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Plasmas can be confined in a toroidal configuration using magnetic fields generated by

external coils and internal plasma currents. In a toroidal configuration, the magnetic field

line equations constitute a Hamiitonian system with one and one-half degrees of freedom.

This fact establishes a simple correspondence between a toroidal magnetic field and a

nonlinear Hamiitonian system. This correspondence equates magnetic field lines in real

space to orbits of the Hamiitonian system in phase space, and the magnetic field line arc

length to time. For the plasma to be well confined the magnetic field lines should form

nested flux surfaces, corresponding to constant energy surfaces for the Hamiitonian system.

For a magnetic system invariant under a uniparametric group of transformations, such as

rotations around the axis of the torus, nested flux surfaces exist. That is, the Hamiitonian

is integrable. However, in a more general case without a symmetry, the existence of flux

surfaces is not assured. In practice, the symmetry of a magnetic configuration may be

broken by the intrinsic character of the configuration (no symmetry in the coil system)

or by the dynamical behavior of the system manifested in the appearance of a symmetry-

breaking instability. The purpose of this paper is to investigate the latter situation.
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In & pinch configuration, a large toroidal plasma current produces one of the compo-

nents of the confining field. This current goes to zero at the plasma boundary, therefore, a

large current gradient exists in the plasma. This current gradient is the energy source for

symmetry breaking instabilities. Even if the faster growing instabilities are stabilized by a

reversal of the toroidal field near the edge, slower instabilities (called tearing modes1) are

present for a resistive plasma.4 Such instabilities, which grow exponentially in time in the

linear regime, nonlinearly saturate at a finite level.2 Their nonlinear evolution produces

magnetic topology changes called magnetic islands. They are the equivalent to resonances

in a Hamiltonian system. If many of such instabilities exist, they generate islands of differ-

ent helicity, different frequency from the Hamiltonian point of view. The overlap of these

islands (resonances) causes the stochastization of the magnetic field lines and a transition

to a chaotic state. Under these conditions, a state of stationary magnetic turbulence can

exist.

The dynamical evolution of the current driven instabilities can be studied within the

framework of the Magnetohydrodynamic model. In this model, a fluid approximation

is used for the plasma and its dynamical evolution is calculated by coupling the fluid

equations to Maxwell's equations. The dynamics is described by the time evolution of

seven partial differential equations in a three-dimensional geometry. The solution of such

a system of equations requires the use of large computers. The CRAY II has permitted

us to solve such systems of equations and to study the magnetic turbulence driven by

the plasma current gradient. This magnetic turbulence causes two main opposing effects.

The first is a deterioration of plasma confinement due to the breaking of the magnetic

surfaces. However, the magnetic turbulence also induces a change of poloidal field energy

into toroidal field energy, to cause the dynamo effect,3 which is experimentally observed

in the Reversed Field Pinch (RFP) configuration.4 The time evolution of this magnetic

configuration, as modelled in our calculation, is illustrated in the figure. The toroidal

configuration has been approximated by a perodic cylinder. The figure shows puncture



plots of the magnetic field lines at different times in a cross-section of the cylinder along

the z axis. In the initial equilibrium, the nested flux surfaces are concentric cylinders,

which appear as parallel straight lines in the figure. In the early times of the evolution,

chains of magnetic islands form and, later on, they overlap. After about 300 Alfven times,

the magnetic field lines have become stochastic in most of the central part of the cylinder.

The spectrum of modes has broadened and a steady state turbulence has been reached. At

this point, a generation of toroidal magnetic flux can be measured. The dynamical origin

of this flux generation confirms previous analytical calculations.
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