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The Lorenz equations or 670

i oly x

fYzZ
Simplified model of
atmospheric convection

Nonlinear

3 dimensional phase space tinpurl.comE9llorenz1
Symmetric X y 2 x 4,2 tinpurd.com E9llorenz2

Dissipative volumes in phase space shrink experientially
with time

i e I x V 0 for dissipative systems

Wed, Apr 2	 Lecture 18
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of
If VE 0 in some region volumes expand
If V E 40 James shrink

non dissipative dissipative system

ii

The rate of change of move es is 1 dV

to Lorenz v f f IE xe

VE o 1 b It happens to not be a

function of x y z Const
lot b V

everywhere

A o e
lot bit
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Because of dissipation

Quasiperiodicity is not allowed because q p flow
occurs on the surface of a fixed torus in phase space
But if volumes in phase space aretways shrinking you
can't have such an invariant torus

No repelling fixed points or repelling closed orbits
are allowed

If.FI
Fixed Points of Lorenz system

X y 2 Q is always a fixed pt
c c

x y z be but r 1 are fixedpts
if r 1

Linear stability of origin
linearized Lorenz equations X o y x

ij rx

yz12
contrectingdirectionlitf.it1 z
T 0 1

Δ o or op ry
1 saddle pt

r 1 stable node
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C and C are stable for 1 r I T.IE
C9Esiity

origin

QuelianHopf

Titillation

so what exists after r rH
trajectories don't go out to infinity
lit can be shown there are no stable limit cycles
no attracting fixed pts
but phase space is dissipative

Eallorenz

A strange attractor

Attractor

if A is an

attractor it has

these properties
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An attractor has a certain shape what is the shape
of the Lorenz attractor dimension 2.05

tinpurl.com E9llorenz3

For Lorenz's parameters 0 10 b 813 5 28 the

system exhibits chaos Strange attractors are chaotic ones

Strogatz Chaos is aperiodic long term behaviour in

a deterministic system that shows sensitive

dependence on initial conditions

Slt
Il fritz how far

apart are
68112

trajectoriesIII site214 S

Tsebth as independent See how 8 evolves

as initial conditions
initiatagities


