
 key concepts:

• dense attractor coverage

• exponential trajectory separation

• un/stable manifold structure

• local-linear control

Chaos and control…



Control:

getting from A to
B, minimizing
some cost
functional…
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Lorenz
System:

denseness,
reachability,
and control

R = 50


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• dense attractor coverage      reachability

• un/stable manifold structure      controllability

OYG control:

Ott et al., PRL 64:1196



• dense attractor coverage      reachability

• un/stable manifold structure      controllability

• exploit sensitive dependence, too???

“targeting”
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Lorenz
System:

SDOIC-based
targeting

Four R switches; 240X fasterShinbrot review paper: [47]





Can we do that in spatially extended
systems, too?

(i.e. harness the butterfly effect?)



•  Sensitive flames (1856 – 1930’s)



2D jet apparatus2D jet apparatus



Forcing the jet flow

Slit: 2.5 X 400 mm



MEMS actuatorsMEMS actuators

 Area of individual flap is 1.0 x 0.25mm

Video : overhead
view at 2Hz, 10V



Measurement &Measurement &
Isolation:Isolation:



The Butterfly effect in actionThe Butterfly effect in action……

no forcing 6Hz forcing

 Forcing generates coherent structures that enhance entrainment and mixing



• can control position/volume/density of attractor –within limits

• possibly not reachable any other way

• nondeterministic – not for time-critical applications

“Chaos-enhanced
reachability”



Communication and chaos:

• Pecora & Carroll

x’ = a(y-x)

y’ = rx -y -xz

z’ = xy - bz

x’ = a(y-x)

y’ = r(x+εx) -y -xz

z’ = xy - bz



Another interesting application:
chaos in the solar system

• orbits of Pluto, Mars
• Kirkwood gaps
• rotation of Hyperion & other satellites
• …



Solar system stability:

• recall: two-body problem not chaotic
• but three (or more) can be…

Hut & Bahcall
Ap.J. 268:319



Exploring that issue, circa 1880:

• an orrery



Exploring that issue, circa 1980:

• write the n-body equations for the solar system
• solve them on a special-purpose computer

The digital orrery 
(Wisdom & Sussman)





Should we worry?

• No.



Kirkwood gaps:

Sky & Telescope



Chaos and the Kirkwood gaps

Wisdom, Nuclear Phys. B 2:391



http://csep10.phys.utk.edu/astr161/lect/solarsys/revolution.html



Evidence in favor of the conjecture:

Wisdom, Nuclear Phys. B 2:391



Chaotic tumbling of satellites:

Ap. J. 97:570
Ap. J. 98:1855

…and it happens for all satellites at some point in
their history, unless they are perfectly spherical and
in perfectly circular orbits (pf: KAM theorem; see
[53] on syllabus.)

Voyager and Galileo saw this…



Show NASA movie of Hyperion tumbling

http://www.nasa.gov/mission_pages/cassini/multimedia/pia06243.html



More chaos in the solar system:

• obliquity of Mars (Touma & Wisdom, Science 259:1294)

• etc.

www.solarviews.com



G

Musical Variations from a Chaotic Mapping

Pitch sequence:
C, E, G, C, E, G, C, E…

E

C

G

E

C

C symbol dynamics

variation!

Dabby Chaos 6:95



1 3 4 5 6 72

2 3 4 7 6 6 7

chaotic variation

original piece

Chaotic variations on movement sequences

chaotic      mapping













Lorenz



Rossler



original cell
itinerary

variation
cell
itinerary



medley



Rossler medley



random medley



original cell
itinerary

variation
cell
itinerary



abrupt  transition







Interpolation



Corpus-based approach

• graph captures motions of one joint 
• note: specific to the genre of the corpus!



Initial state



Target state



Graph search

…for 44 joints in parallel!





initial



target



interpolation 1



initial



target



interpolation 2





initial



target



interpolation 3





Some history:

• Huygens (late 1600s)

• Poincare (late 1800s)

• Lorenz (early 1960s)

• Yorke (early 1970s)

• Chaos Cabal at UCSC (mid 1970s)

• Wisdom (early 1980s)

• Strogatz (late 1980s)


