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"Breface

The study of calculus has been of central importance to scientists throughout most
of recorded history. Our present understanding of the subject owes much to Archi-
medes of Syracuse (287-212 B.C.), who developed what were, for his time, incredibly
ingenious techniques for calculating the areas enclosed by a great variety of curves.
Archimedes’ work led directly to the modern concept of the integral. Much later,
toward the end of the seventeenth century, Sir Isaac Newton and Gottfried Leibniz
independently showed how to calculate instantaneous rates of change and slopes to
curves. This development inspired an enormous variety of mathematical techniques
and theorems that could be used to solve problems in a number of diverse and often
unrelated fields.

Many of these techniques and theorems are considered to be part of ““the calcu-
lus.” No textbook could discuss all the myriad results in even one-variable calculus
discovered over the past several hundred years. Fortunately, a weeding out process
has occurred, and there is now fairly widespread agreement as to what topics properly
should be included in a two-semester (or three-quarter) introduction to the subject.
This book includes all the standard topics. In the process of writing it, I have worked
to achieve certain goals that make the text unique.

EXAMPLES

As a student, I learned calculus from seeing examples and doing exercises. Calculus of
One Variable, Second Edition, contains 673 examples—many more than commonly
found in standard one-variable calculus texts. Each example includes all the algebraic
steps needed to complete the solution. As a student, | was infuriated by statements
like “it now easily follows that . . . ” when it was not at all easy for me. Students
have a right to see the “whole hand,” so to speak, so that they always know how to
get from “a”’ to “b.”” In many instances, explanations are highlighted in color to make
a step easier to follow.
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EXERCISES

The text includes approximately 4800 exercises—including both drill and applied-type
problems. More difficult problems are marked with an asterisk (*) and a few especially
difficult ones are marked with a double asterisk (**). The exercises provide the most
important learning tool in any undergraduate mathematics textbook. I stress to my
students that no matter how well they think they understand my lectures or the
textbook, they do not really know the material until they have worked problems. A
vast difference exists between understanding someone else’s solution and solving a
new problem by yourself. Learning mathematics without doing problems is about as
easy as learning to ski without going to the slopes.

CHAPTER REVIEW EXERCISES

At the end of each chapter, I have provided a collection of review exercises. Any
student who can do these exercises can feel confident that he or she understands the
material in the chapter.

APPLICATIONS

Calculus is applied mathematics. Consequently, this book includes many applied
examples and exercises. Many calculus books draw examples exclusively from the
physical sciences, even though calculus today is also used in the biological sciences,
the social sciences, economics, and business. Thus, the examples and problems in this
book, while including a great number from the physical sciences, also cover a wide
range of other fields. Moreover, I have included “real-world” data wherever possible
to make the examples more meaningful. For example, students are asked to find the
escape velocity from Mars, the effective interest rate of a large installment purchase,
and the optimal branching angle between two blood vessels. Finally, as most of the
world uses the metric system and even the United States is reluctantly following suit,
the majority of the applied examples and problems in the book make use of metric
units.

OPTIONAL, LONGER APPLICATIONS

By necessity, many applications in a calculus text are short and, as a result, sometimes
seem contrived. To solve this problem, I have included a variety of optional sections
that discuss important applications in greater detail. There are extensive physical
applications in Section 5.9 (Work, Power, and Energy), 7.3 (Periodic Motion), 9.6
(Moments of Inertia and Kinetic Energy), and 9.7 (Fluid Pressure). Two sections,
Sections 4.6 and 6.7, contain applications in economics. Finally, new to this edition,
is a section (6.8) that describes models of epidemics. In this section, students can learn
about a topic that is much discussed in current research in mathematical biology.
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REVIEW CHAPTER

Chapter 1 includes general discussions of several topics that are commonly taught in
an intermediate algebra—college algebra course, including absolute value and inequal-
ities, circles and lines, and an introduction to functions. This chapter also includes
some detailed discussions of graphing techniques, including a unique section on
shifting the graphs of functions—an extremely useful procedure.

