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Preface

A great discovery solves a great problem but there is a grain of discovery in the
solution of any problem. Your problem may be modest; but if it challenges your
curiosity and brings into play your inventive faculties, and if you solve it by your
own means, you may experience the tension and enjoy the triumph of discovery.
GEORGE POLYA

The art of teaching, Mark Van Doren said, is the art of assisting discovery. | have tried to
write a book that assists students in discovering calculus—both for its practical power and
its surprising beauty. In this edition, as in the first six editions, | aim to convey to the stu-
dent a sense of the utility of calculus and develop technical competence, but | also strive
to give some appreciation for the intrinsic beauty of the subject. Newton undoubtedly
experienced a sense of triumph when he made his great discoveries. | want students to
share some of that excitement.

The emphasis is on understanding concepts. | think that nearly everybody agrees that
this should be the primary goal of calculus instruction. In fact, the impetus for the current
calculus reform movement came from the Tulane Conference in 1986, which formulated
as their first recommendation:

Focus on conceptual understanding.

I have tried to implement this goal through the Rule of Three: “Topics should be presented
geometrically, numerically, and algebraically.” Visualization, numerical and graphical exper-
imentation, and other approaches have changed how we teach conceptual reasoning in fun-
damental ways. The Rule of Three has been expanded to become the Rule of Four by
emphasizing the verbal, or descriptive, point of view as well.

In writing the seventh edition my premise has been that it is possible to achieve con-
ceptual understanding and still retain the best traditions of traditional calculus. The book
contains elements of reform, but within the context of a traditional curriculum.

- Alternative Versions

I have written several other calculus textbooks that might be preferable for some instruc-
tors. Most of them also come in single variable and multivariable versions.

= Calculus, Seventh Edition, Hybrid Version, is similar to the present textbook in
content and coverage except that all end-of-section exercises are available only in
Enhanced WebAssign. The printed text includes all end-of-chapter review material.

= Calculus: Early Transcendentals, Seventh Edition, is similar to the present textbook
except that the exponential, logarithmic, and inverse trigonometric functions are cov-
ered in the first semester.

Xi
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xii PREFACE

= Calculus: Early Transcendentals, Seventh Edition, Hybrid Version, is similar to Cal-
culus: Early Transcendentals, Seventh Edition, in content and coverage except that all
end-of-section exercises are available only in Enhanced WebAssign. The printed text
includes all end-of-chapter review material.

= Essential Calculus isamuch briefer book (800 pages), though it contains amost all
of the topics in Calculus, Seventh Edition. The relative brevity is achieved through
briefer exposition of some topics and putting some features on the website.

= Essential Calculus: Early Transcendentals resembles Essential Calculus, but the
exponential, logarithmic, and inverse trigonometric functions are covered in Chapter 3.

= Calculus: Concepts and Contexts, Fourth Edition, emphasizes conceptual understand-
ing even more strongly than this book. The coverage of topicsis not encyclopedic
and the material on transcendental functions and on parametric equations is woven
throughout the book instead of being treated in separate chapters.

= Calculus: Early Vectors introduces vectors and vector functions in the first semester
and integrates them throughout the book. It is suitable for students taking Engineering
and Physics courses concurrently with calculus.

= Brief Applied Calculus isintended for students in business, the social sciences, and
the life sciences.

I What's New in the Seventh Edition?

The changes have resulted from talking with my colleagues and students at the University
of Toronto and from reading journals, as well as suggestions from users and reviewers.
Here are some of the many improvements that I’ ve incorporated into this edition:

= Some material has been rewritten for greater clarity or for better motivation. See, for
instance, the introduction to maximum and minimum values on page 198, the intro-
duction to series on page 727, and the motivation for the cross product on page 832.

= New examples have been added (see Example 4 on page 1045 for instance). And the
solutions to some of the existing examples have been amplified. A casein point: |
added details to the solution of Example 1.6.11 because when | taught Section 1.6
from the sixth edition | realized that students need more guidance when setting up
inequalities for the Squeeze Theorem.

= Chapter 1, Functions and Limits, consists of most of the material from Chapters 1
and 2 of the sixth edition. The section on Graphing Calculators and Computersis
now Appendix G.

= The art program has been revamped: New figures have been incorporated and a sub-
stantial percentage of the existing figures have been redrawn.

= The datain examples and exercises have been updated to be more timely.

= Three new projects have been added: The Gini Index (page 351) explores how to
measure income distribution among inhabitants of a given country and is a nice appli-
cation of areas between curves. (I thank Klaus Volpert for suggesting this project.)
Families of Implicit Curves (page 163) investigates the changing shapes of implicitly
defined curves as parametersin afamily are varied. Families of Polar Curves (page
688) exhibits the fascinating shapes of polar curves and how they evolve within a
family.
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PREFACE xiii

= The section on the surface area of the graph of a function of two variables has been
restored as Section 15.6 for the convenience of instructors who like to teach it after
double integrals, though the full treatment of surface area remains in Chapter 16.

