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Belousov-Zhabotinsky反応 (BZ反応)
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BZ 反応の数理モデル
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Keener-Tyson model



反応拡散モデル (2次元)

BZ reaction: spiral pattern
Simulation

of  FHN
Experiment

Barkley ’95, Keener ’94, Mikhailov ’94, Fife ’88,
Sandstede, Scheel ’01, 
Sandstede, Scheel, wulff ’97, 99
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Kitahata



BZスパイラル

Core part (tip part)



BZスパイラルの外部領域

1次元問題2次元問題
1次元進行波解

ｃ

ｃ



BZスパイラルの外部領域 II

曲線に沿って1次元進行波解が並んでいる

1次元進行波解

ｃ

V: 外側法線方向への進行速度
κ: 曲線の曲率
(外側に, より曲がっているほど正で大きいとする)

C ( κ = 0)

外

内

外

内

Eikonal curvature equation
planar stable

unstable



定数 M について

外

内
1次元問題

2次元問題

1次元進行波解

ｃ
動座標系 z = x - ct

S(z) は定常解

線形化作用素

GL のフロント: M = 1, Gray-Scottの定常パルス: M < 0,
FitzHugh-Nagumo の進行パルス: M > 0 など

共役作用素



線形作用素と共役作用素の例 I

Ginzburg-Landau (Allen-Cahn)方程式
x
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DeMottoni, Schatzman 95, X.F.Chen 92, 
Barles, Soner, Souganidis 93 …
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Existence, Hastings ‘76
Stability, Jones ‘84

Yanagida ‘85

Traveling solution

線形作用素と共役作用素の例 II
FitzHugh-Nagumo 方程式 (FHN)



FHNの共役作用素

(FHN)

u v



Adjoint eigenfunction
u v

By Yanagida ‘89

Ei ’95, Ei, H. Ikeda, K. Ikeda, Yanagida ‘08



Spiral Pattern
Motion of tip part

Heuristic conditions
were added.

Eikonal curvature equation

Boundary conditions on tip 
is necessary



Core part







Purpose

Derivation of explicit dynamics of 
spiral wave from RD,
including the tip parts 





Bistable Nonlinearity



Front and Back traveling solutions
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1D problem

Assumption:
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Numerical simulations
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Center Manifold near 
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Linearized operator at



2D problem

Dynamics of interfaces

front back



Tubular Nbd of Interface

: Curvature



Derivation of Interface equations I

Substitute



Derivation of Interface equations II



Derivation of Interface equations III

Standard perturbation method

Thus,



Derivation of Interface equations IV

Or



Dynamics of Interfaces



Inner Layer



Dynamics of interfaces II
(Symmetric case)

Steadily rotating
with fixed center
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Dynamics of interfaces III
(unsymmetrical case)imperfection
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Dynamics of interfaces IV

Planar front:
Remark:

Bistable systems,
(E, Ikeda, kawana)

3 species competition diffusion systems
(C.C.Chen, L.C.Hung, M.Mimura)



Summary



Problems

Transition layer of V appears
Consider stretched equation

No reduced equation
Scaling has problems?

RG method is effective



How to simulate this interface equation ?

interfacial equation 
describing spiral waves







Symmetry case
Simulation of Interfacial equation 

0  level  line of u



0 level  line of  u
0 level  line of   r

rotate with respect  to one point



• We consider interfacial equation describing 
spiral waves

• We simulate interfacial equation by using 
level  surface method 

• Spiral motions are reappeared by 
numerical simulations of reduced interfacial 
equations 



Thank you for your attention


