix B Equations of Lines: Point–Slope Form

Index of 
Animations

A01_BITT8156_13_AIE_FM_ppi-xiv.indd   7 20/11/17   8:16 PM



Photo Credits

JUST-IN-TIME REVIEW: 1, Ruslan Gusov/Shutterstock; dizanna/123RF CHAPTER 1: 27, CE Photography/Shutterstock;  
Wayne Lynch/Shutterstock 30, Veniamin Kraskov/Shutterstock 32 (left), Zsolt Biczo/Shutterstock 32 (right), Carlos Santa  
Maria/Fotolia 36, Ed Metz/Shutterstock 43 (left), chuyu/123RF 43 (right), Carlos Villoch/MagicSea.com/Alamy Stock Photo  
50, Comstock/Getty Images 56, Mellowbox/Fotolia 66, Ivan Alvarado/Alamy Stock Photos 69, Richard Whitcombe/123RF  
105, Deposit Photos/Glow Images CHAPTER 2: 109, Angelo Cavalli/AGF Srl/Alamy; Design Pics Inc/Alamy 133, Leonid Tit/
Fotolia 134, Artit Fongfung/123RF 137, SoCalBatGal/Fotolia 138 (left), Echel, Jochen/Sueddeutsche Zeitung Photo/Alamy  
138 (right), Iakov Filimonov/Shutterstock 146, Luca Bertolli/123RF 149 (left), iofoto/Shutterstock 149 (right), John Kavouris/Alamy 
150 (left), gasparij/123RF 150 (right), Anja Schaefer/Alamy 159, Stan Honda/Getty Images 160, Stephen VanHorn/Shutterstock 
164 (top left), Rodney Todt/Alamy Stock Photo 164 (top right), Jasminko Ibrakovic/Shutterstock 164 (bottom left), courtesy of 
Indianapolis Motor Speedway 164 (bottom right), Lars Lindblad/Shutterstock 165 (left), Barbara Johnson 165 (right), Studio 8. 
Pearson Education Ltd. 181, RosaIreneBetancourt 3/Alamy Stock Photo 184, Andrey N Bannov/Shutterstock 187 (left), Reggie 
Lavoie/Shutterstock 187 (right), Monkey Business/Fotolia 191, pearlguy/Fotolia 192, Don Mammoser/Shutterstock CHAPTER 3: 
197, Africa Studio/Shutterstock; tethysimagingllc/123RF; zimmytws/Shutterstock 206, Andrey Popov/Shutterstock 230, David 
Pearson/Alamy 235 (left), marchcattle/123RF 235 (right), Evan Meyer/Shutterstock 236 (left), Kostyantine Pankin/123RF  
236 (right), Wavebreak Media Ltd/123RF 268, arinahabich/Fotolia 276, Wei Ming/Shutterstock CHAPTER 4: 277, Trevor R A 
Dingle/Alamy Stock Photo; Universal Images Group North America LLC/DeAgostini/Alamy 279, NASA 290 (left), Universal 
Images Group North America LLC/DeAgostini/Alamy 290 (right), jezper/123RF 293, Lorraine Swanson/Fotolia 294, Darts/123RF  
296 (left), luchschen/123RF 296 (right), Joanne Weston/123RF 297 (top), Engine Images/Fotolia 297 (bottom), NASA 298 (left), 
SeanPavonePhoto/Fotolia 298 (right), dreamerb/123RF 308 (left), Brian Buckland 308 (right), 341, Johan Swanepoel/123RF  
345, Mark Harvey/Alamy CHAPTER 5: 367, Galina Peshkova/123RF; georgejmclittle/123RF; Rawpixel/Shutterstock 385, Zoonar/ 
Chris Putnam/Age Fotostock 399, Free Spirit Spheres 430, georgejmclittle/123RF 435, Stephen Barnes/Alamy Stock Photo  
443, Pattie Steib/Shutterstock 448, Vlada Photo/Shutterstock CHAPTER 6: 449, MediaWorldImages/Alamy Stock Photo; modfos/ 
123RF; Oleksandr Galata/123RF 468, Igor Normann/Shutterstock 503, Ingrid Balabanova/123RF 506, Ortodox/Shutterstock  
511 (left), Elenathewise/Fotolia 511 (right), simon johnsen/Shutterstock 513 (left), Chris Dorney/123RF 513 (right), Rolf 
Nussbaumer Photography/Alamy Stock Photo 514, Vicki Jauron, Babylon and Beyond Photography/Getty Images 517, minadezhda/
Fotolia 519, Foto Arena LTDA/Alamy Stock Photo 521, EduardSV/Fotolia 523, Ibooo7/Shutterstock 529 (left), Dmitry Kalinovsky/ 
Shutterstock 529 (right), James McConnachie © Rough Guides/Pearson Asset Library CHAPTER 7: 535, marina kuchenbecker/123RF;  
Balint Roxana/123RF 548, Kyodo News/AP Images 560, Steve Peeple/Shutterstock 561, RosaIreneBetancourt 13/Alamy Stock 
Photo 568 (top), Sandee House 568 (bottom), Natalia Klenova/123RF 586, moodboard/Corbis CHAPTER 8: 587, herjua/
Shutterstock; awesleyfloyd/123RF 590, Khing Pinta/Shutterstock 593 (left), Akhararat Wathanasing/123RF 593 (right), Agencja 
Fotograficzna Caro/Alamy 603, Fotokostic/Shutterstock 610, Alisa24/Shutterstock 628 (top), Andrey Yurlov/Shutterstock  
628 (bottom), Akhararat Wathanasing/123RF 631 (top), Photo courtesy LandWave Products, Inc., Pioneer OH 631 (bottom), 
Alan Ingram/Alamy Stock Photo CHAPTER 9: 645, perfectlab/Shutterstock; karen roach/123RF 659, Hayk_Shalunts/Shutterstock 
673, ESB Professional/Shutterstock 682, rodho/123RF 683, Vladimir Sazonov/Fotolia 699, rawpixel/123RF 714, Barbara Johnson 
APPENDIXES: 734, National Geographic Creative/Alamy Stock Photo 736 (left), Brent Hofacker/123RF 736 (right), Kvitka 
Fabian/Shutterstock

viii Photo Credits

A01_BITT8156_13_AIE_FM_ppi-xiv.indd   8 20/11/17   8:16 PM



Math doesn’t change, but students’ needs—and the way students learn—do.

