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Elucidation of spatiotemporal synchronization phenomena by construction of phase
reduction theory for traveling and oscillating solutions

KAWAMURA, Yoji

3,000,000

We formulated a theory for the phase reduction of traveling and oscillating
solutions to partial differential equations. As a typical example, we considered traveling and
oscillating thermal convection in a two-dimensional incompressible Navier-Stokes flow system. First,

we derived phase sensitivity functions that quantify the spatiotemporal phase responses of the
thermal convection under weak perturbations applied at each spatial point and at each time. Here, we
demonstrated that the phase sensitivity functions of fluid velocity fields are divergence-free for
incompressible Navier-Stokes flow systems. Further, we analyzed the spatiotemporal phase
synchronization between a pair of thermally coupled systems exhibiting the thermal convection.
Finally, the phase reduction theory enabled us to Erove the global stability of the spatial and
temporal in-phase synchronized state under the weak thermal coupling.
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Phase reduction of limit-torus

X(z,y,t) = Xo(z — ®(t),y,0(t))

X(x,y,t) = @(t),0(t)
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