CAG
Calculus c.cco
1%ﬁ1;{53'6%2%0

()

] Robert T. Smith
[] Roland B. Minton

Ty

Higher Education Press




EZl3
Calculus

(Second Edition)

PLBR 40 e e
Robert . Smith i AR

Millersville University of Pennsylvgnia ﬁ j:g e
« {

H

Roland B. Minton
Roanoke College

BE¥HEHBEH

Higher Education Press




E=. 01 -2003 - 8607

Robert T. Smith, Roland B. Minton
Calculus, second edition
ISBN: 0-07-283093-X

Copyright © 2002 by the McGraw-Hill Companies, Inc.

Original language published by The McGraw-Hill Companies, Inc. All Rights reserved. No part of this publication may be reproduced or

distributed by any means, or stored in a database or retrieval system, without the prior written permission of the publisher.

Authorized English language reprint edition jointly published by McGraw-Hill Education ( Asia) Co. and Higher Education Press. This
edition is authorized for sale in the People’s Republic of China only, excluding Hong Kong, Macao SAR and Taiwan. Unauthorized export
of this edition is a violation of the Copyright Act. Violation of this Law is subject to Civil and Criminal Penalties.

ARELHERARBSFHT BB EEERT-FREE LR (EW) AFEERR. MRANREREANRILMERA
(REFEEE. BITEITBREGE) #E. REFUZO, WASREFENE, BRERZHR.
K& A TS BEFE, e LUMER T X E SR A B O EMEH .

A B HENGH McGraw-Hill A =]BhiR%, TIREHE ARHE.

BEEMmHE (CIP) i

HARS: 2 k. b =Calculus, Second Edition/ (3€)
FBET (Smith, R.T. ), (3£) BAfH (Minton. R.B. ) .
—REA . —bE . BSEHE LML, 2004. 8

(BIMEFE =L B RIIAH)

ISBN 7 - 04 - 015486 -2

L#%... LO%.. OH.. I SF45)-E%es %
#-%3x IV.0172

= R A B 45108 CIP $fE 7 (2004) 55078310 5

FRmE # T HRERE L W 0 HERWY T &  RBEHH KAk

HEIT ST @Rt MH#HLk 010 —64054588

#t H JEETAAERX SR 4 5 %#B&iH 800 —810—0598

MR E4%E5 100011 g Ht  http: //www. hep. edu. cn
= ¥ 010 —82028899 http: //www. hep. com. cn

2 ¥ FEREILRETH
B Rl R RIKERRI

F & 889x1194 1/16 R X% 2004 8 A% 1k
Ep w41 Ep 2004 4£8 A5 1 RENRI
- ¥ 600 000 TE ffr 47.20 5T

AFMAHRI, FT, RAEERAE, H2AEERHERTRARRE,
MR  BRbR



H R E HITE

EHXEEZMAN WIO. 2F2RUHAR, NENLYWBEEBEREAXUFAAELRNEE, AH#
HEEHERNANERY, REKFTHIHYN “BEFREFREESHFREIR I “HERE” #R
NFE, BEHRFHREATR. ANERARTEIMFRFLRIIHME T 3 TIE.

% % & 4 IR 4L #0 Pearson Education, John Wiley & Sons, McGraw-Hill, Thomson Learning % [& 4} i
RABHATT) ZER, ZESNERL2IHNREAEEN T RN T, R FRNEH 100 258, K
AHSE, BMNBRATEABR —SHF. £X. ¥F 55X LFRAMGIFNTHE, AS5EERAEXE
VHRBEREREFEZRENL, AF#HBETRERFHEM AR EK.

