e

SINDIETPIIE
FOURTH EDITION

i

5 & Wit e

Raymond A. Barnett v
Michael R. Ziegler



FOURTH EDITION

PRECALCULUS
FUNCTIONS AND GRAPS

Raymond A. Barnett
Merritt College

Michael R. Ziegler

Marquette University

Karl E. Byleen

Marquette University

ch _
{iMcGraw-Hill

Boston Burr Ridge, IL Dubuque, 1A Madison, WI New York San Francisco St. Louis
Bangkok Bogotd Caracas Lisbon London Madrid
Mexico City Milan New Delhi Seoul Singapore Sydney Taipei Toronto



WCB/McGraw-Hill

A Division of The McGraw-Hill Companies

Precalculus: Functions and Graphs

Copyright © 1999, 1993, 1989, and 1984 by The McGraw-Hill Companies,
Inc. All rights reserved. Printed in the United States of America. Except as
permitted under the United States Copyright Act of 1976, no part of this
publication may be reproduced or distributed in any form or by any means,
or stored in a data base or retrieval system, without the prior written
permission of the publisher.

This book is printed on acid-free paper.

Student Edition 234567890DOWDOW 90432109
Instructor’s Edition 1234567890DOWDOW 904321098

ISBN 0-07-006341-9 [Student Edition]
ISBN 0-07-365581-3 [Instructor’s Edition}

Editorial Director: Kevin Kane
Publisher: J. P. Lenney

Sponsoring editor: Maggie Rogers
Developmental editor: Nina Kreiden
Marketing manager: Mary Kittell
Project manager: Robert A. Preskill
Production supervisor: Rich DeVitto
Designer: Lorna Lo and Vargas/Williams Design
Cover designer: Vargas/Williams Design
Editorial Assistant: Amy Upgren
Compositor: GTS Graphics, Inc.

Art House: Scientific lllustrators
Typeface: 10/12 Times Roman

Printer: R. R. Donnelley and Sons, Inc.

Library of Congress Cataloging-in-Publication Data

Barnett, Raymond A.
Precalculus: functions and graphs. — 4th ed. / Raymond A.
Barnett, Michael R. Ziegler, Karl E. Byleen.
p. cm.
Includes index.
ISBN 0-07-006341-9
1. Functions. 2. Algebra—Graphic methods. 1. Ziegler, Michael R.
I1. Byleen, Karl. IIIL Title
QA331.3.B38 1999
512'. 1—dc21 98-18537
CIP

http://www.mhhe.com



ABOUT THE AUTHORS

Raymond A. Barnett, a native of California, and educated in California, received his
B.A. in mathematical statistics from the University of California at Berkeley and his
M.A. in mathematics from the University of Southern California. He has been a mem-
ber of the Merritt College Mathematics Department and was chairman of the depart-
ment for four years. Associated with four different publishers, Raymond Barnett has
authored or co-authored eighteen textbooks in mathematics, most of which are still in
use. In addition to international English editions, a number of books have been trans-
lated into Spanish. Co-authors include Michael Ziegler, Marquette University; Thomas
Kearns, Northern Kentucky University; Charles Burke, City College of San Francisco;
John Fujii, Merritt College and Karl Byleen, Marquette University.

Michael R. Ziegler received his B.S. from Shippensburg State College and his M.S.
and Ph.D. from the University of Delaware. After completing postdoctoral work at
the University of Kentucky, he was appointed to the faculty of Marquette University
where he currently holds the rank of Professor in the Department of Mathematics,
Statistics, and Computer Science. Dr. Ziegler has published over a dozen research arti-
cles in complex analysis and has co-authored over a dozen undergraduate mathemat-
ics textbooks with Raymond Barnett and Karl Byleen.

Karl E. Byleen received his B.S., M.A., and Ph.D. degrees in mathematics from the
University of Nebraska. He is currently an Associate Professor in the Department of
Mathematics, Statistics, and Computer Science of Marquette University. He has pub-
lished a dozen research articles on the algebraic theory of semigroups.



PREFACE

Precalculus: Functions and Graphs is one of three books in the authors’ precalculus
series (see page ii for a brief comparison of all three books). Improvements in this
edition evolved out of the generous response from a large number of users of the last
and previous editions as well as survey results from instructors, mathematics depart-
ments, course outlines, and college catalogs. Fundamental to a book’s growth and
effectiveness is classroom use and feedback. Now in its fourth edition, Precalculus:
Functions and Graphs has had the benefit of having a substantial amount of both.