INTUITION VERSUS RIGOR

Intuition rather than rigor is stressed in the early parts of the book. For example, in
the introduction to the limit in Chapter 2, the student’s intuition is appealed to in the
initial discussion of limits, and the concept is introduced by means of examples, to-
gether with detailed tables. I believe that the “‘€-8” or “neighborhood”” approach to
limits can be appreciated only after some feeling for the limit has been developed.
However, 1 also feel strongly that standard definitions must be included, since math-
ematics depends on rigorous, unambiguous proofs. To resolve this apparent con-
tradiction, I have put much of the one-variable theory in separate optional sections
(Sections 2.8, 5.10, and Appendix 5). These sections can be included at any stage, as
the instructor sees fit, or omitted without loss of continuity if time is a problem. By the
time students reach infinite series, they should have developed enough mathematical
sophistication to understand and appreciate some of the subtleties of mathematical
proof. Thus, in the discussion of convergence of sequences and series in Chapter 14,
I have included €’s and 6’s whenever necessary.

EARLY TRIGONOMETRY

The derivatives of all six trigonometric functions are computed in Section 3.5. Equally
important, all six are then used in applications throughout the rest of the book—not
just sin x and cos x. See, for example, the application to blood flow in Example 4.6.10
(on page 246) that makes use of the derivatives of csc x and cot x.

TRIGONOMETRY REVIEW

High school trigonometry is, of course, a prerequisite for calculus. Many students,
however, come to calculus without having seen trigonometry for several years. Much
has been forgotten. To fill this gap and to free the instructor from the necessity of
taking class time to review trigonometry, I have included a four-section appendix
(Appendix 1), which contains all the precalculus trigonometry a student needs.

EXPONENTIAL AND LOGARITHMIC FUNCTIONS

I'have introduced an element of choice in the way in which exponential and logarithm
functions are first presented. In Section 6.2 a detailed introduction (without calculus)
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to exponential and logarithmic functions is provided. These functions are also intro-
duced, in Section 6.4, via the definition of the natural logarithm function as an inte-
gral. This gives the instructor the option of choosing the introduction more suitable for
his or her students, or both approaches may be covered to illustrate interesting re-
lationships among seemingly disparate concepts in mathematics.

USE OF THE HAND-HELD CALCULATOR

Today, most students who study calculus own or have access to a hand-held calcu-
lator. As well as being useful in solving computational problems, a calculator can be
employed as a learning device. For example, a student will develop a feeling for limits
more quickly if he or she can literally see the limit being approached. Chapter 2
contains numerous tables that make use of a calculator to illustrate particular limits.
At several places in the text a calculator has been used for illustrative purposes.
Section 4.8 includes a discussion of Newton’s method for finding roots of equations.
This method is quite easy to employ with the aid of a calculator. In Section 6.7
Newton’s method is used to estimate effective interest rates.

Examples, problems, and sections employing a hand calculator are marked with
the symbol % . Note, however, that the availability of the calculator is not a prereq-
uisite for use of this text. The vast majority of problems do not require a calculator and
the illustrative tables can be appreciated without independent verification. I recom-
mend that the student who does wish to use a calculator find a calculator with function
keys for the three basic trigonometric functions (sin, cos, tan), common (log) and
natural (In) logarithm keys, and an exponential key (usually denoted y*), to allow easy
calculation of powers and roots; in addition, a memory unit (so that numbers can be
stored for easy retrieval) is a useful feature.

BIOGRAPHICAL SKETCHES

Mathematics becomes more interesting if one knows something about the historical
development of the subject. I try to convince my students that, contrary to what they
may believe, many great mathematicians lived interesting and often controversial
lives. Thus, to make the subject more interesting and, perhaps, more fun, I have
included a number of full-page biographical sketches of mathematicians who helped
develop the calculus. In these sketches students will learn about the wonderful inven-
tiveness of Archimedes, the dispute between Newton and Leibniz, the unproven
theorem of Fermat, the reactionary behavior of Cauchy, and the love life of Lagrange.
It is my hope that these notes will bring the subject to life.