EMHHEM G REFUTRA: (1) XXREREIFHRY, EEREH) ZER, ERXHEMAFRAE
MUERBME; (2) BRK, HEZEHFLEAR, AEAZEHA. RBRRESR; (3) AH#HFRE
REEF, YHARBIRANESN,; (4)FENWE. £58, AXHE, SEXHEEL; (5)EFME.
M. MR, WRESFXEERGF LN,

A %P AHF, A Finney. Weir ¥4ty (LA MR (# 10 L, Pearson), HBETH “E# 4%
. BEEFEN BE, XFHE 20842 50 FKRE 1 RUR, PTHEWLSERA-NFHEY, K&
SORFHABRITTEIBIE, FLTRANLBEHNERKT, XREHY, KA IHEER¥E -4, X+,
£ 37 90 #5 G.B.Thomas H | K F7& MIT T, RAFEHHF¥ LK, Finney XL & MIT TEZ 10 #;
Weir RXEHFEERRER ST, Stewart fn by LKA (WA 2 (F 5K, Thomson Learning )
BRETFENHFRE, RERLEGENBT 2 EREM, 2003 F2REBLH 40K FH, EXE, &
BT 4 50%~60%H WP HEMTYE, HRAFPEHEREFLERREAS —MEK 600 RFT. REFIAH
X4 # Anton S0 4 R HAM (GHRERENA) (£ 8K, Wiley); Jay L. Devore %4 H t & # 4 (%
WEHELHITY (% 5 K, Thomson Learning) &. ELX T RKIIABMENFTH, BEHFTERAEKT
AKEREZHITE, XETHAEMERLT —2HRENE. 244, EABREFEERA.

BB, 8. GEX/AFHEM, BIN—FTEELHBLN. 3. BARKESMMEHAMHK
L, REESNEBRATNEHELS, RABNEREM AN LEMEELGE, FREBRAM B RAT L
NFEEHN; GHER, RNEEXZZALEMEEREAEZ SR XIRERREEHMN, FA4AHER
ERBRRHLENFHEMN, NENRELRHFIRE,

REHEMEKRE, BRINBELETRNTERFE TR, FRAAENE4, B IHE, REpiELs
MERBLERER. EEAIRF, BRNACFE AGRKTARFREZROEL BN, wFF
WHEMERT R, AEHERTFHRAEBEEERLHKE.

Bx % ®i%: 010-58581384, E-mail: xuke@hep. com.cn.

BEHT A
2004 % 4 A 20 8



W
"

MDOUT THE AUTHORS

i i il

Robert T. Smith is Professor of Mathematics and Chair of the Department of Mathematics
at Millersville University of Pennsylvania, where he has taught since 1987. Prior to that, he
was on the faculty at Virginia Tech. He earned his Ph.D. in mathematics from the Univer-
sity of Delaware in 1982.

Dr. Smith’s mathematical interests are in the application of mathematics to problems
in engineering and the physical sciences. He has published a number of research articles on
the applications of partial differential equations as well as on computational problems in
x-ray tomography. He is a member of the American Mathematical Society, the Mathemat-
ical Association of America and the Society for Industrial and Applied Mathematics.

Professor Smith lives in Lancaster, Pennsylvania, with his wife Pam, his daughter Katie
and his son Michael. When time permits, he enjoys playing volleyball, tennis and softball. In
his spare time, he also coaches youth league soccer. His present extracurricular goal is to learn
the game of golf well enough to not come in last in his annual mathematicians/statisticians
tournament.

Roland Minton is Professor of Mathematics at Roanoke College, where he has taught
since 1986. Prior to that, he was on the faculty at Virginia Tech. He earned his Ph.D. from
Clemson University in 1982. He is the recipient of the 1998 Roanoke College Exemplary
Teaching Award.

Dr. Minton has supervised numerous student research projects in such topics as sports
science, complexity theory and fractals. He has published several articles on the use of
technology and sports examples in mathematics, in addition to a technical monograph on
control theory. He has received grants for teacher training from the State Council for
Higher Education in Virginia. He is a member of the Mathematical Association of Amer-
ica, American Mathematical Society and other mathematical societies.