= | continue to seek out examples of how calculus applies to so many aspects of the
real world. On page 933 you will see beautiful images of the earth’s magnetic field
strength and its second vertical derivative as calculated from Laplace’s equation. |
thank Roger Watson for bringing to my attention how this is used in geophysics and
mineral exploration.

= More than 25% of the exercises are new. Here are some of my favorites: 2.2.13-14,
2.4.56, 2.5.67, 2.6.53-56, 2.7.22, 3.3.70, 3.4.43, 4.2.51-53, 5.4.30, 6.3.58, 11.2.49-50,
11.10.71-72, 12.1.44, 12.4.43-44, and Problems 4, 5, and 8 on pages 861-62.

- Technology Enhancements

= The media and technology to support the text have been enhanced to give professors
greater control over their course, to provide extra help to deal with the varying levels
of student preparedness for the calculus course, and to improve support for conceptual
understanding. New Enhanced WebAssign features including a customizable Cengage
YouBook, Just in Time review, Show Your Work, Answer Evaluator, Personalized
Study Plan, Master Its, solution videos, lecture video clips (with associated questions),
and Visualizing Calculus (TEC animations with associated questions) have been
developed to facilitate improved student learning and flexible classroom teaching.

= Tools for Enriching Calculus (TEC) has been completely redesigned and is accessible
in Enhanced WebAssign, CourseMate, and PowerLecture. Selected Visuals and
Modules are available at www.stewartcalculus.com.

- Features

CONCEPTUAL EXERCISES The most important way to foster conceptual understanding is through the problems that
we assign. To that end | have devised various types of problems. Some exercise sets begin
with requests to explain the meanings of the basic concepts of the section. (See, for
instance, the first few exercises in Sections 1.5, 1.8, 11.2, 14.2, and 14.3.) Similarly, all the
review sections begin with a Concept Check and a True-False Quiz. Other exercises test
conceptual understanding through graphs or tables (see Exercises 2.1.17, 2.2.33-38,
2.2.41-44,9.1.11-13, 10.1.24-27, 11.10.2, 13.2.1-2, 13.3.33-39, 14.1.1-2, 14.1.32-42,
14.3.3-10, 14.6.1-2, 14.7.3-4, 15.1.5-10, 16.1.11-18, 16.2.17-18, and 16.3.1-2).

Another type of exercise uses verbal description to test conceptual understanding (see
Exercises 1.8.10, 2.2.56, 3.3.51-52, and 7.8.67). | particularly value problems that com-
bine and compare graphical, numerical, and algebraic approaches (see Exercises 3.4.31-
32,2.7.25,and 9.4.2).

GRADED EXERCISE SETS Each exercise set is carefully graded, progressing from basic conceptual exercises and skill-
development problems to more challenging problems involving applications and proofs.

REAL-WORLD DATA My assistants and | spent a great deal of time looking in libraries, contacting companies and
government agencies, and searching the Internet for interesting real-world data to intro-
duce, motivate, and illustrate the concepts of calculus. As a result, many of the examples
and exercises deal with functions defined by such numerical data or graphs. See, for
instance, Figure 1 in Section 1.1 (seismograms from the Northridge earthquake), Exercise
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PROJECTS

PROBLEM SOLVING

DUAL TREATMENT OF EXPONENTIAL
AND LOGARITHMIC FUNCTIONS

2.2.34 (percentage of the population under age 18), Exercise 4.1.16 (velocity of the space
shuttle Endeavour), and Figure 4 in Section 4.4 (San Francisco power consumption).
Functions of two variables are illustrated by a table of values of the wind-chill index as a
function of air temperature and wind speed (Example 2 in Section 14.1). Partial derivatives
are introduced in Section 14.3 by examining a column in a table of values of the heat index
(perceived air temperature) as a function of the actual temperature and the relative humid-
ity. This example is pursued further in connection with linear approximations (Example 3
in Section 14.4). Directional derivatives are introduced in Section 14.6 by using a temper-
ature contour map to estimate the rate of change of temperature at Reno in the direction of
Las Vegas. Double integrals are used to estimate the average snowfall in Colorado on
December 20-21, 2006 (Example 4 in Section 15.1). Vector fields are introduced in Sec-
tion 16.1 by depictions of actual velocity vector fields showing San Francisco Bay wind
patterns.

One way of involving students and making them active learners is to have them work (per-
haps in groups) on extended projects that give a feeling of substantial accomplishment
when completed. | have included four kinds of projects: Applied Projects involve applica-
tions that are designed to appeal to the imagination of students. The project after Section
9.3 asks whether a ball thrown upward takes longer to reach its maximum height or to fall
back to its original height. (The answer might surprise you.) The project after Section 14.8
uses Lagrange multipliers to determine the masses of the three stages of a rocket so as to
minimize the total mass while enabling the rocket to reach a desired velocity. Laboratory
Projects involve technology; the one following Section 10.2 shows how to use Bézier
curves to design shapes that represent letters for a laser printer. Writing Projects ask stu-
dents to compare present-day methods with those of the founders of calculus—Fermat’s
method for finding tangents, for instance. Suggested references are supplied. Discovery
Projects anticipate results to be discussed later or encourage discovery through pattern
recognition (see the one following Section 7.6). Others explore aspects of geometry: tetra-
hedra (after Section 12.4), hyperspheres (after Section 15.7), and intersections of three
cylinders (after Section 15.8). Additional projects can be found in the Instructor’s Guide
(see, for instance, Group Exercise 4.1: Position from Samples).

