Chaotic
Pendulum

A pendulum is just a swinging object,
for example, a swing. In this exhibit, the
swinging object itself has swinging parts
- called a double or triple pendulum. Such
pendulums can have “chaotic” - not ran-
dom - motions. You will notice that small
changes in the initial position of the two
identical pendulums causes a very large
variation in their path.

You would think that chaos is a phenome-

non observed at any busy intersection in any city in India! No -
not quite - that is just disorder and confusion. Chaotic systems
have the essential characteristic that very small changes at one
time lead to very large changes at later times. That’s why they
are hard to predict - we need very accurate knowledge of the
system to predict it without a large uncertainty. A prime exam-
ple is the weather: we cannot really predict the weather even a
few days in advance.

Where do such chaotic systems occur? There are many exam-
ples: changes in weather (temperature, rainfall), motions of
some of the comets, the pattern of heartbeats, the economic ac-
tivity, the movement of a stream flowing down a mountain, and
many others. Contrast this with the regular motion of a fan, or
of the harmonograph or the Lissajous pendulum (which are all
non-chaotic), or changes in the stock market (which are essen-
tially random).

What is the mathematics? Nonlinearity is an absolutely essen-
tial feature of all chaotic systems - doubling the input does not
double the output, tripling the input does not triple the output.
Of course not all nonlinear systems are chaotic, e.g. motion of
a single pendulum, or of the parts of a car is also described by
nonlinear equations, but they are regular, not chaotic.




