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Preface

Computational physics is the field in physics that has experienced probably
the most rapid growth in the last decade. With the advent of computers, a
" new way of studying the properties of physical models became available. One
no longer has to make approximations in the analytical solutions of models
to obtain closed forms, and interesting but intractable terms no longer have
to be omitted from models right from the beginning of the modeling phase.
Now, by employing methods of computational physics, complicated equations
can be solved numerically, simulations allow the solution of hitherto untractable
problems, and visualization techniques reveal the beauty of complex as well as
simple models. Many new and exciting results have been obtained by numerical
calculations and simulations of old and new models.

This book presents samples of many of the facets that constitute computa-
tional physics. Our aim is to cover a broad spectrum of topics, and we want to
present a mixture ranging from simple introductory material including simple
exercises to reports of serious applications. This is not meant to be an intro-
ductory textbook on computational physics, nor is it a proceedings volume of
a research conference. This book instead provides the reader with an overview
of computational physics, its basic methods, and its many areas of application.
Our coauthors lead the reader into new and “hot” topics of research, but the
presentation does not require any specific knowledge of the topics and methods.
We hope that a reader who has gone through the book can appreciate the wealth
of computational physics and is motivated to proceed with further reading.

The topics covered in this book cover a wide spectrum, with a coarse division
into “Monte Carlo” type and “molecular dynamics” type chapters. We start with
discussing random numbers and their generation on computers. Then these ran-
dom numbers are used in a variety of applications, which center around “Monte
Carlo methods”. In these applications the focus is first on classical systems in
physics, chemistry, biology, material science, and optimization. Then quantum-
mechanical problems are investigated by Monte Carlo procedures. On our way
we also encounter quantum chaos and fractal concepts, which are of increasing
importance nowadays. The transition from “Monte Carlo” to “molecular dy-
namics” occurs in the chapter on hybrid methods, which combine elements of
both. Then “molecular dynamics” methods are presented, with fluids and solids
covered. A chapter on finite-element methods follows, and the two final chapters
present principles of parallel computers and associated programming models.

As usual in physics, only active interaction with the matter at hand provides



VI

deep insight, and thus we include a diskette that contains sample programs and
demonstrations to support the interaction of the reader with the text. The sam-
ple programs and demonstrations are selected to provide a glimpse of current
research activities, even though the limitations of the available hardware and/or
the limited patience of some readers might require a reduction in the dimension-
ality or size of the application. Also some exercises are included to further foster
an active use of this book.

The material in this book is born out of lectures the authors gave at a Her-
aeus Summer School on computational physics at the Technical University in
Chemnitz. The aim of the summer school was the same as the aim of this book:
to give a sampler of the field. Due to the gracious funding by the Dr. Wilhelm
Heinrich Heraeus and Else Heraeus Foundation the editors (see figure) were able
to present two weeks of intense lecturing and “learning by doing” to more than
80 students. We would like to use this opportunity to thank the Heraeus Foun-
dation for making the summer school and this book possible.

But most important we like to thank our coauthors for their contributions to
this volume (as well as for their lectures at the summer school). We very much
appreciate their willingness to contribute even under the severe limitations that
their everyday teaching and research activities (and administrative duties) put
on their time. And finally we thank Jorg Arndt, Peter Blaudeck, Andre Fachat,
Goran Hanke, Karin Kumm, Sven Schubert, and Peter Spaht for their technical
help and Springer-Verlag for making this volume a reality.

Chemnitz, December 1995
Karl Heinz Hoffmann and Michael Schreiber

With this original answer to the question “How to measure the height of the building
of the Institut fiir Physik in Chemnitz with a computer and a stop watch only?” the
editors give a peculiar interpretation of the topic “Physics with a computer”.
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Abstract. The sad situation of random number generation is reviewed: there are no
good random numbers. But life has to go on anyhow, and thus we explain how to
produce reasonable random numbers efficiently, emphasizing multiplication with 16807
and the Kirkpatrick-Stoll R250 generator.

1 Introduction

Molecular Dynamics and Monte Carlo are the two standard simulation methods
of the last decades. Monte Carlo simulations use random numbers to produce
random fluctuations. Today, they are no longer made at the roulette tables in
Monaco, but on computers. In the good old days, people printed tables of random
numbers from which the user could read them off. This, of course, is somewhat
tedious when simulating a square lattice of size one million times one million,
today’s world record [1]. About a decade ago, computer chips became available
which produced random numbers through the thermal noise of the electrons,
about one number per microsecond. This is not fast enough for many quality
applications. Besides, for testing purposes we would like to have reproducible
random numbers: when we have made a program more efficient without changing
the results, we want to run it again and indeed get exactly the same results,
and not just roughly the same, within the statistical errors of the Monte Carlo
simulations. Moreover, when we switch from one computer to another, we would
like again to get the same results: portability is important. Thus special chips
using thermal noise are not suitable for this purpose.

Also, the random numbers should be produced quickly since Monte Carlo
simulations consume lots of time and we never have enough of it. Thus we need
efficient methods, and on many computers it is very slow to call a function
or subroutine to produce one random number. Thus a good random number
generator should be:

(1) random

(2) reproducible

(3) portable

(4) efficient
Using the built-in random number generator of your computer can make your
program inefficient and nonportable. (Seymour Cray knew what he was doing:

* Software included on the accompanying diskette.



