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Dynamical properties of rigidly rotating spiral waves under feedback control
are studied experimentally in the light-sensitive Belousov-Zhabotinsky reaction. After
characterizing the influence of illumination on various spiral parameters, the behavior
of the spiral waves under both local and global feedback control is investigated. In local
feedback, short light pulses are applied at the same time as, or at a fixed time interval
after, the passage of a wave front through a preselected measuring point. It is shown
that this type of feedback results in a drift of the spiral wave core along a discrete set
of stable circular orbits (the resonance attractors) centered at the measuring point, in
good quantitative agreement with recently developed theory. Variations of parameters
in the feedback loop initiate transitions between orbits of different size. Thus, a spiral
wave drift can be induced along a snail-shaped trajectory with permanently growing
distance from the measuring point.

When the time delay in the feedback loop exceeds the rotation period of the
spiral, the stability of the resonance attractor gets lost and pronounced deviations of
the core trajectories from circular orbits are observed. In a theory that reduces the
spiral wave dynamics to a higher order iterative map, these deviations are explained to
be a result of instabilities appearing due to the Neimark bifurcation of the map.

Finally, global aspects are incorporated into the feedback signal by choosing
spatially extended control domains, where the intensity of the illumination is taken to
be proportional to the average wave activity observed within a circular domain of the
reaction layer. Stabilization and destabilization of spiral waves, as well as the existence
of new types of attractors are demonstrated. A simple mathematical description is
proposed in order to explain the existence of these globally induced attractors and the

dependence of their size on the time delay in the feedback loop.
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