ANSWERS AND OTHER AIDS

The answers to most odd-numbered exercises appear at the back of the book. In
addition, a student’s manual containing detailed solutions to all odd-numbered prob-
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lems is available. Richard Lane at the University of Montana prepared the students’
manual. Also, Leon Gerber at St. John’s University in New York City prepared an
instructor’s manual containing detailed solutions to all even-numbered problems.

COMPUTER SUPPLEMENT

As many instructors will want to have their students use a computer in conjunction
with their calculus courses, a supplement entitled Computing for Calculus has been
prepared. This supplement, written by Mark Christensen at Georgia Institute of Tech-
nology, includes an introduction to BASIC and programs for implementing the nu-
merical techniques (Newton’s method, numerical integration) discussed in the text. It
also contains a section on computer graphics.

NUMBERING AND NOTATION IN THE TEXT

Numbering in the book is fairly standard. Within each section, examples, problems,
theorems, and equations are numbered consecutively, starting with 1. Reference to an
example, problem, theorem, or equation outside the section in which it appears is by
chapter, section, and number. Thus, Example 4 in Section 2.3 is called, simply, Exam-
ple 4 in that section but outside the section is referred to as Example 2.3.4. As already
mentioned, the more difficult problems are marked (*) or occasionally (**), and prob-
lems where the use of a calculator is advisable are marked * . Sections that are more
difficult and can be omitted without loss of continuity and sections that contain
specialized applications are labeled “optional.” Finally, the ends of examples and
proofs of theorems are marked with a l.

CHANGES IN THE SECOND EDITION

There have been many large and small changes in this edition. A number of reviewers
suggested many ways to improve the clarity of the text. As a result of their sug-
gestions, I made literally hundreds of changes in the examples, exercises, theorems,
and explanations. The major changes include the following:

¢ The differentiation and subsequent use of all six trigonometric functions in Chapter
3. Some of the material previously found in Chapter 7 (“The Trigonometric Func-
tions”) now appears in Chapters 3, 4, 5, and 6.

e A rearrangement of Chapter 5 (“The Integral”) so that antiderivatives are now
discussed before definite integrals.

o A rearrangement of Chapter 6 so that inverse functions in general are discussed
before exponential and logarithmic functions.

e A discussion of epidemic models in Section 6.8.

o The statement and proof of a uniqueness theorem for Taylor polynomials in Section
13.2. This section contains results that justify procedures for simplifying the com-
putation of certain Taylor polynomials. This important material is absent from most
elementary calculus texts.
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® A paring of extraneous text and examples. While examples are an extremely im-
portant part of any mathematics text, redundant examples make the text harder to
teach from. With the help of reviewers, I have cut approximately 10 percent of the
examples. I also deleted explanatory material that was considered redundant. The
result is a text that, I trust, remains a book for the student but covers the material
in a more streamlined fashion.

® Detailed biographical sketches of mathematicians who were important in the devel-
opment of the calculus.

ACCURACY

The success of a calculus book depends, to a large extent, on its accuracy. A few badly
placed typographical errors can turn a good teaching tool into a source of confusion.

Every book has errors. This one has some too (although I'd love to know, as I
write this, exactly where they are). Academic Press, however, has gone to consid-
erable lengths to ensure that the book is as error free as possible.

Approximately twenty mathematics professors read portions of my original
manuscript. They found a number of errors, which were corrected before the book
was typeset. The checking of galley proofs, however, is the most important step in the
process of finding and correcting errors. The galleys were checked in the following
ways:

1. I read each set of galleys twice.

2. A proofreader compared the galleys to the original manuscript, looking for any
discrepancies between the two.

3. A team of two faculty members at a community college read through the galleys,
checking both mathematical accuracy and adherence to the manuscript.

4. A team consisting of a faculty member at a university in Florida and a graduate
student read the galleys of the textual material.

5. A second team consisting of a faculty member and a graduate student read only
the problem sets in the galleys.

6. A faculty member in New York, who prepared the instructor’s manual, checked
the problem sets for accuracy.

Some of these actions were repeated when the galleys were corrected and turned
into page proofs. The result is a book that, while probably not error free, is as clean
as could reasonably be expected in its first printing.
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As an aid to the instructor, the following table indicates the interrelationships of the
various parts of the text.

