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Introduction


Chaos has been around for a long time. It was first observed by the mathematician Jules Henri Poincaré, over a hundred years ago, while studying the effects of gravity on three objects.


He saw that a simple system could have incredibly complex behaviour. That a system that was not random could produce behaviour that looked random, and that what happened later depended sensitively on what had happened before.


Poincaré was horrified: how could solutions ever be found for such a system?


As the years passed, others also stumbled upon chaos here and there in isolated systems. Little progress, however, was made and the existence of chaos was not widely known.


Computers heralded the true arrival of chaos. Simulations, in which initial conditions could be controlled accurately, found chaos in the weather, the motions of the heavens, population dynamics, systems mechanical, electrical and chemical… Chaos was not a strange, exceptional feature of a few isolated systems; chaos was everywhere.


Chaos has now had time to mature, time for its true capabilities to show themselves.


It is a proven phenomenon of the real world.


Most significantly, chaos is a paradigm shift in our thinking, affecting how we approach problems, suggesting which avenues may be fruitful and which may not.


The frustratingly sensitive nature of chaos has a flip side: it can, in some cases, allow systems to be controlled with only a minimum of influence.


If Poincaré were alive today, perhaps he could be consoled.


It is a proven phenomenon of the real world
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1 The Butterfly Effect


Theory versus practice


…the essence of chaos: systems that are predictable in theory, but not in practice
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The roll of a dice is a prime example of a truly random event: completely unpredictable.


Or is it?


If we knew exactly how the dice was thrown, we could, in theory, predict exactly how it would fly through the air, roll on the table, and what side would end up on top.


In practice, however, this is too difficult.


This is the essence of chaos: systems that are predictable in theory, but not in practice.


‘Dice play God with the universe.’


Anonymous
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In this chapter we will learn that:




	chaotic systems are both predictable and effectively random


	The Butterfly Effect is a key ingredient of chaos


	while aspects of chaos have been known for some time, a full exploration has required the invention of the computer


	a system’s sensitivity can be measured using Lyapunov exponents.





Chaotic systems – deterministic but random?


A deterministic system’s future is completely determined by its current state. This current state is known as the system’s initial conditions.


The future motion of the dice is determined entirely by its current condition, exactly where it is and how it is moving.
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Sensitivity to initial conditions means that a very small change to a system’s current state makes a big difference to what happens to the system in the future.


This applies to the dice – a slight change to, say, the spin of the dice will produce a very different result.
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