With this in mind, Introductory Algebra, 13th Edition, continues the Bittinger 
tradition of objective-based, guided learning, while integrating many updates with the 
proven pedagogy. These updates are motivated by feedback that we received from stu-
dents and instructors, as well as our own experience in the classroom. In this edition, our 
focus is on guided learning and retention: helping each student (and instructor) get the 
most out of all the available program resources—wherever and whenever they engage 
with the math.

We believe that student success in math hinges on four key areas: Foundation, 
Engagement, Application, and Retention. In the 13th edition, we have added key 
new program features (highlighted below, for quick reference) in each area to make it 
easier for each student to personalize his or her learning experience. In addition, you 
will recognize many proven features and presentations from the previous edition of the 
program.

FOUNDATION
Studying the Concepts

Students can learn the math concepts by reading the textbook or the eText, participa-
ting in class, watching the videos, working in the MyMathGuide workbook—or using 
whatever combination of these course resources works best for them.

Preface

In order to understand new math concepts, students must recall and use skills 
and concepts previously studied. To support student learning, we have integrated 
two important new features throughout the 13th Edition program:

 New! Just-in-Time Review at the beginning of the text and the etext is a set 
of quick reviews of the key topics from previous courses that are prerequisites 
for the new material in this course. A note on each Chapter Opener alerts 
students to the topics they should review for that chapter. In MyLab Math, 
students will find a concise presentation of each topic in the Just-in-Time 
Review Videos.

 New! Skill Review, in nearly every section of the text and the etext,  
reviews a previously presented skill at the objective level where it is key to 
learning the new material. This feature offers students two practice exercises 
with answers. In MyLab Math, new Skill Review Videos, created by the 
Bittinger author team, offer a concise, step-by-step solution for each Skill 
Review exercise.

Margin Exercises with Guided Solutions, with fill-in blanks at key steps in the problem-
solving process, appear in nearly every text section and can be assigned in MyLab Math.

ixPreface
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x Preface

Algebraic–Graphical Connections in the text draw explicit connections between the 
algebra and the corresponding graphical visualization.

Introductory Algebra Video Program, our comprehensive program of objective-based, 
interactive videos, can be used hand-in-hand with our MyMathGuide workbook. 
Interactive Your Turn exercises in the videos prompt students to solve problems and 
receive instant feedback. These videos can be accessed at the section, objective, and 
example levels.

MyMathGuide offers students a guided, hands-on learning experience. This objective-
based workbook (available in print and in MyLab Math) includes vocabulary, skill, and 
concept review—as well as problem-solving practice with space for students to fill in the 
answers and stepped-out solutions to problems, to show (and keep) their work, and to 
write notes. Students can use MyMathGuide, while watching the videos, listening to the 
instructor’s lecture, or reading the text or the etext, in order to reinforce and self-assess 
their learning.

Studying for Success sections are checklists of study skills designed to ensure that stu-
dents develop the skills they need to succeed in math, school, and life. They are avail-
able at the beginning of selected sections.

ENGAGEMENT
Making Connections through Active Exploration

Since understanding the big picture is key to student success, we offer many active 
learning opportunities for the practice, review, and reinforcement of important concepts 
and skills.

 New! Chapter Opener Applications with infographics use current data and 
applications to present the math in context. Each application is related to 
exercises in the text to help students model, visualize, learn, and retain the 
math.

 New! Student Activities, included with each chapter, have been developed  
as multistep, data-based activities for students to apply the math in the 
context of an authentic application. Student Activities are available in 
MyMathGuide and in MyLab Math.

 New! Interactive Animations can be manipulated by students in MyLab 
Math through guided and open-ended exploration to further solidify their 
understanding of important concepts.

Translating for Success offers extra practice with the important first step of the process 
for solving applied problems. Visualizing for Success asks students to match an equa-
tion or an inequality with its graph by focusing on characteristics of the equation or the 
inequality and the corresponding attributes of the graph. Both of these activities are 
available in the text and in MyLab Math.

Technology Connection is an optional feature in each chapter that helps students use a 
calculator to perform calculations and to visualize concepts.

Learning Catalytics uses students’ mobile devices for an engagement, assessment, and 
classroom intelligence system that gives instructors real-time feedback on student learning.

APPLICATION
Reinforcing Understanding

As students explore the math, they have frequent opportunities to apply new concepts, 
practice, self-assess, and reinforce their understanding.

A01_BITT8156_13_AIE_FM_ppi-xiv.indd   10 20/11/17   8:16 PM



 
     
 
    
   
   
  
  
   
  

xiPreface

Margin Exercises, labeled “Do Exercise . . . ,” give students frequent opportunities to 
apply concepts just discussed by solving problems that parallel text examples.

Exercise Sets in each section offer abundant opportunity for practice and review in the 
text and in MyLab Math. The Section Exercises are grouped by objective for ease of 
use, and each set includes the following special exercise types:

 New! Check Your Understanding with Reading Check and Concept Check 
exercises, at the beginning of each exercise set, gives students the opportunity 
to assess their grasp of the skills and concepts before moving on to the 
objective-based section exercises. In MyLab Math, many of these exercises 
use drag & drop functionality.

 Skill Maintenance Exercises offer a thorough review of the math in the 
preceding sections of the text.

 Synthesis Exercises help students develop critical-thinking skills by requiring 
them to use what they know in combination with content from the current 
and previous sections.

RETENTION
Carrying Success Forward

Because continual practice and review is so important to retention, we have integrated 
both throughout the program in the text and in MyLab Math.

 New! Skill Builder Adaptive Practice, available in MyLab Math, offers each 
student a personalized learning experience. When a student struggles with 
the assigned homework, Skill Builder exercises offer just-in-time additional 
adaptive practice. The adaptive engine tracks student performance and deliv-
ers to each individual questions that are appropriate for his or her level of 
understanding. When the system has determined that the student has a high 
probability of successfully completing the assigned exercise, it suggests that 
the student return to the assigned homework.

