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lonospheric conditions necessary for the validity of magnetospheric energy principle for
pressure driven instabilities
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In a situation when the magnetospheric plasma is in a static equilibrium and an unstable region is surrounded by magnetic flu
surfaces which are far enough from the unstable region, and also surrounded by ionospheric surfaces on which an unperturb
magnetic field is incident vertically, a magnetospheric energy principle can be formulated, if a force operator satisfies self-
adjointness. This is because the self-adjointness of the force operator guarantees the conservation of total energy and th
a negative change of potential energy means that a magnetospheric system is unstable. In order to obtain conditions of t
ionospheric plasma necessary for the validity of the magnetospheric energy principle, a rigorous local energy conservatio
equation of the ideal MHD is used. When an ionospheric plasma beta (plasma pressure divided by magnetic energy) is muc
smaller than one, there is no energy flux across the ionospheric surface in the first order and the conservation of magnetosphe
energy holds. Under the same condition, a volume integral of the local energy conservation equation becomes equivalent t
the energy principle in the second order. This is because under the same condition, the assumption of vertical incidence of tt
unperturbed magnetic field on the ionospheric surface is consistent with the static force balance and four ionospheric bounda
conditions derived from the self-adjointness mean vanishing of a second order Poynting flux carrying a magnetic energy acros
the ionospheric surface. Therefore, the magnetospheric energy principle is valid when the ionospheric plasma beta is muc
smaller than one. For a horizontally free ionospheric boundary condition, interchange instability occurs and a flux tube from
the ionosphere to the magnetosphere moves as a whole. For this case, the second order Poynting flux directs upward from t
ionosphere to the magnetosphere as a consequence of a temporal change of a boundary term, which is equal to an ionosph
surface integral of the square of an ionospheric plasma displacement vector. If one assumes that the plasma beta is one at
Earth radii from the Earth in the midnight meridian and the magnetic field strength decreases inversely proportional to the cubic
of the distance from the Earth like in a dipole field, the ionospheric plasma beta becomes equal to 10 to minus 6. Therefore, th
magnetospheric energy principle holds very well for the magnetospheric plasma.
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