Students usually have difficulties with problems for which there is no single well-defined
procedure for obtaining the answer. | think nobody has improved very much on George
Polya’s four-stage problem-solving strategy and, accordingly, | have included a version of
his problem-solving principles following Chapter 1. They are applied, both explicitly and
implicitly, throughout the book. After the other chapters | have placed sections called
Problems Plus, which feature examples of how to tackle challenging calculus problems. In
selecting the varied problems for these sections | kept in mind the following advice from
David Hilbert: “A mathematical problem should be difficult in order to entice us, yet not
inaccessible lest it mock our efforts.” When | put these challenging problems on assign-
ments and tests | grade them in a different way. Here | reward a student significantly for
ideas toward a solution and for recognizing which problem-solving principles are relevant.

There are two possible ways of treating the exponential and logarithmic functions and each
method has its passionate advocates. Because one often finds advocates of both approaches
teaching the same course, | include full treatments of both methods. In Sections 6.2, 6.3,
and 6.4 the exponential function is defined first, followed by the logarithmic function as
its inverse. (Students have seen these functions introduced this way since high school.) In
the alternative approach, presented in Sections 6.2*, 6.3*, and 6.4*, the logarithm is
defined as an integral and the exponential function is its inverse. This latter method is, of
course, less intuitive but more elegant. You can use whichever treatment you prefer.

If the first approach is taken, then much of Chapter 6 can be covered before Chapters 4
and 5, if desired. To accommodate this choice of presentation there are specially identified
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problems involving integrals of exponential and logarithmic functions at the end of the
appropriate sections of Chapters 4 and 5. This order of presentation allows a faster-paced
course to teach the transcendental functions and the definite integral in the first semester
of the course.

For instructors who would like to go even further in this direction | have prepared an
alternate edition of this book, called Calculus, Early Transcendentals, Seventh Edition, in
which the exponential and logarithmic functions are introduced in the first chapter. Their
limits and derivatives are found in the second and third chapters at the same time as poly-
nomials and the other elementary functions.

TOOLS FOR TEC isacompanion to the text and is intended to enrich and complement its contents. (It
ENRICHING™ CALCULUS is now accessible in Enhanced WebAssign, CourseMate, and PowerL ecture. Selected
Visuals and Modules are available at www.stewartcalculus.com.) Developed by Harvey
Keynes, Dan Clegg, Hubert Hohn, and myself, TEC uses a discovery and exploratory
approach. In sections of the book where technology is particularly appropriate, marginal
icons direct students to TEC modules that provide alaboratory environment in which they
can explore the topic in different ways and at different levels. Visuals are animations of
figures in text; Modules are more elaborate activities and include exercises. Instruc-
tors can choose to become involved at severa different levels, ranging from simply
encouraging students to use the Visuals and Modules for independent exploration, to
assigning specific exercises from those included with each Module, or to creating addi-
tional exercises, labs, and projects that make use of the Visuals and Modules.

HOMEWORK HINTS Homework Hints presented in the form of questions try to imitate an effective teaching
assistant by functioning as a silent tutor. Hints for representative exercises (usually odd-
numbered) are included in every section of the text, indicated by printing the exercise
number in red. They are constructed so as not to reveal any more of the actual solution than
is minimally necessary to make further progress, and are available to students at
stewartcal culus.com and in CourseMate and Enhanced WebAssign.

ENHANCED WesAssicn  Technology is having an impact on the way homework is assigned to students, particularly
in large classes. The use of online homework is growing and its appeal depends on ease of
use, grading precision, and reliability. With the seventh edition we have been working with
the calculus community and WebAssign to develop a more robust online homework sys-
tem. Up to 70% of the exercisesin each section are assignabl e as online homework, includ-
ing free response, multiple choice, and multi-part formats.

The system also includes Active Examples, in which students are guided in step-by-step
tutorials through text examples, with links to the textbook and to video solutions. New
enhancements to the system include a customizable eBook, a Show Your Work feature,
Just in Time review of precalculus prerequisites, an improved Assignment Editor, and an
Answer Evaluator that accepts more mathematically equivalent answers and allows for
homework grading in much the same way that an instructor grades.

www.stewartcalculus.com This site includes the following.
= Homework Hints
= Algebra Review
= |ies My Calculator and Computer Told Me
= History of Mathematics, with links to the better historical websites

= Additional Topics (complete with exercise sets): Fourier Series, Formulas for the
Remainder Term in Taylor Series, Rotation of Axes

= Archived Problems (Drill exercises that appeared in previous editions, together with
their solutions)

= Challenge Problems (some from the Problems Plus sections from prior editions)
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Diagnostic Tests

A Preview of Calculus

1 Functions and Limits

2 Derivatives

3 Applications of Differentiation

4 Integrals

5 Applications of Integration

6 Inverse Functions:
Exponential, Logarithmic, and
Inverse Trigonometric Functions

71 Techniques of Integration

8 Further Applications
of Integration

= Links, for particular topics, to outside web resources
m  Selected Tools for Enriching Calculus (TEC) Modules and Visuals

- Content

The book begins with four diagnostic tests, in Basic Algebra, Analytic Geometry, Func-
tions, and Trigonometry.

