College Algebra
and Trigonometry

R

. -




Get the Most Out of

MyLab Mathil

MyLab™ Math, Pearson’s online homework, tutorial, and assessment program,
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.

Learning In Any Environment

Because classroom formats and student
needs continually change and evolve,

MyLab Math has built-in flexibility to accom-
modate various course designs and formats.

With an updated and streamlined design,
students and instructors can access
MyLab Math from most mobile devices.

Personalized Learning

Not every student learns the same way or at the same rate. Thanks to our advances
in adaptive learning technology capabilities, you no longer have to teach as if they do.

« MyLab Math's adaptive Study Plan acts as a personal tutor, updating in
real-time based on student performance throughout the course to provide
personalized recommendations for practice. You can now assign the Study Plan
as a prerequisite to a test or quiz with Companion Study Plan Assignments.

»  MyLab Math can personalize
homework assignments for students
based on their performance on a test
or quiz. This way, students can focus on
just the topics they have not yet
mastered.

* New - Skill Builder exercises offer
just-in-time adaptive practice from
within homework assignments to
help students build the skills needed
to successfully complete their work.

el —

- b = Lo

-k R

— v will il = il T noww

B c— e e — e — il

I e w—— — O e i s . P i

s T sl el e cnclll i e s R I . R e
L el  —— Wl e S ——

B | W

1
13

S s Sl

Visit pearson.com/mylab/math and click Get Trained to make sure
you're getting the most out of MyLab Math.




MyLab Math Online Course
for College Algebra and
Trigonometry by Ratti,

McWaters, Skrzypek

Achieve Your Potential

il

(access code required)

Success in math can make a difference in life. MyLab Math is a learning program with resources to help
students achieve their potential in this course and beyond. MyLab Math helps you get up to speed on
course material and understand how math will play a role in future careers.

Visualization and Conceptual Understanding
These new MyLab Math resources aid in visual thinking, conceptual understanding and connecting

mathematical concepts.

Guided Visualizations
Engaging interactive figures bring
mathematical concepts to life,

TS Al ol il

“-—_.

i | gpaste
helping you visualize the concepts O _Gowundtom
. . L inkmg Vahusn
through directed explorations and ——
purposeful manipulation. Guided g
Visualizations can be assigned e
: . nwg s b g U adlns ol b
| s - T
to encourage active learning, ey
vhe e | gueno and Swe

i oyt . ey, o b e

critical thinking, and conceptual
understanding.

(bt s wile s am be rmarwd srnsrd by
N L P o L
[

Equations of Circles fx — 6 + [y - k¥ =~

1Y

e -3+ Iy

3.4 Exponential and Logarithmic Equations and Inequalities

CRpstiive “fT )N Ceud e 4 VP gy )

3415

gyins =4

Hpnsip B9 grean sguphn adbhmd ngesithng (lo wal pobg kv o
aethed®
(=w e yamgiby |
ety Ty ey “wvime | Pw o | e g el g § s evemry oo P gvvee v |8 cowquele ymd leme
MO Tee st sut (<)
(T 88 ST O B ieghilen] Filan |

Trery @y whemews e, 1o W
ey w e e

Teew b mpit v b el e | erwl e sl [ ek Rewew

N

S the Sebowe OpEFETEW. sQUEDOR e B D TR B e of § P 1 w0t ¢ P dowe Y Te DpRE B YR peIneT Caw e oL e

Setup and Solve

Exercises

Stepped-out exercises ask
students to first describe how
they will set up and approach

the problem. This reinforces
conceptual understanding of the
process applied in solving the
problem and promotes long term
retention of the skill. Access to the
eText is available for additional
support.

0 eeret

B Sente ey O

pearson.com/mylab/math



e @ Pearson

Connect the Concepts and MyLab
Relate the Math

Preparedness

One of the biggest challenges in Precalculus is being adequately prepared for the
course with prerequisite knowledge. MyLab Math’s learning resources help refresh
knowledge of topics previously learned that are necessary to be successful in
Precalculus. Brushing up on these essential algebra skills in each section can
dramatically help increase success.

Getting Ready

O Due  assignment

L] Getting Ready for Chaoter 1 Ouiz Getting Ready material provides

© Getting Ready for Chaoter 1 Homework just-in-time review, integrated throughout
B Getting Ready for Chaoter 2 Ouiz the course as needed to prepare students
0 Suition Bands e Chanier 2 itmanns with prerequisite material to succeed.

From a quick quiz, a personalized,
Just-in-time review assignment Is gener-
ated for each student, allowing them to
refresh forgotten concepts.

L] Getting Ready for Chaoter 3 Ouiz
© Gesting Ready for Chapter 3 Homewcrk
L) Getting Ready for Chaoter 4 Ouiz
© Getting Ready for Chaoter 4 Homework

Maintaining Skills

Our authors are committed to students—helping them retain essential information
and maintain skills needed for success in current, as well as, future math courses.