Mid-Chapter Review offers an opportunity for active review midway through each 
chapter. This review offers four types of practice problems:

Concept Reinforcement, Guided Solutions, Mixed Review, 
and Understanding Through Discussion and Writing
Summary and Review is a comprehensive learning and review section at the end of 
each chapter. Each of the five sections—Vocabulary Reinforcement (fill-in-the-blank), 
Concept Reinforcement (true/false), Study Guide (examples with stepped-out solutions 
paired with similar practice problems), Review Exercises, and Understanding Through 
Discussion and Writing—includes references to the section in which the material was 
covered to facilitate review.

Chapter Test offers students the opportunity for comprehensive review and reinforce-
ment prior to taking their instructor’s exam. Chapter Test Prep Videos in MyLab Math 
show step-by-step solutions to the questions on the chapter test.

Cumulative Review follows each chapter beginning with Chapter 2. These revisit skills 
and concepts from all preceding chapters to help students retain previously presented 
material.
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 NEW and UPDATED!
Animations

New animations encourage students to 
learn key concepts through guided and 

open-ended exploration. Animations are 
available through the learning path and 

multimedia library, and they can be  
assigned within MyLab Math.

UPDATED! Learning Path
 Structured, yet flexible, the updated learning 
path highlights author-created, faculty-vetted 

content—giving students what they need 
exactly when they need it. The learning path 

directs students to resources such as two new 
types of video: Just-in-Time Review  (concise 

presentations of key topics from previous courses) 
and Skill Review (author-created exercises with 
step-by-step solutions that reinforce previously 

presented skills), both available in the Multimedia 
Library and assignable in MyLab Math.

NEW!
Drag-and-Drop Exercises 
Drag-and-drop exercises are now 
available in MyLab Math. This new 
assignment type allows students 
to drag answers and values within 
a problem, providing a new and 
engaging way to test students’ 
concept knowledge.

Resources for Success

pearson.com/mylab/math

MyLab Math Online Course for Bittinger, Beecher, and 
Johnson, Introductory Algebra, 13th Edition (access code required)

MyLabTM Math is available to accompany Pearson’s market-leading text offerings. 
To give students a consistent tone, voice, and teaching method, the pedagogical 
approach of the text is tightly integrated throughout the accompanying MyLab 
Math course, making learning the material as seamless as possible.
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pearson.com/mylab/math

Instructor Resources
Additional resources can be downloaded from 
www.pearsohhighered.com or hardcopy resources
can be ordered from your sales representative.

Annotated Instructor’s Edition
ISBN: 0134718151
• Answers to all text exercises.
• Helpful teaching tips, including suggestions for 

incorporating Student Activities in the course

Instructor’s Resource Manual 
with Tests and Minilectures
(download only)
ISBN: 0134718313
• Resources designed to help both new and experi-

enced instructors with course preparation and 
class management.

• Chapter teaching tips and support for media  
supplements.

• Multiple versions of multiple-choice and free- 
response chapter tests, as well as final exams.

Instructor’s Solutions Manual
(download only)
By Judy Penna
ISBN: 0134718240
The Instructor’s Solutions Manual includes brief solu-
tions for the even-numbered exercises in the exer-
cise sets and fully worked-out annotated solutions 
for all the exercises in the Mid-Chapter Reviews, the 
Summary and Reviews, the Chapter Tests, and the 
Cumulative Reviews.

PowerPoint® Lecture Slides
(download only)
• Editable slides present key concepts and defini-

tions from the text.
• Available to both instructors and students.
• Fully accessible.

TestGen®

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

Resources for Success
Student Resources
Introductory Algebra Lecture Videos
• Concise, interactive, and objective-based videos.
• View a whole section, choose an objective, or go 

straight to an example.

Chapter Test Prep Videos
• Step-by-step solutions for every problem in the 

chapter tests.

Just-in-Time Review Videos
• One video per review topic in the Just-in-Time 

Review at the beginning of the text.
• View examples and worked-out solutions that par-

allel the concepts reviewed in each review topic.

Skill Review Videos
Students can review previously presented skills at 
the objective level with two practice exercises before 
moving forward in the content. Videos include a 
step-by-step solution for each exercise.

MyMathGuide: Notes, Practice, and  
Video Path
ISBN: 013471833X
• Guided, hands-on learning in a workbook format 

with space for students to show their work and 
record their notes and questions.

• Highlights key concepts, skills, and definitions; 
offers quick reviews of key vocabulary terms with 
practice problems, examples with guided solu-
tions, similar Your Turn exercises, and practice 
exercises with readiness checks.

• Includes student activities utilizing real data.
• Available in MyLab Math and as a printed manual.

Student’s Solutions Manual
ISBN: 0134718178
By Judy Penna
• Includes completely worked-out annotated solu-

tions for odd-numbered exercises in the text, as 
well as all the exercises in the Mid-Chapter Reviews, 
the Summary and Reviews, the Chapter Tests, and 
the Cumulative Reviews.

• Available in MyLab Math and as a printed manual.
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Agriculture
Blueberry farming, 677
Farm acreage, 584
Feed mixtures for American Guinea 

Hogs, 568
Gardening, 510
Grass seed, 512, 564, 568
Harvesting, 510
Insecticide mixtures, 603
Mulching flowerbeds, 532
Value of a horse, 582

Astronomy
Distance from the sun to Earth, 277, 

293
Earth vs. Jupiter, 277, 297
Earth vs. Saturn, 363
Lunar weight, 521
Mars weight, 521
Space travel, 298
Stars in the known universe, 297
Stars in the Milky Way galaxy, 290
Surface temperature on a planet,  

56, 60
Weight on Venus, 517

Automotive
Automobile maintenance, 570
Car assembly line, 231
Car-loading ramp, 707
Distracted drivers, 645
Electric vehicles, 150
Gas mileage, 505, 512, 522
Insurance-covered repairs, 186
Octane ratings, 570, 581, 584
Parking spaces, 593, 714
Speed of a skidding car, 590,  

627, 639
Vehicle crashes, 701

Biology
Animal speeds, 509
Bacteria growth, 735
Blue whale population, 529
Butterfly wings, 429
DNA, 294