Emphasis and Style

The text is written for student comprehension. Great care has been taken to write a
book that is mathematically correct and accessible to students. Emphasis is on com-
putational skills, ideas, and problem-solving rather than mathematical theory. Most
derivations and proofs are omitted except where their inclusion adds significant insight
into a particular concept. General concepts and results are usually presented only after
particular cases have been discussed.

Examples and Matched Problems

Over 375 completely worked examples are used to introduce concepts and to demon-
strate problem-solving techniques. Each example is followed by a similar matched
problem for the student to work while reading the material. This actively involves the
student in the learning process. The answers to these matched problems are included
at the end of each section for easy reference.

Exploration, Discussion, and Group Activities

Every section contains Explore-Discuss boxes interspersed at appropriate places to
encourage a student to think about a relationship or process before a result is stated
or to investigate additional consequences of a development in the text. Verbalization
of mathematical concepts, results, and processes is encouraged in these Explore-Dis-
cuss boxes, as well as in some matched problems, and in particular problems in almost
every exercise set. The Explore-Discuss material can also be used as an in-class or
out-of-class group activity. In addition, at the end of every chapter, before the chap-
ter review, is a special chapter group activity that involves a number of the concepts
discussed in the chapter. All of these special activities are highlighted to emphasize
their importance.

Exercise Sets

The book contains over 5,600 problems. Each exercise set is designed so that an aver-
age or below-average student will experience success and a very capable student will
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be challenged. Exercise sets are mostly divided into A (routine, easy mechanics), B
(more difficult mechanics), C (difficult mechanics and some theory) level, and Appli-
cations. The most difficult application problems are marked with two stars (x«), the
moderately difficult application problems with one star (x), and the easier application
problems are not marked. Please note that some exercises ask the student to work the
exercises by hand, then check their work on a graphing utility. The use of a graph-
ing utility on such exercises is strictly optional.

Applications

One of the primary objectives of this book is to give the student substantial experi-
ence in modeling and solving real-world problems. Enough applications are included
to convince even the most skeptical student that mathematics is really useful. An
Applications Index is included to help locate particular applications. Most of the appli-
cations are simplified versions of actual real-world problems taken from professional
journals and professional books. No specialized experience is required to solve any
of the applications.

Because many students use this book to prepare for calculus, examples and exer-
cises that are especially pertinent to calculus are marked with the icon .

Technology

The generic term “graphing utility” is used to refer to any of the various graphing
calculators or computer software packages that might be available to a student using
this book. Although use of a graphing utility is optional, it is likely that many stu-
dents and instructors will want to make use of one of these devices. To assist these
students and instructors, optional graphing utility activities are included throughout
the book beginning in Chapter 3. These include brief discussions in the text, exam-
ples or portions of examples solved on a graphing utility, and problems for the stu-
dent to solve. All of the optional graphing utility material is clearly identified by the
following symbol ? and can be omitted without loss of continuity, if desired.
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Graphs and lllustrations

All graphs and illustrations in this edition of the text are new. All of the graphs are
computer generated to insure mathematical accuracy. Graphing utility screens dis-
played in the text are actual output from a graphing calculator.

Important Student Aids

Annotation of examples and developments, in small color type, is found throughout
the text to help students through critical stages. Think boxes (dashed boxes) are used
to enclose steps that are usually performed mentally. Screened boxes are used to high-
light important definitions, theorems, results, and step-by-step processes. Caution
boxes appear throughout the text where student errors often occur (see Section 1-7).
Functional use of four colors improves the clarity of many illustrations, graphs, and
developments, and guides students through certain critical steps. Boldface type is used
to introduce new terms and highlight important comments. Chapter review sec ions
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include a review of all important terms and symbols and a comprehensive review exer-
cise. Cumulative review exercises after every second or third chapter provide addi-
tional practice for students. Answers to review exercises, keyed to appropriate sec-
tions, are included in the back of the book. Answers to all other odd-numbered
problems are also in the back of the book. Summaries of formulas and symbols
(keyed to the sections in which they are introduced) are found inside the front and
back covers of the text for convenient reference.

Principal Changes from the Third Edition

As mentioned earlier, exploration and discussion activities have been distributed uni-
formly throughout the book. These new elements include Explore-Discuss questions
in the text and exercise sets, and chapter group activities. The optional material on
graphing utilities is also more uniformly distributed.

In Chapter 1, linear equations and their applications are now covered in one sec-
tion, and a new section on systems of linear equations and their applications has been
added.

In Chapter 2, the sections on aids to graphing functions and operations on func-
tions have been combined to present these related topics in a more concise fashion.
The section on rational functions has been moved to Chapter 3.

