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Figure 2.1  The phase portrait, Poincaré map for the fractional order 
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Figure 2.10  The phase portrait, Poincaré map for the fractional order 

double van der Pol system,x versus y, 

1 1 2 20.1, 0.1, 0.1, 0.1α β α β= = = =  
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double van der Pol system,x versus y, 1 1 2 21, 1, 1, 1α β α β= = = =  

16 
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1 1 2 20.1, 0.1, 0.1, 0.1α β α β= = = =  
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Figure 2.17  The phase portrait, Poincaré map for the fractional order 
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Figure 2.20  The phase portrait, Poincaré map for the fractional order 
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1 2 20.1, 0.1, 0.1, 1α β α β= = = =  

Figure 2.21  The phase portrait, Poincaré map for the fractional order 

double van der Pol system,x versus y,
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Figure 3.1  Lyapunov exponent diagram of the double van der Pol system 
for c between 1.0 and 3.0 in (a) and enlarge ib (b). 
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Figure 3.5  CS and AS for initial condition (x2, y2, u2, v2) = (3, -4, 3, -4) and 
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Figure 3.11  CS and AS for initial condition (x2, y2, u2, v2) = (3, -4, -3, -4) 
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Figure 4.1  CS and AS for initial condition(x2, y2, u2, v2)= ( 3, -4, 3, -4) and 
k=1, 

(a)e1, e2, e3, e4 (b) E1, E2, E3, E4
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(a)e1, e2, e3, e4 (b) E1, E2, E3, E4. 
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Figure 4.5  CS or AS vs. the k for different initial conditions: 
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case b: (x1, y1, u1, v1 ) = (3, 4, 3, 4) and (x2, y2, u2, v2) = ( -3, 4, -3, 
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k=1, 

(a) e1, e2, e3, e4 (b) E1, E2, E3, E4. 
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Figure 4.7  CS and AS for initial condition (x2, y2, u2, v2) = ( 3, -4, 3, -4) 
and k=2379,(a) e1, e2, e3, e4 (b) E1, E2, E3, E4. 
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k=1 

(a) e1, e2, e3, e4 (b) E1, E2, E3, E4. 
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Figure 4.9  CS and AS for initial condition (x2, y2, u2, v2) = ( -3, 4, -3, 4) 
and k=2379, (a) e1, e2, e3, e4 (b) E1, E2, E3, E4. 
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Figure 4.10  CS or AS vs. the k for different initial conditions: 

case c: (x1, y1, u1, v1 ) = (3, 4, 3, 4) and (x2, y2, u2, v2) = ( 3, -4, 3, 
-4)  

case d: (x1, y1, u1, v1 ) = (3, 4, 3, 4) and (x2, y2, u2, v2) = ( -3, 4, -3, 
4) 

39 

Figure 5.1  Phase portraits of the double Duffing system 52 

Figure 5.2  Time histories of state errors for E1, E2, E3, E4, 52 

Figure 5.3 Time histories of coefficients  1 1 2 1 1 1 1 2, , , , , , ,b c c d j g h h 53 

Figure 5.4 Time histories of state errors for E1, E2, E3, E4 for Case (b) 54 

Figure 5.5 Time histories of coefficients 1 1 1 1 1 1 1 1 1 1, , , , , , , , ,k a b c d j f g h λ  for 
Case (b) 

55 

 

 ix


