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Motivation and Key Concepts  

ÅMotivation  
Linear Systems 

Nonlinear Systems 

Nonlinear Effects  

 

ÅKey Concepts in Nonlinear Dynamical 

Systems 
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 Motivation  

 

òIt doesnõt matter how beautiful your theory 

is, it doesnõt matter how smart you are.  

If it doesnõt agree with experiment, itõs 

wrong.ó 

 
Richard P. Feynman 
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Linear Systems 

ÅGlobal behavior 
Unique solution; independent of initial conditions  

ÅFrequencies donõt mix 

ÅTractable  

ÅExact solution 

ÅQuantitative analysis  
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Nonlinear Systems  

ÅLocal and global behavior 
Coexisting solutions; dependence on initial conditions  

Small- and large-signal behavior 

ÅWhat does òfrequencyó mean? 

ÅNormally intractable  

ÅApproximate solutions  

ÅQualitative analysis 
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òStaticó (Memoryless) Nonlinearities 

ÅòWeakó and òstrongó nonlinearities 
Harmonic distortion  

Saturation 

Non-monotonicity  

Hysteresis? 
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ÅHarmonic distortion (superharmonics)  

ÅSaturation 

ÅAmplitude limiting  

ÅBistability  

ÅòHysteresisó 

ÅSubharmonics 

ÅSynchronization 

 

Nonlinear Effects  
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 Motivation  

òéeven the theory of the simplest valve oscillator 

cannot in principle be reduced to the 

investigation of a linear differential equation and 

requires the study of a nonlinear equation .'' 

éa linear equation, for example, cannot explain 

the fact that a valve oscillator, independently of 

the initial conditions, has a tendency to reach 

determined steady -state conditions.ó 
 

A.A. Andronov, A.A. Vitt, and S.E. Khaikin,  

Theory of Oscillators ,  Pergamon Press, 1966  
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Examples 

ÅSPICE DC Analysis 

ÅSchmitt Trigger  

ÅColpitts Oscillator  

ÅInjection -Locking 

ÅDigital Delta -Sigma Modulator 
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Examples 

ÅSPICE DC analysis: Why does my simulation 

not converge? Why does my oscillator not 

start in simulation?  
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Example: SPICE DC analysis 

ÅThe basins of attraction are intertwinedé 
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Examples 

ÅSchmitt Trigger: What happens between 

the switching thresholds? 
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Example: Schmitt trigger  

ÅVoltage transfer characteristic (measured)  
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Examples 

ÅColpitts Oscillator: How large should the 

loop gain be? 
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Example: Colpitts Oscillator  

ÅDesign space 
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Examples 

ÅInjection -Locking: Whatõs the division 

ratio? 
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Example: Injection -Locking  

fout=5 MHz 

fin=20 MHz 

ÅA point on line (d) of the 

sensitivity lines (Q=40).  

Vout @ fout Vin @ fin 

0

1
10MHz

2
f

LCp
= =
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Examples 

ÅDigital Delta Sigma Modulator: why do 

different values of the input yield 

different quantization noise spectra?  
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Example: DDSM 

ÅDifferent inputs  produce different spectra  

MASH 1-1-1 

 

wordlength: 17 bits  

 

(i)   X=1 

(ii) X=216 
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 Motivation  

òI've wondered why it took us so long to catch on.  

We saw it and yet we didn't see it.  

Or rather we were trained not to see it ...  

The truth knocks on the door and you say, 'Go 

away, I'm looking for the truth,' and so it goes 

awayéó 

 
Robert M. Pirsig,  

Zen and the Art of Motorcycle Maintenance , Corgi, 1974 
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 Motivation  

 

 

The òtruthsó of  

Nonlinear  Circuits and Systems  

can provide some valuable insightsé 
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Nonlinear Dynamical Systems  

ÅDynamical System 
State 

State equations 

Trajectories  

ÅPhase Portrait (effect of initial conditions)  
Non-wandering sets 

Attractors  

Basins of attraction  

ÅBifurcation Diagram (parameters)  
Local and global bifurcations  

 

24/168 



13 

 

   

 
 
www. tyndall .ie  

Nonlinear Dynamical Systems  

ÅA dynamical system comprises a state 

space and a dynamic 

ÅThe state space is the set of possible 

states of the system; it is also called the 

òphase spaceó 

ÅThe dynamic describes the evolution of the 

state with time; it is also called the òstate 

equationsó or the òequations of motionó  
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State Equations (Dynamic)  

ÅContinuous time 

 

 

ÅDiscrete time  
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Nonlinear Dynamical Systems  

ÅThe continuous- (discrete -) time system is 

nonlinear  if F (G) is not linear in X 
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Nonlinear Dynamical Systems  

ÅA dynamical system follows a trajectory  

(orbit) through the state space  

 

ÅThe flow  describes the evolution of all 

trajectories in the state space  
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Trajectories (Orbits)  

ÅContinuous time 

 

 

 

ÅDiscrete time  
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Nonlinear Dynamical Systems  

ÅNonlinear dynamics is concerned with:  

 

  (a) the structure  of the flow (types of 

  trajectories and their stability)  

    

  (b) its dependence on the parameters 

  of the system (structural stability  

  and bifurcations)  

 

30/168 



16 

 

   

 
 
www. tyndall .ie  

Phase Portrait and Bifurcation Diagram  

ÅPhase portrait: Structure of the flow  

 

ÅBifurcation diagram: Dependence of the 

flow on the parameters  
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Phase Portrait  
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Phase Portrait  
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Phase Portrait  
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Bifurcation Diagram  
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Bifurcation Diagram  
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ÅTypes of trajectories  

ÅLimit sets  

ÅStability of limit sets  

ÅAttractors (òsteady-stateó) 

ÅBasins of attraction/ separatrices 

Structure of the Flow  
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ÅEquilibrium (fixed) point  

ÅPeriodic trajectory (cycle)  

ÅQuasiperiodic trajectory (torus)  

ÅChaotic trajectory  

 

ÅHeteroclinic trajectory  

ÅHomoclinic trajectory  

 

Special Types of Trajectories  
38/168 
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ÅEquilibrium (fixed) point  

ÅPeriodic trajectory (cycle)  

ÅQuasiperiodic trajectory (torus)  

ÅChaotic trajectory  

 

Non-Wandering Sets 
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Equilibrium (Fixed) Point  

ÅContinuous time 

 

 

 

ÅDiscrete time  
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Periodic Trajectory (Cycle)  

ÅContinuous time 

 

 

 

 

 

ÅDiscrete time  
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Quasiperiodic Trajectory (Torus)  

ÅContinuous time 
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