Thisisan overview of the subject and includes alist of questions to motivate the study of
calculus.

From the beginning, multiple representations of functions are stressed: verbal, numerical,
visual, and algebraic. A discussion of mathematical models leads to a review of the stan-
dard functions from these four points of view. The material on limits is motivated by a
prior discussion of the tangent and velocity problems. Limits are treated from descriptive,
graphical, numerical, and algebraic points of view. Section 1.7, on the precise epsilon-delta
definition of alimit, is an optional section.

The material on derivativesis covered in two sectionsin order to give students more time
to get used to the idea of a derivative as a function. The examples and exercises explore
the meanings of derivatives in various contexts. Higher derivatives are introduced in Sec-
tion 2.2.

The basic facts concerning extreme values and shapes of curves are deduced from the Mean
Value Theorem. Graphing with technology emphasizes the interaction between cal culus and
calculators and the analysis of families of curves. Some substantial optimization problems
are provided, including an explanation of why you need to raise your head 42° to see the
top of arainbow.

The area problem and the distance problem serve to motivate the definite integral, with
sigma notation introduced as needed. (Full coverage of sigma notation is provided in
Appendix E.) Emphasisis placed on explaining the meanings of integrals in various con-
texts and on estimating their values from graphs and tables.

Here | present the applications of integration—area, volume, work, average value—that
can reasonably be done without specialized techniques of integration. General methods are
emphasized. The goal is for students to be able to divide a quantity into small pieces, esti-
mate with Riemann sums, and recognize the limit as an integral.

As discussed more fully on page xiv, only one of the two treatments of these functions
need be covered. Exponential growth and decay are covered in this chapter.

All the standard methods are covered but, of course, the rea challenge is to be able to
recognize which technique is best used in a given situation. Accordingly, in Section 7.5, |
present a strategy for integration. The use of computer algebra systems is discussed in
Section 7.6.

Here are the applications of integration—arc length and surface area—for which it is use-
ful to have available al the techniques of integration, as well as applications to biology,
economics, and physics (hydrostatic force and centers of mass). | have also included a sec-
tion on probability. There are more applications here than can realistically be covered in a
given course. Instructors should select applications suitable for their students and for
which they themselves have enthusiasm.
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9 Differential Equations Modeling is the theme that unifies this introductory treatment of differential equations.
Direction fields and Euler’s method are studied before separable and linear equations are
solved explicitly, so that qualitative, numerical, and analytic approaches are given equal
consideration. These methods are applied to the exponential, logistic, and other models for
population growth. The first four or five sections of this chapter serve as a good introduc-
tion to first-order differential equations. An optional final section uses predator-prey mod-
elstoillustrate systems of differential equations.

10 Parametric Equations  This chapter introduces parametric and polar curves and applies the methods of calculus
and Polar Coordinates  t0 them. Parametric curves are well suited to laboratory projects; the three presented here
involve families of curves and Bézier curves. A brief treatment of conic sections in polar

coordinates prepares the way for Kepler's Laws in Chapter 13.

11 Infinite Sequences and Series  The convergence tests have intuitive justifications (see page 738) aswell asformal proofs.
Numerical estimates of sums of series are based on which test was used to prove conver-
gence. The emphasisison Taylor series and polynomials and their applications to physics.
Error estimates include those from graphing devices.

12 Vectorsand The material on three-dimensional analytic geometry and vectorsis divided into two chap-
The Geometry of Space  ters. Chapter 12 deals with vectors, the dot and cross products, lines, planes, and surfaces.

13 Vector Functions  This chapter covers vector-valued functions, their derivatives and integrals, the length and
curvature of space curves, and velocity and acceleration along space curves, culminating
in Kepler'slaws.

14 Partial Derivatives Functions of two or more variables are studied from verbal, numerical, visual, and alge-
braic points of view. In particular, | introduce partial derivatives by looking at a specific
column in atable of values of the heat index (perceived air temperature) as a function of
the actual temperature and the relative humidity.

15 Multiple Integrals ~ Contour maps and the Midpoint Rule are used to estimate the average snowfall and average
temperature in given regions. Double and triple integrals are used to compute probabilities,
surface areas, and (in projects) volumes of hyperspheres and volumes of intersections of
three cylinders. Cylindrical and spherical coordinates are introduced in the context of eval-
uating triple integrals.

16 Vector Calculus  Vector fields are introduced through pictures of velocity fields showing San Francisco Bay
wind patterns. The similarities among the Fundamental Theorem for lineintegrals, Green’s
Theorem, Stokes' Theorem, and the Divergence Theorem are emphasized.

