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The gathering and analysis of experimental data are fundamental activities
in science and engineering. Mathematica® in the Laboratory is a hands-on
guide which shows how to harness the power and flexibility of Mathematica
in the control of data-acquisition equipment and the analysis of experimental
data. It is fully compatible with Mathematica 3.0.

The book is made up of two parts. The first explains how to use Mathe-
matica to import, manipulate, visualize and analyze data from existing files.
The generation and export of test data are also covered. The second part
deals with the control of laboratory equipment. The use of Mathematica’s
MathLink® system as applied to instrument control, data processing, and
interfacing is clearly demonstrated.

Many practical examples are given, which can either be used directly or
adapted to suit a particular application. The book sets out clearly how Math-
ematica can provide a truly unified data-handling environment, and will be
invaluable to anyone who collects or analyzes experimental data, including
astronomers, biologists, chemists, mathematicians, geologists, physicists,
and engineers.
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Preface

Mathematica is a powerful tool to have in your laboratory. But what do
we mean by laboratory, and what exactly is a powerful tool? The type of
laboratory that is uppermost in our minds will have ongoing experiments,
instruments with displays and dials, and a computer. Perhaps the laboratory
has rows of bottles with colored liquids and Petri dishes. Or it might instead
have growing plants, an environmental chamber for testing a new solidstate
device from a silicon foundry, or a telescope collecting light from a distant
galaxy. The laboratory itself might even be an entire state, a country, or an
ocean, and the data might be gathered by surveying aircraft, by satellite, or
by radio telemetry from remote helicopter-supported ground sites.

Whenever there is both data gathering and data processing to be done, we
believe you will find Mathematica powerful. Why? Because Mathematica can
provide you with a “unified” environment within which data visualizing,
symbolic mathematical modeling, instrument control, data acquisition, data
analysis, and report generation are all possible.

Traditionally, engineers and scientists have required different software
packages for instrument control, for data acquisition, and for analysis. For
example, an instrument control program would setup and acquire data from,
say, a digital voltmeter which is connected by some means to a computer. The
control program would place data into a file on the computer’s disk. Another
program would open that file, perhaps to graphically display the data, to
compare the data with computer-generated data from a theoretical model,
or to execute some statistical test. In our experience, it is not uncommon for
several programs (some written by us) to be used to process only one set
of data — because each program is limited in its functionality. We have all
spent a lot of time transferring numbers between programs, not to mention
learning how to make many pieces of software do exactly what we need.

In this book we show you how you can do all these tasks-from
instrument set-up to complicated analysis — by using Mathematica. (For in-
strument control, you will also need to be able to create short programs in the
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PREFACE

high-level language C. The focus of your programming work, however, will
always be at a high level: the assembler manual can stay firmly on the shelf.)

We believe Mathematica forms an ideal platform for laboratory work. It is
flexible and comprehensive enough to allow us to analyze, plot, and present
our data. Its ASCII file format is an added blessing because we can al-
ways extract our data from the Mathematica file. The power and flexibility
of the Mathematica language may seem daunting at first, but very quickly
we find that this power keeps us from running into frustrating — and time-
consuming — limitations. The only problem to date for a laboratory user is
that Mathematica lacks data acquisition functions. In response, this book
provides data acquisition solutions for Mathematica and gives many exam-
ples and routines for data analysis and plotting with Mathematica. We hope
Mathematica saves you time, increases your insight, and helps you explain
your findings as much as it does for us.

With Mathematica, your choice of computer is also wide open. Mathe-
matica is available on a wide range of computers: IBM PCs (running DOS,
Windows, OS/2, or Linux) and RISC workstations, the Apple Macintosh se-
ries (including Power Macintosh), Sun systems, DEC Alpha OSF and RISC
Ultrix workstations, Hewlett-Packard workstations, and Silicon Graphics
machines — to name just the most common computers. Across all of these
computers, Mathematica has a very consistent user interface. This consis-
tency minimizes your learning time when you move between machines, or
that of a colleague when you pass your work on.

But why write a book about how to use Mathematica in the laboratory?
Mathematica is a large and many-featured software system. Our aim with this
book is to show you time-saving direct routes to solutions in typical scientific
and engineering application areas. Of course, we encourage you to explore
as much of Mathematica as you can. Our book can only guide you so far.

It is not possible within the scope of any one book to cover all the possibil-
ities and all the problems that everyone will encounter. We try to provide an
overview of work methods and to show in a general way how we develop
those methods into solutions. That is, we concentrate on describing and
discussing the foundation techniques that you need to know in order to de-
velop your own solutions, targeted to your needs. By expanding upon our
examples, you will use one of Mathematica’s great strengths: its customizable
extensibility.

Structure

We have written the book in two main sections. In both sections it is our aim
to provide a foundation layer of techniques that you will be able first to apply
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PREFACE

immediately and then to augment, once your familiarity with Mathematica
grows.

In the first five chapters, we show how you can use Mathematica to import
data from existing files, to graph data, to fit functions to data, and to generate
and export test data. A fresh start is not necessary: you can gain from
using Mathematica with your existing archival data. In the later chapters, we
discuss both the task of controlling laboratory equipment and Mathematica’s
MathLink system which enables you to extend Mathematica into the area of
instrument control or to write your own data processing functions. We show
how you can control instruments using a serial link and a general interface
card - all driven from Mathematica.

Please note that it is not necessary to read the book chapter by chapter.
Dip in, browse through, and skip over as you like. The material in any one
chapter is not necessarily related to the material in any other chapter.

Conventions

Because we use Mathematica interactively, we have preceded our instruc-
tions to Mathematica by In: (and typeset them in bold monospace font).
Mathematica’s subsequent reply is preceded by Out: (inplain monospace
font). Where Mathematica generates graphical output, it follows immedi-
ately after the generating input; where Mathematica generates sound, it is
marked -Sound-. We have set examples of non-Mathematica code and refer-
ences to file names inplain monospace font, too.

Mathematica 2.2 and 3.0

When this book is published, 3.0 will be the newest version of Mathematica.
We appreciate that many folks will still be using version 2.2. In general,
Mathematica 2.2 and 3.0 both work happily with our examples. Where we
have found significant differences between the Mathematica versions, we
have added the version number as a suffix to the In: and Out: indicators
described above. For example, In 3.0:. Where we found no significant
difference, we have used version 2.2 input and output formats. We have
verified our code using the last beta version of 3.0 - it is, however, possible
that some minor differences may exist between this beta version and the first
commercially-released version.

Electronic access to material

We have placed the example datafiles and extracts of the Mathematica and
C code on MathSource, Wolfram Research’s electronic resource for Mathemat-

xvii
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PREFACE

ica material. You can access MathSource by mail from the Internet, or from
the Wolfram Research website.
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