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Abstract

A technique by which magnetic islands in the vacuum field of heliacs may be controlled is
presented. The method is based upon the construction of quadratic flux minimizing surfaces, which are
defined as surfaces that minimize a suitable quadratic flux functional. The technique for manipulating
the magnetic islands is based upon a quickly computed measure of the island width and phase. A major
island chain in the standard configuration of the heliac in operation at the Australian National Univer-
sity, H-1NF, has been eliminated using the method. It was shown that variation of the vertical coils only

enables subtle control of the island content.
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1. Introduction - Magnetic Islands

For non-axisymmetric devices such as stellarators,
magnetic islands will naturally occur even in the vac-
uum configuration. It is clear that magnetic islands with
large width will deteriorate plasma confinement. Also
important for plasma confinement is the phase of mag-
netic island chains. The phase of the island chain was
important with respect to the possibility of self-healing
of magnetic islands [1]. Also, for the reversed shear to-
kamak configurations, the relative phase of the double
island chains associated with rational surfaces may be
important with respect to the reconnection of magnetic
field lines and the flattening of the rotational transform
profile [2].

Generally, one may calculate the width of mag-
netic islands from the magnitude of the resonant per-
turbation and the magnitude of the shear at the rational
surface. This calculation exploits the Hamiltonian char-
acter of toroidal magnetic fields. This procedure
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requires the given magnetic field to be known as a small
perturbing field superimposed on an integrable field.
To determine the phase of the island chain, it is re-
quired to know the sign of the perturbation and the sign
of the shear.

With these ideas implicit in the following discus-
sion, this paper will present a technique by which the
magnitude and phase of magnetic islands in stellarator
vacuum fields may be controlled. Results from the he-
liac H1-NF in operation at the Australian National
University indicate that subtle control of the islands is
possible using by small variations of the vertical field
current coils. This technique is an alternative to the
method of Cary and Hanson 3] for eliminating island
chains from vacuum configurations.

The basis of the method is the definition of quad-
ratic flux minimizing surfaces. These are surfaces which
generalize the concept of flux surfaces. During the
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