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Preface

This textbook supports a three-semester or four-quarter calculus sequence typically taken
by students in mathematics, engineering, and the natural sciences. Our approach is based
on many years of teaching calculus at diverse institutions using the best teaching practices
we know.

Throughout the book, a concise and lively narrative motivates the ideas of calculus.
Reviewers and class testers have consistently told us that the book mirrors the course they
teach. Equally important, we believe that students will actually read the book. Topics are
introduced through concrete examples, applications, and analogies rather than through ab-
stract arguments. We appeal to students’ intuition and geometric instincts to make calculus
natural and believable. Once this intuitive foundation is established, generalizations and
abstractions follow. We include informative proofs in the text, but less transparent proofs
appear at the end of the sections or in Appendix B.

Pedagogical Features

Exercises

The exercises at the end of each section are one of the strongest features of the text. They
are graded, varied, and original. In addition, they are labeled and carefully organized into
groups.

« Each exercise set begins with Review Questions that check students’ conceptual under-
standing of the essential ideas from the section.

* Basic Skills exercises are confidence-building problems that provide a solid foundation
for the more challenging exercises to follow. Each example in the narrative is linked di-
rectly to a block of Basic Skills exercises via Related Exercises references at the end of
the example solution.

o Further Explorations exercises expand on the Basic Skills exercises by challenging stu-
dents to think creatively and to generalize newly acquired skills.

* Applications exercises connect skills developed in previous exercises to applications and
modeling problems that demonstrate the power and utility of calculus.

* Additional Exercises are generally the most difficult and challenging problems; they in-
clude proofs of results cited in the narrative.

Each chapter concludes with a comprehensive set of Review Exercises.

Figures

Given the power of graphics software and the ease with which many students assimilate
visual images, we devoted considerable time and deliberation to the figures in this book.
Whenever possible, we let the figures communicate essential ideas using annotations
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reminiscent of an instructor’s voice at the board. Readers will quickly find that the fig-
ures facilitate learning in new ways.

Quick Check and Margin Notes

The narrative is interspersed with Quick Check questions that encourage students to
read with pencil in hand and that resemble the kinds of questions instructors pose in
class. Answers to the Quick Check questions are found at the end of the section in
which they occur. Margin Notes offer reminders, provide insight, and clarify technical
points.

Guided Projects

The Instructor’s Resource Guide and Test Bank contains 78 Guided Projects. These proj-
ects allow students to work in a directed, step-by-step fashion, with various objectives: to

carry out extended calculations, to derive physical models, to explore related theoretical

topics, or to investigate new applications of calculus. The Guided Projects vividly demon-

strate the breadth of calculus and provide a wealth of mathematical excursions that go be-

yond the typical classroom experience. A list of suggested Guided Projects is included at

the end of each chapter.

Technology

We believe that a calculus text should help students strengthen their analytical skills and
demonstrate how technology can extend (not replace) those skills. The exercises and
examples in this text emphasize this balance. Calculators and graphing utilities are ad-
ditional tools in the kit, and students must learn when and when not to use them. Our
goal is to accommodate the ditferent policies about technology that various instructors
may use.
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Throughout the book, exercises marked with # indicate that the use of technology—
ranging from plotting a function with a graphing utility to carrying out a calculation using
a computer algebra system—may be needed.

Interactive Figures

The textbook is supported by a groundbreaking electronic book, created by Eric Schulz of
Walla Walla Community College. This “live book” contains the complete text of the print
book plus interactive animated versions of approximately 700 figures. Instructors can use
these animations in the classroom to illustrate the important ideas of calculus, and students
can explore the interactive animations while they are reading the textbook. In each case,
these animations will help build students’ geometric intuition of calculus. Available only
within MyMathLab, the eBook provides instructors with powerful new teaching tools that
expand and enrich the learning experience for teachers.

Content Highlights

In writing this text, we identified content in the calculus curriculum that consistently pre-
sents challenges to our students. We made organizational changes to the standard presenta-
tion of these topics or slowed the pace of the narrative to facilitate students’ comprehension
of material that is traditionally difficult. Two noteworthy modifications appear in the mate-
rial for Calculus II and Calculus III, as outlined below.

Often appearing near the end of the term, the topics of sequences and series are the
most challenging in Calculus I1. By splitting this material into two chapters, we have given
these topics a more deliberate pace and made them more accessible without adding signif-
icantly to the length of the narrative.

