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Fig. 1. Equivalent realization circuit of first-order ac-

tive generalized memristor.

d’UO
E —f(l)[), UM)
_ 2Ig[e"P™ cosh(pom) — 1] o (1)
o Co RyCy’
im =9(vo, vm) oM
=2Ig e "" sinh(pvn) — 07M7 (2)
Ry

Hrp, p=1/2nVy), Is, n BV 53508 Z & &
] VLA AL AT R BRI . 25 IN4148 1)
“HRE SN Is = 6.8913 nA, n = 1.8268 Al
Vo =25 mV. #—2H, TS AU SUIZBHES
125 G KIEAXH

Gm =g(vo, vm)
_2Ige”P™sinh(pom) 1
= o )

(1) A1 (2) SRPrRIE AR BT 5 R R X2
BEL#S Ay L 12

B 1 A L SR FH S IN4148 — )
%, HRy =1%kQ, Co =100 nF. ¥ A it in—
MIEZAZREIE vy = Vi sin(wt), X8, V., A
JihARE, w N A 4V, =4V, w =10
krad/s, 50 krad/s, 200 krad/s K, P 1 %A % 75
on-ing P E AR 225G 28 02 78 TR 5 58 408 1A B i T
2, W 2 (a) Biw; 4w = 10 krad/s, Vi, 73751
N5V, 2VH3 VI, B 1AL vy-in P L
(AR 22 K Z 34 W] o tY S A TR R RRAIE, 1] 2 (b)
Jii. G5 REW], PR 1 A5 R0 ST R R A N i g S 30
HAZ B 38 1) =N A JFRRAE 2OV, LS R 1] 28 4 A
T om-ing PR 4R, AN 2 TC IR A,
PR, 1 BT R BRSO B T AR SUAZ B AR 1
RLRA.

(a)
—— w=200 krad/s

2t —— w=>50 krad/s
—— w =200 krad/s

in(t)/mA

’Um(t)/v

im(t)/mA

wma(t)/V

B2 (MTIR ) IESRAS RSB A5 A A8
DR  (a) REAHE; (b) SRR

Fig. 2. (color online) Numerical simulations of the
active generalized memristor with sinusoidal voltage
stimuli: (a) different angular frequencies; (b) different

amplitudes.
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Fig. 3. Inductorless memristive chaotic circuit.
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170503-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 17 (2015) 170503

BT (4) R, Kotk - ODE45 B 47T MAT-
LAB S8 {5 B, JC A7 BH IR 7 L 2% 75 2% A P T
IV 51 P W B 4 B, b 4 () iRk
W 5| oA =4 IR B . FAHRH, R TR
(12) 3 AT B S B Wolf 5503k P4 3 55045 21 g 4
ZE M KR HON: LE; = 12011, LE, = 2.183,
LE; = —9628, LE; = —359460. M & 4 ] il %2
B, ANF T RBRE R 5] 7 P2 TERIZ B IR
T FEL B VR R 5| A AR A TR AN <y 1, B/
FLIE RUAN R 70 SIS TR I 5] 3.
F1 TRRILIELIRT L 5 ST LI 2
Table 1. Component parameters of the inductorless

memristive chaotic circuit.
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diagram of the state variable v1; (c) Lyapunov exponent spectra.
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Abstract

Equivalently implementing a generalized memristor by using common components and then making a nonlinear
circuit with a reliable property, are conducive to experimentally exhibit the nonlinear phenomena of the memristive
chaotic circuit and show practical applications in generating chaotic signals. Firstly, based on a memristive diode bridge
circuit, a new first-order actively generalized memristor emulator is constructed with no grounded restriction and ease
to realize. The mathematical model of the emulator is established and its fingerprints are analyzed by the pinched
hysteresis loops with different sinusoidal voltage stimuli. The results verified by experimental measurements indicate
that the emulator uses only one operational amplifier and nine elementary electronic circuit elements and is an active
voltage-controlled generalized memristor. Secondly, by parallelly connecting the proposed emulator to a capacitor and
then linearly coupling with an RC bridge oscillator, a memristor based chaotic circuit without any inductance element is
constructed. The dynamical model of the inductorless memristive chaotic circuit is established and the phase portraits
of the chaotic attractor with typical circuit parameters are obtained numerically. The dissipativity, equilibrium points,
and stabilities are derived, which indicate that in the phase space of the inductorless memristive chaotic circuit there
exists a dissipative area where are distributed two unstable nonzero saddle-foci and a non-dissipative area containing an
unstable origin saddle point. Furthermore, by utilizing the bifurcation diagram, Lyapunov exponent spectra, and phase
portraits, the dynamical behaviors of the inductorless memristive chaotic circuit are investigated. Results show that
with the evolution of the parameter value of the coupling resistor, the complex nonlinear phenomena of the coexisting
bifurcation modes and coexisting attractors under two different initial conditions of the state variables can be found in
the inductorless memristive chaotic circuit. Finally, a prototype circuit with the same circuit parameters for numerical
simulations is developed, from which it can be seen that the prototype circuit has a simple circuit structure and is
inexpensive and easy to practically fabricate with common components. Results of both the experimental measurements

and the numerical simulations are consistent, verifying the validity of the theoretical analyses.

Keywords: active generalized memristor, RC bridge oscillator, dynamical modeling, nonlinear behavior
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