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Introduction

Causality Principie, Deterministic Laws
and Chaos

Prediction is difficult, especiaüy 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 áreas 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 tQ relate cause and effeptlOn. Cause and Effect
the basis of the laws of gravitation, for example, astronómica] events such
as eclipses and the appearances of comete can be predicted thousands of
years in advance. Other natural phenomena, however, appear to be much
more difficult to predict. Although the movements pf the atmosphere, for
example, obey the laws of physics just as much as the movements of the
planets do, weather prediction is still rather problematic. '.;

Tides Versus Weather lan Stewart in hís article Chaos: Does God Play Dice?, Encyclopasdia
Britannica, 1990 Yearbook of Science and the Future, makes the
following striking comparison:

"Scientists can predict the lides, 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 quantities 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 ¡nteract 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 loóse 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 principie,
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 first conclusions of chaos
theory, however, have recently altered this viewpoint. Simple deterministic
systems with only a few elements can genérate random behavior, and that
randomness is fundamental; gathering more information does not make it
disappeaf. This fundamental randomness has come to be called chaos.
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the terrns determinism and predictability were equivalen!.
For the era of determinism, which was mathematically grounded in cal-

culus, the 'Laplace demon' became the symbol. "If we can imagine a
consciousness great enough to know the exact locations and velocities of

1 the objects in the universe at the present instant, as well as all forces,
then there could be no secrets frOm this consciousness. It could calcúlate
anything about the pastor future from the laws of cause and effect."2

'In its core, the deterministic credo means that the uni verse is comparable
to the ordered running of a tremendously precise clóck, in whichTthe present
state of things is, on the one hand, simply the consequence of its prior .state,
and ón the other hand, the cause of its future state. Present, past, and future
are bound together by causal relationships;iánd áccording to the views of
the determinists, the problem of an exact prognosis is only a matter of the
difficulty of recording all the relevant data. The deterministic credo was
characteristic of the Newtonian era, which for the natural sciences carne to
an end, at the latest, through the insights of Werner Heisenberg in the 1927
proclamation of his uncertainty principie,3 but which for other sciences is
still considered valid.

Heisenberg wrote: "In the strict formulation of the causality law —
'When we know the present precisely, we can calcúlate the future' - - it is
not the final clause, but rather the premise, that is false. We cannot know
the present in all its determining details.

Therefore, all perception is a selection from an abundance of possibil-
ities and a limitation of future possibilities ... Because all experiments are
subject to the laws of quantum mechanics, and thereby also to the uncer-
tainty principie, the invalidity of the causality law is definitively established
through quantum mechanics."

Classical determinism in its fearful strictness had to be given up — a
turning point of enormous importance.

How undiminished the hope in a great victory of determinism still was
at the beginning of this century is impressively illustrated in the 1922 book
by Lewis F. Richardson entitled Weather Prediction by Numerical Process,4

in which was written: "After so much hard reasoning, may one play with
a fantasy? Imagine a large hall like a theater, except that the circles and
galleries go right round through the space usually occupied by the stage.
The walls of this chamber are painted to form a map of the globe. The
ceiling represents the north polar regions, England is the gallery, the tropics
in the upper circle, Australia on the dress circle and the antarctic in the pit.

The Laplace Demon

Strict Causality

2Piérre Simón de Laplace (1749-1829), a Parisian mathematician and astronomer.
3This is also called the indeterminacy principie and states that the position and velocity of an object cannot, even in theory,

be exactly measured simultaneously. In fact, the very concept of a concurrence of exact position and exact velocity have no
meaning in nature. Ordinary experience, however, provides no evidence of the truth of this principie. It would appear to be
easy, for example, to simultaneously measure the position and the velocity of a car; but this is because for objects of ordinary
size, the uncertainties implied by this principie are too small to be observable. But the principie becomes really significant for
subatomic particles such as electrons.

4Dover Publications, New York, 1965. First published by Cambridge University Press, London, 1922. This book is still
considered one of the most importan! works on numerical weather forecasting.


