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What Is Mathematica ™™ ?

Mathematica is a general system for doing
mathematical computation and can be used in
many different ways. This section gives a brief
survey of some of them.

One way to use Mathematica is as a “calcu-
lator”. You type in a calculation, and Mathemal-
ica immediately tries to do it. Mathematica does
far more than a traditional electronic calculator
would: as well as numerical operations, Mathe-
matica can do symbolic and algebraic operations,
and can generate graphics.

When you use Mathematica like a calculator,
you are drawing on its built-in mathematical ca-
pabilities. But Mathamatica is also a language, in
which you can make your own definitions. You can
write programs in Mathematica, working not only
with numbers, but also with symbolic expressions
and graphical objects.

You can use Mathematica as a language for
representing mathematical knowledge. You can
take mathematical relations from handbooks and
textbooks and enter them almost directly into
Mathematica. The basic approach is to give a
sequence of “transformation rules” which specify
how Mathematica would treat expressions with dif-
ferent forms.

As well as being a language, versions of Math-
ematica on many computers also serve as complete
environments for computation. You can, for exam-
ple, create “notebooks”™, which consist of ordinary
text, mixed with graphics and “live” Mathematica
input.

Mathematica is set up to fit in with other stan-
dard programs. You can use Mathematica to pre-
pare input, or analyse output, from external pro-
grams. What makes this possible is that Mathe-
matica supports many standards, such as UNIX
pipes and POSTSCRIPT, which are common to

many modern programs.

Mathematica Is a System for Doing Calcu-
lations

This section gives examples of the three main
types of calculations that Mathematica can do:
numerical, symbolic, and graphical. Each exam-
ple consists of a short “dialog” with Mathematica.
The lines labelled IN[n] are what you would type
in; the ones labelled Out[n] are what Mathemai-
ica would type back.

MNumerical Calculations

At the simplest level, Mathematica will do nu-
merical calculations, just like a standard electronic
calculator (Figure 1). Mathematical can, however,
go far beyond a standard calculator. It can, for ex-
ample, calculate with numbers of arbitrary preci-
sion. It can evaluate a wide range of mathematical
functions, including all standard special functions
of mathematical physics.

Mathematica works not only with single num-
bers, but also with more complicated structures.
You can use Mathematica, for example, to do op-
erations on matrices. The standard operations of
numerical linear algebra are built into Mathemat-
ica. You can also use Mathematiica to find Fourier
transforms, least-squares fits, and so on. Mathe-
matica can do numerical operations on functions,
such as numerical integration and numerical min-
imization.
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Figure 1. Numerical Value of log(4w)
Symbolic Calculations

The ability to deal with symbolic formulae, as
well as with numbers, is one of the most powerful
features of Mathematica (Figure 2). This is what
makes it possible to do algebra and calculus with
Mathematica.
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Figure 2. Aformula for [z%/(z? — 1)dz

Mathematica does many kinds of algebraic
computations. It can expand, factor and simplify
polynomials and rational expressions. It can solve
polynomial equations, or systems of such equa-
tions. It can get algebraic results for many kinds
of matrix operations.

Mathematica can also do calculus. It can eval-
uate derivatives and integrals symbolically. It can
derive power series approximations.

Graphics

Mathematica does both two and three-
dimensional graphics (Figure 3). You can plot
functions or lists of data. The three-dimensinal
graphics that Mathematica produces can be quite
realistic: they can, for example, include shading,
color, and lighting effects.

You can use Mathemaiica to make two- and
three-dimensional pictures. You supply a symbaolic
representation of the objects, say polygons, in the
picture, and Mathematica will produce a graphical
rendering of them. Mathematica also has powerful
animation capabilities.
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Figure 3. The Graph of sin(zy) for 0 €<z, y < 7
Mathematica is a Programming Language

You can write programs in Mathemalica,
must as you would in a language like C (Figure
4). Mathemalica is an interpreter: you can run
your programs as soon as you have typed them
1n.
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Figure {. A Program in Mathematica

Mathematica Is a System for Representing
Mathematical Knowledge

Mathematica gives you a way to represent,
and use, the kind of information that appears in
tables of mathematical formulae.

Fundamental to much of Mathematice is the
notion of “transformation rules”, which specify







