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Lorenz, 1963 
“Does the flap of a butterfly's wings in

Brazil set off a tornado in Texas?”

Signature of chaos:
Small changes lead to bigger changes



So what                                           
is Chaos? 

•An unexpected ‘random‘ response of a 
precise deterministic system

•With extreme sensitivity to how it is 
started ... THE BUTTERFLY EFFECT

•Mathematically unsolvable, and computer 
simulations prone to large errors

•Long term prediction is impossible, but 
there is order within chaos

•Challenge: how to cope and maybe use it



Double Pendulum: a taste of chaos

The double pendulum gives 
us a first glimpse of chaos.

A real pendulum will have 
friction, air resistance, etc, 
which will dissipate energy: 
it will eventually stop.

But often it is useful to 
imagine a non-dissipative 
pendulum which oscillates 
for ever.
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Outline of Talk

Impact of Newton

A little about phase space

Pioneers: Poincaré, Lorenz

Spaceflight for free

Introduction to fractals

Populations, Logistic map

Four concluding examples





A quick look at Newtonian Dynamics
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What is a Fractal?

A pattern that can be magnified for ever, 
revealing more and more detail
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CONCLUDING REMARKS

•Chaos is a ‘random’ output of a deterministic system

•With extreme sensitivity to initial conditions

•Technically unsolvable, and numerically tricky

•No long-term prediction, but ‘order within chaos’

WHY 300 YEARS FROM NEWTON TO CHAOS?

(1) There were no computers or video displays

(2) Researchers were looking for order

(3) Random results were thought wrong: into the waste bin

FURTHER INFORMATION

Movies & Simulation apps (and many more) are on U3AC 
Website: under Tutors, Handouts, SCE 25

SCE 25 ‘Chaos & Fractals’ will be given again next year

My homepage: http://www.ucl.ac.uk/~ucess21/
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