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(Term used by
J. Yorke, 1975)

SIMPLE
SYSTEMS:
“SWINGS”



DIRTY DISHES
(A FABLE)

stevegarufi.com

Observe dishwashing habits
� Deduce simple rules

� A few dishes: wash 
some.

� Lots of dishes: wash 
more.

� Express as a formula, 
with a “cleanliness”  
parameter.

� Predict the pattern of 
dishwashing?

WHEN WILL IT SNOW?
(A TRUE STORY)

(Caltech, Libbrecht)

Edward Lorenz (1961)

� Used a computer to 
simulate a very simple 
model of weather.

� His simulations were 
very sensitive to 
changes in the starting 
conditions!
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Implications
� Even a butterfly flapping its wings on the other 

side of the world, could lead to large changes in 
a short time.

� Reliable exact weather predictions beyond a 
couple of weeks look impossible.

� [Rough descriptions (like climate) can be 
predicted over longer times.]

CAPTURING
THE CHARACTER

OF CHAOS



The Butterfly Effect

� A small difference 
now leads to large 
difference later.

� “Extreme sensitivity to 
initial conditions” .

The Butterfly Effect

� RESULT: Apparent 
unpredictability, even 
when there are simple, 
“deterministic”  rules.

� BUT unpredicatability 
� within defined range.
� [not Heisenberg 

uncertainty principle 
from quantum 
mechanics].

UNIVERSAL
GRAVITY



Isaac Newton (1644 – 1727)
� Achievements at age 23:

� Calculus.
� Color theory.
� Celestial mechanics.

� A very simple law to 
explain gravity and orbits 
of the planets (the force is 
product of masses over 
square of distance).

Our Solar System

� Sun.
� Planets.
� Moons.
� Asteroids.
� Cruithne.
� Pluto, Quaoar, other KBO's.
� Comets, Oort cloud, gas and dust.

Pierre Laplace (1749 – 1827)

“Assume an intelligence that at a given moment 
knows all the forces that animate nature as well as 
the momentary positions of all things of which the 
Universe consists, and further that it is sufficiently 
powerful to perform a calculation based on these 
data. ... To it, nothing would be uncertain. Both 

future and past would be present before its eyes.”

Gilkerson Orrery (c. 1810) 
(photo: Armagh Observatory)



WISDOM ON
PLANETS

(more than 300 years
after Newton)

Jack Wisdom

� Found chaotic excursions 
in orbits of asteroids 
(1982).

� With Peale and Mignard, 
found chaos in the 
rotation of Hyperion, a 
moon of Saturn (1984).

(photo from MIT, EAPS web site)

Computer Calculations

� Wisdom and Susskind: “Digital Orrery”
� Applied Newton's laws for millions of years.
� Jacques Laskar: same results with different 

method.
� Solar System is mostly stable, but chaotic!

Lyapunov Time

� Every 10 million years, errors grow by a factor of 10.
� We can't calculate where the planets will be in 100 

million years or where they were 100 million years 
ago!

� [BUT the planets are generally stable.]



Pierre Laplace, again

“Assume an intelligence that at a given moment knows all the 
forces that animate nature as well as the momentary positions 
of all things of which the Universe consists, and further that it 

is sufficiently powerful to perform a calculation based on 
these data. ... To it, nothing would be uncertain. Both future 

and past would be present before its eyes.”

Maybe so, but move ONE ATOM on a distant planet just 
1 cm and you won't know where the balls on a pool table 
will be in 5 minutes.

WHY WE SHOULD
BE GRATEFUL

FOR OUR MOON

Wisdom's and Laskar's study of Mars

� Chaotic shift of 
orientation of equator 
(obliquity)  - up to 60o.

Mars             Sunlight
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backwards.
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CHAOS AND
FRONTIERS

Control of Chaos

� Chaos: Sensitive to external forces.
� Chaos: Paths pass near to unstable repetitive 

paths.

With careful pushes, can turn
a chaotic system nonchaotic!



Chaos and Road Trips

What roads to take to get from start to finish line?

Start Destinations

Chaos and Road Trips

Set of fastest routes from start to finish line.

Start Destinations

Chaos and Road Trips

Look up the fastest rout to one location.

Start Destinations

Chaos and Road Trips

Sensitivity of path to destination!

Start Destinations
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Chaos pops up everywhere

THE CHARM OF CHAOS
Connections

Fractals Complex systems

Chaos is
subtle, surprising, useful, deep,

and just plain beautiful.