Ongoing Review

Exercises written to help maintain skills and prepare for the next section encourage
review of key mathematical concepts throughout the course. This ongoing review
keeps knowledge fresh, prepares for new material learning, and promotes knowledge
retention for the current course and for future courses.

| Getting Ready for the Next Section

In Exercises 121128, consider triangle A 8C shown in the In Exercises 127 and 118, find :‘-I‘mm the given vadues of A

]
:::n mﬂ:‘;: mﬂ theorem to find the and 2. Then rationalize the deneminastor of the guotient.

2. a=%b=12 f I A==8 = —
122 a= 12c= 20 N :
123 b= S ¢c= |0 |n_,4-.__.g-‘!;
124, a = 205 = 2] )
1235, b= 3Xc=0

126. a = S,b = 10

pearson.com/mylab/math



Fourth Edition

J. S. Ratti
University of South Florida

Marcus McWaters
University of South Florida

Lestaw A. Skrzypek
University of South Florida



Director, Portfolio Management: Executive Field Marketing Manager:

Anne Kelly Peggy Sue Lucas
Portfolio Management Assistant: Field Marketing Assistant:

Ashley Gordon Adrianna Valencia
Content Producer: Rachel S. Reeve Senior Author Support/Technology
Managing Producer: Scott Disanno Specialist: Joe Vetere
Producer: Jonathan Wooding Manager, Rights and Permissions:
Manager, Courseware QA: Gina Cheselka

Mary Durnwald Manufacturing Buyer: Carol Melville,
Manager, Content Development: LSC Communications

Kristina Evans Design, Production Coordination,
Product Marketing Manager: Composition, and lllustrations:

Stacey Sveum Cenveo® Publisher Services
Product Marketing Assistant: Cover Image:

Shannon McCormack Primeimages/E+/Getty Images

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 C, which constitutes an exten-
sion of this copyright page.

PEARSON, ALWAYS LEARNING, and MYLAB are exclusive trademarks owned by
Pearson Education, Inc. or 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 references to
third-party trademarks, logos or other trade dress are for demonstrative or descrip-
tive 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.

Library of Congress Cataloging-in-Publication Data

Names: Ratti, J. S., author. | McWaters, Marcus, author. | Skrzypek, Leslaw, author.
Title: College algebra and trigonometry / J.S. Ratti, University of South
Florida, Marcus McWaters, University of South Florida, Lestaw A. Skrzypek,
University of South Florida.
Description: Fourth edition. | Boston : Pearson Education, Inc., 2017. |
Includes index.
Identifiers: LCCN 2017038506 | ISBN 9780134696478 (hardcover)
Subjects: LCSH: Algebra-Textbooks. | Trigonometry-Textbooks.
Classification: LCC QA152.3 .R38 2017 | DDC 512/.13-dc23 LC record available at
https://Iccn.loc.gov/2017038506

L 17

@ Pearson

ISBN 10: 0-13-469647-6



FOREWORD

We’re pleased to present the fourth edition of College Algebra and Trigonometry.
Our experience in teaching this material at the University of South Florida has
been exceptionally rewarding. Because students are accustomed to information
being delivered by electronic media, the introduction of MyLab™ Math into our
courses was, and remains, seamless. We hope you will have a similar experience.
Today’s college algebra and trigonometry students and instructors face many
challenges. Students arrive with various levels of comprehension from their pre-
vious courses. Instead of really learning the concepts presented, students often
resort to memorization to pass the course. As a result, a course needs to establish
a common starting point for students and engage them in becoming active learn-
ers, without sacrificing the solid mathematics essential for conceptual under-
standing. Instructors in this course must take on the task of providing students
with an understanding of college algebra and trigonometry, preparing them for
the next step, and ensuring that they find mathematics useful and interesting. Our
efforts 1n this direction have been aided considerably by the many suggestions
we have received from users of the first, second, and third editions of this text.
This text places a strong emphasis on both concept development and real-life
applications. Topics such as functions, graphing, the difference quotient, and limit-
ing processes provide thorough preparation for the study of calculus and will 1m-
prove students’ comprehension of algebra. Just-in-time review throughout the text
ensures that all students are brought to the same level before being introduced to
new concepts. Numerous applications motivate students to apply the concepts and
skills they learn in college algebra and trigonometry to other courses, including the
physical and biological sciences, engineering, and economics, and to on-the-job and
everyday problem solving. Students are given ample opportunities in this course to
think about important mathematical ideas and to practice and apply algebraic skills.
Throughout the text, we emphasize why the material being covered is important
and how it can be applied. By thoroughly developing mathematical concepts with
clearly defined terminology, students see the “why” behind those concepts, paving
the way for a deeper understanding, better retention, less reliance on rote memoriza-
tion, and ultimately more success. The level of exposition was selected so that the
material 1s accessible to students and provides them with an opportunity to grow.
[t 1s our hope that once you have read through our text, you will see that we
were able to fulfill our 1nitial goals of writing for today’s students and for you, the
Instructor.
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Students begin college algebra and trigonometry classes
with widely varying backgrounds. Some haven’t taken a
math course in several years and may need to spend time
reviewing prerequisite topics, while others are ready to
jump right into new and challenging material. In Chapter P
and 1in some of the early sections of other chapters, we have
provided review material in such a way that it can be used
or omitted as appropriate for your course. In addition, stu-
dents may follow several paths after completing a college
algebra and trigonometry course. Many will continue their
study of mathematics in courses such as finite mathemat-
ics, statistics, and calculus. For others, college algebra and
trigonometry may be their last mathematics course.
Responding to the current and future needs of all of these
students was essential in creating this text. We introduce each
exercise set with several concept and vocabulary exercises,
consisting of fill-in-the-blank and true-false exercises. They
are not computation-reliant, but rather test whether students
have absorbed the basic concepts and vocabulary of the sec-
tion. Exercises asking students to extrapolate information
from a given graph now appear in much greater number and
depth throughout the course. We continue to present our con-
tent in a systematic way that illustrates how to study and
what to review. We believe that if students use this material
well, they will succeed in this course. The changes 1n this
edition result from the thoughtful feedback we have received
from students and instructors who have used previous edi-
tions of the text. This feedback crucially enhances our own
experiences, and we are extremely grateful to the many con-
tributors whose insights are reflected in this new edition.

