Calculus WIZ and
The Mathematical Explorer -
introduction

Acquiring Calculus WIZ and The Mathematical Explorer

Both Calculus WIZ and The Mathematical Explorer are stand-alone software products for exploring
mathematical ideas from various fields of mathematics (see below in more detail). They are commercial
products developed by Wolfram Research, Inc. (http://wolfram.com/) and are sold by local resellers worldwide.

More information about your local reseller can be retrieved from http://store.wolfram.com/. There are

currently versions available for Windows and Mac OS. While Calculus WIZ is mainly intended as a support in
calculus classes at elementary level (including homeworks and self-study material), The Mathematical Explorer
is intended as a self-guided tour into one of the greatest human invention — mathematics — by providing basic
thoughts and concepts underlying various branches of classical and modern mathematics.

Installation

The products are distributed on a CD in a box. Booklets containing installation instructions are enclosed. Both
products require a license number and valid password to run with full functionality. These numbers are printed
on the cover of the CD. In general, the installation process is very easy and the installation Wizard will guide
you throughout the installation process.

Calculus WIZ

Calculus WIZ is a tool that assists to a student in solving most of the mathematical problems in the traditional
first-year calculus course. It removes the grind of hand calculations , and most importantly, helps students
learn concepts through experimentation and visualization. Though one may fear that students will develop
strong dependence on technology, this software actually helps the user understand necessary solution steps
that are usualy hidden under enormous number of computational details and intermediate steps if the
problem is treated by hand computation.

Calculus problems can be solved simply by clicking a computer button and filling in information in a form.
Calculus WIZ combines problem solving forms (capable of solving most textbook problems) with an
introductory survey of underlying theory (e.g. mean value theorem, convergence of power series etc.) and
some information beyond that provided by the usual textbooks. Calculus WIZ is a stand-alone product based on
established Mathematica technology (also from Wolfram Research, Inc.). The Mathematica 4 Kernel is used as
computing engine. As with most Wolfram products it uses the Mathematica Notebook hypertext document
that combines text, graphics, and formulas in an easy-to-use interface that is completely interactive and allows
creation of animations. Mathematical typesetting can be entered either using special keyboard shortcuts or by
using palettes.

Calculus WIZ is organized in chapters and sections that follow the outline of regular calculus textbooks:
Functions and Graphs, Limits, Differentiation, The Mean Value Theorem, Curve Sketching, Applications of
Derivatives, Integration, Applications of Integration, Transcendental Functions, Techniques of Integration,
Parametric and Polar Equations, Infinite Sequences, Improper Integrals, Infinite Series, Differential Equations.

Chapters and sections are easily accessible from the Help Browser and built-in hyperlinks throughout Calculus
WIZ. Although Calculus WIZ is a complete reference to calculus, as with any calculus textbook, it is mainly



intended to assist with homework. It contains a template for teachers to generate homework to each student
individually.

The following link

http://www.wolfram.com/products/student/calcwiz/demo.html

provides with a brief introduction to the capabilities of Calculus WIZ as well as illustrates the look and feel of
its interface. Of course, this web simulation have notable differences from Calculus WIZ itself, but the
functionality that is available there in the simulation can provide the reader with complementary
information how the full product works.

Calculus WIZ is organized in the Help Browser by title, chapter, section, and subsection. The Homework with
the Calculus WIZ notebook has examples of medium-difficulty textbook exercises. They are solved in three
different ways: with automatic Calculus WIZ solvers, by textbook methods, and with short Calculus WiZ
template programs. The three solutions let you compare the approaches. Here is an example from the Help
Browser. The hand calculation is explained as follows.
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m Example: hand solution of o = <Y Cos[x]
dx
First, the equation J
% = &¥ cos[x]
is separable and may be written in differential form as
e ¥ dy = Cos[x] dx.
Second, the integrals are easy to compute.
Je¥dy= [cos[x] dx
e ¥ = sin[x] - c,or
e ¥ = ¢ - sin[x], for a constant c.
A | LILI

This is the way the same problem can be solved by short Calculus WIZ template program:
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~  Calculus WIZ example: solution of % = ¥ Cos[x]
X

EVALUATE | CALCULUS WIZ INPUT
In[4]:= Clear[x, y, f]: J
Elx ,y ] := & Cos[x]:
Dsolwve[y '[x] == f[x, ¥[x]], ¥[x], x]
Solve::ifun : Inverse functions are being used by Solve, so some solutions mey not be found.

Ooutlfl= {{v[%x] = -Log[C[1l] - Sin[x]

Notice the C[1] in Calcuius WIZ's solution. This stands for an arbitrary constant.

M

As in a classical textbook, some of the exercises take form of the word problems.
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The Nearest Point

segment connecting it to the point. (To run the animation. click the

I Calculus WIZ example: animated motion along the parabola

ANIMATE | CALCULUS WIZ GRAPHIC

=

.5 1 1% &
The distance between the point (x, y) and (a, b} &= given by
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The Mathematical Explorer

The Mathematical Explorer is an electronic book divided into 15 chapters: Prime Numbers, Calculus, Formulas
for Computing 11, Square Wheels, The Power of Check Digits, Secret Codes, Recreational Mathematics,
Exploring Escher Patterns, Varieties of Roses, Turtle Fractalization, Patterns in Chaos, Fermat's Last Theorem,
The Riemann Hypothesis, Unusual Number Systems, and The Four Color Theorem. Each chapter has several
subchapters. Much more mathematical topics are covered than one would expect from the chapter titles. The
reader will become familiar with continued fractions, Diophantine equations, modular arithmetic, the Buffon
Needle Problem, Fibonacci numbers, the Brachistochrone Problem, space filling curves etc. Each chapter is
endowed with historical remarks and short biographies of the greatest mathematicians that contributed to a
given subject (including Euclid, Fermat, Gauss, Euler, Newton, Riemann, Wiles and many more). In the Help
Browser, Section Demos, one will find many interesting examples of symbolic-numeric computations such as
(Thirty-Three Representations of Catalan's Constant, Series Solution of Newton's Equation, Computation of the
Multipole Field etc.). These demos come as additional information and are not related to the main topics of the
book.

