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Introduction

Causality Principle, Deterministic Laws
and Chaos

Prediction is difficult, especially of the future.
~ Niels Bohr

For many, chaos theory already belongs to the greatest achievements
in the natural sciences in this century. Indeed. it can be claimed that very
few developments in natural science have awakened so much public interest.
Here and there, we even hear of changing images of reality or of a revolution
in the natural sciences.

Critics of chaos theory have been asking whether this popularity could
perhaps only have something to do with the clever choice of catchy terms
or the very human need for a theoretical explanation of chaos. Some have
prophesized for it exactly the same quick and pathetic death as that of
the catastrophe theory, which excited so much attention in the sciences at
the end of the 1960’s and then suddenly fell from grace even though its
mathematical core is counted as one of the most beautiful constructions and
creations. The causes of this demise were diverse and did not only have
scientific roots. It can certainly be said that catastrophe theory was severely
damaged by the almost messianic claims of some apologists.

Chaos theory, too, is occasionally in danger of being overtaxed by be-
ing associated with everything that can be even superficially related to the
concept of chaos. Unfortunately, a sometimes extravagant popularization
through the media is also contributing to this danger; but at the same time
this popularization is also an important opportunity to free areas of math-
ematics from their intellectual ghetto and to show that mathematics is as
alive and important as ever.

But what is it that makes chaos theory so fascinating? What do the
supposed changes in the image of reality consist of? To these subjects we
would like to pose, and to attempt to answer, some questions regarding the
philosophy of nature.
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The main maxim of science is its ability tg relate cause and effect; On. Cause and Effect
! ' the basis of the laws of gravitation, for example, astronomical events such

as eclipses and the appearances of comets can be predicted thousands of

years in advance. Other natural phenomena, however, appear to be much

more difficult to predict. Although the movemcnts of the atmosphere fo
“example, obey the laws of physi th \
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Tides Versus Weather lan Stewart in his article Chaos: Does God Play Dice?, Encyclopaedia
Britannica, 1990 Yearbook of Science and the Future, makes the
following striking comparison:

“Scientists can predict the tides, so why do they have so much
trouble predicting the weather? Accurate tables of the time of high or
low tide can be worked out months or even years ahead. Weather
forecasts often go wrong within a few days, sometimes even within
a few hours. People are accustomed to this difference that they are
not in the least surprised when the promised heat wave turns out to
be a blizzard. In contrast, if the tide table predicted a low tide but the
beach was under water, there would probably be a riot. Of course
the two systems are different. The weather is extremely complex;
it involves dozens of such guantities as temperature, air pressure,
humidity, wind speed, and cloud cover. Tides are much simpler. Or
are they? Tides are perceived to be simpler because they can be
easily predicted. In reality, the system that gives rise to tides involves
just as many variables — the shape of the coastline, the temperature
of the sea, its salinity, its pressure, the waves on its surface, the
position of the Sun and Moon, and so on — as that which gives rise
to weather. Somehow, however, those variables interact in a regular
and predictable fashion. The tides are a phenomenon of order.
Weather, on the other hand, is not. There the variables interact in
an irregular and unpredictable way. Weather is, in a word, chaotic.”

We speak of the unpredictable aspects of weather just as if we were
talking about rolling dice or letting an air balloon loose to observe its erratic
path as the air is ejected. Since there is no clear relation between cause
and effect, such phenomena are said to have random elements. Yet there
was little reason to doubt that precise predictability could. in principle,
be achieved. It was assumed that it was only necessary to gather and
process greater quantities of more precise information (e.g., through the
use of denser networks of weather stations and more powerful computers
dedicated solely to weather analysis). Some of the ﬁrsl conclusmni of Chan
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