Key Content Changes

EXERCISES We continue to improve the balance of
exercises, providing a smother transition from the less chal-
lenging to the more challenging exercises.

Concept and Vocabulary Exercises. Each exercise section
begins with exercises that assess the student’s grasp of the
definitions and ideas introduced in that section. These true-
false and fill-in-the-blank exercises help to rapidly identity
gaps in comprehension of the material in that section.

Exercises Preparing Students for Material in the Next
Section. Each exercise section ends with a set of exercises
titled Getting Ready for the Next Section that provides
a review of the concepts and skills that will be used in the
following section.

Graph and Data-Related Exercises. We have intro-
duced exercises throughout the text that demonstrate how
to extract information about real-world situations from a

graphical representation of that situation, as well as how to
recover algebraic or trigonometric formulations of a graph
by using key characteristics of that graph.

Modeling Exercises. A section on building linear, exponen-
tial, logarithmic, and power models from data was added 1n
Chapter 4; this section contains new exercises using each
type of model.

Overall, approximately 20% of the exercises have been
updated, and more than 500 brand-new exercises have been
added. These new exercises primarily consist of applica-
tions that connect with students’ everyday experiences and
enhance students’ understanding of graphing.

CHAPTER 1

* Added a separate section, Applications of Linear
Equations: Modeling, as Section 1.2. This moved some
material from Section 1.1 on linear equations in the pre-
vious edition into Section 1.2, providing two relatively
short sections that are more easily covered in one lecture.

* Introduced the discriminant, showing how to determine
the number and type of solutions (rational or irrational) to
a quadratic equation having integer coefficients.

* Provided simpler introductory examples for material stu-
dents typically find difficult.

CHAPTER 2

* Introduced “delta x” and “delta y”’ notation when we dis-
cussed the slope of a line.

* Expanded the discussion on modeling data using linear
regression.

* Added real-world examples to the discussion of increasing
and decreasing functions and finding maxima and minima,
and expanded the discussion on turning points.

* Added real-world examples to the discussion of average
rate of change.

CHAPTER 3

* A Summary of Main Facts has been added to the section
on quadratic functions.

* Expanded the discussion on functions of even and odd
degree and on the end behavior of polynomial functions.

* Added an example showing how to graph a polynomial
given in factored form.

* Expanded the discussion on horizontal asymptotes, along
with improved graphics.

PREFACE




CHAPTER 4

 Added a schematic showing various transtormations of
the graph of f(x) = e".

* Expanded the discussion of exponential growth and decay.

* Added a schematic showing various transtormations of
the graph of f(x) = log,x.

* Added a comparison of the end behavior (as x approaches
infinity) ot the exponential, logarithmic and linear functions.

* Added a procedure for solving logarithmic equations
using exponential form.

 Added material on building linear, exponential, logarith-
mic, and power models from data.

CHAPTER 5

 Provided an alternative way of graphing trigonometric
functions by using transtormations of tunctions and added
a subsection on the even—odd properties of the trigonomet-
ric functions.

CHAPTER 6

* The sections on trigonometric equations were completely
rewritten.

CHAPTER 7
* Added a procedure showing how to use the Law of Cosines
to solve SSA triangles.

 Added a summary of the procedures for solving oblique
triangles.

* Added a subsection showing how to use area formulas to
find the altitude of a triangle.

CHAPTER 8
* Added a summary of the methods for solving three equa-
tions 1n three unknowns.

* Added an example showing how to find a partial-fraction
decomposition when the denominator has repeated linear
tfactors.

