Simple system: order

Simple pendulum
http://www.myphysicslab.com/pendulum1.html
Simple system? Chaos!!!

Final state is extremely sensitive to initial conditions, and no discernible pattern.

Double pendulum

http://www.myphysicslab.com/dbl_pendulum.html
Example of continuous-case chaos

Using differential equations

Motion of particles in magnetic fields

The orbits of the planets themselves

Also like flocking behavior, some population and epidemiological models.

Discrete-step chaos
We begin with initial conditions and possibly a history of the system, and predict the state of the system one time-step in the future.

e.g. population simulations

Move to mathematica

Describe how logistic model recursions work

Talk about the governing equation (like parabola, etc)

Talk about fixed points

Move onto plots of fixed points

Can there be no fixed points?

Chaos?!

So look at many more steps.

There must be a better way: Bifurcation plots!

Picture of Feigenbaum: http://www.timmermann.info/feigenbaum/feigebild.jpg
Universality amidst Chaos!

Important models using periodicity and/or chaos:

Populations

Weather

Epidemiological models

Swarming behavior (like flocking)

Planet orbits

Many other periodic occurrences in biology


Hormone levels


Heart beat (esp. in arrhythmia)