The Mathematical Explorer is a stand-alone product based on the Mathematica technology (the Mathematica
4 Kernel is used as computing engine). The intended primary user interface to Mathematical Explorer's
electronic text is through Mathematica's Help Browser. This allows one to select chapters, sections and
subsections through a mouse-click interface. It also allows one to search for concepts, mathematician
biographies, references, etc., and it also provides reference material on much of Mathematica itself. In order to
explore or experiment, the user is directed to click on a Mathematica expression (or program) which is
activated by holding down the Shift key and pressing Enter. The results can be impressive — graphs and tables
are created, often a complicated algebraic expression is manipulated and simplified and consequently tedious
hand calculations are eliminated. The text is written in an approachable and friendly tone. The reader is
challenged with a number of exercises covering each topic.

The mission statement of The Mathematical Explorer is best explained in its Introduction:

“The Mathematical Explorer is an interactive journey through some of the most fascinating problems in the
history of mathematics — problems that have challenged mathematicians from the ancient Greeks up to the
modern day. It includes topics on questions that were only very recently solved, such as Fermat's Last Theorem
and the computer proof of the Four-Color Theorem, and also explores as yet unsolved problems such as the
Riemann Hypothesis.

“The treatment of each topic is designed to be educational as well as entertaining; it includes a clear
explanation of the important concepts along with fascinating cultural and historical details. Many topics have a
strong computational thread, while still others are best understood through graphical visualization. Integrated
with The Mathematical Explorer are a powerful computational engine and interface that rely on technology
from the creators of Mathematica, the award-winning technical computing system from Wolfram Research.



With The Mathematical Explorer, you can perform a wide range of numerical and symbolic calculations as well
as create an unlimited array of graphics to help you better understand the concepts you are exploring.

“The Mathematical Explorer is intended as an open-ended, interactive resource to the world of modern
mathematics, one that allows you to walk in the computational footsteps of the great mathematicians and
experience the wonder of discovery that has fascinated amateurs and professionals alike throughout the ages.”

Excerpt from Chapter Prime Numbers:
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Questions Raised By Euclid’s Proof

Question 1

After thinking about Euclid’s proof that there are an infinite number of prime numbers, several questions. still unresolved today, immediately

come to mind. The following question is easy to investigate.

Numbers of the form 1+2-3-5-7-11-13 are called Euclid numbers.

The expression [T5,  is 2 mathematical notation used to represent the product of the integers 1 though n. So for example, the following gives the

Question 1: How often is an integer of the form 1+2-3-5-7-11-13 --- prime? }




Excerpt of a biography of a mathematician:
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Leonhard Euler
Mitchell Feigenbaum

Pierre de Fermat

Leonardo Fibonacci ﬂ

alilan Malilai

Euclid of Alexandria (c.365 BC-c.300 BC)

Euclid, 2 Greek who lived in Alexandria (now in Egypt) about 300 BC, wrote a book called The Elements, which has outsold all other books on

mathematics. In fact, The Elements consists of 13 books, and it covers just about all the mathematics known at that time. While it is not clear

exactly which proofs in the book can be credited to Euclid himself, it is generally accepted that Euclid discovered the beautiful proof that there are

infinitely manv prime numbers. Moreover, the Fuclidean algorithm, which plays a prominent role in Greek geometry and number theorv, is perhaps _lﬂ
| | »

Stan Wagon, author of the software, says “With each passing year, more and more mathematics becomes
experimental in nature, with many hours of computations serving to uncover new relationships and formulas.
One consequence of this computational shift in mathematics is that more of the field, both classic and modern,
has become accessible to those without specialized training. This has occurred because sophisticated
algorithms and methods of visualization that were once the domain of only a few specialists are now opened
up to the entire world. The Mathematical Explorer is an attempt to show how elementary computations can
shed light on many fascinating constructions, from the easy-to-understand 4-Color Theorem and Fermat’s Last
Theorem, to the more abstract and more important, Riemann Hypothesis.”

The following link
http://www.wolfram.com/products/explorer/topics/
contains excerpts from each of fifteen The Mathematical Explorer topics.
Short excerpt from this link follows:
The Power of Check Digits

Modular Arithmetic, Symmetries,
and Group Theory

Many aspects of modern society rely upon unique numbers to verify the authenticity of certain
objects. Bank notes utilize serial numbers, cars and trucks use vehicle identification numbers, books
are given International Standard Book Numbers (ISBNs), and many consumer products have bar



codes or other identification numbers. Fortunately, a simple system involving numbers called check
digits can verify the authenticity of all sorts of serial and registration numbers. Discover the many
check-digit systems, and delve into some fascinating mathematics concerning modular arithmetic,
symmetries, and group theory.
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