The material in Chapter 3 has been extensively revised and reorganized, due in
no small part to the effect that graphing utilities have had on some of these topics.
Section 3-2 now deals with techniques for finding exact zeros, including all rational
zeros, and Section 3-3 covers approximating real zeros.

In Chapter 6, techniques for solving trigonometric equations have been condensed
into a single section, again reflecting some of the impact that technology has had on
equation solving. The treatment of polar coordinates and polar graphs has also been
condensed into a single section in Chapter 7.

Since solving two linear equations in two variables is now covered in Chapter 1, the
first section of Chapter 8 now concentrates on graphical methods and matrix methods.
In Chapter 9, matrix addition and multiplication are now covered in a single section.

Counting techniques have been moved to Chapter 10 and the remaining proba-
bility material has been deleted.

Supplements

A comprehensive set of ancillary materials for both the student and the instructor is
available for use with this text.

Instructor’s Edition: This ancillary contains all of the material from the Student Edi-
tion of the text, in addition to answers to all of the exercises in the textbook. (The
Student Edition contains answers to selected exercises.)

Student Solutions Manual: This supplement, written by Fred Safier of the City Col-
lege of San Francisco, is available for sale to the student, and includes detailed solu-
tions to all odd-numbered problems and most review exercises.

Instructor’s Solutions Manual: This manual, written by John R. Martin of Tarrant
County Junior College, provides solutions to even-numbered problems and answers
to all problems in the text.

Instructor’s Resource Manual: This supplement provides transparency masters and
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sample tests, prepared by Mark Serebransky of Camden County College, for each
chapter in the text.

Print and Computerized Testbanks: A Computerized Testbank, prepared by ESA,
Inc., with assistance from Thomas Roe of South Dakota State University, is available
that provides a variety of formats to allow the instructor to create tests using both
algorithmically generated test questions and those from a static testbank. This testing
system enables the instructor to choose questions either manually or randomly by sec-
tion, question types, difficulty level, and other criteriea. This testing software is avail-
able for PC and Macintosh computers. A softcover print version of the testbank, pre-
pared by Mark Stevenson of Oakland Community College, provides most questions
found in the computerized version.

Barnett/Ziegler/Byleen Video Series: Course videotapes, created new for this edi-
tion, provide students with additional reinforcement of the topics presented in the
book. These videos are keyed specifically to the text and feature an effective combi-
nation of learning techniques, including personal instruction, state-of-the-art graphics,
and real-world applications.

Interactive Diagram CD-ROM: This software package is available for sale to the
student. This CD contains 45 Interactive Diagrams that are designed for use with this
textbook. Each Interactive Diagram (ID) is a separate Java Applet that contains an
illustration that can be manipulated by the user for further conceptual understanding
of the topic presented. For each section of the text where an ID has been created, an
icon @has been placed in the margin.

Multimedia Tutorial: This multimedia supplement is a self-paced tutorial specifically
linked to the text and reinforces topics through unlimited opportunities to review con-
cepts and practice problem solving.

In addition to the supplements listed above, a number of other technology and
Web-based ancillaries are under development; they will support the ever-changing tech-
nology needs in college algebra and precalculus. For further information about these
or any supplements, please contact your local WCB/McGraw-Hill sales representative.

Accuracy

Because of the careful checking and proofing by a number of mathematics instruc-
tors (acting independently), the authors and publisher believe this book to be sub-
stantially error-free. For any errors remaining, the authors would be grateful if they
were sent to: Michael R. Ziegler, 509 West Dean Court, Fox Point, WI 53217, or, by
email, to michaelziegler@execpc.com.
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TO THE STUDENT

The following suggestions are made to help you get the most out of this book and
your efforts.

As you study the text we suggest a five step-process. For each section:

All of this should be done with a calculator, plenty of paper, pencils, and a waste-
basket at hand. In fact, no mathematics text should be read without pencil and paper
in hand; mathematics is not a spectator sport. Just as you cannot learn to swim by
watching someone else swim, you cannot learn mathematics by simply reading
worked examples—you must work problems, lots of them.

If you have a graphing calculator or access to a computer with mathematical soft-
ware, such as Maple or Mathematica, you should pay particular attention to the
remarks, explore-discuss boxes, and exercises marked with This is optional mate-

ral that we have included to help you learn to make effective use of technology as
part of the problem-solving process. If you do not have one of these devices,
please omit material so marked, since it may involve calculations that cannot be
done by hand.

If you have difficulty with the course, then, in addition to doing the regular assign-
ments, spend more time on the examples and matched problems and work more A
exercises, even if they are not assigned. If you find the course too €asy, then work
more C exercises and applied problems, even if they are not assigned.