CHAPTER 9

 Added a schematic showing the most common transfor-
mations and their corresponding matrices.

 Added a discussion about the connection between com-
bining transformations and multiplying their correspond-
ing matrices and showing that the order in which the
transformations are performed matters.

CHAPTER 10

e Sections 10.2, 10.3, and 10.4 have additional examples
showing how to obtain the equation of the conic discussed
in that section from key characteristics of its graph.

CHAPTER 11

* Expanded discussion, with examples, showing the connec-
tion between arithmetic sequences and linear tfunctions and
between geometric sequences and exponential functions.

Features

CHAPTER OPENER Each chapter opener includes a
description of applications (one of them illustrated) relevant
to the content of the chapter and the list of topics that will
be covered. In one page, students see what they are going to
learn and why they are learning it.

SECTION OPENER WITH APPLICATION Each sec-

tion opens with a list of prerequisite topics, complete with
section and page references, which students can review
prior to starting the section. The Objectives of the section
are also clearly stated and numbered, and then referenced
again 1n the margin of the lesson at the point where the
objective’s topic is taught. An Application containing a
motivating anecdote or an interesting problem then follows.
An example later 1n the section relating to this application
and identified by the same icon (€") is then solved using
the mathematics covered in the section. These applications
utilize material from a variety ot tfields: the physical and
biological sciences (including health sciences), economics,
art and architecture, history, and more.

EXAMPLES AND PRACTICE PROBLEMS Exam-
ples include a wide range of computational, conceptual, and
modern applied problems caretully selected to build confi-
dence, competency, and understanding. Every example has
a title indicating its purpose and presents a detailed solu-
tion containing annotated steps. All examples are followed
by a Practice Problem for students to try so that they can
check their understanding of the concept covered. Answers

Xiv



to the Practice Problems are provided just before the section
CXCICISES.

PROCEDURE BOXES These boxes, interspersed
throughout the text, present important procedures in num-
bered steps. Special Procedure in Action boxes present
important multistep procedures, such as the steps tor doing
synthetic division, in a two-column format. The steps ot
the procedure are given 1n the left column, and an example
1s worked, following these steps, in the right column. This
approach provides students with a clear model with which
they can compare when encountering difficulty in their
work. These boxes are a part of the numbered examples.

ADDITIONAL PEDAGOGICAL FEATURES

Definitions, Theorems, Properties, and Rules are all boxed
and titled for emphasis and ease of reference.

Warnings appear as appropriate throughout the text to
apprise students of common errors and pittalls that can trip
them up 1n their thinking or calculations.

Summary of Main Facts boxes summarize information

related to equations and their graphs, such as those of the
conic sections.

A Calculus Symbol i appears next to information in the
text that 1s essential for the study of calculus.

MARGIN NOTES

Side Notes provide hints for handling newly introduced
concepts.

Recall notes remind students of a key idea learned earlier in
the text that will help them work through a current problem.

Technology Connections give students tips on using calcu-
lators to solve problems, check answers, and reinforce con-
cepts. Note that the use of graphing calculators 1s optional
in this text.

Do You Know? teatures provide students with additional
interesting information on topics to keep them engaged 1n
the mathematics presented.

Historical Notes give students information on key people or
ideas 1n the history and development of mathematics.

EXERCISES The heart of any textbook is its exercises,
so we have tried to ensure that the quantity, quality, and

variety of exercises meet the needs of all students. Exercises
are carefully graded to strengthen the skills developed in the
section and are organized using the following categories.
Concepts and Vocabulary exercises begin each exercise
set with problems that assess the student’s grasp of the defi-
nitions and 1deas introduced 1n that section. These true-talse
and fill-in-the-blank exercises help to rapidly identify gaps
in comprehension of the material in that section. Building
Skills exercises develop fundamental skills—each odd-
numbered exercise 1s closely paired with its consecutive
even-numbered exercise. Applying the Concepts features
use the section’s material to solve real-world problems—all
are titled and relevant to the topics of the section. Beyond
the Basics exercises provide more challenging problems
that give students an opportunity to reach beyond the mate-
rial covered 1n the section— these are generally more theo-
retical in nature and are suitable for honors students, special
assignments, or extra credit. Critical Thinking/Discussion/
Writing exercises, appearing as appropriate, are designed
to develop students’ higher-level thinking skills. Calculator
problems, i1dentified by ==, are included where needed.
Getting Ready for the Next Section exercises end each
exercise set with problems that provide a review of concepts
and skills that will be used in the following section.

