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urbed Hamiltonian Systems

» 2DOF » 3DOF
2D steady + time
2D steady + 3rd
KAM Tori=Barriers KAM Tori #Barriers
Chaos & Regular zones Arnold Diffusion

Action-Angle 2Actions-2Angles




- Toy Models

> 2DOF > 3DOF

Can Model Vortex Model

I.:5F1(|’¢1’¢2’t) |.1=6‘|:1(|,¢1,¢2,t)
A= (1)+eR(1.4.4,.1) [, =cF,(1.4,8,1)
¢, = (1)+eR(1.4.4,.1) g =0 (1)+&F,(1,4,4,.1)

Action-Angle-Angle Action-Action-Angle
1 Slow & 2 Fast Variables 2 Slow & 1 Fast Variables



- Toy Models

» 2DOF

Can Model

] :5F1(|’¢1’¢2’t)
$=0(1)+eF(1,4,4,1)
b, =0, (1)+eFR,(1,4,¢,,1)

Action-Angle-Angle
2 Slow & 1 Fast Variables

» 3DOF

/V ortex Model \

I.1 :5F1(|’¢1!¢2’t)
I.2 :5F2(|’¢1’¢2’t)
$p =Q ()+eFR(1,4,4,,1)

Action-Action-Angle

\1 Slow & 2 Fast Variabley




ical Model & Assumptions

» Newtonian Incompressible Fluid > System Diagram
»  Slightly 3-D Open Flow
(Thin Electrolyte Layer)

» No Waves are Excited
(Excitation period <« Viscous time)
» M.H.D. Technique

Electro-Magnets

» Rayleigh-Bénard Convection Roll
» Time Dependent Oscillation
» 3-D Ekman Pumping

Oscillating
Plunger

.
[1] T.H. Solomon and I. Mezic, Nature 425, 376-380 (2003)



-ty Field/Dynamical System

» Dynamics of an Advected »  Flow Structure
Particle [1]

X =CoS(X+&,sinat)siny
+&,5iN(2X+ 2&, Sin ot )sin z

y =—sin(X+&,sinwt)cosy

+¢&,5IN2ysin z < |
2 =2 005 Z(c0S(X+&,Sin wt)+cos2y) W g, sin ot

.
[1] T.H. Solomon and I. Mezic, Nature 425, 376-380 (2003)



Unperturbed Case

> Physical Space

» Action-Action-Angle
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Action

7 =Q(y) Angle

X

T (W) =4 j (COS2 (X)_Wz)% N

1

X —
COS v

max

max

Qy)= 2% "

(90 :O glzo

1.5-,




Unperturbed Case

» Action-Action-Angle » Physical Space
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- Perturbed Case

» Perturbation of Action—Action—Angle
W= O / O(1
_ 1 . .
Y= _Ego SIn (a)t)Go(W’Z) —2& sinzy G, (v, x)
1=2¢g coszH (v, y)
Z:Q(l//)‘l'golo(wi Z,x)+&l (v, 2, %)

G, (v, x) =sin2y (l//,Z) 2 Slow Variables
H(w, y) =cos2y+cos2y T
X 1 Fast Variable

G, (v, y) =sin’ x+sin® y



ensional +Time Dependent Case

» Poincaré Section > F.T.L.E.
g =01¢g =0 a):2.00t:877
)




» Poincaré Section > F.T.L.E.

£=016=0 ©=200t=807/

ensional +Time Dependent Case
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ensional +Time Dependent Case

» Poincaré Section > F.T.LE.
£,=01¢g =0 a)=2.00t:80077
@




imensional +Time Dependent Case

» Poincaré Sections » F.T.LE.
£,=01¢=01w=200t=57




mensional +Time Dependent Case

» Poincaré Sections > F.T.L.E.
£,=0.15=010=2001t=807
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ensional +Time Dependent Case

» Poincare Sections > F.T.LE.
£,=0.1¢=01w=2.00t=8007

x 10




Next Steps

> Resonances

» Capture into Resonance
» Scattering

» Key periodic Orbits






