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Abstract

Suppression of spatiotemporal chaos in a one-dimensional nonlinear drift-wave equation driven by a sinusoidal wave is considered. Using a
constant electric potential signal we demonstrate numerically that the spatiotemporal chaos can be effectively suppressed if the control parameters
are properly chosen. The threshold and the controllable range of the control parameters are given. By establishing the kinetic equation of the
system energy we find theoretically that an additional driving term in the energy equation is produced by the control signal and it can lead up to
the frequency entrainment. Moreover, when the regular state is reached under the control, the system energy oscillates quasi-periodically, while

the additional driving term decays to zero.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Spatiotemporal chaos (STC) and turbulence can occur ex-
tensively in a variety of nonlinear dynamical systems with
spatial extension, such as cardiac tissue [1], hydro-dynamical
systems [2], magnetized plasma [3], reaction—diffusion sys-
tems [4], and optical systems [5]. In many practical situations
such behaviors are considered to be harmful. For instance,
a strong tornado can do great damage to human beings; fib-
rillation in the ventricular myocardium causes fatal cardiac dis-
eases. Therefore, an effective way of eliminating them is highly
desirable. Up to the present, many control methods have been
suggested to suppress STC [6—15]. Roughly speaking, these
methods can be classified into two kinds in character, the feed-
back control [10-13] and the non-feedback one [14,15]. For the
former case, one must know some prior knowledge of the sys-
tem before controlling because control input is based on the
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difference between the reference state and the current state of
the system. On the contrary, the latter does not need any mea-
surements of the system variables. Hence, it is particularly con-
venient for experimentalist.

Zonal flow in plasmas is an essential component of turbulent
fluctuations (i.e., the modes that only depend on the radial co-
ordinate). It is found that the zonal flows may lead to the forma-
tion of long-lived coherent structures in magnetic confinement
plasmas [16]. It is interesting to understand the mechanism
for the formation of the coherent structures. In this Letter, we
consider STC suppression in the system of a one-dimensional
nonlinear drift-wave equation driven by a sinusoidal wave, and
propose a new non-feedback control method in which a con-
stant electric potential signal is used. The purpose of this Letter
is to study whether a constant electric potential signal can sup-
press the STC of drift wave, and find out the physical mecha-
nism of this control scheme providing a deeper understanding
of coherent zonal flow structures.

The Letter is organized as follows. In Section 2, the model
equation and the control method are briefly introduced. The
detailed numerical simulation results are given in Section 3.
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The physical mechanism of the control method is analyzed in
Section 4. A brief conclusion is presented in the last section.

2. The model

The model to be studied is a one-dimensional nonlinear drift-
wave equation driven by a sinusoidal wave [12,17,18]
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where ¢ is a fluctuating electric potential. F is the control
strength and applied to a local region §2. A 2 -periodic bound-
ary condition ¢ (x + 27, t) = ¢ (x, t) is applied. Throughout the
Letter the system parameters are fixed: a = —0.2871, y = 0.1,
c=1.0, f =—6.0,e=0.22, and w = 0.65 (to take the advan-
tage of substantial earlier work using these values) [12,18,19].
The pseudospectral method with de-aliasing technique is em-
ployed to simulate Eq. (1). In the numerical simulation, we
divide the space of 27 into N = 512 grid points (i.e., the
spatial step Ax =2x/N = 27 /512). And the time increment
At =5 x 1074, The total integration time length of each run of
simulation is 2600 time units.
In plasma physics, the system energy E(¢) is defined as:
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The initial distribution of ¢ (x,?) with E(0) = 0.1 and ¢ =
iﬂ 02” ¢ dx = 0 is shown in Fig. 1(a). The time evolution of
energy E(t) and the electric potential ¢ (x,t) of the system
are exhibited in Figs. 1(b) and 1(c), respectively. It is shown in
Fig. 1(c) that the system is deeply in the STC regime after the
system evolves from the initial state of Fig. 1(a) for r = 400.
In the next section, we will use a constant electric potential to
suppress STC of Fig. 1(c).

3. The control of spatiotemporal chaos

In order to characterize the control results, we first construct
a Poincaré section of electric potential ¢ (x, t). The section is
chosen as ¢ (x;, 1) = o= — )f—]’f, where integer n is the number
of grid points covered by the control region £2, and x; denotes
the space position of the phase point. Without loss of gener-
ality, we take x; = 0. This section can retain all the relevant
information of the dynamics of ¢ (x, t). We record the system
energy E(t) = E(t,) when the electric potential ¢ (0, ¢) varies
from ¢ (0, t,) < ¢ to ¢ (0,1, + At) > ¢o. Thus regular and ir-
regular behavior of the system can be identified by the Poincaré
section consisting of points and line, respectively. In order to
make sure the reliability of result, the control is not added un-
til Eq. (1) with F' = 0 has been integrated to # = 500, ensuring
that the system has passed the transient stage and reached a STC
one. In each run all values of E(z,) are recorded after ¢ > 2200.
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Fig. 1. Dynamic behavior of Eq. (1). (a) Initial electric potential distribution.
(b) Evolution of energy E(¢) defined in Eq. (2). (c) The space and time distrib-
ution of potential ¢ (x, ¢) evolved from ¢ =400 to r = 500.

Now let us study systematically the effectiveness of the con-
trol method of Eq. (1). We first consider global control (i.e.,
§£2 =0, 27]). The Poincaré section ¢ (0, t) = ¢pg = —g is con-
structed. In Figs. 2(a) and 2(b) we plot E(,) against In(F) and
In(—F), respectively. In Figs. 2(c) and 2(d) we plot the maxi-
mum Lyapunov exponent A against In(F) and In(—F’), respec-
tively. It is shown that with control strength |F| > F, = 0.008
STC in the system can be successfully suppressed whether F
is positive or negative, where E(t,) takes a single value. In or-
der to have an intuitive impression of the control results, we
plot energy E () against time ¢ in Fig. 2(e) and spatiotemporal
pattern of ¢ (x, ¢) under control after the transient in Fig. 2(f),
where F = 0.02. It is observed that the system energy oscillates
quasi-periodically, but its amplitude is very small. According to
Figs. 2(c), 2(e) and 2(f), asymptotic states of successful control
are regular states.



Download English Version:

https://daneshyari.com/en/article/1862908

Download Persian Version:

https://daneshyari.com/article/1862908

Daneshyari.com


https://daneshyari.com/en/article/1862908
https://daneshyari.com/article/1862908
https://daneshyari.com/

