SHERWOOD THEORY MEETING 1988

The Magnetic Field Lines on a Perfect Conductor or Circle Maps
Generated by the Neumann Problem in a Torus

P.J. Morrison and J.D. Meiss
Institute for Fusion Studies
The University of Texas at Austin
Austin, Texas 78712

The generic behavior that occurs in maps of the circle to itself
serves as a unifying model for nonlinear physical systems with two
competing periods. It has successfully modelled quasiperiodic,
mode-locking, and chaotic phenoma in a variety of physical situations
ranging from Josephson junctions to geophysics. A circle map is
naturally generated by solving Laplaces equation in a topologically
toroidal region with Neumann boundary conditions. The Neumann problem
yields the magnetic field in a toroidal current free region, from which
the field lines at the boundary are determined. These field lines define
a map of the closed curve, defined by a poloidal cut of the boundary, to
itself. For systems with symmetry separable solutions are easily
obtained; these solutions are not particularly interesting. In the case
without symmetry de Rham's theorem guarantees solutions with
arbitrary periods; i.e. net toroidal and poloidal currents. We will
discuss the kinds of solutions that can occur and their physical
relevance.
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Single Mode Analysis
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