Professor Minton lives in Salem, Virginia, with his wife Jan, daughter Kelly and son
Greg. He enjoys playing golf when time permits and watching any sport on TV (even if time
doesn’t permit). Jan also teaches mathematics at Roanoke College and is very active in
mathematics education. A busy family schedule includes band performances and lacrosse
and soccer maiches. Favorite entertainers include the Marx Brothers, guitarist Danny
Gatton and mystery novelist Kinky Friedman.

In addition to the Premiere Edition of Calculus, Professors Smith and Minton have to-
gether published three earlier books with McGraw-Hill: Discovering Calculus with the
HP-28 and the HP-48, Discovering Calculus with the TI-81 and the TI-85 and Discovering
Calculus with the Casio fx-7700 and the Casio fx-8700. The Premiere edition of Calculus
has also been translated into Spanish.



PREFACE

The wide-ranging debate brought about by the calculus reform movement has had a
significant impact on the calculus textbook market. In response to many of the questions and
concerns surrounding this debate, we have written a modern calculus textbook, intended for
students majoring in mathematics, physics, chemistry, engineering and related fields.

This text is intended for the average student, that is, one who does not already know
the subject, whose background is somewhat weak in spots and who requires significant
motivation to study the subject. Our intention is that students should be able to read our
book, rather than merely use it as an encyclopedia filled with the facts of calculus. The
book has been written in a conversational style that reviewers have compared to listening
to a good lecture. Our sense of what works well with students has been honed by teaching
mathematics for more than 20 years at a variety of colleges and universities, both public
and private, ranging from a small liberal arts college to large engineering schools.

In an effort to ensure that this textbook successfully addresses our concerns about the
effective teaching of calculus, as well as others’ concerns, we have continually asked in-
structors around North America for their opinions on the calculus curriculum, the strengths
and weaknesses of current textbooks and the strengths and weaknesses of our own text. In
preparing this second edition, as with the Premiere Edition, we enjoyed the benefit of count-
less insightful comments from a talented panel of reviewers that was carefully selected to
help us with this project. Their detailed reviews of our materials and their opinions about the
teaching of calculus were invaluable to us during our development of the Premiere Edition
and the preparation of this edition. We are deeply indebted to them for their time and effort.

B OUR PHILOSOPHY

We agree with many of the ideas that have come out of the calculus reform movement. In
particular, we believe in the Rule of Four: that concepts should be presented graphically,
numerically, algebraically and verbally, whenever these are appropriate. In fact, we
would add physically to this list, since the modeling of physical problems is an important
skill that students need to develop. We also believe that, while the calculus curriculum has
been in need of reform, we should not throw out those things that already work well. Our
book thus represents an updated approach to the traditional topics of calculus. We follow
an essentially traditional order of presentation, while integrating technology and thought-
provoking exercises throughout.

One of the thrusts of the calculus reform movement has been to place greater emphasis
on problem solving and to present students with more realistic applications, as well as open-
ended problems. We have incorporated meaningful writing exercises and extended, open-
ended problems into every problem set. You will also find a much wider range of applications
than in most traditional texts. We make frequent use of applications from within students’ ex-
perience to both motivate the development of new topics and to illustrate concepts we have al-
ready presented. In particular, we have included numerous examples from the physics of
sports to give students a familiar context in which to think of various concepts.

We believe that a conceptual development of the calculus must motivate the text.
Although we have integrated technology throughout, we have not allowed the technology
to drive the book. We have also not given in to the temptation to show off what technology
can do, except where this has a direct bearing on learning the calculus. Our goal is to use
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the available technology to help students reach a conceptual understanding of the calculus
as it is used today. '

Perhaps the most difficult task when preparing a new calculus text is the actual writing
of it. We have endeavored to write this text in a manner that combines an appropriate level
of informality with an honest discussion regarding the difficulties that students commonly
face in their study of calculus. In addition to the concepts and applications of calculus, we
have also included many frank discussions about what is practical and impractical, and
what is difficult and not so difficult to students of calculus. We have attempted to provide
clarity of presentation in the creation of every example, application and exercise.

