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Equipartition of energy between the magnetosphere and the ionosphere by
ionosphere-driven interchange instability
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The energetics of ionosphere-driven interchange instability is investigated on the basis of magnetospheric energy principle
The ionosphere-driven interchange instability is driven by field line displacement on the spherical inospheric surface. Since the
field line displacement on the ionospheric surface creates field line bending at the ionosphere, a surface current is induced al
it is responsible for the instability. However, since this surface current creates a surface force, which becomes very large, son
large counter force is necessary to keep force balance in the ionosphere. If a surface mass density is assumed in the ionosphe
the inertia force due to the surface mass density can balance the surface force. Such an assumption of the surface mass densi
consistent with the real mass distribution along field lines, since the plasma density is very large in the ionosphere. When suc
a surface mass density exists in the ionosphere, the perturbed ionospheric surface current is responsible for the acceleration
ionospheric plasma across the field lines. Therefore, a part of the energy created by the instability goes to the kinetic energy of tt
ionospheric plasma and a part of it goes to the magnetosphere. Owing to this surface mass density, the potential energy, which
defined by the ideal MHD force operator, has an extra term, which depends on the ionospheric surface mass density. The existen
of this term in the potential energy validates the self-adjointness of the force operator and thus the energy conservation is validate
in the magnetosphere-ionosphere system. A detailed calculation shows that exactly one half of the ionospheric contribution t
the potential energy goes to the ionosphere and the other half goes to the magnetosphere. Therefore, for ionosphere-driv
interchange instability, a rigorous equipartition of energy holds between the magnetospheric plasma and the ionospheric plasm
Since the magnetospheric energy principle is valid for any magnetospheric plasma configuration satisfying the pressure balan
condition, this equipartition of energy is valid for any magnetospheric configuration as long as the ionospheric plasma density
can be represented by a surface mass density.