Elephant measurements, 341
Endangered species, 27, 28–29,  

75, 513
Fish population, 296, 504, 512, 514, 

575
Frog population, 512
Gray whale calves, 193
Gray wolves, 192
Honey bees, 513
Length of an E. coli bacterium,  

290
Life span of an animal, 701
Number of humpback whales, 514
Number of manatees, 27, 28–29, 75
Sharks’ teeth, 443
Speed of a black racer snake, 511
Speed of sea animals, 501–502
Weights of elephants, 581
Zebra population, 532

Business
Bookstores, 149
Commercial lengths, 567
Copy machine rental, 194
Cost breakdown, 644
Cost of promotional buttons, 575
Deli trays, 511
Delivery truck rental, 155–156
eBook revenue, 148
Fruit quality, 505–506
Holiday sales, 268
Home listing price, 163
Markup, 365
Movie revenue, 699
Office budget, 508
Office supplies, 297
Paperback book revenue, 149
Printing, 570
Production, 522, 567
Quality control, 512, 529, 532, 586, 

644
Sales meeting attendance, 433
Selling a condominium, 161
Selling a house, 160–161
Sports sponsorship, 150
Warehouse storing nuts, 287

Chemistry
Alcohol solutions, 568, 714
Chemical reaction, 66, 68, 78, 108
Chlorine for a pool, 506
Gas volume, 523
Gold alloys, 569
Gold temperatures, 184
Mixture of solutions, 562–563, 567, 

569, 575, 583, 586
Oxygen dissolved in water, 500
Salt solutions, 644
Zinc and copper in pennies, 513

Construction
Architecture, 43, 437
Big Ben, 714
Blueprints, 184
Board cutting, 163, 194
Building a staircase, 678
Burj Khalifa, 662
Carpenter’s square, 682
Concrete work, 532
Constructing stairs, 235
Diagonal braces in a lookout tower, 

436, 640
Flipping houses, 53
Garage length, 714
Highway work, 529
Installing a drainage pipe, 678
Kitchen design, 267
Kitchen island, 428
Ladders, 432, 492, 632, 634
Masonry, 231, 446
Mike O’Callaghan–Pat Tillman 

Memorial Bridge, 662
Observatory paint costs, 349
Paint mixtures, 568, 570
Petronas Towers, 662
Pipe cutting, 163
Pitch of a roof, 234
Plumbing, 511
Rafters on a house, 507
Rain gutter design, 438
Roofing, 157–158, 438, 586
Square footage, 533
Two-by-four, 165, 548

Index of 
Applications

Index of Applications xv
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xvi Index of Applications

Wire cutting, 162, 196, 276, 433, 448, 
680

Wiring, 511
Wood scaffold, 431–432

Consumer
Average price, 167
Babysitting costs, 34
Banquet costs, 184
Bottled water consumption, 236
Catering costs, 180–181
Chicken and hamburger prices, 561
Coffee consumption, 148
Copy center account, 52
Copy machine rental, 194
Cost, 521
Cost of an entertainment center, 191
Cost of operating a microwave oven, 

133
Electrician visits, 187
Energy use, 19
Food expenses, 595
Furnace repairs, 185
Home ownership, 208
Incorrect bill, 192
Insurance rates, 701
Juice consumption, 69
Laptop on sale, 14
Meat consumption in the United 

States, 535, 549
Orange juice consumption, 235
Parking costs, 166, 185, 187
Phone rates, 185
Photo prints, 567
Pizza consumption, 361
Price before sale, 192, 448
Price reduction, 34, 196
Prices, 165, 560–561, 736
Security system costs, 584
Store credit for a return, 192
Taxi fares, 166
Tipping, 149, 167
Van rental, 166

Economics
Sales tax, 162, 433, 585
Stock market changes, 107
Stock price change, 37, 53, 62, 69, 105, 

166
U.S. housing prices, 703

Education
Advanced placement exams, 236
Answering questions on a quiz, 522
Assignments, 566
Change in class size, 50
College acceptance, 513
College course load, 185

College enrollment, 138, 163
College tuition, 185
Distance education, 150
Enrollment costs, 32
Foreign languages, 680
Grade average, 196
High school dropout rate, 214
Literature, 680
Number of colleges by state, 700
Quiz scores, 356
School photos, 511
Student loans, 149, 197, 198, 206–207
Test questions, 167
Test scores, 159, 167, 182, 184, 192, 

464, 569, 734

Engineering
Cell-phone tower, 433
Design of a TI-84 Plus graphing  

calculator, 435
Design of a window panel, 437
Electrical power, 138, 523
Furnace output, 137
Guy wire, 437, 634, 680, 715
Height of a ranger station, 625
Height of a telephone pole, 444
Microchips, 296
Panama Canal, 634
Pumping time, 522
Road design, 435, 436
Road grade, 230, 234, 268
Rocket liftoff, 37
Solar capacity, 309
Wind energy, 235, 430

Environment
Coral reefs, 297
Distance from lightning, 133
Elevations, 36, 59, 60, 108
Hurricanes, 736
Kachina Bridge, 662
Low points on continents, 60
Niagara Falls water flow, 293
Ocean depth, 59
Pond depth, 187
Record temperature drop, 214
River discharge, 297
Slope of a river, 235
Slope of Longs Peak, 235
Speed of a stream, 679, 683, 684, 714
Tallest mountain, 52
Temperature, 37, 43, 53, 56, 60, 62, 69
Temperature conversions, 702
Tornadoes, 736
Tree supports, 443
Water contamination, 297
Water level, 36
Wind speed, 683, 716

Finance
Bank account balance, 53, 69
Banking transactions, 50
Borrowing money, 448, 533, 632
Budgeting, 194
Checking accounts, 60, 61
Coin value, 565, 568
Credit cards, 53, 60, 166
Debt, 214
Interest, 520
Interest compounded annually, 349
Interest rate, 520
Investment, 196, 349, 567, 570, 644, 680
Loan interest, 166
Money remaining, 34, 115
Savings account, 194
Savings interest, 166
Simple interest, 32, 160
Total assets, 105

Geometry
Angle measures, 162
Angles of a triangle, 158, 166, 191, 

287, 366, 399, 428, 433, 575, 632, 644
Area of a circle, 279, 285, 366
Area of a parallelogram, 33
Area of a rectangle, 29, 186, 287, 356, 