17 Second-Order Since first-order differential equations are covered in Chapter 9, this final chapter deas
Differential Equations ~ With second-order linear differential equations, their application to vibrating springs and
electric circuits, and series solutions.w

- Ancillaries

Calculus, Seventh Edition, is supported by a complete set of ancillaries developed under
my direction. Each piece has been designed to enhance student understanding and to facil-
itate creative instruction. With this edition, new media and technologies have been devel-
oped that help students to visualize calculus and instructors to customize content to better
align with the way they teach their course. The tables on pages xxi—xxii describe each of
these ancillaries.
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I Ancillaries for Instructors and Students

PowerlLecture

ISBN 0-8400-5414-9
This comprehensive DVD contains all art from the text in both
jpeg and PowerPoint formats, key equations and tables from the
text, complete pre-built PowerPoint lectures, an electronic ver-
sion of the Instructor’s Guide, Solution Builder, ExamView test-
ing software, Tools for Enriching Calculus, video instruction,
and JoinIn on TurningPoint clicker content.

Instructor’s Guide

by Douglas Shaw

ISBN 0-8400-5407-6
Each section of the text is discussed from several viewpoints.
The Instructor’s Guide contains suggested time to allot, points
to stress, text discussion topics, core materials for lecture, work-
shop/discussion suggestions, group work exercises in a form
suitable for handout, and suggested homework assignments. An
electronic version of the Instructor’s Guide is available on the
PowerLecture DVD.

Complete Solutions Manual
Single Variable
By Daniel Anderson, Jeffery A. Cole, and Daniel Drucker
ISBN 0-8400-5302-9
Multivariable
By Dan Clegg and Barbara Frank
ISBN 0-8400-4947-1
Includes worked-out solutions to all exercises in the text.

Solution Builder
www.cengage.com/sol utionbuilder
This online instructor database offers complete worked out solu-
tions to all exercises in the text. Solution Builder allows you to
create customized, secure solutions printouts (in PDF format)
matched exactly to the problems you assign in class.

Printed Test Bank
By William Steven Harmon
ISBN 0-8400-5408-4

Contains text-specific multiple-choice and free response test
items.

ExamView Testing

Create, deliver, and customize tests in print and online formats
with ExamView, an easy-to-use assessment and tutorial software.
ExamView contains hundreds of multiple-choice and free
response test items. ExamView testing is available on the Power-
Lecture DVD.

Stewart Website
www.stewartcal culus.com

Contents: Homework Hints = Algebra Review = Additional
Topics = Drill exercises m Challenge Problems = Web Links =
History of Mathematics m Tools for Enriching Calculus (TEC)

Tools for Enriching™ Calculus
By James Stewart, Harvey Keynes, Dan Clegg, and
developer Hu Hohn

Tools for Enriching Calculus (TEC) functions as both a power-
ful tool for instructors, as well as a tutorial environment in
which students can explore and review selected topics. The
Flash simulation modules in TEC include instructions, writ-
ten and audio explanations of the concepts, and exercises.
TEC is accessible in CourseMate, WebAssign, and Power-
Lecture. Selected Visuals and Modules are available at
www.stewartcalculus.com.

WebAssign Enhanced WebAssign
www.webassign.net

WebAssign’s homework delivery system lets instructors deliver,
collect, grade, and record assignments via the web. Enhanced
WebAssign for Stewart’s Calculus now includes opportunities
for students to review prerequisite skills and content both at the
start of the course and at the beginning of each section. In addi-
tion, for selected problems, students can get extra help in the
form of “enhanced feedback™ (rejoinders) and video solutions.
Other key featuresinclude: thousands of problems from Stew-
art’s Calculus, a customizable Cengage YouBook, Personal
Study Plans, Show Your Work, Just in Time Review, Answer
Evaluator, Visualizing Calculus animations and modules,
quizzes, lecture videos (with associated questions), and more!

Cengage Customizable YouBook

YouBook is a Flash-based eBook that is interactive and cus-
tomizable! Containing all the content from Stewart’s Calculus,
YouBook features a text edit tool that allows instructors to mod-
ify the textbook narrative as needed. With YouBook, instructors
can quickly re-order entire sections and chapters or hide any
content they don’t teach to create an eBook that perfectly
matches their syllabus. Instructors can further customize the
text by adding instructor-created or YouTube video links.
Additional media assets include: animated figures, video clips,
highlighting, notes, and more! YouBook is available in
Enhanced WebAssign.

M Electronic items W Printed items

(Table continues on page xxii.)
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\y
?CourseMate CourseMate
www.cengagebrain.com

CourseMate is a perfect self-study tool for students, and
requires no set up from instructors. CourseMate brings course
concepts to life with interactive learning, study, and exam
preparation tools that support the printed textbook. CourseMate
for Stewart’s Calculus includes: an interactive eBook, Tools

for Enriching Calculus, videos, quizzes, flashcards, and more!
For instructors, CourseMate includes Engagement Tracker, a
first-of-its-kind tool that monitors student engagement.

Maple CD-ROM
Maple provides an advanced, high performance mathe-
matical computation engine with fully integrated numerics
& symbolics, all accessible from a WYSIWYG technical docu-
ment environment.

CengageBrain.com
To access additional course materials and companion resources,
please visit www.cengagebrain.com. At the CengageBrain.com
home page, search for the ISBN of your title (from the back
cover of your book) using the search box at the top of the page.
This will take you to the product page where free companion
resources can be found.