There is a clear and logical path through multivariate calculus, which is not apparent in
many textbooks. We have carefully separated functions of several variables from vector-
valued functions, so that these ideas are distinct in the minds of students. The book culminates
when these two threads are joined in the last chapter, which is devoted to vector calculus.

Accuracy Assurance

One of the challenges we face with a first edition is ensuring the book meets the high stan-
dards of accuracy that instructors expect. More than 200 mathematicians reviewed the man-
uscript for accuracy, level of difficulty, and effective pedagogy. Additionally, nearly 1000
students participated in class-testing this book before publication. A team of mathematicians
carefully examined each example, exercise, and figure in multiple rounds of editing, proof-
reading, and accuracy checking. From the beginning and throughout development, our goal
has been to craft a textbook that is mathematically precise and pedagogically sound.

Text Versions

Calculus

Complete (Chapters 1-15) ISBN 0-321-33611-9 | 978-0-321-33611-8

Single Variable Calculus (Chapters 1-11) ISBN 0-321-66407-8 | 978-0-321-66407-5
Multivariable Calculus (Chapters 9-15) ISBN 0-321-66415-9 | 978-0-321-66415-0

Calculus: Early Transcendentals

Complete (Chapters 1-14) ISBN 0-321-57056-1 | 978-0-321-57056-7

Single Variable Calculus (Chapters 1-10) ISBN 0-321-66414-0 | 978-0-321-66414-3
Multivariable Calculus (Chapters 8-14) ISBN 0-321-66415-9 | 978-0-321-66415-0
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Media and Online Supplements

Technology Resource Manuals

Maple Manual by James Stapleton, North Carolina State University
Mathematica Manual by Marie Vanisko, Carroll College

TI-Graphing Calculator Manual by Elaine McDonald-Newman, Sonoma State
University, and Luz De Alba, Drake University

These manuals cover Maple™ 13, Mathematica® 7, and the TI-83 Plus/TI-84 Plus and TI-
89, respectively. Each manual provides detailed guidance for integrating a specific software
package or graphing calculator throughout the course, including syntax and commands.
These manuals are available to instructors and students through the Pearson Math and Stats
Resources page, www.pearsonhighered.com/mathstatsresources, and MyMathLab®.

MyMathLab® Online Course (access code required)

MyMathLab is a text-specific, easily customizable online course that integrates interactive
multimedia instruction with textbook content. MyMathLab gives you the tools you need
to deliver all or a portion of your course online, whether your students are in a lab setting
or working from home.

* eBook featuring Interactive Figures that can be manipulated to illuminate difficult-
to-convey concepts. Instructors can use these animations in the classroom to illustrate
the important ideas of calculus, and students can try out the interactive animations while
they are using MyMathLab. In each case, these animations help build geometric intuition
of calculus.

« Interactive homework exercises, correlated to your textbook at the objective level,
are algorithmically generated for unlimited practice and mastery. Most exercises are
free response and provide guided solutions, sample problems, and tutorial learning
aids for extra help.

* “Getting Ready” chapter includes hundreds of exercises that address prerequisite
skills in algebra and trigonometry. Each student can receive remediation for those skills
with which he or she needs help.

* Personalized Study Plan, generated when students complete a test or quiz, indicates
which topics have been mastered and links to tutorial exercises for topics students have
not mastered. You can customize the Study Plan so that the topics available match your
course content, or so that students’ homework results also determine mastery.

» Multimedia learning aids, such as video lectures, Java applets, animations, and a com-
pleté interactive eBook, help students independently improve their understanding and
performance. You can assign these multimedia learning aids as homework to help your
students grasp the concepts.

« Homework and Test Manager lets you assign homework, quizzes, and tests that are
automatically graded. Select just the right mix of questions from the MyMathLab
exercise bank, instructor-created custom exercises, and/or TestGen® test items.

* Gradebook, designed specifically for mathematics and statistics, automatically tracks
students’ results, lets instructors stay on top of student performance, and gives them
control over how to calculate final grades. You can also add offline (paper-and-pencil)
grades to the gradebook.

« MathXL® Exercise Builder allows you to create static and algorithmic exercises for
your online assignments. You can use the library of sample exercises as an easy starting
point, or you can edit any course-related exercise.
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* Pearson Tutor Center (www.pearsontutorservices.com) access is automatically
included with MyMathLab. The Tutor Center is staffed by qualified math instructors
who provide textbook-specific tutoring for students via toll-free phone, fax, email, and
interactive Web sessions.