366, 434
Area of a square, 32, 285, 533
Area of a triangle, 32, 33, 121, 186
Complementary angles, 569, 575, 581, 

595
Diagonal of a lacrosse field, 642
Diagonal of a soccer field, 634
Diagonal of a square, 632, 634
Diagonals of a polygon, 650–651, 653
Dimensions of an open box, 438
Dimensions of a rectangular region, 

165, 362, 428, 433, 434, 435, 437, 
444, 446, 448, 508, 546, 548, 559, 
581, 583, 644, 677, 678, 680, 681, 
682, 710, 714

Dimensions of a sail, 429, 435
Dimensions of a state, 548
Golden rectangle, 684
Height of a parallelogram, 586
Lawn area, 316
Length of a side of a square, 443, 508
Lengths of a rectangle, 194, 632
Perimeter of a rectangular region, 

156–157, 162, 186, 194, 433, 492, 632
Perimeter of a triangle, 186
Radius of a circle, 448
Radius of a sphere, 399
Right-triangle dimensions, 437, 438, 

682, 707
Right-triangle geometry, 432, 436
Room perimeter, 366
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xviiIndex of Applications

Storage area dimensions, 603
Supplementary angles, 569, 575, 581, 

584, 595
Surface area of a cube, 137
Surface area of a right circular 

cylinder, 346
Surface area of a silo, 346
Triangle dimensions, 433, 435, 437, 

446, 448, 464, 575, 586, 680
Volume of a box, 364
Volume of a cube, 329
Width of the margins in a book, 444
Width of a pool sidewalk, 438
Width of a rectangle, 162, 192, 433

Health/Medicine
Aerobic exercise, 242
Blood types, 276
Body temperatures, 184
Calories, 137, 346, 700, 707
Cough syrup, 569
Federal government hospitals, 146
Final adult height, 150
Health insurance cost, 272
Hemoglobin, 512
Impulses in nerve fibers, 504
Influenza virus, 298
Lung capacity, 345
Medical dosage, 302
Milk alternatives, 164
Muscle weight, 533
Nutrition, 181–182, 185
Patients with the flu, 356
Pharmaceutical research, 508
Prescription drug costs, 213
Protein needs, 512
Reduced fat foods, 186, 187
Staphylococcus bacterium, 298
Water in the human body, 521
Weight gain, 187
Weight loss, 69

Labor
Commission, 191
Employer payroll, 570
Employment outlook, 146
Median income, 146
Newsroom employment, 150
Part-time job, 34
Paycheck and hours worked, 714
Salary, 34, 192, 196, 735
Vacation days, 231–232
Wages, 520, 522, 530
Work recycling, 504
Work time, 276, 520, 522, 575, 714
Working alone, 532
Working together, 503–504, 510, 511, 

529, 586, 632, 714

Miscellaneous
Age profile of firefighters, 587
Ancient Chinese math problem, 582
Apartment numbers, 164
Apparent size, 523, 644
Apples, 167
Archaeology, 437
Book pages, 356
Books in libraries, 214
Butter temperatures, 181
Candy mixtures, 563–564
Christmas tree, 631
City park space, 149
Coffee, 512, 568
Coin mixture, 167, 632, 644, 680
Continental Divide, 620
Cooking time, 522
Cost of raising a child, 194
Cutting a submarine sandwich, 287
Distance to the horizon, 672
Elevators, 262
Envelope size, 185
Filling time for a pool, 508
First class mail, 192
Gold karat rating, 517
Gold leaf, 298
Gourmet sandwiches, 154
Hands on a clock, 514
Height of a flagpole, 507
Junk mail, 149
Knitted scarf, 153–154
Limited-edition prints, 154–155
Locker numbers, 162, 680
Medals of Honor, 164
Memorizing words, 309
Mine rescue, 66
Mixing food or drinks, 566, 568, 570, 

581, 715
National park visitation, 105
Oatmeal servings, 516–517
Package sizes, 185
Page numbers, 366, 431, 436
Picture frame, 682
Pieces of mail, 78
Pizza, 529, 684
Post office box numbers, 164
Raffle tickets, 165, 194
Raking, 510
Reducing a drawing on a copier, 196
Sail on the mast of a ship, 625
Servings, 521
Shoveling snow, 510
Sighting to the horizon, 624, 625, 642
Snow removal, 268, 632
Socks from cotton, 134
Sodding a yard, 449, 503–504
Stacking spheres, 308
Tablecloth, 682

Tattoos, 149
Trash removal, 519
Washing time, 530
Water flow from a fire hose, 593, 628
Window cleaner, 581
Wireless internet sign, 32
Yield sign, 32

Physics
Altitude of a launched object, 345
Falling object, 595, 659, 662, 707, 714
Height of a projectile, 692
Height of a rocket, 437
Ocean waves, 628
Periods of pendulums, 610, 672–673
Pressure at sea depth, 702
Speed of light, 511
Temperature as a function of depth, 

701
Torricelli’s Theorem, 673
Wavelength of light, 296
Wavelength of a musical note, 137

Social Science
Adoption, 150
Age, 165, 192, 569, 581
Fraternity or sorority membership, 

162
Fund-raiser attendance, 603
Handshakes, 436
Intelligence quotient, 671
Social networking, 293–294
TV interactions across Facebook and 

Twitter, 549
Volunteer work, 187

Sports/Entertainment
500 Festival Mini-Marathon, 164
Amusement park visitors, 109, 145
Baseball admissions, 567
Basketball scoring, 567
Batting average, 504
Bicycling, 508
Boston Marathon, 149
Carnival income, 583
Cross-country skiing, 510
Cycling in Vietnam, 152
Diver’s position, 69
Dubai ski run, 230
Fastest roller coasters, 158–159
Football yardage, 37, 53, 105
Game admissions, 562
Games in a sports league, 301, 435
Gondola aerial lift, 270
Grade of a treadmill, 230
Hang time, 594
HDTV dimensions, 682
High school basketball court, 157
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Hockey wins and losses, 262
IMAX movie prices, 561–562
Jogging, 577
Lacrosse, 156–157, 548, 642
Magazine reading, 150
Major League baseball attendance, 