The book that we have written represents substantive change. By virtue of integrating
technology throughout, utilizing a lively presentation style and incorporating a wider vari-
ety of problems, we believe that we meet many of the objectives of the calculus reform
movement. At the same time, our relatively traditional outline retains the central strengths
of mainstream calculus, enabling instructors to teach from a familiar body of material
while integrating technology and modern applications.

B DEVELOPMENT OF CONCEPTS

We have endeavored to carefully reconsider the best way in which to present each tradi-
tional calculus concept. Our primary objective is to keep students focused on the central
concepts and motivated in their learning.

An example of the results of our analysis is the incorporation of an early introduction to
logarithms, exponentials and the trigonometric functions. All of our students have seen these
functions before they ever set foot in a calculus classroom. It only makes sense to take ad-
vantage of their familiarity. We intreduce the calculus of these functions in Chapter 2, along
with the other rules of differentiation. While we are not able to give complete derivations of
the derivatives of the natural logarithm and exponentials at this point, we give very strong
numerical evidence and nearly complete algebraic proofs. We have found that this early in-
troduction allows for more varied and interesting examples in the applications of differentia-
tion (including graphing), integration and applications of integration. We follow up on this
in Chapter 6 with the definition of the natural logarithm as an integral and complete deriva-
tions of the derivative formulas. At this point, we have tied up all of the loose ends and set
the calculus of the logarithmic and exponential functions on a firm theoretical footing. Thus,
in the end, we have sacrificed no mathematical rigor, but students will have gained much in-
sight from the use of a richer set of functions throughout the introductory chapters.

Again serving this end purpose, we have augmented a simple algebraic presentation
of selected ideas with numerical methods. For instance, when we introduce the notion of area,
we emphasize the computation of area as a limit of a Riemann sum, but use regular partitions
exclusively. We do not introduce the notion of the norm of a partition until Chapter 13, when
we develop multiple integrals. By that point, students should already be comfortable with the
concept of the definite integral as a limit of a sum and this refinement should only enhance
their understanding. We are careful to point out that (without the Fundamental Theorem of
Calculus) the limit of Riemann sums can be computed directly only for a very small number
of functions. In addition, we allow students to explore the same ideas numerically. We are not
restricted to polynomials of low degree and students can observe numerical values of
Riemann sums approaching a limit. With this approach, students get to see the same problem
from several different viewpoints, thus improving the likelihood that they will grasp the un-
derlying concept. Additionally, students are given a useful tool (numerical integration) that
they can bring to bear on a wide variety of problems.

In our view, techniques of integration remain of great importance. Our emphasis is
on helping students develop the ability to carefully distinguish among similar looking
integrals and identify the appropriate technique of integration to apply to each integral. The
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attention to detail and mathematical sophistication required by this process are invaluable
skills. We do not attempt to be encyclopedic about techniques of integration, especially
given the widespread use of computer algebra systems. Accordingly, in section 7.5, we in-
clude a discussion of integration tables and the use of computer algebra systems for per-
forming symbolic integration.

In addition to a focus on the central concepts of calculus, we have included several
sections that are not typically found in other calculus texts, as well as expanded coverage of
specific topics. This provides instructors with the flexibility to tailor their courses to the
interests and abilities of each class. For instance, in section 1.6, we explore loss-of-significance
errors. Here, we discuss how computers and calculators perform arithmetic operations and how
these can cause errors, in the context of numerical approximation of limits. In section 3.8, we
present a diverse group of applications of differentiation, including chemical reaction rates and
heart rates. Separable differential equations and logistic growth are discussed in section 6.5,
followed by direction fields and Euler’s method for first-order ordinary differential equations
in section 6.6. In Chapter 8, we follow our discussion of power series and Taylor’s Theorem
with a section on Fourier series. In sections 9.1-9.3 we provide expanded coverage of para-
metric equations, and in section 10.4 we include a discussion of Magnus force.