CHAPTER REVIEW AND TESTS The chapter-ending
material begins with an extensive Review featuring a two-
column, section-by-section summary of the definitions,
concepts, and formulas covered 1n that chapter, with corre-
sponding examples. This review provides a description and
examples of key topics indicating where the material occurs
in the text, and encourages students to reread sections
rather than memorize definitions out of context. Review
Exercises provide students with an opportunity to practice
what they have learned in the chapter. Then students are
given two chapter test options. They can take Practice Test
A 1n the usual open-ended format and/or Practice Test B,
covering the same topics, in a multiple-choice format. All
tests are designed to increase student comprehension and
verity that students have mastered the skills and concepts
in the chapter. Mastery of these materials should indicate a
true comprehension of the chapter and the likelihood of suc-
cess on the associated in-class examination. Cumulative
Review Exercises appear at the end of every chapter, start-
ing with Chapter 2, to remind students that mathematics 1s
not modular and that what 1s learned 1n the first part of the
book will be usetul 1n later parts of the book and on the final
examination.

XV



Get the Most Out of
MyLab Mathmnil

Used by over 3 million students a year, MyLab™ Math is the world's leading
online program for teaching and learning mathematics. MyLab Math delivers
assessment, tutorials, and multimedia resources that provide engaging and
personalized experiences for each student, so learning can happen in any
environment. Each course is developed to accompany Pearson'’s best-selling
content, authored by thought leaders across the math curriculum, and can be
easily customized to fit any course format.

Preparedness

One of the biggest challenges in many mathematics courses is making sure
students are adequately prepared with the prerequisite skills needed to
successfully complete their course work. MyLab Math offers a variety of
content and course options to support students with just-in-time remediation
and key-concept review.

 Getting Ready material provides
just-in-time review, integrated

throughout the course as needed to O Gt etk e Chanes o e
prepare students with prerequisite B auttinn Banddy for Chunter 2 Caie
material to succeed. From a quick © Gatting Bead for Chacter 2 Mamework
quiz, a personalized, just-in-time Bl Gesting Ready for Chacter 3 Quiz
review assignment is generated © Getting Ready for Chapter 3 Homewark
for each student, allowing them to | eited Beady for haoter ¢ Quu
refresh forgotten concepts. O Gz Rrad for Chanter 4 omewssk

» Skill Builder offers adaptive practice that is designed to increase students’
ability to complete their assignments. By monitoring student performance
on homework, Skill Builder adapts to each student’'s needs and provides
just-in-time, in-assignment practice to help enhance the student’s proficiency
iIn meeting key learning objectives.

pearson.com/mylab/math



Resources for Success

MyLab Math Online Course for College Algebra
and Trigonometry, 4th ed., by J. S. Ratti, Marcus

McWaters, and Lestaw Skrzypek (access code required)

MyLab Math is available to accompany Pearson’s market-leading text offerings.
To give students a consistent tone, voice, and teaching method each text's flavor
and approach is tightly integrated throughout the accompanying MyLab Math
course, making learning the material as seamless as possible.

Video Assessment Questions [Homework: video questions [~ ]
Video Assessment questions are |,y — _
assignable MyLab Math eXercisSes | we s e s v s v ——

L NN 0 WY T SO

tied to Example SOIUTION VIACOS. TNE [ e armsnsstennsorsnrsmsnnsenscmmsssar sovms anyss s mms smesrss s
guestions are designed to check students’ | we s
understanding of the important math
concepts covered in the video. The videos
and Video Assessment questions provide
an active learning environment where
students can work at their own pace.

Chapler X: Polynormial and Rational Functions 25 Frear o rase’ ¢ PFa raasr re o) e % e draee l

!-i:eclinn-l.l:l?‘nl}-m.mm.inl Fm.lclinma. | Al pers v ny ([N m
S e Video Notebook
The Video Notebook is a guide that gives students a structured

place to take notes and work on the example problems as

oo bt Stma they watch the videos. Definitions and important concepts are
highlighted, and helpful hints are pointed out along the way. The
e st e notebook is available in MyLab Math for download.

Concepts and Vocabulary Exercises

Each exercise section begins with exercises that assess the student’s
grasp of the definitions and ideas introduced in that section. These
true-false and fill-in-the-blank exercises help to rapidly identify gaps
in comprehension of the material in that section and are assignable in
MyLab Math and Learning Catalytics.

pearson.com/mylab/math



Resources for Success

Instructor Resources

Additional resources can be downloaded from
www.pearson.com or hardcopy resources can be
ordered from your sales representative.

Annotated Instructor’s Edition

Answers are included on the same page beside the
text exercises, where possible, for quick reference.

Instructor’s Solutions Manual

Written by Beverly Fusfield, the Instructor’'s Solu-
tions Manual provides complete solutions for all
end-of-section exercises, including the Critical
Thinking/Discussion/Writing Projects, Practice Prob-
lems, Chapter Review exercises, Practice Tests, and
Cumulative Review problems.

Instructor’s Testing Manual

The Instructor’s Testing Manual includes diagnostic
pretests, chapter tests, and additional test items,
grouped by section, with answers provided.

TestGen®

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

PowerPoint® Lecture Slides

The PowerPoint Lecture Slides feature presenta-
tions written and designed specifically for this text,
including figures and examples from the text.