385
Media usage, 298
Movie screen, 714
Movie theatre tickets, 194
Movies released, 734
Museum admissions, 566
Paid admissions, 581
Pool dimensions, 681
Race numbers, 430–431
Rollerblade costs, 196
Rope course, 634
Run differential, 60
Running, 152, 468, 577
SCAD diving, 308
Size of a league schedule, 137
Skateboard ramp, 631, 634
Skiing, 187, 584
Skydiving, 308
Soccer, 548, 634
Softball, 549
Super Bowl TV viewership, 78
Television viewership of NASCAR, 

232
Ticket line, 584
TV time, 632
Video games, 566
Walking, 510, 512, 577

World running records, 184, 710
Zipline, 443
Zoo admissions, 566

Statistics/Demographics
Ages 0–14 in Kenya, 22
Ages 65 and older, 1, 20
Areas of Texas and Alaska, 146
Dimensions of Wyoming, 191
Haitian population ages 0–14, 145
Island population, 162
Millennials living with parents, 533
Population decrease, 69, 108, 236
Population increase, 236, 244
Population of the United States, 296
Senior population, 194, 309
World population, 148, 213

Technology
Apps in the iTunes store, 78, 367, 430
Computer megahertz, 521
Computer programming, 242
Copying time, 532
Digital media usage, 385
Information technology, 298
Manufacturing computers, 734
Office copiers, 511
Office printers, 511

Transportation
Airplane descent, 639
Airplane speed, 529, 716
Airplane travel, 574, 576, 577, 581, 

714

Airport control tower, 164
Bicycle speed, 510, 515
Boat speed, 510, 683, 684, 710
Boat travel, 573–574
Canoe travel, 577, 603
Car speed, 509, 510, 517
Car travel, 533, 571–572, 573, 575, 

576, 581, 632, 644, 680
Commuting, 30, 32
Cycling distance, 508
Distance traveled, 32, 34, 115, 121, 

137, 640
Driving speed, 502, 510, 514, 532
Driving time, 523
Interstate mile markers, 155, 191
Kayak speed, 678–679
Lindbergh’s flight, 577
Motorboat travel, 577, 583
Motorcycle travel, 577
Navigation, 273
Ocean cruises, 269
Passports, 78
River cruising, 577
Shipwreck, 43
Submarine, 37
Tractor speed, 510
Train speed, 509, 529
Train travel, 272, 532, 572–573, 576, 

577
Travel time, 519, 586
Truck travel, 576
Trucking speed, 510

Index of Applications
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Copy to 
come.  

 1 All Factors of a Number

 2 Prime Factorizations

 3 Greatest Common Factor

 4 Least Common Multiple

 5 Equivalent Expressions and 
Fraction Notation

 6 Mixed Numerals

 7 Simplify Fraction Notation

 8 Multiply and Divide Fraction 
Notation

 9 Add and Subtract Fraction 
Notation

 10 Convert from Decimal  
Notation to Fraction  
Notation

 11 Add and Subtract Decimal 
Notation

 12 Multiply and Divide Decimal 
Notation

 13 Convert from Fraction  
Notation to Decimal  
Notation

 14 Rounding with Decimal 
Notation

 15 Convert between Percent 
Notation and Decimal 
Notation

 16 Convert between Percent 
Notation and Fraction 
Notation

 17 Exponential Notation

 18 Order of Operations

Just-in-Time 
Review

1

The U.S. population ages 65 and older has continually increased since the baby 
boomers (those who were born between 1946 and 1964) began turning 65. These 
increases have both social and economic implications, most notably for Social 

Security and Medicare. By 
2050, the population ages 
65 and older is expected 
to be double that of 2012. 
Analyzing changes in 
the percentage of the 
population in all age 
groups is important when 
creating new programs.  
The graph shows 
percentages for two 
age groups in selected 
countries.

In Example 3 of Just-in-Time 15, we will express as a percentage the 
portion of the U.S. population ages 65 and older projected for 2060.

Population Ages 0–14 and Ages 65 and Older

DATA: The CIA World Factbook, 2017
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Data: U.S. Census Bureau, “An Aging Nation: The Older Population in the United States,” by 
Jennifer M. Ortman, Victoria A. Vilkoff, and Howard Hogan
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2

EXERCISES

Find all factors of the given number.

 1.  20

 2.  39

 3.  81

 4.  47

 5.  160

 6.  45

 7.  28

 8.  36

Factoring is a necessary skill for addition and subtraction with fraction 
notation. Factoring is also an important skill in algebra. The numbers 
we will be factoring are natural numbers:

1, 2, 3, 4, 5, and so on.

To factor a number means to express the number as a product. 
Consider the product 12 = 3 # 4. We say that 3 and 4 are factors of 12 
and that 3 # 4 is a factorization of 12. Since 12 = 1 # 12 and 12 = 2 # 6, 
we also know that 1, 12, 2, and 6 are factors of 12 and that 1 # 12 and 
2 #  6 are factorizations of 12.

EXAMPLE 1 Find all the factors of 77.

We first find some factorizations:

77 = 1 # 77,

77 = 7 # 11.

The factors of 77 are 1, 7, 11, and 77. 

EXAMPLE 2 Find all the factors of 150.

We first find some factorizations:

150 = 1 # 150,

150 = 2 # 75,

150 = 3 # 50,

150 = 5 # 30,

150 = 6 # 25,

150 = 10 # 15.

The factors of 150 are 1, 2, 3, 5, 6, 10, 15, 25, 30, 50, 75, and 150.

Do Exercises 1–8.  

ALL FACTORS OF A NUMBER1 

Just-in-Time Review

VIDEO

MyLab Math
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PRIME FACTORIZATIONS2

EXERCISES

Find the prime factorization of the given 
number.

 1.  33

 2.  121

 3.  18

 4.  56

 5.  120

 6.  90

 7.  210

 8.  91

A natural number that has exactly two different factors, itself and 1, is 
called a prime number.

EXAMPLE 1 Which of these numbers are prime? 7, 4, 11, 18, 1

7 is prime. It has exactly two different factors, 1 and 7.

4 is not prime. It has three different factors, 1, 2, and 4.

11 is prime. It has exactly two different factors, 1 and 11.

18 is not prime. It has factors 1, 2, 3, 6, 9, and 18.

1 is not prime. It does not have two different factors. 

