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Duffing’s Equation



Phase Portraits



Phase Portraits

Unstable node
• Both eigenvalues 

real and positive

Stable node
• Both eigenvalues 

real and negative
Saddle
• Real eigenvalues with 

opposite signs

Stable focus
• Complex 

eigenvalues pairs 
• Negative real part

Unstable focus
• Complex 

eigenvalues pairs 
• Positive real part

opposite signs



Lyapunov Stability

The image part with relationship ID rId3 was not found in the file.

The image part with relationship ID  
rId4 was not found in the file.

The image part with relationship ID rId5 was  
not found in the file.

The image part with relationship  
ID rId6 was not found in the file.

The image part with relationship ID rId7 was  
not found in the file.

The image part with relationship  
ID rId8 was not found in the file.

The image part with relationship ID  
rId6 was not found in the file.



Lyapunov Stability Main Result





The image part with relationship ID rId2 was not found in the file.



Lyapunov Stability: Discussion


