Examples of Chaotic behaviour
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[ dx/d7 = m ((e—1) (ax+bx*) +y),
dy/dt=ax+bx* —y+z,
\ dz/dt = —ky.
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dx/dt=m((e—1) (ax+bx*) +y),
dy/dt=ax+bx*—y+z,
dz/dt = —ky.
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FIG. 1. Bifurcation diagram of the laser with modulated losses with the dc bias as control parameter (60 < V. <460 V) and a fixed
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Chaos in the 3-body Problem
(Henri Poincaré,1854-1912)

No closed curve



Chaos in Astronomy

Asteroids, e.q.,
522 Helga
(Lyap. time= 7kyr)

Saturn Hyperion Moon



Chaos is typical in Astronomy

TABLE 1

LyaruNnov ExPONENTS AND TIMES FOR THE SOLAR SYSTEM

Lyapunov Exponent  Lyapunov Time

Planet (yr 1) (yr)
Mercury...................... 7.32029 x 107’ 1.36607 x 10°
Venus...ocoveeveeeveeenaannn 1.38561 x 10~/ 7.21703 x 10°
Earth..oooovvieiiieeenn, 2.07484 x 10~/ 4.81964 x 10°
Mars ..cooveeeeeeiieeeiiene, 2.22353 x 10~/ 4.49736 x 10°
Jupiter......................... 1.19528 x 107’ 8.36623 x 10°
SAtUMN ..., 1.56875 x 1077 6.37452 x 10°
Uranus......ccceeevueen... 1.33793 x 10~/ 7.47423 x 10°
Neptune.........cccovuuneeee. 1.49602 x 10~/ 6.68440 x 10°

ON THE DYNAMICAL STABILITY OF THE SOLAR SYSTEM
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Double Pendulum
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