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1666

17005
1800s
18903
1920-1950

1920-1960

1963
19703

1980s

Dynamics — A Capsule History

Newton

Poincaré

Birkhoff
Kolmogcrov
Arnold
Moser
Lorenz

Ruelle & Takens
May

Feigenbaum

Winlree
Mandelbrot

Invention of calculus. explanation of planetary
motion

Flowering of calculus and classical mechanics
Analytical studies of planetary motion
Geometric approach, nightmares of chaos

Nonlinear oscillators 1n physics and engineering.
invention of radio, radar, laser

Complex behavior in Hamilionian mechanics

Strange attractor in simple model of convection
lurbulence and chaos

Chaos 1n logistic map

Universality and renormalization, connection
between chaos and phase transitions

Experimental studies of chaos
Nonlinear oscillators 1n biology
Fractals

Widespread interest in chaos. fractals, oscillators.
and their applicalions

Fonte: S. H. Strogatz, Nonlinear Dynamics and Chaos, CRC press.
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Linear

Nonlinearity

Nonlinear

Fonte: S. H. Strogatz, Nonlinear Dynamics and Chaos, CRC press.

PROSPETTO DINAMICO DEL MONDO FISICO

Number of variables .

n=1

n=2

n>3

n>>1

Conunuum

Grrowth, decay, or
equilibrium
Exponential growth

R C circuit

Radiozctive decay

Fixed points
Bifurcations
Overdamped systems,

relaxationzl dynamics

Logistic equation
for single species

Oscillations

Linear oscillator
Mass and spring
RLC circuit

2-body problem
(Kepler, Newton)

Pendulum
Anharmonic cscillators
Limit cycles

Biological oscillators
(neurans, heart cells)
Precator-prey cycles

Nonlinear electronics
(van dzr Pol, Josephson)

—
I
|
|

Clivil engineering,
structures

Eleetrical enginccering

Collective phenomena

Coupled harmonic oscillators
Solid-state physics
Molecular dynamics

Equilibrium stazistical
mechanics

The frontier

Chaos

Strznge attractors

(Lorenz)

3-body problem (Poincarg)
Chemical kinctics

[terated maps (Feigenbaum)

Fractals
(Mandelbrot)

Forced nonlinear oscillators
(Levinsor, Smale)

Practicel uses of chaos
Quantum chaos ?

Coupled nonlinear oscillators

Lasers, nonlinzar optics

Nonzquilibrium statistical
mechanics

Nonlinear solid-state physics
(semicondnctars)

Josephson arrays

Heart cell synchronization
Neural networks

[mmune system

Ecosyslems

Economics

Waves and patterns

Elasticity
Wave equztions

Electromagretism (Maxwell)

Quantum mechanics
(Schrodinger, Heisenberg, Dirac)
Heat and diffusion

Acoustics

Viscous Juics

Spatio-tempaoral complexity

Nenlinear waves (shocks, sclitons)
Plasmzs

Earthquakes

General relativity (Einsteia)
Quantum lield theory
Reactior-diffusior,

biclegical and chemical waves

Fibrillation

Epilepsy

Turbulent fluids (Navier-Stokes)
Lile
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