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Foreword

Over the years I have seen and used a number of calculus texts. I have not
always viewed “improvements” in these as real improvements, at least
for my students. However, when I was asked to take a look at the manuscript
for the 2nd edition of the Bradley/Smith text, I was struck by how readable it
is and how basically friendly. It is by no means a “once-over-lightly” treatment
of calculus, but at the same time it does not wear out the reader with excessive
detail and mind-numbing rigor. This is, after all, a text intended for a course at
a level that does not require all that much rigor. The explanations are careful
without being pedantic and fussy, well illustrated with examples without ex-
hausting the reader with an overabundance, and uncluttered with alternate
ways of doing things.

In particular, I like the historical-biographical essays with associated pro-
jects and the calculator/computer projects, all placed where the instructor can
use them or not, depending on taste or what the length of the term will allow.
Some are provocative and open-ended, allowing for additional time to be
spent by students who are ready for more of a challenge. In fact, this expand-
ability would even allow the use of the text in an honors section while the text
is also used for regular sections, thus allowing students to transfer in and out of
honors sections during the calculus sequence.

The applications are interesting and wide-ranging. A number of them were
new to me. Yet I was convinced that they would be understandable to students.
In my experience with a number of recent calculus texts, some applications are
so far from the experience of most of my students that they end up being
mainly frustrating, rather than beneficial. Such texts also use language students
don’t know and ideas from other fields in which students have no background.
This is not the case with Bradley/Smith.

The historical and biographical sketches, along with associated projects
involving further reading and exploration, lend a humane touch to a subject
this is often viewed by the unconverted as cold, mechanical, and not the work
of real human beings. The authors here have done a nice job of making it clear
that the calculus as we know it has been developed over many years by a va-
riety of investigators. It is the work of some of the best scientific minds of
history. And if the subject does not come easily and without help, it is not
surprising. The subject is clear to us now but it is the result of centuries of
human effort and ingenuity. Calculus remains one of the greatest of scientific
achievements, not only a useful subject but one that forms a profound and co-
hesive body of knowledge. It’s worth the effort it takes to master it.

Gerald L. Alexanderson
Santa Clara University

xiii



Preface

Calculus teaching is undergoing great changes, most of which will be of last-
ing benefit to students. We applaud teaching by using numerical, graphical,
and analytical approaches to important concepts. The goal is clear student un-
derstanding of concepts, not simply the ability to “manipulate symbols.” You
will find this book rich with tables, graphs, and algebraic characterizations of
each main concept. Our goal in writing this text was to blend the best aspects
of calculus reform with the reasonable goals and methodology of traditional
calculus. In incorporating so much of calculus reform, we made a deliberate ef-
fort not “to throw the baby out with the bath water.” Calculus should not be a
terminal course, but rather one that prepares students in engineering, science,
math, and other related areas to move on to more advanced and necessary ca-
reer or professional courses. Unlike some reform books, this text addresses
topics such as continuity, the mean value theorem, I'Hopital’s rule, parametric
equations, polar coordinates, sequences, and series. In short, this text is an at-
tempt at Reform with Reason.

The acceptance and response from our first edition has been most gratify-
ing. In spite of the fact that many professors are reluctant to adopt a first edi-
tion textbook, we found widespread acceptance for our book and appreciate
the many suggestions we received. With this second edition, we checked and
rechecked the accuracy of the text material, and have taken extraordinary ef-
fort to ensure the accuracy of the answers. We incorporated many of your sug-
gested improvements:

e This edition correctly reflects the precalculus mathematics being taught
at most colleges and universities. We assume knowledge of the trigono-
metric functions, as well as e* and In x. These functions are reviewed in
Chapter 1. We also assume a knowledge of the conic sections and their
graphs.

e It is possible to begin the course with Chapter 1 or Chapter 2 (where
the calculus topics begin).

® Modeling was added as a major theme in this edition. Modeling is in-
troduced in Section 2.1, and then appears in almost every section of the
book. These applications are designed MODELING PROBLEMS.

* We have taken the introduction of differential equations seriously. Stu-
dents in many allied disciplines need to use differential equations early
in their studies, and consequently cannot wait for a post calculus
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course. In this edition, we introduce differential equations in a natural and rea-
sonable way. Slope fields are introduced as a geometric view of anti-
differentiation in Section 5.1, and then are used to introduce a graphical solu-
tion to differential equations in Section 5.6. We consider separable differential
equations in Chapter 5 and first-order linear equations in Chapter 7, and
demonstrate the use of both modeling a variety of applied situations. Exact
and homogeneous differential equations appear in Chapter 15, along with an
introduction to second-order linear equations. The “early and often” approach
to differential equations is intended to illustrate their value in continuous
modeling and to provide a solid foundation for further study.

e This edition offers an early presentation of transcendental functions: logarith-
mic, exponential, and trigonometric functions are heavily integrated into all
chapters of this book (especially Chapters 1-5).

