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Abstract:

Spiral waves, i.e., reentrant self-organizing structures of excitation, evolve in thin layers of
various excitable media and are governed by reaction-diffusion mechanisms. Due to the convenient
experimentation, a chemical medium namely the Belousov-Zhabotinsky (BZ) reaction is one of the
most popular prototypes to study the dynamics of spiral waves experimentally. Scroll waves, i.e.,
three-dimensional (3D) versions of spiral waves, occur in thick media and also have an important
impact on human health conditions. Scroll waves of electrical excitation in the heart are involved in
causing certain types of cardiac arrhythmia, such as ventricular tachycardia. The waves are often
pinned to local unexcitable obstacles, such as scars and blood vessels and tachycardia can last
longer. Furthermore, deformations of wave structures can cause electrical turbulences so-called
fibrillations which potentially lead to sudden cardiac death.

We observed synchronizations and self-organizations of the 3D wave structures. At the
beginning, the scroll waves had a simple straight form but the wave period of the pinned part was
longer than the freely moving part. In the course of time, the two parts had synchronized, i.e., the
entire 3D wave structure had one single wave period. The shape of the freely moving part
remained simply straight while the pinned part of scroll waves was sel-organized into helical
shapes. When a temperature gradient was applied to the medium to decrease the wave period of
the freely moving part, the whole structure was twisted so both freely moving and pinned parts
took a helical form. We are preparing a manuscript of the results for publication.

For fully pinning cases, we study unpinning of waves by electrical forcing. The pinned
waves were released from different shaped obstacles when the applied electrical current density
was higher than a threshold. We found that the forcing threshold increases with the obstacle
circumference, regardless the cross section area. The findings were published in Chemical Physics
Letters.

Keywords: spiral waves, scroll waves, pinning, self-organization, Belousov-Zhahotinsky reaction,
Oregonator model, reaction-diffusion mechanism
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