B CALCULUS AND TECHNOLOGY

We do not view technology as a gimmick to be artificially appended to the same old calcu-
lus curriculum. Nor do we believe that a calculus course should be a course in how to use
technology. We believe that technology can and should be introduced as a natural part of a
coherent development of calculus. In our presentation, technology has been seamlessly
integrated throughout, but only where appropriate. Users are expected to have access to a
graphing calculator or a computer algebra system and to use it routinely. We employ a
generic use of technology, using those features that are shared by virtually all graphing
calculators and computer algebra systems.

A common concern regarding the substantial use of technology is that our students will
become mindless button-pushers. We guard against this by making the technology sec-
ondary to understanding and by pointing out errors that can be made by an overreliance on
technology. We use technology so that students can focus on the difficult and sometimes sub-
tle connections among the different concepts of the calculus. A student who has mastered
these connections will be a much more effective user of the calculus than will a student who
is proficient at algebraic methods alone. By engaging students on several different levels,
using different approaches, we hope to improve their understanding and empower them to
try new problems on their own.

We have chosen not to separate out “technology” exercises in the exercise sets found
at the end of each section and chapter. This decision was made quite carefully, so that
students would learn when to use the technology. We feel that placing an icon next to
technology-based exercises allows students to avoid making this decision on their own.
Throughout the text, we provide advice and guidance on the proper use of technology and
provide tools to help students determine when the use of technology is most appropriate.
These sections are called out by a technology icon. We do, however, make recommenda-
tions for technology use in the homework sets in the Instructor’s Resource Manual, to help
instructors plan their homework assignments accordingly.

We assume that students have access to calculator- or computer-generated graphs,
allowing us to routinely use graphs as the first step in solving a problem or as a check on
the reasonableness of an answer. Being able to visualize a problem is an invaluable aid
to students, and we try to take full advantage of this. One benefit of readily available
graphics is the ability to solve more realistic application problems. Functions associated
with realistic problems are often not mathematically simple, but we can approximate zeros
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or extrema graphically and numerically. Further, concepts such as the convergence of
Taylor series are more meaningful when graphs are used to illustrate this convergence. This
same graphical approach benefits our presentation of Fourier series, which is an important
tool for understanding much of our digitally enhanced world.

B CONTENTS WITH COMMENTARY

The vast majority of the topics found in our book are part of the standard calculus curricu-
lum that has defined the mainstream for the last 30 years or so. We believe that this cur-
riculum still has validity in terms of both mathematical precision and student learning.
Nevertheless, we have made a small number of significant changes in the table of contents.
In the following, you will find brief explanations of each chapter and its focus.

Chapter O: Preliminaries

Chapter O consists mostly of a review of background material. Depending on the focus of
a specific course, instructors may decide to cover all, some or none of this material. This
chapter focuses attention on those aspects of algebra and trigonometry that will be most
useful to students as they progress through calculus. In particular, Chapter 0 contains a
review of the basic properties of exponential, logarithmic and trigonometric functions.
Sections 0.3 and 0.4 can be used to familiarize students with the use of a graphing calcula-
tor or computer algebra system. Section 0.5 reviews the trigonometric functions, while a
detailed presentation of the inverse trigonometric functions is presented in section 6.7. If
desired, section 6.2 on inverse functions and section 6.7 may be used without modification
along with the Chapter 0 material. Section 0.6 reviews the exponential and logarithmic
functions, which are used extensively throughout the book. Section 0.8 can be used as a
one-day bridge to calculus, illustrating the ideas that distinguish calculus from precalculus.

Chapter 1: Limits and Continuity

Chapter 1 introduces the central concepts of limit and continuity. Limits are introduced
graphically and numerically in section 1.1, with computational rules developed in section
1.2. Complete coverage of the formal definition of the limit is provided in section 1.5,
although this material is not required for the remainder of the text. Section 1.6 provides
important insight into the computational and graphical accuracy of computers. This section
may also be covered independently of other sections.