Students do their assignments in the Flash®-based MathXL Player, which is compati-
ble with almost any browser (Firefox®, Safari™, or Internet Explorer®) on almost any
platform (Macintosh® or Windows®). MyMathLab is powered by CourseCompass™,
Pearson Education’s online teaching and learning environment, and by MathXL, our on-
line homework, tutorial, and assessment system. MyMathLab is available to qualified
adopters. For more information, visit www.mymathlab.com or contact your Pearson
representative.

MathXL® Online Course (access code required)

MathXL is an online homework, tutorial, and assessment system that accompanies Pear-
son’s textbooks in mathematics or statistics.

* Interactive homework exercises, correlated to your textbook at the objective level,
are algorithmically generated for unlimited practice and mastery. Most exercises are
free response and provide guided solutions, sample problems, and learning aids for
extra help.

* “Getting Ready” chapter includes hundreds of exercises that address prerequisite
skills in algebra and trigonometry. Each student can receive remediation for those skills
with which he or she needs help.

* Personalized Study Plan, generated when students complete a test, quiz, or homework,
indicates which topics have been mastered and links to tutorial exercises for topics stu-
dents have not mastered. Instructors can customize the available topics in the study plan
to match their course concepts.

* Multimedia learning aids, such as video lectures, Java applets, and animations, help
students independently improve their understanding and performance. These are assign-
able as homework, to further encourage their use.

* Gradebook, designed specifically for mathematics and statistics, automatically tracks
students’ results, lets you stay on top of student performance, and gives you control over
how to calculate final grades.

* MathXL Exercise Builder allows you to create static and algorithmic exercises for
your online assignments. You can use the library of sample exercises as an easy starting
point or use the Exercise Builder to edit any of the course-related exercises.

* Homework and Test Manager lets you create online homework, quizzes, and tests that
are automatically graded. Select just the right mix of questions from the MathXL exer-
cise bank, instructor-created custom exercises, and/or TestGen test items.

The new, Flash®-based MathXL Player is compatible with almost any browser (Fire-
fox®, Safari™, or Internet Explorer®) on almost any platform (Macintosh® or Windows®).
MathXL is available to qualified adopters. For more information, visit our website at
www.mathxl.com, or contact your Pearson representative.

TestGen®

TestGen (www.pearsoned.com/testgen) enables instructors to build, edit, print, and ad-
minister tests using a computerized bank of questions developed to cover all the objectives
of the text. TestGen is algorithmically based, allowing instructors to create multiple but
equivalent versions of the same question or test with the click of a button. Instructors can
also modify test bank questions or add new questions.The software and test bank are avail-
able for download from Pearson Education’s online catalog.
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Video Lectures With Optional Captioning

The Video Lectures With Optional Captioning feature an engaging team of mathematics
instructors who present comprehensive coverage of topics in the text. The lecturers” pre-
sentations include illustrative examples and exercises and support an approach that em-
phasizes visualization and problem solving. Available only through MyMathLab and
MathXL.

PowerPoint® Lecture Slides

These PowerPoint slides contain key concepts, definitions, figures, and tables from the
textbook. These files are available to qualified instructors through the Pearson Instruc-
tor Resource Center, www.pearsonhighered/irc, and MyMathLab.



Note to Students

We offer several practical suggestions about how to gain the most from this book and from
your calculus course.

1.

Our experience in teaching calculus over many years tells us that the greatest obstacle to
learning calculus is not the new ideas of calculus, which are often easily understood.
Rather, students find a greater struggle with prerequisite skills—most notably algebra and
trigonometry. Your progress with calculus will be far less difficult if you have a solid under-
standing of algebra and trigonometry before you begin Chapter 2. Take advantage of the
material in Chapter 1 and Appendix A, as well as the review that your instructor may pro-
vide, so that your prerequisite skills are strong before you embark on the study of calculus.

. An old saying is worth repeating: Mathematics is not a spectator sport. No one can ex-

pect to learn calculus merely by reading the book and listening to lectures. Your partic-
ipation and engagement are essential. Read the book actively with a pencil and paper
nearby. Use the margins for your notes, answer the Quick Check questions as you go,
and work as many exercises as possible. Working exercises will accelerate your learn-
ing of calculus more than anything else you do.

The use of graphing calculators and computer software is a major issue in teaching and
learning calculus. Instructors differ in their emphasis on technology, so it is important
to understand your instructor’s approach to the use of technology and to become profi-
cient with the required technology as quickly as possible. You should strive for a bal-
ance between the use of technology and the use of what are called analytical, or
pencil-and-paper, methods. Technology should be used to extend and check your ana-
lytical skills but never to replace them.