I Ancillaries for Students

Student Solutions Manual

Single Variable
By Daniel Anderson, Jeffery A. Cole, and Daniel Drucker
ISBN 0-8400-4949-8

Multivariable
By Dan Clegg and Barbara Frank
ISBN 0-8400-4945-5

Provides completely worked-out solutions to all odd-numbered
exercises in the text, giving students a chance to check their
answers and ensure they took the correct steps to arrive at an
answer.

Study Guide
Single Variable
By Richard St. Andre
ISBN 0-8400-5409-2

Multivariable

By Richard St. Andre

ISBN 0-8400-5410-6
For each section of the text, the Study Guide provides students
with a brief introduction, a short list of concepts to master, as

well as summary and focus questions with explained answers.
The Study Guide also contains “Technology Plus™ questions,
and multiple-choice “On Your Own” exam-style questions.

CalcLabs with Maple

Single Variable By Philip B. Yasskin and Robert Lopez
ISBN 0-8400-5811-X

Multivariable By Philip B. Yasskin and Robert Lopez
ISBN 0-8400-5812-8

CalcLabs with Mathematica

Single Variahle By Selwyn Hollis
ISBN 0-8400-5814-4

Multivariable By Selwyn Hollis
ISBN 0-8400-5813-6

Each of these comprehensive lab manuals will help students
learn to use the technology tools available to them. CalcLabs
contain clearly explained exercises and a variety of labs and
projects to accompany the text.

A Companion to Calculus

By Dennis Ebersole, Doris Schattschneider, Alicia Sevilla,
and Kay Somers

ISBN 0-495-01124-X

Written to improve algebra and problem-solving skills of stu-
dents taking a Calculus course, every chapter in this companion
is keyed to a calculus topic, providing conceptual background
and specific algebra techniques needed to understand and solve
calculus problems related to that topic. It is designed for calcu-
lus courses that integrate the review of precalculus concepts or
for individual use.

Linear Algebra for Calculus
by Konrad J. Heuvers, William P. Francis, John H. Kuisti,
Deborah F. Lockhart, Daniel S. Moak, and Gene M. Ortner
ISBN 0-534-25248-6
This comprehensive book, designed to supplement the calculus

course, provides an introduction to and review of the basic
ideas of linear algebra.
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Reading a calculus textbook is different from reading a news-
paper or a novel, or even a physics book. Don’t be discouraged
if you have to read a passage more than once in order to under-
stand it. You should have pencil and paper and calculator at
hand to sketch a diagram or make a calculation.

Some students start by trying their homework problems and
read the text only if they get stuck on an exercise. | suggest that
a far better plan is to read and understand a section of the text
before attempting the exercises. In particular, you should look
at the definitions to see the exact meanings of the terms. And
before you read each example, | suggest that you cover up the
solution and try solving the problem yourself. You’ll get a lot
more from looking at the solution if you do so.

Part of the aim of this course is to train you to think logically.
Learn to write the solutions of the exercises in a connected,
step-by-step fashion with explanatory sentences—not just a
string of disconnected equations or formulas.

The answers to the odd-numbered exercises appear at the
back of the book, in Appendix I. Some exercises ask for a verbal
explanation or interpretation or description. In such cases there
is no single correct way of expressing the answer, so don’t
worry that you haven’t found the definitive answer. In addition,
there are often several different forms in which to express a
numerical or algebraic answer, so if your answer differs from
mine, don’t immediately assume you’re wrong. For example,
if the answer given in the back of the book is v/2 — 1 and you
obtain 1/(1 + ﬁ) then you’re right and rationalizing the
denominator will show that the answers are equivalent.

The icon /47 indicates an exercise that definitely requires
the use of either a graphing calculator or a computer with graph-
ing software. (Appendix G discusses the use of these graphing
devices and some of the pitfalls that you may encounter.) But
that doesn’t mean that graphing devices can’t be used to check
your work on the other exercises as well. The symbol is

To the Student

reserved for problems in which the full resources of a computer
algebra system (like Derive, Maple, Mathematica, or the
T1-89/92) are required.

You will also encounter the symbol [&], which warns you
against committing an error. | have placed this symbol in the
margin in situations where | have observed that a large propor-
tion of my students tend to make the same mistake.

Tools for Enriching Calculus, which is a companion to this
text, is referred to by means of the symbol and can be
accessed in Enhanced WebAssign and CourseMate (selected
Visuals and Modules are available at www.stewartcalculus.com).
It directs you to modules in which you can explore aspects of
calculus for which the computer is particularly useful.

Homework Hints for representative exercises are indicated
by printing the exercise number in red: 5. These hints can be
found on stewartcalculus.com as well as Enhanced WebAssign
and CourseMate. The homework hints ask you questions that
allow you to make progress toward a solution without actually
giving you the answer. You need to pursue each hint in an active
manner with pencil and paper to work out the details. If a partic-
ular hint doesn’t enable you to solve the problem, you can click
to reveal the next hint.