Chapter 2: Differentiation: Algebraic, Trigonometric,
Exponential and Logarithmic Functions

Chapter 2 introduces the derivative and presents the basic rules of differentiation, including
the product, quotient and chain rules. The derivatives of algebraic, exponential, logarithmic
and trigonometric functions are developed, providing the opportunity to present a rich set
of examples of chain rules, product rules, quotient rules and applications.

Chapter 3: Applications of Differentiation

Chapter 3 presents applications of the derivative, beginning with a discussion of linear ap-
proximations and an introduction to I’Hopitals’ Rule. A further treatment of 1’H6pital’s
Rule can be found in Chapter 7. Numerical methods are introduced by means of Newton’s
method. A thorough development of graphical interpretations of the derivative is followed
by sections on optimization and a variety of rates of change.
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Chapter 4: Integration

Chapter 4 provides an introduction to integration, starting with the process of antidifferen-
tiation. Technology is used extensively in Chapter 4 to compute Riemann sums and observe
their convergence, as well as to develop numerical integration techniques. The computa-
tion of distance from velocity provides a unifying theme to the chapter.

Chapter 5: Applications of the Definite Integral

Chapter 5 presents applications of integration, focusing on the development of integral
formulas, routinely constructing approximating sums and then passing to the limit to obtain
a definite integral. In this chapter we cover the traditional physics applications of work and
fluid pressure and force, while adding a discussion of impulse, moments and center of mass.
In addition, we include sections on projectile motion and probability. Our focus is on using
Riemann sums and integrals to compute the quantities of interest.

Chapter 6: Exponentials, Logarithms
and Other Transcendental Functions

Chapter 6 includes a thorough development of the exponential and logarithmic functions.
Although these functions have been used throughout the preceding chapters, the complete
derivation of the formulas is not provided until Chapter 6. This chapter’s discussion of
exponential growth and decay leads naturally into an introduction to first-order differential
equations. The treatment of differential equations varies widely among current calculus
texts. We have found that many students need a sound background in integration to fully
appreciate the concept of the solution of a differential equation. On the other hand, simple
techniques for solving differential equations are fully accessible to second-semester calcu-
lus students and are required of many second-semester engineering students. For these
reasons, we discuss separable differential equations in section 6.5, two chapters after the
introduction of the integral and in conjunction with exponential growth and decay. In order
to maximize the flexibility in using this text, we chose to introduce this material prior to our
coverage of techniques of integration. The inverse trigonometric functions and the hyper-
bolic functions are also discussed in Chapter 6.

Chapter 7: Integration Techniques

Chapter 7 provides a variety of techniques of integration. We believe that students gain un-
derstanding and maturity while learning to choose among different techniques, while rec-
ognizing that computer algebra systems are routinely used to find antiderivatives. We in-
clude the most important techniques of integration and leave room for instructors to cover
other topics. L'Hopital’s Rule is revisited in this chapter to develop the theory needed for
improper integrals.

Chapter 8: Infinite Series

Chapter 8 presents a thorough coverage of infinite series. Numerous tables of calculations and
graphs are included to give students every chance to understand the difficult topic of series.
Section 8.8 introduces numerous interesting and accessible applications of Taylor series. Be-
cause Fourier series are used widely by engineers and scientists, a section on this important
topic has been included in this chapter, in addition to several interesting applications.
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Chapter 9: Parametric Equations and Polar Coordinates

Chapter 9 introduces parametric equations and polar coordinates. A large number of para-
metric graphs and applications are included, made more accessible by computer graphics and
equation-solving capabilities. We use many applied examples within this chapter to help the
conceptual flow of material, including using the amusement park ride the Scrambler as the
foundation of a number of examples.

Chapter 10: Vectors and the Geometry of Space

Chapter 10 introduces students to a third dimension of graphing and calculations. Com-
puter graphics are a valuable aid in this chapter, and are used extensively. A discussion of
Magnus force relates vectors to a variety of sports applications, while providing students
with practice at thinking in three-dimensional space.