Sample Assignments in MyLab Math

Enhanced Sample Assignments created by the au-
thors make course set-up easier by giving instruc-
tors a starting point for each chapter. Each assign-
ment, handpicked by the author team to align with
this text, includes a thoughtful mix of question types
(e.g., conceptual, skills) specific to that topic. Each
assignment includes new MylLab Math question
types, such as vocabulary, video assessments, and
set up and solve questions.

Student Resources

Additional resources are available to help students
succeed.

Video Lectures

Over 25 hours of video instruction feature Section
Summaries and Example Solutions. Section Summa-
ries cover key definitions and procedures for most
sections. Example Solutions walk students through
the detailed solution process for many examples in
the textbook. Optional subtitles are available in Eng-
lish and Spanish.

Student’s Solutions Manual

Written by Beverly Fusfield, the Student’s Solutions
Manual provides detailed worked-out solutions to
the odd-numbered end-of-section and Chapter Re-
view exercises and solutions to all of the Practice
Problems, Practice Tests, and Cumulative Review
problems. Also available in MyLab Math.

Video Notebook

The Video Notebook is a note-taking guide that gives
students a structured place to take notes and work
the example problems as they watch the videos.
Definitions and important concepts are highlighted,
and helpful hints are pointed out along the way. The
Video Notebook is available as PDFs and customiz-
able Word files in MyLab Math.

pearson.com/mylab/math
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Basic Concepts
of Algebra

TOPICS

P.1 The Real Numbers and
Their Properties

P.2 |Integer Exponents and
Scientific Notation

P.3 Polynomials
P.4 Factoring Polynomials
P.5 Rational Expressions

P.6 Rational Exponents and
Radicals

Many fascinating patterns in human and natural processes
can be described in the language of algebra. We investigate
events ranging from chirping crickets to the behavior of falling

objects.



el * B The Real Numbers and
Their Properties

BEFORE STARTING THIS SECTION, OBJECTIVES
REVIEW FROM YOUR PREVIOUS 1 (lassify sets of real numbers.
MATHEMATICS TEXTS
2 Use exponents.
1 Arithmetic of signed numbers 3 Use the ordering of the real numbers.
2 Anthmetic of fractions 4 Specify sets of numbers in roster or
3 Long division involving integers set-builder notation.
4 Decimals Use interval notation.
5 Arithmetic of real numbers 6 Relate absolute value and distance

on the real number line.

7 Use the order of operations in
arithmetic expressions.

8 Identify and use properties of real numbers.

9 Evaluate algebraic expressions.

< Cricket Chirps and Temperature

Crickets are sensitive to changes in air temperature; their chirps speed up as the tem-
perature gets warmer and slow down as it gets cooler. It is possible to use the chirps
of the male snowy tree cricket (Oecanthus fultoni), common throughout the United
States, to gauge temperature. (The insect is found in every U.S. state except Hawaii,
Alaska, Montana, and Florida.) By counting the chirps of this cricket, which lives in
bushes a few feet from the ground, you can gauge temperature. Snowy tree crickets
are more accurate than most cricket species; their chirps are slow enough to count,
and they synchronize their singing. To convert cricket chirps to degrees Fahrenheit,
count the number of chirps in 14 seconds and then add 40 to get the temperature.
To convert cricket chirps to degrees Celsius, count the number of chirps in 25 seconds,
divide by 3, and then add 4 to get the temperature. In Example 12, we evaluate alge-
braic expressions to learn the temperature from the number of cricket chirps.

1 Classify sets of real numbers. CIaSSiinng Numbers

In algebra, we use letters such as a, b, x, y, and so on, to represent numbers. A letter that 1s
used to represent one or more numbers is called a variable. A constant is a specific num-

ber such as 3 or > or a letter that represents a fixed (but not necessarily specitied) number.

Physicists use the letter ¢ as a constant to represent the speed of light (¢ = 300,000,000
meters per second).

We use two variables, a and b, to denote the results of the operations of addition (a + b),
a
subtraction (a — b), multiplication (a X bora-b), and division (a + bor E) These

operations are called binary operations because each 1s performed on two numbers.

2 Chapter P Basic Concepts of Algebra



SIDE
NOTE

Here 1s one difficulty with
attempting to divide by 0: If, for

example, 0 = a,then5 = a-0.

However, a0 = 0 for all
numbers a. So we would have
5 = 0; this contradiction
demonstrates that there 1s no

5
appropriate choice for 0

Section P.1 = The Real Numbers and Their Properties 3

We frequently omit the multiplication sign when writing a product involving two variables
(or a constant and a variable) so that a - b and ab indicate the same product. Both ¢ and b

are called factors in the product a - b. This 1s a good time to recall that we never divide by

a
zero. For b to represent a real number, b cannot be zero.

Equality of Numbers

The equal sign, = , is used much like we use the word is in English. The equal sign
means that the number or expression on the left side 1s equal or equivalent to the number or
expression on the right side. We write a # b to indicate that a 1s not equal to b.

