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Fig. 1 Phase disgram and bifurcation diagram of simplified Lorenz system
(a) Phase diagram of attractor in x-z plane for ¢ =1

(b) Bifurcation diagram (c is varying)
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Fig. 2 Non-linear multi-segment function f(x) for N =4

®1 FESHFE MEE

Table 1  Values of F; and E,
i 1 2 3 4
F 20.5 26.5 27.5 37.5
E 0.2 0.31 0.41 0.5
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Fig. 3 Phase diagram of N-wing chaotic attractor
(a) N=1,4-wing attractor; (b) N =2,6-wing attractor

(¢) N=3,8-wing attractor; (d) N =4,10-wing attractor
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Fig. 4 Curve of the switch control function
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Fig. 5 Phase diagram of grid multi-wing chaotic attractor

(a) 2 x6-wing attractor; (b) 2 x 10-wing attractor;
(¢) 3 x6-wing attractor; (d) 3 x 10-wing attractor;

(e) 4 x6-wing attractor; (f) 4 x 10-wing attractor
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when N =4 and M =3
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Fig. 7 Bifurcation diagrams of 4 x 10-wing system
(a) Bifurcation diagram when ce [ -12,8]

(b) Bifurcation diagram when ce [4.5,7.5]
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Fig. 9 Main circuit of grid multi-wing chaotic system
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(a) Circuit realization of f(x); (b) Circuit realization of g(z)
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Results of circuit experimental
(a) 4-wing attractor; (b) 6-wing attractor;

(¢) 2 x4-wing attractor; (d) 2 x 6-wing attractor
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DESIGN AND CIRCUIT IMPLEMENTATION OF THE SIMPLIFIED
LORENZ MULTI-WING CHAOTIC ATTRACTOR"

Sun Kehui'*"  Fu Yuanli'
(1. School of Physics and Electronics, Central South University, Changsha 410083, China)
(2. School of Physics Science and Technology, Xinjiang University, Urumgi 830046, China)

Abstract N-wing attractors were first obtained by introducing a nonlinear function on the simplified Lorenz sys-
tem in this paper. The grid multi-wing attractors were then realized through switching the control function in the z
direction. Moreover, the dynamical characteristics of the Lorenz system were studied by the attractor phase dia-
gram, dissipation, equilibrium points, bifurcation diagram and Poincaré section. The results show that the sim-
plified Lorenz system exhibited a rich dynamical behaviors. Finally, the analog circuit of the system was designed
and developed. The grid multi-wing attractors were observed through the oscilloscope, and the physical imple-
mentation of chaotic circuit was verified. It is found that the results of circuit experiment and numerical simulation

were accordant.

Key words chaos, grid multi-wing attractor, simplified Lorenz system, nonlinear function, circuit im-

plementation
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