I recommend that you keep this book for reference purposes
after you finish the course. Because you will likely forget some
of the specific details of calculus, the book will serve as a
useful reminder when you need to use calculus in subsequent
courses. And, because this book contains more material than
can be covered in any one course, it can also serve as a valu-
able resource for a working scientist or engineer.

Calculus is an exciting subject, justly considered to be one
of the greatest achievements of the human intellect. | hope you
will discover that it is not only useful but also intrinsically
beautiful.

JAMES STEWART
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Diagnostic Tests

Success in calculus depends to a large extent on knowledge of the mathematics
that precedes calculus: algebra, analytic geometry, functions, and trigonometry.
The following tests are intended to diagnose weaknesses that you might have in
these areas. After taking each test you can check your answers against the given
answers and, if necessary, refresh your skills by referring to the review materials
that are provided.

n Diagnostic Test: Algebra

1. Evaluate each expression without using a calculator.
@ (=3° (b) -3 (¢ 3°*
52 2 -2 B
@ o © <§> (f) 16
2. Simplify each expression. Write your answer without negative exponents.

(@ V200 - /32
(b) (3a%0®)(4ab?)?
3X3/2y3 -2
o (5%)
3. Expand and simplify.

@ 3(x + 6) + 4(2x — 5) () (x + 3)(4x — 5)
© (Va+vb)Va—vb)  (d x+37
(e (x+ 273

4. Factor each expression.
(@ 4x* - 25 (b) 2x2 + 5x — 12
(©) x®—3x2—4x + 12 (d) x*+ 27x
(€ 3x¥2 — ox¥? + 6x 2 (f) X%y — 4xy

5. Simplify the rational expression.
X2+ 3+ 2 2x2—x—-1 x+3

@ X2 —x—2 () -9  2x+1
y_Xx
x2 X+ 1 X oy
© X2—4 x+2 (d)l_l
y X

XXiv
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DIAGNOSTIC TESTS XXV

6. Rationalize the expression and simplify.

@ ﬁz 0 =2

7. Rewrite by completing the square.
@ x*+x+1 (o) 2x? — 12x + 11
8. Solve the equation. (Find only the real solutions.)
2x  2x-1
x+1 X
(d 2x*+4x+1=0

(f) 3|x — 4| = 10

(@ x +5=14 — 3x (b)

(© ¥*-x—12=0

(e x*—3x*+2=0

(@) 2x(4 — )2 =34 —-x =0
9. Solve each inequality. Write your answer using interval notation.

@ -4<5-3x=<17 (b) x2<2x+ 8

(© xx—1(x+2 >0 (d |[x—4|<3
2x — 3 _
© Xx+1
10. State whether each equation istrue or false.
@ (p+af=p*+q? (b) vab = Jab
(© VaZTb*=a+b @1
1 1 1 x 1
(e)xfy_x y (f) a/x—b/x a-b
- Answers to Diagnostic Test A: Algebra
1. (3 81 (b) —81 © & 6. (3) 52 + 2J10 ® ——t
(d) 25 © i f) 3 JA+h +2
2. (a) 62 (b) 48a%’ (© % 7@ (x+3)7+2 (b) 2(x — 32— 7
3 (3 11x — 2 (b) 4x%+ 7x — 15 8. (a6 (b) 1 (© -3,4
(a—b (d) 4x*>+ 12x + 9 PR . 2 2
(e) x>+ 6x2+ 12x + 8 Ed; » 1=32 (@ *1+/2 ()55
95
4. () 2x — 5(2x + 5) (b) (2x — 3)(x + 4)
(© (x=3)(x = 2(x+2) (d) x(x +3)(x* =3 + 9 9. (a [~4,3) (b) (=2, 4)
(€ X Mx — D(x - 2) (f) xy(x = 2)(x + 2) (© (—2,0) U (1, ») ) (1,7
_ () (—1,4]
5.(a)§f§ (b)i_i
1 10. (a) False (b) True (c) Fase
(© w— (d) —(x+y) (d) False (e) False (f) True

If you have had difficulty with these problems, you may wish to consult
the Review of Algebra on the website www.stewartcalculus.com
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XXVi DIAGNOSTIC TESTS

B Diagnostic Test: Analytic Geometry

1. Find an equation for the line that passes through the point (2, —5) and
(& hassdope —3
(b) isparalel to the x-axis
(c) isparadlél to the y-axis
(d) isparale totheline2x — 4y = 3

2. Find an equation for the circle that has center (—1, 4) and passes through the point (3, —2).
3. Find the center and radius of the circle with equation x? + y> — 6x + 10y + 9 = 0.

4. Let A(=7,4) and B(5, —12) be pointsin the plane.
(@) Find the slope of the line that contains A and B.
(b) Find an equation of the line that passes through A and B. What are the intercepts?
(c) Find the midpoint of the segment AB.
(d) Find the length of the segment AB.
(e) Find an equation of the perpendicular bisector of AB.
(f) Find an equation of the circle for which AB is a diameter.

