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Fig. 1. Equivalent circuit of the meminductor.
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Fig. 2. Test results of voltage, current, magnetic flux and state variable of the circuit: (a) Time-domain waveforms

of v(t) and ¢(t); (b) characteristic curve of v-¢; (c) time-domain waveforms of ¢(t) and p(t); (d) characteristic curve

of ¢-p; (e) time-domain waveforms of v(t) and p(t); (f) characteristic curve of v-p; (g) time-domain waveforms of

»(t) and i(t); (h) characteristic curve of ¢-i; (i) time-domain waveforms of v(t) and i(t); (j) characteristic curve of

v-i; (k) time-domain waveforms of p(t) and i(¢); (1) characteristic curve of p-i.
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Fig. 5. Time-domain waveforms of the meminductive Wein-bridge chaotic system.
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14. The circuit schematic of realizing the meminductive Wein-bridge chaotic system.
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Abstract

A meminductor is a new type of memory device. It is of importance to study meminductor model and its application
in nonlinear circuit prospectively. For this purpose, we present a novel mathematical model of meminductor, which
considers the effects of internal state variable and therefore will be more consistent with future actual meminductor
device. By using several operational amplifiers, multipliers, capacitors and resistors, the equivalent circuit of the model
is designed for exploring its characteristics. This equivalent circuit can be employed to design meminductor-based
application circuits as a meminductor emulator. By employing simulation experiment, we investigate the characteristics
of this meminductor driven by sinusoidal excitation. The characteristic curves of current-flux (i-¢), voltage-flux (v-¢), v-p
(internal variable of meminductor) and ¢-p for the meminductor model are given by theoretical analyses and simulations.
The curve of current-flux (i-¢) is a pinched hysteretic loop passing through the origin. The area bounding each sub-loop
deforms as the frequency varies, and with the increase of frequency, the shape of the pinched hysteretic loop tends
to be a straight line, indicating a dependence on frequency for the meminductor. Based on the meminductor model, a
meminductive Wien-bridge chaotic oscillator is designed and analyzed. Some dynamical properties, including equilibrium
points and the stability, bifurcation and Lyapunov exponent of the oscillator, are investigated in detail by theoretical
analyses and simulations. By utilizing Lyapunov spectrum, bifurcation diagram and dynamical map, it is found that the
system has periodic, quasi-periodic and chaotic states. Furthermore, there exist some complicated nonlinear phenomena
for the system, such as constant Lyapunov exponent spectrum and nonlinear amplitude modulation of chaotic signals.
Moreover, we also find the nonlinear phenomena of coexisting bifurcation and coexisting attractors, including coexistence
of two different chaotic attractors and coexistence of two different periodic attractors. The phenomenon shows that the
state of this oscilator is highly sensitive to its initial valuse, not only for chaotic state but also for periodic state, which
is called coexistent oscillation in this paper. The basic mechanism and potential applications of the existing attractors
are illustrated, which can be used to generate robust pseudo random sequence, or multiplexed pseudo random sequence.
Finally, by using the equivalent circuit of the proposed meminducive model, we realize an analog electronic circuit of the
meminductive Wien-bridge chaotic system. The results of circuit experiment are displayed by the oscilloscope, which
can verify the chaotic characteristics of the oscillator. The oscillator, as a pseudo random signal source, can be used to

generate chaotic signals for the applications in chaotic cryptography and secret communications.

Keywords: meminductor, Wien bridge, chaos, coexisting attractor

PACS: 05.45.—a, 05.45.Jn, 05.45.Pq DOI: 10.7498/aps.66.020502

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61271064, 60971046, 61401134), the
Natural Science Foundations of Zhejiang Province, China (Grant Nos. LZ12F01001, LQ14F010008), the Natural Science
Foundations of Fujian Province, China (Grant No. 2016J01761), and the Program for Zhejiang Leading Team of S&T
Innovation, China (Grant No. 2010R50010).

t Corresponding author. E-mail: wanggyi@163.com

020502-13


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.020502

	1引    言
	2忆感器模型及其等效电路
	Fig 1
	Fig 2
	Fig 3


	3忆感器文氏电桥混沌系统
	3.1 忆感器文氏电桥混沌系统模型
	Fig 4
	Fig 5
	Fig 6
	Fig 7

	3.2 系统的特性分析
	3.2.1 平衡特性
	3.2.2 系统参数对系统动力学的影响分析
	Fig 8
	Fig 9
	Fig 10
	3.2.3 恒Lyapunov指数谱特性
	Fig 11
	3.2.4 共存分岔模式
	3.2.5 吸引子的共存与重合
	Fig 12
	Fig 13


	4电路设计与实验验证
	Fig 14
	Fig 15


	5结    论
	References
	Abstract

