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In this study, we evaluate the polarization, the induction effects and the time evolution of the electrical conductance in the
high latitude ionosphere. There is a strong non-uniformity of electrical conductivity there, especially on the boundary of the
auroral region. Because of this inhomogeneity, the polarization is very important. The polarization is a physical theory that
explains the recently reviewed the Cowling effect [Yoshikawa et al. 2013a, b], which was originally reported in Glasmeier,
[1983, 1984]. It was shown that the Pedersen and Hall current in the ionosphere occurs to satisfy the continuity between them,
with the Pedersen current causing the acceleration of the background convection and the Hall current causing the distortion
of the background convection, and the importance of the divergence of the Hall current, which has been ignored in the pre-
vious study. On the other hand, the induction effect in the incident and the reflection of Alfven waves is the following effect
when a uniform electrical conductance is assumed. The Hall effect is induced by the diverging electric field carried by field
aligned currents, which induces a rotational Hall current. If it changes with time, the poloidal magnetic field also changes
with time, producing an induced (rotating) electric field. Due to this field, the divergent Hall current flows and closes with the
field aligned currents. This consideration, however, is made under uniformity of electrical conductivity [e.g., Yoshikawa and
Itonaga, 1996, 2000]. As shown above, the inductive effect can be explained by the renormalization of the multi-step Hall
effect to the M-I coupling, which is essential if the divergent and rotational current system including the Hall current is to
be fully described [ Yoshikawa, 2002]. In addition to the polarization due to the non-uniform conductance and the induction
effect on the time evolution, in this study, we also consider the time evolution of the electrical conductance. In early papers,
only the effect of the precipitating electrons associated with the field aligned current is considered [e.g., Sato, 1978], but in
our model, we also consider the effect of advection in the direction perpendicular to the magnetic field lines [ Yoshikawa et
al., 2011]. By incorporating these effects, a theory of magnetospheric-ionospheric coupling systems that takes into account
‘polarization’, ‘induction effect’ and ‘conductance evolution’ is developed, and we will develop a general discussion using
this theory.

As a first step, we have performed simulations assuming a situation in which FACs are incident from the magnetosphere
into a conductivity inhomogeneous region (auroral zone) in the high latitude ionosphere. In this presentation, we show the
initial results.
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