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Abstract

The explicit internal signal stochastic resonance (EISSR) that happened in the Willamowski–Rössler reaction model was investigated. The
z-variable’s output signal-to-noise ratio (SNR) as a function of the noise intensity shows non-monotonic behavior, indicating the occurrence
of EISSR. It is first found that EISSR happened in the periodic-2 oscillations state. A worthy noting point is that the fundamental frequency
of the intrinsic period signal of the system is shifted little with the change of noise intensity. EISSR is a cooperative effect of the intrinsic
period signal and external noise or fluctuations. Our studies have shown that EISSR can lead to noise-resistance of the chemical oscillator.
© 2005 Published by Elsevier Ltd.
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1. Introduction

The influence of noise on non-linear system has been
extensively studied over the past decade. Random noise is
intuitively considered a nuisance. It destroys signal detection
and transduction. However, it has been found in many non-
linear systems that noise can play a constructive role through
stochastic resonance (SR) (Bezrukov & Vodyanoy, 1997;
Gammaitoni, Ḧanggi, Jung, & Marchesoni, 1998; Wiesenfeld
& Moss, 1995).

Stochastic resonance is a phenomenon wherein the
response of a non-linear system to a weak periodic signal
is optimized by the assistance of a particular non-zero level
of noise. SR was first put forward byBenzi, Sutera, and
Vulpiani (1981)to account for the periodic oscillations of
the Earth’s ice ages. It has taken place in a wide range of
physical, chemical and biological systems (Matyjáskiewicz,
Krawiecki, Holyst, Kacperski, & Ebeling, 2001; McNamara,
Wiesenfeld, & Roy, 1988; Vilar, Gomila, & Rub́ı, 1998). SR
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in some chemical reactions have been investigated by Schnei-
der’s group (Foster, Merget, & Schneider, 1996; Guderian,
Dechert, Zeyer, & Schneider, 1996; Hohmann, M̈uller, &
Schneider, 1996), Xin’s group (Zhong & Xin, 2001, 2000a,
2000b; Zhong & Xin, 2000a,b) and our group (Li & Lei,
2003; Li & Zhu, 2001; Zhu & Li, 2002; Zhu, Li, & Liu, 2002).
Recently, it is reported that the external signal can be replaced
by internal signal, such as periodic oscillations in a determin-
istic system. When the system is perturbed by additive noise
or multiplicative noise, the signal-to-noise ratio goes through
a maximum with increment of noise intensity. In this letter,
we study the effect of additive noise on a chemical oscillator.
Our numerical results have shown that explicit internal sig-
nal stochastic resonance (EISSR) can lead to noise-resistance
in a chemical oscillator and the frequency of the intrinsic
period signal of the chemical oscillator is shifted little with
the change of noise intensity.

1.1. Model

The model used in this letter is the Willamowski–
Rössler model (Kapral & Showalter, 1995; Willamowski
& Rössler, 1980). The non-dimensionalized chemical
dynamical evolution equations of this system are given as
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follows:

dx

dt
= a1x − k−1x

2 − xy − xz

dy

dt
= xy − a5y

dz

dt
= a4z − xz − k−5z

2

(1)

wherea1, a4, a5, k−1 andk−5 are the positive parameters.
We selectk−1 as the control parameter for our study. The
value of other parameters are chosen as:a1 = 30.0,a4 = 16.5,
a5 = 10.0 andk−5 = 0.5.Fig. 1shows the bifurcation diagram
of Willamowski–R̈ossler model. Various dynamic behaviors,
such as period-1, period-2 and chaos, can be seen in the
Fig. 1. The system bifurcates from period-1 to period-2 at
k−1 ≈ 0.87. The hopf bifurcation point atk−1 ≈ 1.3 is not
shown in the diagram.

The periodic-1 and periodic-2 oscillations were picked as
the state perturbed by the noise that is added directly to the

Fig. 1. Bifurcation diagram of the Willamowski–Rössler model: the depen-
dence of the system’s solutionx on k−1. Parameter values:a1 = 30.0,
a4 = 16.5,a5 = 10.0 andk−5 = 0.5. Notations used are: p1, period-1 oscil-
lations; p2, period-2 oscillatory; chaos, a chaotic regime.

Fig. 2. (a) The variablezvs. timet, k−1 = 0.7; (b) the power spectrum acquired by fast Fourier transform of the times series ofzwhen the parameterk−1 = 0.7;
(c) the variablez vs. timet, k−1 = 0.9; (d) the power spectrum acquired by fast Fourier transform of the times series ofz when the parameterk−1 = 0.9. When
k−1 = 0.9, the system shows periodic-1 oscillation and the fundamental frequency is 0.7385 Hz. Whenk−1 = 0.7, the system shows periodic-2 oscillation and
has two fundamental frequencies 0.9094 and 0.4078 Hz.
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