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Monday 4/10/17 
 
Chua’s Circuit (also called Chua circuit) 

Dr. Leon Shua (U.C. Berkeley) invented the circuit bearing his name in 1983.  Its 
purpose was to illustrate that the Lorenz system was not a numerical artifact, but 
rather a robust physical phenomenon.  Many variants of this circuit have been 
realized.  The Chua circuit is not a simple chaotic system compared to others we 
have discussed, but the circuit implementation is relatively simple. 

An equation set for a Chua circuit: 

  

  

  

f(x) is the electrical response of a nonlinear resistor.  α, β, σ, and ρ are constants. 

Consider the circuit below: 

 
 

R4, R5, R6 and the op amp form a negative resistance where: 

 

Assume that the diodes are ideal diodes with a 0.5V turn on voltage.  Let V2 be the 
voltage across C2.  Then this relationship holds for the resistance, looking to the 
right of C2, Rin: 

 For -0.5V < V2 < 0.5V: Rin = -Rneg 

 For V2 < -0.5V: Rin = R2//-Rneg 
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 For V2 > 0.5V: Rin = R3//-Rneg 

Let R2 = R3 = Rpos.   

Therefore:      for |V2| > 0.5V 

If |-Rneg| > Rpos, then Rin is positive when either diode is on: 

For -0.5V < V2 < 0.5V: Rin = -Rneg: a negative resistance 

 For V2 < -0.5V: Rin = R2//-Rneg: a positive resistance 

 For V2 > 0.5V: Rin = R3//-Rneg: a positive resistance 

 

Consider the circuit model below for analysis purposes: 
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Therefore (2) can be rewritten as: 

1                                    (3) 

 

(3)→(1): 
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Observe that this is a 3rd order system.  So it has the potential to go chaotic. 
 

When Rin is negative: 

   could be a negative term 

   could be a negative term 

   could be a negative term 

 

If any one of these terms is negative, then the system is unstable and the size of V2 
will increase over time (i.e. the system will oscillate with growing amplitude). 

However, when V2 > 0.5V or V2 < -0.5V, Rin becomes positive and the system 
becomes dissipative. 

Due to this nonlinear resistance, the system can oscillate chaotically <see below>. 

The strange attractor pattern is called a “double scroll attractor” 
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Chua Circuit Phase Plot 

 

https://en.wikipedia.org/wiki/Chua%27s_circuit 

 
 

 