Chapter Chapter Dependence Comments

1 — Section 1.8 provides extremely useful techniques
for elementary curve sketching.

2 Chapter 1 Derivatives are first introduced as a rate of change
in Section 2.1 with the analytic definition post-
poned until Section 2.5. Mathematically rigorous
(i.e., e-8 arguments) definitions of limits are
given in Section 2.8. This section is optional.

3 Chapters 1 and 2 (except ~ After this chapter students should be able to dif-
Section 2.8) ferentiate any algebraic function as well as the
six trigonometric functions.
4 Chapters 1, 2, and 3 This chapter provides applications of the deriva-
(except Section 2.8) tive. Theorems relating to curve sketching

depend on the mean value theorem proved in
Section 4.2. The first and second derivative tests
are treated separately in Sections 4.3 and 4.4,
but the two sections together provide a rather
complete procedure for sketching a curve.
Section 4.8 on Newton’s method makes exten-
sive use of the hand calculator.

5 Chapters 1-4 The introduction to the integral. Antiderivatives
are discussed in Section 5.2. The T notation is
discussed in Section 5.3. The two fundamental
theorems of calculus are given in Section 5.6. A
mean value theorem for integrals and a rigorous
proof of the second fundamental theorem of cal-
culus are given in the optional Section 5.10. Sec-
tion 5.9 is also optional.
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Chapter Chapter Dependence Comments
6 Section 6.2 is algebra Exponential and logarithmic functions are intro-
and depends only on duced algebraicaily in Section 6.2 and their de-
Sections 1.7 and 1.8. rivatives and integrals are computed in Section
The rest of the chap- 6.3. In Section 6.4 In x is defined as f{(1/t)d¢,
ter depends on Chap- making use of the second fundamental theorem
ters 1-3, 5, and parts of calculus. Then, from this definition, the basic
of Chapter 4 properties of logarithmic and exponential func-
tions are derived. If Sections 6.2 and 6.3 are
covered, then Section 6.4 can be omitted, and
conversely. Or, all three sections can be covered
to show students how two seemingly unrelated
ideas are really two sides of the same coin. Sec-
tion 6.6 introduces the simplest differential
equations and should be covered in courses
with science majors. Section 6.7 is optional but
should be covered in courses with economics
and business majors. Section 6.8 contains an op-
tional discussion of epidemic models.
7 This chapter presup- Section 7.3 is optional but should be covered in
poses the material in courses with science majors. Section 7.5 on the
Appendix 1, the re- inverse hyperbolic functions should be covered
view of elementary if time permits, but is not used in other parts of
trigonometry. Sections the text.
7.1-7.3 require the
material in Chapters
1-3, 5, and parts of
Chapter 4, while Sec-
tions 7.4 and 7.5 also
depend on Chapter 6
8 Chapters 1-3, 5, 6, Section 8.6 describes the integration of rational
and 7 functions with linear and quadratic denomina-
tors. Section 8.7 extends these results and can
be omitted if time is a problem. Section 8.9 on
using the integral tables should be covered. This
is undoubtedly the most used technique for in-
tegration “in the field.”
9 Chapters 1-3, 5~-8, and Each section presents a particular geometric or
parts of Chapter 4 physical concept and is optional.
10 Chapter 1 and This chapter provides extensive descriptions of the
Appendix 1 conic sections and the techniques of translation
and rotation of axes. No calculus is needed in
the chapter.
11 Chapters 1-3, 5, 6, 7, Section 11.5 is optional.
and parts of Chapter 8
12 Chapters 1-3, 5, 6, 7, Section 12.2 can be omitted without loss of con-
and parts of Chapter 8 tinuity.
13 Chapters 1-3, 5, 6, 7, Section 13.1 introduces Taylor’s theorem as an ap-

and parts of Chapters
8 and 12

proximation technique before a discussion of
infinite series. Section 13.2 contains an impor-
tant uniqueness theorem. Section 13.3 makes
use of the calculator.
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Chapter Chapter Dependence

14 Chapters 1-3, 5, 6, 7,
and parts of Chapters
8,12, and 13

Comments

All sections in this chapter should be covered.
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