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Appendix:  Chaos Theory

Chaos theory is very much a 20th century development, but the man who probably best
deserves the title "Father of Chaos Theory" was a great French mathematician of the 19th

century named Henri Poincaré. As discussed on the Dynamical Systems page, Isaac Newton

had given the world what seemed to be the final word on how the solar system worked. But
Poincaré made the observation that Newton's beautiful model was posited on the basis of the
interaction between just two bodies. That is all Newton's differential equations allow. It was
natural for anyone with an inquiring mind to wonder what would happen if three or more
bodies were allowed in the model. In fact, the question became so famous that a prize was
offered for its solution and it was given a name -- "The Three Body Problem." Poincaré, being
one of the preemminent mathematicians of the time, tried his hand at solving the Three Body
Problem. Ironically, he ended up winning the prize by writing a paper showing that he could
not solve it. The problem was that, while Newton's differential equations for two bodies have
nice clean "closed form" solutions, the equations for three bodies do not. They must be
"solved" by approximate numerical techniques, which effectively change the modeling

process from continuous to discrete. The two-body solution gives analytic confirmation of the



great Johannes Kepler's empirically derived laws of planetary motion. Poincare found that the
numerical "solution" of the three-body problem revealed orbits "so tangled that I cannot even
begin to draw them." In addition, Poincaré discovered a very disturbing fact: when the three
bodies were started from slightly different initial positions, the orbits would trace out
drastically different paths. He wrote, "It may happen that small differences in the initial
positions may lead to enormous differences in the final phenomena. Prediction becomes
impossible." This is the statement which gives Poincare the claim to the title "Father of
Chaos Theory." This is the first known published statement of the property now known as
"sensitivity to initial conditions", which is one of the defining properties of a chaotic
dynamical system.

Poincaré's conclusions about the three-body problem were undeniably correct, but also
unwelcome in Newton's perfectly ordered universe. Science is very much about making
predictions of future events based upon laws derived from the observation of past events.
Deterministic models, so it was thought, must yield perfect or near-perfect predictability. Yet
Poincaré's model for three bodies is just an extension of Newton's two-body model and is,
therefore, also deterministic. But Poincare says that in the context of this model "prediction
becomes impossible" in some instances. From the time of Newton until the time of Poincaré,
scientists had experienced too many spectacular successes to simply jettison the comfortable
clockwork predictability of Newton's two-body calculus in favor of Poincaré's disturbing
uncertainties. Besides they had no palatable way to deal with the numerical drudgery involved
in calculating Poincaré's discretely computed orbits. Thus Poincare's monumental discovery

of deterministic chaos was destined to be placed on the scientific back burner.



