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PREFACE

“CALCULUS with Maple Labs” is a consistent and formal exposition of a single
variable calculus course for undergraduate students. This course was initially
developed during the years 1998-2000 for honors students in mathematics at the
University of Alberta. Yet, later it was worked out to be a general type of a calcu-
lus textbook. It was our intention to create a different type of a modern calculus
textbook with an emphasis on solving complex and challenging problems, rather
than only developing simple technical skills based on repetitions and multiple ex-
amples. The presently observed development of advanced computer technology
opens great opportunities for use of sophisticated mathematical softwares. Even
an average person can use these tools to solve mathematical problems. Such
a software today can be compared to calculators that revolutionized arithmetic
calculations 40 years ago. It allows a computer to do symbolic and numerical
computations of all kinds. In this way, a better and more profound understand-
ing of all the related aspects of a mathematical problem become crucial for its
solving. In the same time the individual technical skills become less important
and play only a secondary role. With the use of computers we can move the
challenges related to calculus on a higher level, where the knowledge of various
simple ‘tricks’ becomes less important and is replaced by stronger emphasis on
proofs, ideas and problem solving. '

For our Calculus textbook we chose one of the best mathematical soft-
ware presently available on the market — the Waterloo Maple V Release 5
(this is not the most recent version of the Maple software but it is the most
affordable one). The Maple system was developed by the Symbolic Computa-
tion Group at the University of Waterloo in Ontario, Canada. All students and
educators wishing to acquire the Maple software should visit the web site at
http://www.maplesoft.com. There, they will be able to obtain the information
about the most recent software updates, user license conditions, special offers for
Student Edition Maple, and possibly to download a demo version of Maple.

Maple is a very powerful tool, combining symbolic, numerical and graphical
methods in mathematics, which is widely used by professional mathematician,
scientists and engineers. The knowledge and ability of using Maple can also
be very helpful in other areas of science. In particular, all those students who
consider research as a career option should learn it. In Appendix 2, we included
34 Maple labs written by Dr. Liping Liu. These labs cover all the topics discussed
in this textbook. They also provide the reader with a complete explanation of the
practical use of the Maple and examples for the use of all its commands. They are



presented in such a way that one can use them as sample worksheets. In fact, all
the labs were designed as Maple worksheets (for the Windows operating system)
and can be downloaded from the web site: http://krawcewicz.net/download.

This textbook is different. In contrast to other similar books on calculus,
which emphasize practical applications of calculus at the expense of profound-
ness and formality of the presentation. We give a reader complete proofs of all
the presented theorems. The practice problems, instead of repeating again and
again the same idea, were chosen to illustrate various important methods and
techniques. They could be later used for solving other, more advanced problems.
Our presentation of calculus is based on the classical approach but in modern
settings. The way the original ideas were created left a strong mark on the de-
velopment of the modern mathematics. We believe they are an important part
of the mathematical education and culture.

Let us discuss briefly the content of our calculus course. We introduce
transcendental functions at the very beginning of the textbook. This approach
is motivated by the importance of these functions in all applied areas, including
statistics, physics, biology, economics, engineering etc. We also believe that the
notion of a sequence should be studied before the limit of a function is intro-
duced. The most of calculus books in North America introduce sequences only
at the end of the single variable course as a part of the infinite series chapter.
We do not share this point of view. The notions of sequence, convergence, limit,
number e, and even complex sequences, are introduced in Chapter 2. In Chapter
3 we discuss the concepts of function, limit, continuity, and elementary func-
tions. From the practical point of view, elementary functions are functions that
can be written by a (single) formula using algebraic, exponential, trigonometric
and other expressions. In Chapter 3 we also present the most important proper-
ties of continuous functions with proofs. That includes the Intermediate Value
Theorem, Weierstrass Theorem, and the fact that all elementary functions are
continuous.

In Chapter 4, we introduce the notions of differentiability, derivative, dif-
ferential, and their fundamental properties. We derive all the differentiation
formulas for elementary functions. The classical Rolle’s, Lagrange and Cauchy
theorems are presented. In addition, we included L’Hépital’s Rule, Leibnitz For-
mula, Taylor’s Formula and Newton’s approximation method. We also discuss
the concept of differentiability for complex functions and prove the Fundamental
Theorem of Algebra.



Chapter 5 is devoted to the notion of indefinite integral and various integra-
tion techniques developed in a proper logical order. The first integration method
is the partial fraction decomposition and integration of rational functions. Next,
we derive several other integration techniques based on various reduction meth-
ods to rational integrals. Let us point out that other calculus textbooks favor
reduction techniques to special types of trigonometric integrals. With such limi-
tations it is in many cases impossible to solve many kinds of basic integrals. By
providing our students with more solid background on the integration methods,
we enable them to solve more advanced problems, for which the use of Maple
may be unsuccessful.

In Chapter 6 we introduce the notions of definite integral, integrability,
improper integral and their properties. Next, in Chapter 7 the definite integral is
applied to various geometric problems related to computations of areas, volumes
and surface areas. We study geometric objects involving graphs of functions,
polar curves and parametric curves. In our presentation we includé some cases
which are not usually covered by other calculus textbooks. In Chapter 8 we
study infinite series and power series, including power series representations of
many elementary functions.

One important feature of this textbook is that it contains a systematic
exposition of complex numbers merged into the main course. It allows students
to acquire better technical skills when dealing with more advanced problems.
In particular, some knowledge of complex numbers is very helpful to work with
trigonometric expressions, algebraic equations and some geometric problems. By
introducing the complex numbers we were able to include the proofs of the Fun-
damental Theorem of Algebra, Factorization Theorem and even the formulas of
Cardan for solving algebraic equations of order 3 and 4.

Each chapter is supplied with an extended selection of additional review
and practice problems of various order of difficulties. There are about 1,200
additional problems included in this textbook.

Our “Calculus” also provides the reader with some insight into mathemat-
ical folklore and culture.” On the margin of the main course, we discuss some
interesting yet controversial stories behind mathematical discoveries, history of
mathematics, and biographical notes about famous mathematicians. Many anec-
dotes, jokes and cartoons, which are related to mathematics, were collected for
this book to make its reading more enjoyable and not so stressful.
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