In the margin at right is a table of the prime numbers from 2 to 157. 
These prime numbers will be helpful to you in this text.

If a natural number, other than 1, is not prime, we call it composite. 
Every composite number can be factored into a product of prime num-
bers. Such a factorization is called a prime factorization.

EXAMPLE 2 Find the prime factorization of 36.

We begin by factoring 36 any way we can. One way is like this:

 36 =   4  #  9

 =  2 # 2 # 3 # 3.  

 The factors 4 and 9 are not prime,  
so we factor them.

The factors in the last factorization are all prime, so we now have the 
prime factorization of 36. Note that 1 is not part of this factorization 
because it is not prime.

Another way to find the prime factorization of 36 is like this:

36 = 2 # 18 = 2 # 3 # 6 = 2 # 3 # 2 # 3. 

EXAMPLE 3 Find the prime factorization of 80.

One way to factor 80 is 8 # 10. Here we use a factor tree to find the 
prime factors of 80.

80

8   10

2 4 2 5

2 2 2 2 5

Each factor in 2 # 2 # 2 # 2 # 5 is prime. This is the prime factorization.

Do Exercises 1–8.  

A TABLE OF PRIMES
2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31,  
37, 41, 43, 47, 53, 59, 61, 67, 71, 73,  
79, 83, 89, 97, 101, 103, 107, 109,  
113, 127, 131, 137, 139, 149, 151, 157

VIDEO

MyLab Math
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GREATEST COMMON FACTOR3 

EXERCISES

Find the GCF of the given numbers.

 1.  36, 48

 2.  13, 52

 3.  27, 40

 4.  54, 180

 5.  18, 66

 6.  30, 135

 7.  40, 220

 8. 14, 42

 9. 15, 40, 60

 10. 70, 105, 350

The numbers 20 and 30 have several factors in common, among them 2 
and 5. The greatest of the common factors is called the greatest common 
factor, GCF. One way to find the GCF is by making a list of factors of 
each number.

List all the factors of 20: 1, 2, 4, 5, 10, and 20.

List all the factors of 30: 1, 2, 3, 5, 6, 10, 15, and 30.

We underline the common factors. The greatest common factor, the 
GCF, is 10.

The preceding procedure gives meaning to the notion of a GCF, but 
the following method, using prime factorizations, is generally faster.

EXAMPLE 1 Find the GCF of 20 and 30.

We find the prime factorization of each number. Then we draw 
lines between the common factors.

 20 = 2 # 2 # 5
 30 = 2 # 3 # 5

The GCF = 2 # 5 = 10. 

EXAMPLE 2 Find the GCF of 54, 90, and 252.

We find the prime factorization of each number. Then we draw 
lines between the common factors.

 54 = 2 # 3 # 3 # 3
 90 = 2 # 3 # 3 # 5

 252 = 2 # 2 # 3 # 3 # 7
The GCF = 2 # 3 # 3 = 18. 

EXAMPLE 3 Find the GCF of 30 and 77.

We find the prime factorization of each number.

 30 = 2 # 3 # 5
 77 = 7 # 11

Since there is no common prime factor, the GCF is 1.

Do Exercises 1–10.  

Just-in-Time Review

VIDEO

MyLab Math
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LEAST COMMON MULTIPLE4 

Two or more numbers always have many multiples in common. From 
lists of multiples, we can find common multiples. To find the common 
multiples of 2 and 3, we circle the multiples that appear in both lists of 
multiples:

2, 4, 6  , 8, 10, 12 , 14, 16, 18 , 20, 22, 24 , 26, 28, 30 , . . . ;

3, 6  , 9, 12 , 15, 18 , 21, 24 , 27, 30 , . . . .

The common multiples of 2 and 3 are 6, 12, 18, 24, 30. . . .
The least, or smallest, of those common multiples is 6. We 

 abbreviate least common multiple as LCM.

EXAMPLE 1 Find the LCM of 9 and 15.

We first look at the factorizations of 9 and 15:

9 = 3 # 3,  15 = 3 # 5.

Any multiple of 9 must have two 3’s as factors. Any multiple of 15 must 
have one 3 and one 5 as factors. The smallest multiple of 9 and 15 is

Two 3’s; 9 is a factor

3 # 3 # 5 = 45.

One 3, one 5; 15 is a factor

The LCM must have all the factors of 9 and all the factors of 15, but the 
factors are not repeated when they are common to both numbers. 

To find the LCM of several numbers using prime factorizations:

a) Write the prime factorization of each number.
b) Form the LCM by writing the product of the different factors from 

step (a), using each factor the greatest number of times that it 
 occurs in any one of the factorizations.

EXAMPLE 2 Find the LCM of 40 and 100.

 a) We first find the prime factorizations:

  40 = 2 # 2 # 2 # 5,

100 = 2 # 2 # 5 # 5.

 b) The different prime factors are 2 and 5. We write 2 as a factor three 
times (the greatest number of times that it occurs in any one factor-
ization). We write 5 as a factor two times (the greatest number of 
times that it occurs in any one factorization).

The LCM is 2 # 2 # 2 # 5 # 5, or 200. 

(continued)

VIDEO

MyLab Math
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LEAST COMMON MULTIPLE (continued)4

EXERCISES

Find the LCM of the given numbers.

 1.  24, 27

 2.  3, 15

 3.  50, 60

 4.  13, 23

 5.  45, 72

 6.  30, 36

 7.  12, 28

 8.  8, 16, 22

 9.  5, 12, 15

 10.  24, 35, 45

EXAMPLE 3 Find the LCM of 27, 90, and 84.

 a) We first find the prime factorizations:

 27 = 3 # 3 # 3,

 90 = 2 # 3 # 3 # 5,

 84 = 2 # 2 # 3 # 7.

 b) We write 2 as a factor two times, 3 three times, 5 one time, and  
7 one time.

The LCM is 2 # 2 # 3 # 3 # 3 # 5 # 7, or 3780. 

EXAMPLE 4 Find the LCM of 7 and 21.

Since 7 is prime, it has no prime factorization. It still, however, 
must be a factor of the LCM:

 7 = 7,

 21 = 3 # 7.

The LCM is 7 # 3, or 21. 

