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Fig. 1. Dispersion relation curves and forming process of single-arm antispral: (al) The real part of dispersion;
(b1) the imaginary part of dispersion; (c1) the first derivative of the imaginary part; (a2)—(e2) the forming process
of single-armed antispiral (The simulation time sequence is as follows: 13.9, 577.3, 657.7, 1279.6, 1280.3).

188201-3


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

) 32 % %  Acta Phys. Sin. Vol. 67, No. 18 (2018) 188201

Re(\)

0 0 . . . . . .
5000 5200 5400 5600 5800 6000 0 20 40 60 80 100 120
t x

K2 RIBFBAERKNE AT (a) ZAZ RN R 73 (LU R TR BS 5000—6000); (b) =22k i R 43 A1
Fig. 2. Spatio-temporal distribution of variables: (a) The time distribution of the three variables (The selected time
interval is between 5000 and 6000); (b) the spatial distribution of the three variables.
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Fig. 3. Dispersion relation curves and forming process of antitarget wave: (al) The real part of dispersion; (b2) the
imaginary part of dispersion; (cl) the first derivative of the imaginary part; (a2)—(e2) the forming process of
antitarget wave (The simulation time sequence is as follows: 13.8, 75.8, 121, 200.2, 5284.8).
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Fig. 4. Conversion process of single-armed antispiral to anti-target wave (The simulation time sequence is as follows:

702.7, 2115.8, 3605, 4164.9, 4739.4).
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Fig. 5. Various kinds of multi-armed antispiral patterns (Parameters: a = 3.0; b = 11.39; ¢ = d = 1.0): (a) Two arms
(Dy = 0.5, Dy = 1.0, Dy = 23.0); (b) three arms (Dy = 0.6, Dy = 1.0, Dy = 25.0); (c) four arms (Dy, = 0.7, D, = 1.0,
Dy, = 25.0); (d) five arms (Dy, = 0.45, D, = 1.0, Dy, = 40.0); (e) six arms (D, = 0.6, D, = 1.0, Dy, = 26.0).
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Fig. 6. Rotating motion of the wave tips with two arms and three arms. (al)—(d1) the simulation time sequence of two-
armed antispiral is as follows: 3424.5, 3425, 3425.7, 3426.3. (a2)—(d2) the simulation time sequence of three-armed antispiral
is as follows: 3074.7, 3075.3, 3075.7, 3076.2.
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Fig. 7. Conversion process of four-armed antispiral to three-armed antispiral (The simulation time sequence is as
follows: 2405.9, 2529.9, 2648.1, 2895.8, 3190).
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transformation of antispiral to spiral induced by parameter D., (D., = 6.0, 19.0); (c2), (d2) the transformation of
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Abstract

In this paper, the antispiral and antitarget wave patterns in two-dimensional space are investigated numerically by
Brusselator model with three components. The formation mechanism and spatiotemporal characteristics of these two
waves are studied by analyzing dispersion relation and spatiotemporal variation of parameters of model equation. The
influences of equation parameters on antispiral and antitarget wave are also analyzed. Various kinds of multi-armed
antispiral are obtained, such as the two-armed, three-armed, four-armed, five-armed, and six-armed antispirals. The
results show that antispirals may exist in a reaction-diffusion system, when the system is in the Hopf instability or the
vicinity of wave instability. In addition to the above two types of instabilities, there is the Turing instability when the
antitarget wave emerges. They have the periodicity in space and time, and their propagation directions are from outside
to inward (the phase velocity v, < 0), just as the incoming waves disappear in the center. The rotation directions of
the various antispiral tips are the same as those of the waves, which can be rotated clockwise or anticlockwise, and the
rotation period of wave-tip increases with the number of arms. Furthermore, it is found that the collision sequence of the
multi-armed antispiral tip is related to the rotation direction of the wave-tip. With the increase of the number of anti-
spiral arms, not only the dynamic behavior of the wave-tip turns more complex, but also the radius of the center region
increases. Due to the influence of perturbation and boundary conditions, the multi-armed antispiral pattern can lose one
arm and become a new antispiral pattern in the rotating process. Under certain conditions, it can be realized that the
single-armed antispiral wave transforms into an antitarget wave. It is found that the change of control parameters of a
and b can induce the regular changes of the space scale of antispiral waves, and antispiral waves gradually turn sparse
with the increase of a, on the contrary, they gradually become dense with the increase of b. When the parameter of D,,
exceeds a critical value, the propagation direction of wave is changed, and the system can produce the transformation

from antispiral wave to spiral wave and from antitarget wave to target wave.

Keywords: antispiral, antitarget, reaction-diffusion system, pattern
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