5. Sketch the region in the xy-plane defined by the equation or inequalities.

@ —-1sy=<3 (b) |x|] <4and|y| <2
(© y<1-3x (d y=x>-1
(e x> +y*< 4 (f) 92 + 16y2 = 144

- Answers to Diagnostic Test B: Analytic Geometry

1. @y=-3+1 (b) y=-5 5. (@ y (O () y

() x=2 (dy=3x—6 3 o B -1k
2 (x+ 12+ (y -4 =52 0 . I4 \0\2/

-+ - 14 x S.x

3. Center (3, —5), radius 5 -1 L__i____.
4 () —3

Eb)) ?x 1+ 33:1)+ 16 = O; x-intercept —4, y-intercept —% @ © 6"

Cc) (—1, — 2 2_

(d) 20 N /\

(6) 3x — 4y = 13 o/ ,\’0 . _ -

(f) (x + )? + (y + 4 = 100 O y:xz—xl O \/ x

If you have had difficulty with these problems, you may wish to
consult the review of analytic geometry in Appendixes B and C.
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n Diagnostic Test: Functions

DIAGNOSTIC TESTS XXvii

FIGURE FOR PROBLEM 1

v 1.

The graph of afunction f is given at the left.
(a) Statethevaueof f(—1).

(b) Estimate the value of f(2).

(c) For what valuesof x is f(x) = 2?

(d) Estimate the values of x such that f(x) = 0.
(e) State the domain and range of f.

f(2+h) —1(2

If f(x) = x3, evaluate the difference quotient and simplify your answer.

h
Find the domain of the function.
@ fog = -2 +1 (b) g(x) = W © h() = VA —x +x2— 1
X2+x—2 g x2+ 1

How are graphs of the functions obtained from the graph of f?

@ y=-fx (b) y=2f(x) -1 (© y=fx-3 +2
Without using a calculator, make a rough sketch of the graph.
@ y=x° (b) y=(x+1p ©y=(x—-2°+3
dy=4-x* ©® y=vx () y=2Vx
(@ y=-2 (n y=1+x"1

1-x% ifx<0
Letf(x):{zw 1 if x>0

(a) Evaluate f(—2) and f(1). (b) Sketch the graph of f.

If f(x) =x*+ 2x — Land g(x) = 2x — 3, find each of the following functions.
@ feg (b) gof (€ gegeg

- Answers to Diagnostic Test C: Functions

1. (@ —2 (b) 2.8

(© —-31 (d) —25,03

(e [-3,3],[-23]
2. 12 + 6h + h?

3@ (-2, -2 U (=21 U (L=
(b) (=2, =)
(©) (=, —1J U [1,4]

4. (a) Reflect about the x-axis

(b) Stretch vertically by afactor of 2, then shift 1 unit downward \
(c) Shift 3 unitsto the right and 2 units upward

]

Yy
1
1 |0 X

5 @ (b)
|/
o

(d)

=
/N
)

xﬁo i X N) 1 X
6.(d —3,3 7. (@) (fog)(x) =4x>—8x + 2
© » (b) (b) (goF)(x) = 2x% + 4x — 5

(©) (gegegi(x) =8x —21

If you have had difficulty with these problems, you should look at Sections 1.1-1.3 of this book.
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Xxviii DIAGNOSTIC TESTS

n Diagnostic Test: Trigonometry

1. Convert from degrees to radians.
(a) 300° (b) —18°

2. Convert from radians to degrees.
(@ 57/6 (b) 2

3. Find the length of an arc of a circle with radius 12 cm if the arc subtends a central angle of
30°.

4. Find the exact values.
@ tan(r/3) (b) sin(77/6) (c) sec(57/3)

5. Expressthe lengths a and b in the figure in terms of 6.

24 . 6. If sSnx = and secy = S where x and y lie between 0 and 7/2, evaluate sin(x + ).
9 1. Provetheidentities.
b (& tan6 sin® + cosh = secH
FIGURE FOR PROBLEM 5 (b) mez = sin2x
1 + tan“x

8. Find al valuesof x suchthat sin2x = sinxand 0 < x < 2m.

9. Sketch the graph of the function y = 1 + sin 2x without using a calculator.

- Answers to Diagnostic Test D: Trigonometry

1. (@ 57/3 (b) —m/10 6. =(4 +6y2)

2. (a) 150° (b) 36077 ~ 114.6° 8. 0, 7/3, m, 5m/3, 2
3. 2 cm 8.

4. (3 V3 (b) —: (© 2

5. (a) 24sin6 (b) 24 cos6

If you have had difficulty with these problems, you should look at Appendix D of this book.
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A Preview of Calculus

A
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By the time you finish this course, you will be able to estimate the
number of laborers needed to build a pyramid, explain the forma-
tion and location of rainbows, design a roller coaster for a smooth
ride, and calculate the force on a dam.

© Brett Mulcahy / Shutterstock

© iofoto / Shutterstock

Calculus is fundamentally different from the mathematics that you have studied previously: calculus

is less static and more dynamic. It is concerned with change and motion; it deals with quantities that
approach other quantities. For that reason it may be useful to have an overview of the subject before
beginning its intensive study. Here we give a glimpse of some of the main ideas of calculus by showing
how the concept of a limit arises when we attempt to solve a variety of problems.
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