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Mathematical modeling and applications of current-vortex sheets in
magnetohydrodynamics
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A theoretical model is proposed to describe fully nonlinear dynamics

of interfaces in two-dimensional MHD flows based on an idea of non-uniform current-vortex sheet.
Application of vortex sheet model to MHD flows has a crucial difficulty because of non-conservative
nature of magnetic tension. When a magnetic field is initially parallel to an interface, the concept
of vortex sheet can be extended to MHD flows (current-vortex sheet). Two-dimensional MHD flows are
then described only by a one-dimensional Lagrange parameter on the sheet. It is also shown that bulk
magnetic field and velocity can be calculated from their values on the sheet. Numerical solutions
of the model reproduce properly the results of the ideal MHD simulations, such as the roll-up of
spike, exponential growth of magnetic field, and its saturation and oscillation. It is shown by the
model that the magnetic field amplification occurs locally associated with the nonlinear dynamics of
the current-vortex sheet.
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