
DOE/NV/25946--1219

Dynamical Systems in CircuitDynamical Systems in Circuit 
Designer’s Eyes

Michał OdyniecMichał Odyniec
National Security Technologies, LLC,   USA

This work was done by National Security Technologies, LLC, under 
Contract No. DE-AC52-06NA25946 with the U.S. Department of Energy.



Motivation
Meas rements and sim lations become more• Measurements and simulations become more 
and more powerful 

• Present some insights based on combination 
of theory measurements and modelingof theory, measurements, and modeling

• Present some open questions• Present some open questions
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ContentsContents
• Examples of nonlinear circuit design 

• Design:  focus on theory and engineering 
methods (as opposed to numerical analysis)

“Goal of computing is insight, not numbers”

• Modeling related to measurements

• Volterra series,  ANN,  resistive f:R -> R

• f: R  ->  R  vs. F: X  ->  X
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Useful examplesUseful examples
1 Linear Resonator 2 ( )x x x u t    1. Linear Resonator 

2 V d P l

( )x x x u t   

2( ) ( )f  2. Van der Pol 2( ) ( )x f x x x u t    

( ) ( )3. Duffing ( ) ( )x x g x u t   

4. Pendulum sin( ) ( )x x x u t   
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ResonatorResonator
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More engineering tricks
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Van der PolVan der Pol
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More dimensionsMore dimensions

( ) ( )cos( ) ( , , )x t A h t    

 ( , ( ), , )h t     
IC oscillator
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Nonlinear design

• Harmonic balance – Galerkin method
• Measurements y (A) and Models:Measurements yn(A) and Models: 
• Harmonic balance
• Volterra series
• Neural networks

• Insight from harmonic balance
A i• Averaging
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Harmonic balanceHarmonic balance
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Describing functionDescribing function
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S l ti to A’ = F(A)/QSolution to     A  = F(A)/Q
A AA A

AAo

F(A) t

( ) ( )cos( ( ))x t A t t t  
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SummarySummary
Phase plane is still very useful with proper models

Harmonic balance/describing function offers powerful 
insight (via the combination of simulation with circuit 
and ODE theory)

Measurement and simulation capabilities increased, p ,
especially harmonics measurements (since sinusoids 
are easy to generate)

What next: Volterra series, ANN, more needed
Error estimates, h*f(x)  ->  F: X  ->  X
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