Just-in-Time Review

If one number is a factor of another, then the LCM is the larger of 
the two numbers.

EXAMPLE 5 Find the LCM of 8 and 9.

We have

 8 = 2 # 2 # 2,

 9 = 3 # 3.

The LCM is 2 # 2 # 2 # 3 # 3, or 72. 

If two or more numbers have no common prime factor, then the 
LCM is the product of the numbers.

Do Exercises 1–10.  
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EQUIVALENT EXPRESSIONS AND FRACTION NOTATION5

An example of fraction notation for a number is

2
3

  
Numerator

The whole numbers consist of the natural numbers and 0:

0, 1, 2, 3, 4, 5, . . . .

The arithmetic numbers, also called the nonnegative rational numbers, 
consist of the whole numbers and the fractions, such as 8, 23, and 95. All 
these numbers can be named with fraction notation a

b, where a and b 
are whole numbers and b ≠ 0.

Note that all whole numbers can be named with fraction notation. 
For example, we can name the whole number 8 as 81. We call 8 and 8

1 
equivalent expressions. Two simple but powerful properties of numbers 
that allow us to find equivalent expressions are the identity properties 
of 0 and 1.

Denominator

THE IDENTITY PROPERTY OF 0 (ADDITIVE IDENTITY)
For any number a, 

a + 0 = a.

(Adding 0 to any number gives that same number—for example, 
12 + 0 = 12.)

THE IDENTITY PROPERTY OF 1 (MULTIPLICATIVE IDENTITY)
For any number a, 

a # 1 = a.

(Multiplying any number by 1 gives that same number—for example, 
3
5
# 1 = 3

5.)

EQUIVALENT EXPRESSIONS FOR 1
For any number a, a ≠ 0, 

a
a
= 1.

(For example, some ways to name the number 1 are 55, 3
3, and 26

26.)

(continued)

EXERCISES

Write an equivalent expression with the 
given denominator.

 1.  
7
8

 (Denominator: 24) 

 2.  
5
6

 (Denominator: 48) 

 3.  
5
4

 (Denominator: 16) 

 4.  
2
9

 (Denominator: 54) 

 5.  
3
11

 (Denominator: 77) 

 6.  
13
16

 (Denominator: 80) 

VIDEO

MyLab Math
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EQUIVALENT EXPRESSIONS AND FRACTION NOTATION (continued)5

EXERCISES

Convert to fraction notation.

 1.  5 
2
3

 

 2.  9 
1
10

 

 3.  30 
4
5

 

 4.  1 
5
8

 

 5.  66 
2
3

 

Convert to a mixed numeral.

 6.  
18
5

 

 7.  
29
6

 

 8.  
57
10

 

 9.  
40
3

 

 10.  
757
100

 

EXAMPLE 1 Write a fraction expression equivalent to 23 with a denomi-
nator of 15.

 
2
3
=

2
3
# 1   Using the identity property of 1

 =
2
3
#  

5
5

  Using 
5
5

 for 1

 =
10
15

.   Multiplying numerators and denominators

Do Exercises 1–6 on the preceding page.  

Just-in-Time Review

A mixed numeral like 2 38 represents a sum: 2 +
3
8

.

Fraction less than 1.Whole number

To convert 2 38 from a mixed numeral to fraction notation:

a   Multiply the whole number 2 by the  
denominator 8: 2 # 8 = 16.

b   Add the result 16 to the numerator 3:  
16 + 3 = 19.

c  Keep the denominator 8.

MIXED NUMERALS6

EXAMPLE 1 Convert to fraction notation.

6 
2
3
=

20
3

  6 # 3 = 18, 18 + 2 = 20 

To convert from fraction notation to a mixed numeral, divide.

13
5

   
2

5)13
10
3

2 
3
5

The divisor

The remainder

The quotient

EXAMPLE 2 Convert to a mixed numeral.

69
10

   
6

1 0) 6 9
6 0

9

  
69
10

= 6 
9
10

Do Exercises 1–10.  

2 
3
8
=

19
8

b
a c

VIDEO

MyLab Math
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SIMPLIFY FRACTION NOTATION7 

EXERCISES

Simplify.

 1. 
18
27

 

 2.  
49
56

 

 3.  
30
72

 

 4.  
240
600

 

 5.  
56
14

 

 6.  
45
60

 

 7.  
216
18

 

 8.  
6
42

 

 9.  
33
81

 

 10.  
2600
1400

 

 11.  
84
126

 

 12.  
325
625

 

We know that 12, 24, 48, and so on, all name the same number. Any arithmetic 
number can be named in many ways. The simplest fraction notation is 
the notation that has the smallest numerator and denominator. We call 
the process of finding the simplest fraction notation simplifying. When 
simplifying fractions, we remove factors of 1.

EXAMPLE 1 Simplify: 
10
15

.

 
10
15

=
2 # 5
3 # 5  

 Factoring the numerator and the denominator.  
In this case, each is the prime factorization.

 =
2
3
# 5
5

  Factoring the fraction expression

 =
2
3
# 1  

5
5
= 1

 =
2
3

  
 Using the identity property of 1  
(removing a factor of 1) 

EXAMPLE 2 Simplify: 
36
24

.

36
24

=
2 # 3 # 2 # 3
2 # 2 # 3 # 2 =

2 # 3 # 2
2 # 3 # 2 #

3
2
= 1 # 3

2
=

3
2

 

Canceling

Canceling is a shortcut that you may have used to remove a factor of 1 
when working with fraction notation. With great concern, we mention 
it as a possible way to speed up your work. You should use canceling 
only when removing common factors in numerators and denominators. 
Each common factor allows us to remove a factor of 1 in a product. 
Canceling cannot be done when adding. Example 2 might have been 
done faster as follows:

3
18

36
24

=
2 # 3 # 2 # 3
2 # 2 # 3 # 2 =

3
2

, or 
36
24

=
3 # 12
2 # 12

=
3
2

, or 
36
24

=
3
2

.
12
2

EXAMPLE 3 Simplify: 
18
72

.

18
72

=
2 # 9
8 # 9 =

2
8
=

2 # 1
2 # 4 =

1
4

, or 
18
72

=
1 # 18
4 # 18

=
1
4

Do Exercises 1–12.  

VIDEO

MyLab Math
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