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Twvpical astrophysical and fusion plasmas are highly nonequilibrium systems,
but on intermediate time scales they self-organize to a quasi-steady “equilib-
rium” state where magnetic and pressure forces balance. To model such quasi-
equilibrium states Woltjer [1] and Taylor [2] proposed a variational principle
based on minimization of total plasma energy under the single global constraint
of constant magnetic helicity (replacing the infinite number of frozen-in flux
constraints in ideal-MHD and allowing magnetic reconnection). The Euler—
Lagrange (Beltrami) equation V x B = AB, where A is a constant, is physically
correct in regions where the magnetic field is chaotic. The Hamiltonian field
line chaos problem makes the existence of MHD equilibria in non-axisymimetric
magnetically confined toroidal plasmas problematic [3], but a new variational
principle [4] based on Woltjer-Taylor relaxed regions separated by invariant
“KAM” tori promises to at last provide a practical and mathematically well-
posed formulation of this long-standing problem.
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