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Abstract

The emerging of pinning phenomena is described in many dynamical systems such as
superconductivity and super fluidity. The dynamics of pinned scroll waves play an important role in the human
health causing longer tachycardia. In this research, we present an investigation the properties parameter (i.e.
wave period, wavelength and wave velocity) of pinned scroll waves with different excitability of the media in
the two-variable Oregnator model. The cylindrical obstacle is fixed constant. We found both wave period 7 and
wavelength A decrease with increasing the excitability. However, the wave velocity increases with

excitability.
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1. Introduction

The presence of nonlinear spatiotemporal
patterns in excitable media have been discovered in
chemical and biological such as CO oxidation on a
platinum surface [1], cell aggregation in slime mold
colonies [2], concentration waves in Belousov-
Zhabotinsky (BZ) reaction [3, 4]. The existence of
the patterns in cardiac tissue leads to cardiac
arrhythmias by considering hart as two-dimensional
(2D) medium [35, 6]. In case of three-dimensional
(3D) medium or scroll waves, the ventricular
fibrillation can occur. Generally, free scroll waves
can be self-annihilation in short time. However, if
they anchor with localized heterogeneities such as
veins and scars in heart, their lives are longer.

A scroll wave can be described as a stack
of rotating spiral waves that the spiral cores are
organized by line connecting. This line is defined as
filament, a line that the scroll wave rotates around
[7-9]. A positive tension is stable for a straight
filament, but the negative tension leads wave to
turbulence [9, 10]. However, the turbulence waves
are suppressed if they pin with the heterogeneities
[11].

The properties of spiral waves pinned to
defect were studied as model of unexcitable disks
which investigated the effects of obstacle size.
Period and velocity of pinned spiral waves increase
when the hole is enlarged [12]. The formula in Ref.
[13] demonstrated that velocity of waves at the
periphery of obstacle increased with obstacle
diameter. Both unexcitable and partially excitable

circles in simulations caused the period of spiral

wave to rise [14]. For circles and rectangles, the
propagating parameters (i.e., wavelength, wave
period and wave velocity) increased with the
circumference of obstacles [15]. For scroll waves in
simulations, period linearly increased with the
obstacle radii [11].

In this article, the influence of
excitabilities of system on pinned scroll waves is
investigated in the Oregonator model. The
parameter & " indicated the excitability of the
medium is varied. The cylindrical obstacle with
fixed both diameter and length is placed to observe
the properties of pinned waves at the middle of

system.

2. Materials and Experiment

Numerical simulations are performed
using the two-variable Oregonator model, as in Eq. (1)
[16], one equation describing the dynamics of

activator u and the other inhibitor v:

6_u=1(u_u2 - ﬂ}+ D,V?u,
ot ¢ u+q 1)

=u-v+D\V

(2

where the parameters are selected as in Ref. [16]: q
=0.002, f= 1.4, diffusion coefficients D, = 1.0 and
D, = 0.6. We vary parameter of excitability 1l/e
from 60 to 180. These parameters explain the
rigidly rotating scroll waves.

An explicit Euler method with a 27-point
of the three-dimensional Laplacian operator is used

to calculated the variables u and v in Eq. (1). This
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method operates on a discrete system of a
dimensionless size =5x5x5 s.u. with a uniform
grid space of AX =AYy =Az =0.0125 and a
time step At= 4.7x 10~ time unit (t.u.) as required
for numerical stability [At<(3/ 8)(AX)2 [17].
A completely unexcitable cylindrical obstacle with
diameter of 0.2 s.u. is put at the middle of the
system. Therefore, both the boundaries the obstacle
have no-flux conditions. The creation of pinned

scroll waves was described in method B in Ref. [18].

3. Results and Discussion

Fig. 1 demonstrates latter view of pinned
scroll waves with different wavelengths observed in
our simulations. A pinned scroll wave with low
excitability (1/ & = 60) in fig. 1(a) has a wavelength
A=0.812 s.u.. For higher excitability (1/ & = 180)
as shown in fig. 1(b), a pinned scroll wave has a
wavelength 4= 0.762 s.u.. As the results show that

wavelength of pinned scroll waves in low

excitability is greater than that of high excitability.

Figure 1 Scroll waves pinned to cylindrical
obstacles in the Oregonator model with different

excitability. (a) and (b) are latter side of pinned

scrolls (1/ € are 60 and 180, respectively).

()

(d)

Figure 2 Latter sides of pinned scroll waves with
(a) 1/& = 60 and (b) 1/ & =180, respectively. In
addition, the structures of scroll waves are shown in

(c) 1/& =60 and (d) 1/ & =180, respectively.

Latter views of pinned scroll waves with
different excitability are considered as shown in fig.
2(a) and 2(b). Wave fronts of both excitabilities are
straight and uniform. Although the obstacle is the
same size, the wavelength of fig. 2(a) is larger than
fig. 2(b). Because the excitability of the medium of
fig. 2(a) is lower than fig. 2(b). To understanding
the structure, the 3D pinned scroll waves are

reconstructed to observe their structures
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[see fig. 2(c) and. 2(d)]. The cylindrical obstacles
(red color) are located at the middle. Scroll waves
rotate and generate wave fronts (blue color) around
the obstacles. The wavelength of fig. 2(c) is greater

than fig. 2(d).
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40 80 120 160
/e

Figure 3 Properties of pinned scroll waves as a
function of excitability in the Oregonator model. (a)

wave period (b) wavelength and (c) wave velocity.

The properties of pinned scroll wave in
our simulations are presented in fig. 3. The scroll
waves propagate around the obstacles with
wavelength A [fig. 3(a)] and wave period [fig. 3(b)]
declining with increasing the excitability 1/& . The

decline rate of wave period and wavelength with

respect to the excitability are evaluated by linear fits
as T = -220x10" tu. and A= -4.91x10" s,
respectively. To investigate the effect of the
obstacle on velocity of the scroll waves, we measure
the average velocity of the wave end to another
wave end far from the obstacle. The results show
that the velocity increases with the 1/ gand the

growth rate is 0.278 s.u. t.u.”.

4. Conclusions

An investigation the properties of scroll
waves pinned to cylindrical obstacles is presented
in our simulations based on the Oregonator model.
The obstacle size is given but the excitability of the
medium is varied from 60 - 180. The results in figs.
1, 2 and 3 show the common features of the
influence of these excitabilities on the pinned scroll
waves: both wave period and wavelength decrease,
when the excitability of the medium increases. In
the other hand, the wave velocity increases with

excitability.
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