With these thoughts in mind, it is time to begin the calculus journey. We hope it is as ex-
citing for you as it is for us every time we teach calculus.

William Briggs
Lyle Cochran

Bernard Gillett
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1.1 Review of Functions

1.2 Representing Functions

1.3 Trigonometric Functions

Functions

Ch ‘thC r Preview  The goal of this chapter is to ensure that you begin your
calculus journey fully equipped with the tools you will need. In this chapter, you will see
many of the functions used in calculus: polynomials, rational functions, algebraic func-
tions, and the trigonometric functions. (Logarithmic and exponential functions are intro-
duced in Chapter 7.) It is imperative that you work hard to master the ideas in this chapter
and refer to it when questions arise.

1.1 Review of Functions

|

65 o 1o i
- =P EMS) . -
Iput "! | Function f Output f(x)
e >
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Domain Range

FIGURE 1.1

If the domain is not specified, we take it
to be the set of all values of x for which
f is defined. We will see shortly that the
domain and range of a function may be
restricted by the context of the problem.

Mathematics is a language with an alphabet. a vocabulary. and many rules. If you are
unfamiliar with set notation, intervals on the real number line, absolute value, the Carte-
sian coordinate system, or equations of lines and circles, please refer to Appendix A. Our
starting point in this book is the fundamental concept of a function.

Everywhere around us we see relationships among quantities, or variables. For
example, the consumer price index changes in time and the temperature of the ocean
varies with latitude. These relationships can often be expressed by mathematical objects
called functions. Calculus is the study of functions, and because we use functions to
describe the world around us, calculus is a universal language for human inquiry.

DEFINITION  Function

A function f is a rule that assigns to each value x in a set D a unique value denoted
f(x). The set D is the domain of the function. The range is the set of all values of
f(x) produced as x varies over the domain (Figure 1.1).

The independent variable is the variable associated with the domain; the dependent
variable belongs to the range. The graph of a function f is the set of all points (x, y) in
the xy-plane that satisfy the equation y = f(x). The argument of a function is the expres-
sion on which the function works. For example, x is the argument when we write f(x).
Similarly, 2 is the argument in f(2) and x* + 4 is the argument in f(x* + 4).

QUICK CHECK 1 If f(x) = x? — 2x, find f(—1), f(x?), f(¢).and f(p — 1).

The requirement that a function must assign a unique value of the dependent variable
to each value in the domain is expressed in the vertical line test (Figure [.2).



CHAPTER 1 + FUNCTIONS

FIGURE 1.2

A set of points or a graph that does not
correspond to a function represents a
relation between the variables. All
functions are relations, but not all
relations are functions.

| Two y-values for one value | Two times for one temperature |
| of x fails test—not a function | —a function
A jo—

Temperature

Time

Vertical Line Test

A graph represents a function if and only if it passes the vertical line test: Every
vertical line intersects the graph at most once. A graph that fails this test does not
represent a function.

EXAMPLE 1 Identifying functions State whether each graph in Figure 1.3
corresponds to a function.

ENEN S
|

(a)
FIGURE 1.3

A graphing window of [a, b] X [c,d]

meansa = x = bandc =y = d.

y:x2+l

Domain

FIGURE 1.4

(b) (c) (d)

SOLUTION The vertical line test indicates that only graphs (a) and (c) represent
functions. In graphs (b) and (d), it is possible to draw vertical lines that intersect the
graph more than once. Equivalently, it is possible to find values of x that correspond to
more than one value of y. Therefore, graphs (b) and (d) do not pass the vertical line test
and do not represent functions. Related Exercises 11-12 <

EXAMPLE 2 Domain and range Graph each function with a graphing utility using‘
the given window. Then state the domain and range of the function.

ay=f(x)=x+1 [-33]Xx[-1,5]
b. z=g(t) = V4 —1% [-3,3] X [-1,3]
c. w= h(u) = ﬁ; [—3,5] X [—4,4]
SOLUTION

a. Figure 1.4 shows the graph of f(x) = x* + 1. Because f is defined for all values of x,
its domain is the set of all real numbers, or (—00, o), or R. Because x* = 0 for all x,
it follows that x> + 1 = 1 and the range of f is [1, 00).

b. When n is even, functions involving nth roots are defined provided the quantity under
the root is nonnegative. In this case, the function g is defined provided 4 — 1> = 0,
which means 1 < 4, or =2 = t = 2. Therefore, the domain of g is [—2,2]. By the