Chapter 11: Vector-Valued Functions

Chapter 11 develops the calculus of vector-valued functions. As the graphs become more
complicated, our use of computer graphics increases. To keep students thinking and not
simply pushing buttons, several of the examples and exercises involve matching functions
and graphs, with students using the properties of functions to identify the graphs. Section
11.5 includes the important derivation of Kepler’s laws of planetary motion.

Chapter 12: Functions of Several Variables
and Partial Differentiation

Chapter 12 presents the calculus of functions of two or more variables. Given the increas-
ing difficulty of visualizing the mathematics in this chapter, the Rule of Four is particularly
useful. We use a variety of graphics options (e.g., wireframe and parametric plots) in this
chapter so that students can see the traces, and not lose the details that shaded graphs tend
to obscure. Where appropriate, three-dimensional graphs are augmented with contour plots
and density plots. Numerically, a steepest ascent (descent) algorithm is presented, requir-
ing some computer assistance, but reinforcing several important concepts of the calculus of
functions of several variables.

Chapter 13: Multiple Integrals

Chapter 13 introduces double and triple integrals. Considerable emphasis is placed on
helping students develop insight into the proper coordinate system and order of integration
to use to simplify a given multiple integral. Applications involving the design of rockets
and baseball bats are used to enliven the discussion of moments and centers of mass.

Chapter 14: Vector Calculus

Chapter 14 introduces the vector calculus that is essential to an understanding of fluid
mechanics and applications in electricity and magnetism. Numerous graphs of vector fields
are included, as well as a thorough discussion of various interpretations of these graphs.

B CHANGES FOR THE SECOND EDITION

Every section of the text and every pedagogical feature was carefully scrutinized during the
development of this Second Edition. In preparing our revisions, we had the benefit of com-
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ments from a very large panel of reviewers, including both users and nonusers of the Pre-
miere Edition of the text. Based on our analysis and the reviewers’ comments, we have
made countless changes for this edition of Calculus. These include:

Chapter 3: We have expanded section 3.1 by using linear approximation to provide an
introduction to 1I’Hopital’s Rule for % case. A full treatment of indeterminate forms
and I’Hopital’s Rule is then found in section 7.6. As a result of this revision, we have
moved Newton’s method out of section 3.1, to a section of its own, section 3.2.

Chapter 4: We have included a discussion of error bounds for numerical integration
rules in section 4.7.

Chapter 8: We have added a discussion of how to use an improper integral to bound the
remainder for series to which the Integral Test applies, as well as a new section on
applications of Taylor series (section 8.8). We have also added coverage of the Root
Test to section 8.5.

Graphs and Tables: All graphs within this edition have been newly rendered to take ad-
vantage of the use of color in interpreting figures. This program has been painstak-
ingly poured over to ensure accuracy and consistency throughout.

Examples: Many new examples have been included in this edition, particularly in
places where reviewers suggested that additional explanation would be beneficial.

Exercises: Each exercise set was carefully reexamined to ensure that exercises of all
levels were included. In particular, we significantly increased the number of exer-
cises of moderate difficulty.

Presentation: All explanations, proofs and derivations have been carefully reconsid-
ered, with countless revisions made to improve clarity.

Historical Notes: Biographical information about prominent mathematicians and their
contributions to the development of calculus have been added to this edition. Several
dozen mathematicians are profiled in marginal boxes spread throughout the text.

Technology: We have enhanced our discussions of technology in a number of places,
including additional tables and functions specified by data.

