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The equations of motion 

𝑑𝑉1
𝑑𝑡

=  
1

𝑅𝐶1
( 𝑉2 − 𝑉1 − 𝑅 ∗ 𝒈(𝒗𝟏) 

𝑑𝑉2
𝑑𝑡

=  
1

𝑅𝐶2
( 𝑉1 − 𝑉1 − 𝑅 ∗ 𝑖𝐿) 

𝑑𝑖𝐿
𝑑𝑡

=  
1

𝐿
(−𝑣2) 

Where 𝑔 𝑥  is Chua’s Diode 

(piecewise function) 
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Three Fixed Points 

𝑝1,2 = ±
−𝐸(𝐺𝑏−𝐺𝑎)(𝑟𝐿 + 𝑅)

1 + (𝑅 + 𝑟𝐿)𝐺𝑏
,  

−𝐸(𝐺𝑏−𝐺𝑎)(𝑟𝐿)

1 + (𝑅 + 𝑟𝐿)𝐺𝑏
,  

+𝐸(𝐺𝑏−𝐺𝑎)(𝑟𝐿)

1 + (𝑅 + 𝑟𝐿)𝐺𝑏
 

𝑝0 =  0 , 0, 0  
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Experimental Realization 

Where 
𝑅1 = 220 [Ω] 
𝑅2 = 220 [Ω] 
𝑅3 = 2.2 [𝑘Ω] 
𝑅4 = 22 [𝑘Ω] 
𝑅5 = 22 [𝑘Ω] 
𝑅6 = 3.3 [𝑘Ω] 
𝐶1 = 10 [𝑛𝐹] 
𝐶2 = 100 [𝑛𝐹] 
𝐿 = 18 [𝑚𝐻] 

And 𝑅 is a potentiometer  

(variable resistor) 



Chua Diode 

𝑔 𝑣1 =  

𝑚0𝑣1 + 𝑚0 −𝑚1 𝐸1,    𝑣1 ≤ 𝐸1
𝑚1𝑣1,                      −𝐸1 ≤ 𝑣1 ≤ 𝐸1
𝑚0𝑣1 + 𝑚1 −𝑚0 𝐸1,  𝑣1 ≥ 𝐸1

 

Where 

𝑚0 =
1

𝑅4
−

1

𝑅3
    , 𝑚1 = −

1

𝑅3
−

1

𝑅6
    ,   𝐸1 =

𝑅3

(𝑅2+𝑅3)
𝐸𝑠𝑎𝑡 
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List of Materials 
Device Stock Code Quantity Description 

Capacitor Mapln Sc Series 2 Metallized Polyester Film 

(MKT) Capacitors 

Inductor PCH45X186KLT 1 Axial Lead Power Choke 

Resistor TOPCOFRLD008 6 Metal Film full range  

resistor 

Potentiometer B01LYHMKNN 1 Logarithmic Dual Rotary  

Potentiometer 

Operational  

Amplifier 

TI6PCSUA741CP 2 General Purpose  

Operational Amplifier 

All elements are Rohs complilant  



Experimental Realization 



NUMERICAL 
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Numerical Realization 
• Sagemath 

• Dimensionless Chua Eqs. 

• Finite difference method 

• Timestep = 0.000001  

• Iterations = 100000 

• Discarded (transtients)= 10% 

• Initial Conditions= Aleatory negative initial conditions ( -10 to 0 ) 
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    Numerical    VS    Experimental 

∆= 𝟏𝟏. 𝟖𝟏% 

𝐑 = 𝟐𝟎𝟏𝟓 [𝛀] 𝐑 = 𝟏𝟕𝟕𝟕 [𝛀] 



     Numerical    VS    Experimental 

∆= 𝟏𝟒. 𝟑𝟒% 

𝐑 = 𝟐𝟎𝟎𝟏 [𝛀] 𝐑 = 𝟏𝟕𝟏𝟒 [𝛀] 



     Numerical    VS    Experimental 

∆= 𝟏𝟒. 𝟖𝟔% 

𝐑 = 𝟏𝟗𝟗𝟖 [𝛀] 𝐑 = 𝟏𝟕𝟎𝟏 [𝛀] 



     Numerical    VS    Experimental 

∆= 𝟏𝟓. 𝟖𝟓% 

𝐑 = 𝟏𝟗𝟗𝟑 [𝛀] 𝐑 = 𝟏𝟔𝟕𝟕 [𝛀] 



      Numerical    VS    Experimental 

∆= 𝟏𝟔. 𝟐𝟏% 

𝐑 = 𝟏𝟗𝟗𝟐 [𝛀] 𝐑 = 𝟏𝟔𝟔𝟗 [𝛀] 



     Numerical    VS    Experimental 

∆= 𝟏𝟔. 𝟒𝟏% 

𝐑 = 𝟏𝟗𝟕𝟒 [𝛀] 𝐑 = 𝟏𝟔𝟓𝟎 [𝛀] 



     Numerical    VS    Experimental 

∆= 𝟏𝟕. 𝟎𝟑% 

𝐑 = 𝟏𝟗𝟔𝟏 [𝛀] 𝐑 = 𝟏𝟔𝟐𝟕 [𝛀] 



    Numerical    VS    Experimental 

∆= 𝟏𝟕. 𝟒𝟒% 

𝐑 = 𝟏𝟗𝟓𝟓 [𝛀] 𝐑 = 𝟏𝟔𝟏𝟒 [𝛀] 

(𝑵𝒐𝒕 𝒕𝒉𝒆 𝒔𝒂𝒎𝒆 𝒍𝒊𝒎𝒊𝒕 𝒄𝒚𝒄𝒍𝒆… ) 



     Numerical    VS    Experimental 

∆= 𝟏𝟑. 𝟏𝟖% 

𝐑 = 𝟏𝟖𝟓𝟏 [𝛀] 𝐑 = 𝟏𝟔𝟎𝟕 [𝛀] 



     Numerical    VS    Experimental 

∆= 𝟏𝟒. 𝟎𝟕% 

𝐑 = 𝟏𝟕𝟖𝟑 [𝛀] 𝐑 = 𝟏𝟓𝟑𝟐 [𝛀] 



     Numerical    VS    Experimental 

∆= 𝟏𝟔. 𝟑𝟓% 

𝐑 = 𝟏𝟕𝟎𝟔 [𝛀] 𝐑 = 𝟏𝟒𝟐𝟕 [𝛀] 



     Numerical    VS    Experimental 

∆= 𝟏𝟖. 𝟖𝟏% 
𝐑 = 𝟏𝟔𝟏𝟎 [𝛀] 𝐑 = 𝟏𝟑𝟎𝟕 [𝛀] 



     Numerical    VS    Experimental 

The outmost limit cycle 



Experimental: Dancing around  

the outmost limit cycle 



Synchronization 
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Bidirectional Chua’s Circuit 



Experimental Realization 

Chua 1 Chua 2 

Synchronization Resistor 



Bidirectional Chua’s Circuit 



Bidirectional Chua’s Circuit 
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