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Equation of Motion

16 = -mgrsin(@)—[b+z. [0 -7, {L} +17,, CoS(@pt + )

|0|+¢

*Describes the behavior of our system
*Derived from Newton’s Second Law

The Basics - Poincare Sections

. . ] E" A useful method to observe chaotic behavior
The goal of a theoretical model is to accurately recreate 1 -~ p . : ; ;
physical phenpmena in;ide of a computer; in thjs prlojelct, the ‘J [ Phase Space Eyt(;;r:we;jitr?gptﬂgT)er,eitisoeﬁg?wgs\’/(‘:llzgi:tg ?;ﬂ?g:q
phenomenon is a chaotic pendulum. From basic principles, such & ‘, ey These two phase space graphs display the T e e .
as Newton'’s Second Law, one can derive an equation of motion . x data produced by the MatLab program. FoqInt pacegrap 9
that generally describes this pendulum (displayed above). Then, Periodic behavior (below) is simple and L - . .

this equation is applied to a specific apparatus to make the ‘.:{\ repeatable, making the graph.a'smooth ellipse: The periodicigmu©ieall SgRon (below) is a
experimental motion of.the pendulum a reality inside of a

computer.

" ° ; ; ! single dot. This is analogous to shining a strobe
\ Chaotic behavior (above) is defined by its light on a Grandfather clock’s pendulum. If the
unpredictable and intricate nature, making the light strobes every two seconds, you will see the
graph a complex hash. pendulum at exactly the same position which, if
graphed, would produce a single-dot.

The chaotic Poincare section (above)
appears to have some organization. The hash
on the ‘Chaotic Pendulum — Phase Space’
graph (above, left) has become smooth curves.
This is the magic of chaos: a situation that is
unpredictable has a subtle and amazing order.
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*Experimentally determined
«Unique to each apparatus
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