Design and Color: The text has been completely redesigned to allow for the pedagog-
ical use of color to highlight important results and remarks, as well as for visual
emphasis in the graphs and tables.
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VISURL QUIDE: EXPANDING
UPON THE TEAT

TOOLS FOR LEARNING

Real-World Emphasis

Real-world examples are an important aid to the understanding of calculus. We introduce
each chapter with a brief application related to the mathematical concepts being devel-
oped in order to put each chapter into a larger problem-solving context. Subsequently,
both examples within the text and exercises are used to further demonstrate the impor-
tance of calculus within the world.

dard x-ray imagel) By solving couatless
equations and performing lengthy calcu-
lations, a computer transforms the energy
data into an scourate image of the interior
of a human body.

Likewige, it may surprise you how
many calculations we must perform to
draw an accurate graph of a function. At
each stage of the graphing process, we
must solve equations to identify signi
festures of the graph. Because of the MRI of & knee.
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Definitions, Theorems y
and Proofs

All formal definitions and theorems are
clearly boxed within the text for easy vi-
sual reference. Selected proofs are pro-

increasing) and the one shown in Figure 3.48b is concave down (slopes of tangent lines
decreasing). We have the following definition.

Definition 5.1
For a function f that is differentiable ot an
(i) concave up on /, if f is increasing on
(ii) concave down on [, if f' is decreasing

vided for reference. Proofs of some results 4
are found in Appendix A. 4

b

Figure 3.48a

Concave up.

* Concave duw‘;:.

How can you tell when f” is increasing or decreasing? The derivative of f’ (i.e., f")
yields that information. The following theorem connects this definition with what we al-
ready know about increasing and decreasing functions. The proof of the theorem is a
straightforward application of Theorem 4.1 to Definition 5.1.

Theorem 5.1 .
Suppose that f” exists on an interval .
(i) Iff"(x) > 0 on 1, then the graph of £
(i) Iff"(x) <Oonl then &legnlphof i

Determining Concavity

Determine where the graph of f (x) = 2x* + 9x* — 24x — 10 is concave up and concave
down and draw a graph showing all significant behavior of the function.

1.5 Revisiting an Old Limi

Examples

Evaluate lim ﬂn—x.
=0 X

Solution

*  withI'H pital's Rule. We have

I.imsmx—-limdx

=0 X =0 d =0 1

Again, this limit has the indeterminate form $ and f(x) = sinx and
8(x) = x are both continuous and differentiable everywhere. Finally, g'(x) =

1 5 0, so that all of the hypotheses of I'H pital’s Rule are satisfied. From the graph in -
Figure 3.7, it appears that the limit is approximately 1, We can confirm this suspicion

Each chapter contains a large number of
worked examples, ranging from the simple
and concrete to more complex and abstract.
A thorough understanding of the initial
problem presented and the step-by-step
solution will greatly enhance your problem-
solving capabilities and your further study

d
ZW=

Solution

. 1—cosx .
lim
=0  x? =0

then follows that

x=0 x2

Again, this has the indeterminate form § and it is a simple matter to
verify that the hypotheses of I'H pital’s Rule are satisfied. In this case, the graph in
Figure 3.8 indicates the limit to be approximately 0.5. From I'H pital’s Rule, we have

sinx

x

*  which again has the indeterminate form 3. In this case, we can verify that the hypothe-
ses of I'H pital’s Rule are satisfied for this new limit problem. Applying this again, it

= 1 1
lim] cosx_umsmx_umcosx

50 2x a0 2 2

as we proved using a complicated geometric argument in section 2.5. of the subject.
|
For some limits, you must apply I'H pital’s Rule more than once.
18 A Limit Requiring Two Applications of L’Hépital’s Rule Use of Graphs and Tables
Evaluate lim l—#
=0 x

Being able to visualize a problem is an
invaluable aid in understanding the con-
cept presented. To this purpose, we have
integrated more than 1500 computer-
generated graphs throughout the text. You
should use them routinely to aid in solving
most problems, even if only as a check on
the reasonableness of an answer. Each

graph and table has been created very care-
fully to ensure that the ideas presented are
clear and accurate. In many places, we
have included multiple graphical
perspectives, such as with the contour and
density plots found in Chapter 12.