Classifying Sets of Numbers

The 1dea of a set is familiar to us. We regularly refer to “a set of baseball cards,” a “set
of CDs,” or “a set of dishes.” In mathematics, as in everyday life, a set 1s a collection of
objects. The objects in the set are called the elements, or members, of the set. Capital let-
ters are usually used to name a set. In the study of algebra, we are interested primarily in
sets of numbers.

In listing the elements of a set, it 1s customary to enclose the listed elements in braces,
{ }. and separate them with commas.

We distinguish among various sets of numbers.

The numbers we use to count with constitute the set N of natural numbers:
N=1{1,23,4,...}.

The three dots ... (called ellipsis) may be read as “and so on” and indicate that the pattern
continues indefinitely.

The set W of whole numbers is formed by including the number 0 with the natural
numbers to obtain the set: W = {0, 1,2,3,4,...}.

The set Z of integers consists of the set N of natural numbers together with their oppo-
sites dE Z = 4o o543, 2, -1:0.1,2.34,... )

Rational Numbers

The rational numbers consist of all numbers that can be expressed as the quotient or ratio,

a , . ;
E* of two integers, where b # (. The letter Q 1s often used to represent the set of rational

numbers.
E les of rational b 8.2y d 0.07 = ——. Any int b
xamples of rational numbers are -, 7, ——, and 0.07 = . Any integer a can be
expressed as the quotient of two integers by writing a = % Consequently, every integer 1s

. . . . 0
also a rational number. In particular, 0 is a rational number because 0 = T

The rational number % can be written as a decimal by using long division. When any
integer a 1s divided by an integer b, b # 0, the result is always a terminating decimal
1 2
such as (5 = 0.5) or a nonterminating repeating decimal such as (g = (.666 .. )

We sometimes place a bar over the repeating digits in a nonterminating repeating decimal.

Thus,% = 0.666... = 0.6 andﬁ—é = 1.2818181... = 1.28I.

2N JE B Converting Decimal Rationals to a Quotient

Write the rational number 7.45 as the ratio of two integers in lowest terms.
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diameter

circumference
diameter

"n'=

Figure P.1 Definition of 7

|
Figure P.2

RECALL

An integer 1s a perfect square it
it 1s a product a - a, where a 1s an
integer. For example, 9 = 33 1s
a perfect square.

Solution
Let x = 7.454545 ....Then

100x = 745.4545. .. Multiply both sides by 100.
subtract x = 7.4545...
99x = 738 100x — x = 99x
738 £ : :
X =— Divide both sides by 99.
99
82 X 9 : .
= Common factor
11 X9
82
X = 11 Reduce to lowest terms.
Practice Problem 1 Repeat Example 1 for 2.132132132. ... m

Irrational Numbers

An irrational number is a number that cannot be written as a ratio of two integers. This
means that its decimal representation must be nonrepeating and nonterminating. We can
construct such a decimal using only the digits O and 1, such as 0.01001000100001. . . .
Because each group of zeros contains one more zero than the previous group, no group
of digits repeats. Other numbers such as 7 (“pi”’; see Figure P.1) and V2 (the square root
of 2; see Figure P.2) can also be expressed as decimals that neither terminate nor repeat;
so they are 1rrational numbers as well. We can obtain an approximation of an irrational
number by using an initial portion of its decimal representation. For example, we can
write 77 =~ 3.14159 or V2 = 1.41421, where the symbol = is read “is approximately
equal to.”

No familiar process, such as long division, 1s available for obtaining the decimal repre-
sentation of an irrational number. However, your calculator can provide a usetul approxi-
mation for irrational numbers such as V2. (Try it!) Because a calculator displays a fixed
number of decimal places, it gives a rational approximation of an irrational number.

It 1s usually not easy to determine whether a specific number 1s irrational. One helptul
tact in this regard 1s that the square root of any natural number that is not a perfect square

is irrational. So V6 is irrational but V16 = \/ﬁ? = 4 1s rational.

Because rational numbers have decimal representations that either terminate or repeat,
whereas 1rrational numbers do not have such representations, no number is both rational
and irrational.

The rational numbers together with the 1irrational numbers form the set R of real numbers.

The diagram 1n Figure P.3 shows how various sets of numbers are related. For example,
every natural number 1s also a whole number, an integer, a rational number, and a real number.