e We continue to exploit the humanness of mathematics, but instead of simply
including Historical Notes, as we did in the first edition, we have transformed
these notes into problems that lead the reader from the development of a con-
cept to actually participating in the discovery process. The problems are desig-
nated as Historical Quest problems. The problems are not designed to be
“add-on or challenge problems,” but rather are intended to become an inte-
gral part of the usual assignment. The level of difficulty of Quest problems
ranges from easy to difficult. An extensive selection of biographies of noted
mathematicians can be found on the Internet site accompanying this text.

e We are aware that most calculus books grow “bigger and bigger” as they
progress from one edition to the next. As they grow, they add “more features”
and become more and more expensive for the student. We are determined
that this does not happen with this book. In an effort to keep down costs, we
made the decision that a full color edition, while visually appealing, does not
add to mathematical understanding enough to justify the added cost. Conse-
quently, this edition uses color functionally as a pointer and not as a decora-
tion. We ask for your feedback regarding our decision.

The major issue driving calculus reform is the poor performance of students try-
ing to master the concepts of calculus. Much of this failure can be attributed to the
way most students learn mathematics in high school, which often involves stressing
rote memorization over insight and understanding. On the other hand, some reform
texts are perceived as spending so much time with the development of insight and un-
derstanding that students are not given enough exposure to important computational
and problem-solving skills to perform well in more advanced courses. In our view, it is
equally wrong to foster a situation in which the student understands too little about a
lot or a lot about too little. This text aims at a middle ground by providing sound de-
velopment, stimulating problems, and well-developed pedagogy within a framework
of a traditional topic structure. “Think then do” is a fair summary of our approach.

Conceptual Understanding Through Verbalization

Besides developing some minimal skills in algebraic manipulation and problem solv-
ing, today’s calculus text should require students to cul tivate verbal skills in a mathe-
matical setting. This is not just because real mathematics wields its words precisely
and compactly, but because verbalization should help students think conceptually.
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COOPERATIVE LEARNING (GROUP RESEARCH PROJECTS) In July 1991, the Na-
tional Science Foundation funded a group of instructors who met on the campus of
New Mexico State University to discuss the topic, “Discovering Calculus through Stu-
dent Projects.” The participants concluded that encouraging students to work on sig-
nificant projects in small groups acts as a counterbalance to traditional lecture meth-
ods and can serve to foster both conceptual understanding and the development of
technical skills. However, many instructors still believe that mathematics can be
learned only through independent work. We feel that independent work is of primary
importance, but that students must also learn to work with others in group projects.
After all, an individual’s work in the “real world” is often done as part of a group and
almost always involves solving problems for which there is no answer “in the back of
the book.” In response to this need, we have included challenging exercises (the Jour-
nal and Putnam problems) and a number of group research projects, each of which
appears at the end of a chapter and involves intriguing questions whose mathematical
content is tied loosely to the chapter just concluded. These projects have been devel-
oped and class-tested by their individual authors, to whom we are greatly indebted.
Note that the complexity of these projects increases as we progress through the book,
and the mathematical maturity of the student is developed.

MATHEMATICAL COMMUNICATION We have included several opportunities for
mathematical communication in terms that can be understood by nonprofessionals.
The guest essays provide alternate viewpoints. The questions that follow are called
MATHEMATICAL ESSAYS and are included to encourage individual writing as-
signments and mathematical exposition. We believe that students will benefit from in-
dividual writing and research in mathematics. Shorter problems encouraging written
communication are included in the problem sets and are designed by the logo WHAT
DOES THIS SAY? Another pedagogical feature is the “What this says:” box in which
we rephrase mathematical ideas in everyday language. In the problem sets we en-
courage students to summarize procedures, processes, or to describe a mathematical
result in everyday terms. Concept problems are found throughout the book as well as
at the end of each chapter, and these problems, as well as the mathematical essay
problems, are included to prove that mathematics is more than “working problems
and getting answers.” Mathematics education must include the communication of
mathematical ideas.

Integration of Technology

COMPUTATIONAL WINDOWS Reform is driven partly by the need to embrace the
benefits technology brings to the learning of mathematics. Simply adding a lab course
to the traditional calculus is possible, but this may lead to unacceptable work loads for
all involved. We choose to include technology as an aid to the understanding of calcu-
lus, rather than to write a calculus course developed around the technology. While we
have included over 130 windows devoted to the use of technology, we strive to keep
such references “platform neutral” because specific calculators and computer pro-
grams frequently change and are better considered in separate technology manuals.
The technology in the book is organized under the title “TECHNOLOGY WIN-
DOWS” to give insight into how technological advances can be used to help under-
stand calculus. TECHNOLOGY WINDOWS also appear in the exercises and involve
problems requiring a graphing calculator or software and computer. On the other
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sight into the type of problems that are asked in mathematical competitions. The an-
nual national competition is given under the auspices of the Mathematical Associa-
tion of America. The problems are designed to recognize mathematically talented col-
lege and university students.

