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In the peripheral region where plasma contacts vacuum, a physically correct
solution cannot be obtained by MHD, since the MHD approximation breaks down as the density
decreases. In this study, we investigated a method using an extended MHD model that includes
two-fluid effects in addition to the conventionally used pseudo-vacuum model. Specifically, we
analyzed Z-pinch equilibrium and numerically calculated the equilibrium solution for a plasma
surrounded by a vacuum region. When the plasma changes adiabatically, the interface becomes a
singular surface, and we proposed a method to regularize this singularity in numerical calculation.
Furthermore, in the extended MHD model, it was found that an equilibrium state cannot be obtained

unless a small amount of viscosity exists in the vacuum region. Then, the extended MHD can handle
free boundary problems.
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