Real Numbers

Rational numbers IrTatlmlﬂl numbers __
[ .0 .0 .. = V2, m —V3,1+V5
_31: Ty Uﬁ_i 3_1' 5*78
SR R
Integers
e I 1A [ T

Whole numbers
0 1. 2.5, -

Natural numbers
1.2 3,495, cun

Figure P.3 Relationships among sets of real numbers



2 Use exponents.

Section P.1 = The Real Numbers and Their Properties <

SV B |dentifying Sets of Numbers

6 2 5 3
— 2 2 T 18 2.
3 3,0, 12,2,\ﬂw,\/35, , 3}

Identify all the elements of the set A that are:

Let A = {17, =9,

a. Natural numbers b. Whole numbers ¢. Integers
d. Rational numbers e. Irrational numbers f. Real numbers
Solution

a. Natural numbers: 7 and 18
b. Whole numbers: 0, 7, and 18

6
c. Integers: —17, —5, ~3 (or —2),0,7, and 18

6 2 3 1

% % % —'J' _'J' % d 1
3 3 0 "5 7.and 18
e. Irrational numbers: \@ 7, and V35

f. Real numbers: All numbers in the set A are real numbers.

d. Rational numbers: —17, —35,

Practice Problem 2 Repeat Example 2 for the set:

21 1 4
B={6, = 2,,0,5,\/3,2, \/17,7}. T

Integer Exponents

The area of a square with side 5 feet1s 55 = 235 square feet.
The volume of a cube that has sides of 5 feet each1s 5+5+5 = 125 cubic feet.

I
I 5 ft
5 fi i
,.. Ay e
L’ S5 ft
6 i 5 ft
Area = 5-5 square feet Volume = 5-5-5 cubic feet

A shorter notation for 5+ 5 is 5° and for 5+5+5is 5°. The number 5 is called the base
for both 5% and 5°. The number 2 is called the exponent in the expression 5% and indicates
that the base 5 appears as a factor twice.

Positive Integer Exponent

If a 1s a real number and n 1s a positive integer, then

a' =a-a-..."aq.
L

v

<
n factors

The number a” is called the nth power of a and is read “a to the nth power”, or “a to
the n”. The number a 1s called the base; n, the exponent. We adopt the convention
thata' = a.
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TECHNOLOGY %"
CONNECTION

Type 573 for 5° on a graphing
calculator. Any expression on a
calculator enclosed in parentheses
and followed by *n is raised to
the nth power. A common error
1s to forget parentheses when
computing an expression such
as (—3)7, with the result being
—32. Newer graphing calcula-
tors, such as the TI-84 series,
provide display options called
CLASSIC|and [MATHPRINT.
The MATHPRINT option dis-
plays 543 as 5° but still requires
you to type 3, then #, then 3.

NMOEMARL VLOAT AUTD KEmL AnDImM CL

CLASSIC| Mode

NMORHAL FLORT AaUTD REAL RRDZAM HP n

MATHPRINT | Mode

In this text we will display
screens in MATHPRINT mode.

3 Use the ordering of the real
numbers.

SRR A Evaluating Expressions That Use Exponents

Evaluate each expression.

e 5 b. (—3)? c. —3° d. (—2)°

Solution

a. 5°=5-5-5=125

b. (—3)2 = (~3)(=3) = 9
c. —3*=-3-3=-9 Multiplication of 3 * 3 occurs first. (—3° is the opposite of 3%.)
d. (-2)* = (-2)(-2)(~2) = -8

(—3)” is the opposite of 3, squared.

Practice Problem 3 Evaluate the following.
()
M
2

In Example 3, pay careful attention to the fact (from parts b and ¢) that (—3)* # —3% In
(—3)?, the parentheses indicate that the exponent 2 applies to the base —3, whereas in —37,
the absence of parentheses indicates that the exponent applies only to the base 3. When n
iseven, (—a)" # —a"fora # 0.

Q. 2 b. (3a)*

The Real Number Line

We associate the real numbers with points on a geometric line (imagined to be extended
indefinitely in both directions) in such a way that each real number corresponds to exactly
one point and each point corresponds to exactly one real number. The point 1s called the
graph of the corresponding real number, and the real number 1s called the coordinate of
the point. By agreement, positive numbers lie to the right of the point corresponding to 0

and negative numbers lie to the left of 0. See Figure P4.

1 1
Notice that > and S 2 and —2, and 7 and —7 correspond to pairs of points exactly

the same distance from O but on opposite sides of 0.

—r —2.25 [<— 1 unit —| 2.25 ™
PR S L & L | ;- | g | | ¢ lé o
-3 -2 -v2 -1 1 0 1 1 V2 2 3
2 2

Figure P4 The real number line

When coordinates have been assigned to points on a line in the manner just described,
the line is called a real number line, a coordinate line, a real line, or simply a number
line. The point corresponding to 0 is called the origin.

Inequalities

The real numbers are ordered by their size. We say that a is less than b and write a < b,
provided that b = a + ¢ for some positive number ¢. We also write b > a, meaning
the same thing as a < b, and say that b is greater than a. On the real line, the numbers
increase from left to right. Consequently, a is to the left of b on the number line when
a < b. Similarly, a 1s to the right of b on the number line when a > b. We sometimes
want to indicate that at least one of two conditions is correct: Either a < b or a = b.
In this case, we write @ = b or b = a. The four symbols <, >, =, and = are called
inequality symbols.