THINK TANK PROBLEMS It has been said that mathematical discovery is directed
toward two major goals—the formulation of proofs and the construction of counter-
examples. Most calculus books focus only on the first goal (the body of proofs and
true statements), but we feel that some attention should be paid to the formulation of
counterexamples for false statements. Throughout this book we ask the student to for-
mulate an example satisfying certain conditions. We have designated this type of
problem as a think tank problem.

Topics

STUDENT MATHEMATICS HANDBOOK The content of this text adapts itself to
either semester or quarter systems, and both differentiation and integration can be
introduced in the first course. We begin calculus with a minimum of review. The pre-
requisite material which is often included in a calculus textbook has been bound sep-
arately in a companion book, Student Mathematics Handbook. Our handbook is of-
fered free of charge with every new copy of the textbook. The Handbook not only
includes the necessary review material and formulas, but also contains a catalog of
curves and a complete integral table. We feel this is an important supplement to the
textbook because we have found that the majority of errors our students make in a
calculus class are not errors in calculus, but errors in basic algebra and trigonometry.
A unified and complete treatment of this prerequisite material, easily referenced and
keyed to the textbook, has been a valuable tool for our students taking calculus. Those
portions of the text that benefit from an appropriate precalculus review are marked

by the symbol @

SEQUENCE OF TOPICS We resisted the temptation to label certain sections as op-
tional, because that is a prerogative of individual instructors and schools. However,
the following sections could be skipped without any difficulty: 4.7,5.9, 6.5 (delay until
Sec. 13.6), 7.8, 12.8, and 13.8. To assist instructors with the pacing of the course, we
have written the material so each section reasonably can be covered in one classroom
day, but to do so requires that the students read the text in order to tie together the
ideas which might be discussed in a classroom setting.

PROOFS One of the trends in the move to reform calculus is to minimize the role of
a mathematical theorem. We do not agree with this aspect of reform. Precise reason-
ing has been, and we believe will continue to be, the backbone of good mathematics.
While never sacrificing good pedagogy and student understanding, we present impor-
tant results as theorems. We do not pretend to prove every theorem in this book; in
fact we often only outline the steps one would take in proving a theorem. We refer the
reader to Appendix B for certain longer proofs, or sometimes to an advanced calculus
text. Why then do we include the heading “PROOF” after each theorem? It is because
we want the student to know for a result to be a theorem there must be a proof. We
use the heading not necessarily to give a complete proof in the text, but to give some
direction to where a proof can be found, or an indication of how it can be constructed.
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Supplementary Materials
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C(SMH)

Student Mathematics Handbook and Integration Table for CALCULUS by Karl J.
Smith offers a review of prerequisite material, a catalog of curves, and a complete in-
tegral table. This handbook is presented free of charge along with the purchase of a
new book.

A Student Survival and Solutions Manual by Karl J. Smith offers a running commen-
tary of hints and suggestions to help ensure the students’ success in calculus. Since this
manual is written by one of the authors of this text, the solutions given in the manual
complement all of the procedures and development of the textbook. The problem
numbers in the book shown in color indicate the solutions included in the Survival
Manual.

Technology Manuals by John Gresser offers computer applications keyed to the
sections in the book. These manuals are identical except for the specific keystrokes on
TI calculators, Mathematica, and Maple. There are similar manuals for the HP and
MATLAB by Frank Hagin and Jack Cohen.

A Complete Solutions Manual by Karl J. Smith contains a brief solution for every
problem in the book.

An Answer Book by Karl J. Smith contains only the answers to most problems in the
book.

An Instructor’s Guide offers sample tests and reviews for each chapter in the book.
This guide also includes sample transparencies.

Computerized Computer Testing Program is available in both IBM and Macintosh
formats.

Resources for Calculus, Volumes 1-5, A. Wayne Roberts (Project Director) available
from the Mathematical Association of America, 1993:

Dudley, Underwood (ed), Readings for Calculus, MA A Notes, No. 28

Fraga, Robert (ed), Calculus Problems for a New Century, MAA Notes, No. 28

Jackson, Michael B., and Ramsay, John (eds), Problems for Student Investigation,
MAA Notes, No. 30

Snow, Anita E. (ed), Learning for Discovery: A Lab Manual for Calculus, MAA
Notes, No. 27

Straffin, Philip (ed), Applications of Calculus, MA A Notes, No. 29

This is a valuable collection of resource materials for calculus instructors. All material
may be reproduced for classroom use.
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The rotunda of City Hall, in Manhattan, New York City.
Designed by John McComb, Jr., reputedly the first full-time, American-born architect, and built
in the early nineteenth century in the neoclassical style. (photo credit: Behrenholtz)
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