Raymond A. Barnett

Michael R. Ziegler
Karl E. Byleen
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Equations and Inequalities

One of the important uses of algebra is the solving of equations and
inequalities. In this chapter we look at techniques for solving linear and
nonlinear equations and inequalities. In addition, we consider a number
of applications that can be solved using these techniques. Additional tech-
niques for solving polynomial equations will be discussed in Chapter 3.

SECTION 1 "1

®

¢ Equations

Linear Equations and Applications

» Equations

» Solving Linear Equations

A Strategy for Solving Word Problems

o Number and Geometric Problems

« Rate—Time Problems

« Mixture Problems

» Some Final Observations on Linear Equations

An algebraic equation is a mathematical statement that relates two algebraic expres-
sions involving at least one variable. Some examples of equations with x as the vari-
able are

1 x
1+x x-—2

22 —3x+5=0 Vi+4=x—-1

3x— 2=7

The replacement set, or domain, for a variable is defined to be the set of numbers
that are permitted to replace the variable.

Assumption

On Domains of Variables

Unless stated to the contrary, we assume that the domain for a variable is the
set of those real numbers for which the algebraic expressions involving the vari-
able are real numbers.

For example, the domain for the variable x in the expression
2x — 4

is R, the set of all real numbers, since 2x — 4 represents a real number for all replace-
ments of x by real numbers. The domain of x in the equation

is the set of all real numbers except 0 and 3. These values are excluded because the
left member is not defined for x = 0 and the right member is not defined for x = 3.
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The left and right members represent real numbers for all other replacements of x by
real numbers.

The solution set for an equation is defined to be the set of elements in the domain
of the variable that makes the equation true. Each element of the solution set is called
a solution, or root, of the equation. To solve an equation is to find the solution set
for the equation.

An equation is called an identity if the equation is true for all elements from the
domain of the variable. An equation is called a conditional equation if it is true for
certain domain values and false for others. For example,

2x — 4 =2(x — 2) and 25 = >
x> =3x  x(x — 3)

are identities, since both equations are true for all elements from the respective
domains of their variables. On the other hand, the equations

3x —2=15 and =l
=1 X

are conditional equations, since, for example, neither equation is true for the domain
value 2.

Knowing what we mean by the solution set of an equation is one thing; finding
it is another. To this end we introduce the idea of equivalent equations. Two equa-
tions are said to be equivalent if they both have the same solution set for a given
replacement set. A basic technique for solving equations is to perform operations on
equations that produce simpler equivalent equations, and to continue the process until
an equation is reached whose solution is obvious.

Application of any of the properties of equality given in Theorem 1 will produce
equivalent equations.

Theorem 1 Properties of Equality

For a, b, and ¢ any real numbers:

1. Ifa =b,thena + c = b + c. Addition Property
2. Ifa =b,thena —c=b — c. Subtraction Property
3. If a = b, then ca = cb, ¢ # 0. Multiplication Property
4. If a = b, then - é ¢ # 0. Division Property

6, €
5. If a = b, then either may replace the other Substitution Property

in any statement without changing the
truth or falsity of the statement.

¢ Solving Linear We now turn our attention to methods of solving first-degree, or linear, equations in
Equations one variable.
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Equations and Inequalities

DEFINITION 1

Linear Equation in One Variable
Any equation that can be written in the form

ax + b=0 a#0 Standard Form

where a and b are real constants and x is a variable, is called a linear, or first-
degree, equation in one variable.

Sx=H1
3% —7

[

2(x + 3) is a linear equation, since it can be written in the standard form
0.

EXAMPLE 1

Solution

Check

Solving a Linear Equation
Solve 5x — 9 = 3x + 7 and check.

We use the properties of equality to transform the given equation into an equivalent
equation whose solution is obvious.

5x—9=3x+7 Original equation
Sx—94+9=3x+7+9 Add 9 to both sides.
5x=3x+ 16 Combine like terms.

Sx — 3x =3x+ 16 — 3x Subtract 3x from both sides.

2x =16 Combine like terms.
2x 16
= Divide both sides by 2.

x=28 Simplify.
The solution set for this last equation is obvious:
Solution set: {8}

And since the equation x = 8 is equivalent to all the preceding equations in our solu-
tion, {8} is also the solution set for all these equations, including the original equa-
tion. [Note: If an equation has only one element in its solution set, we generally
use the last equation (in this case, x = 8) rather than set notation to represent the
solution.]

5c—9=3x+7 Original equation
58) — 9 3(8)+7 Ssubstitute x = 8.
40-9%24+7 Simplify each side.

Il

31

31 A true statement



