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Recall from last lecture… 

1.  Oscillator vs. latch 

2.  Why the term relaxation oscillator 

 

 

Questions? 

http://myweb.msoe.edu/muthuswamy/harp/harp.html
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Goal of Lecture 2 
Analytically determine the period and duty cycle in the circuit below.    

Recall : When you have questions, please ask! 

http://myweb.msoe.edu/muthuswamy/harp/harp.html


Definition of period and duty cycle 
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Finding the period 

In the saturation region(s) :
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In the positive saturation region :
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The period is 2x the switching time  :
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Finding the duty cycle 
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2.  Circuit switches state when (positive saturation) :       p nv v
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3.  In other words : V       dd
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4.  Hence, duty cycle is controlled by V  and Vdd ss
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Now we will talk about chaos  

Note : This is NOT research! 

http://myweb.msoe.edu/muthuswamy/harp/harp.html


Introduction :  

Static vs. Dynamical Systems 
1. Mathematical definition of a system 
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2. Concept of a linear time-invariant system 
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3. Various system behaviors : stable, unstable 

http://myweb.msoe.edu/muthuswamy/harp/harp.html


Steady State Solutions of  

Differential Equations 

Simple Harmonic Oscillator: 
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Plots were obtained using SAGE: 

http://www.sagemath.org/index.html  

            

                        Slide Number: 9/17 

Phase portrait: 

Vector field: 

http://myweb.msoe.edu/muthuswamy/harp/harp.html
http://www.sagemath.org/index.html


Steady State Solutions of  

Differential Equations (contd.) 
After stable, unstable and oscillatory behavior, we have quasi-periodicity [6] 
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• “Birth” of Chaos:  Lorenz Attractor [8] 

– Edward Lorenz introduced the 

following nonlinear system of 

differential equations as a crude 

model of weather in 1963: 

 

0 0 0

8
Parameters: 10, 28,

3

ICs : 10, 20, 30,

Simulation time: 100 seconds

x y z

    

  

– Lorenz discovered that model dynamics were extremely sensitive to initial 

conditions and the trajectories were aperiodic but bounded. 

– But, does chaos exist physically?  Answer is: YES.   

Steady State Solutions of Differential Equations -  

Chaotic Systems [1] [5] [10] 
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Simple Chaotic Circuit using Jerky Dynamics [9] 

( ) 0x x x f x   

Physical Chaos -  

Sprott Circuits 
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Some Properties of Chaotic Systems -  

“Dimension” of a Chaotic Attractor [9] 
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Some Properties of Chaotic Systems -  

The Frequency Spectrum [7] 
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An Application of Chaos:  

Human arrhythmia control [4]  
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1.  Arrhythmia = “not in rhythm” = bad   

http://myweb.msoe.edu/muthuswamy/harp/harp.html
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Conclusions 

What we have learned: 

1. Separate dynamical from non-dynamical 

component (if possible) when analyzing 

circuits 

2. Nonlinearity is essential for practical 

oscillators 

3. Glimpse of chaos 

 

Questions?? 

 

Food for thought : WHAT DOES “nonlinear” 

mean? 

http://myweb.msoe.edu/muthuswamy/harp/harp.html
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