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2. Shilnikov Chaos via Mixed-mode oscillation

Outline

• Experiment: Chua circuit
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3. Gluing bifurcation

• Experiment: Chua circuit



Stretching and Folding

3D system: Lyapunov exponents 

l1=+ve  : Stretching

l2 =-ve : Folding

l3=0 : no expansion of phase



Leonid Pavlovich Shilnikov
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Shilnikov Chaos
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Homoclinic chaos
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Modified van der Pol system (Mathcad Demo)
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Node: -1, - 2;Saddle: 1, - 2;Saddle focus: , -j



Limit cycle close to Homoclinic point

Saddle Focus:  j- ,



Period-Parameter Bifurcation

=/ 



Regimes of Homoclinic Chaos
Slow-fast dynamics



Experiment: Chua circuit



Single Chua Circuit: Asymmetry-induced
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Phase Portrait Piecewise Linear Function
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Shilnikov Chaos

2: 3D Trajectory

Experiment PSPICE
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Poincaré Surface of Section
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Shilnikov Chaos: Complexity
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Chaotic Bursting
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Mixed Mode Oscillations: 2
s

Rp=98.9k

R1=1357W, R23=1.858kW, R25=333W

Rp= 66.5k

Rp=73.9k

Rp=83.9k

0.2 0.205
2

0

2

23

0.195 0.2
2

0

2

24

0.195 0.2 0.205
2

0

2

0.195 0.2 0.205
2

0

2

25

26

P.Gaspard, X.-J.Wang, J.Stat. Phys., 48:151-199 (1987)

Marc.T.M.Koper, Physica D, 80, 72-94 (1995)

A.Goryachev, P.Strizhak, R.Kapral, J.Chem..Phys., 107:2881 (1997)

S.Rajesh, G.Ananthakrishna, Physica D, 140, 193-212 (2000)



0.195 0.2
2

0

2

VC1(t)

0.195 0.2 0.205 0.21
2

0

2

VC1(t)

t

0.195 0.2 0.205
2

0

2

VC1(t)

27

Unstable Orbit

28

0.195 0.2 0.205

0

0.195 0.2 0.205

0

29

210

Mixed Mode Oscillations: 2
s

Rp=62kW

R1=1357W, R23=1.858kW, R25=333W

Rp= 55kW

Rp=57kW

Rp=59kW



1 0 1 2 3
0.5

0

0.5

0.155 0.16 0.165
2

0

2

4

Homoclinic Chaos: 3
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Homoclinic chaos: A Variety



Homoclinic Chaos: 

Video show



Gluing Bifurcation



Modified Chua Circuit 



Coexisting Limit cycles



Gluing Bifurcation



Period-parameter bifurcation



Gluing Bifurcation [1, 0] 



Gluing Bifurcation:

MathCad Demonstration
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