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Jupiter is a unique planet whose dominant energy source of the magnetosphere is the fast planetary rotation.
The energy from the quasi-corotating neutral atmosphere is transported to the ionosphere through ion-neutral
collisions, and toward the magnetosphere [e.g., Hill, 1979]. On the contrary, the dynamics in the thermosphere
and the ionosphere is largely affected by the magnetosphere through a coupling process [e.g., Bougher et al.,
2005; Millward et al., 2005]. However, the previous thermosphere-ionosphere models generally have assumed

a static magnetospheric component of the electric field and a fixed auroral electron flux, without any feedback
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effects from thermospheric dynamics. On the other hand, the magnetosphere-ionosphere coupling current mod-
els usually assumed a simplified form for the thermospheric dynamics. Therefore, the self-consistent
thermospheric dynamics and current distributions affected by the magnetosphere-ionosphere-thermosphere cou-
pling system have largely been unknown, despite their importance on the energy and momentum transfer proc-
esses. In addition, the theoretical and analytical approaches in previous coupling model studies have unsolved

neither the effects of local time nor longitudinal variation of the system parameters.

Conquering these restrictions, we tried clarifying 1) the spatial distributions of and the relationship between
the thermospheric dynamics and the coupling current, and understanding 2) the coupling current system char-
acterized by the diurnal variation of ionospheric conductance and the non-axisymmetric variation of system pa-

rameters. This thesis engages in the following four topics.

Firstly, a new parameterization formula for ionization profile caused by auroral electron is prepared. The
temporal and spatial variation of the ionospheric conductance is one of the most important key parameters for
the coupling system. The main contribution on the conductance at high latitude is caused by auroral electron
precipitation. Calculation of the ionization due to auroral electrons in each time step, however, requires a great
deal of time to decrease computational efficiency in the thermosphere dynamic model. We calculate the pene-
tration process of monochromatic electrons into Jupiter's H, atmosphere using a Monte Carlo method. Based
on the results, we have established a simple and useful formula for the ionization rate by auroral electrons
that will be applicable to the general circulation model with H, dominant atmosphere. The relaxation time in
this electrons' degradation process, 10'-10° msec, is much smaller than the characteristic time of typical
dynamical and chemical processes in the system. It assures the applicability of our parameterization method

to the dynamics and chemistry in the Jovian current coupling system executed in this thesis.

Secondly, in order to investigate the spatial distributions of thermospheric dynamics and coupling current,
and their relationship between them by their interactions, we have developed a new numerical model. The
model calculates axisymmetric thermospheric dynamics considering main physical and chemical processes. The
model simultaneously solves the torque equations of the magnetospheric plasma with radial current flowing in
the magnetospheric equator. It enables us to update the electric field deposited on the ionosphere and field-
aligned current (FAC) with the effects from/to the thermospheric dynamics. We have succeeded in obtaining
the latitudinal distributions of the thermosphere dynamics, the ionospheric conductance, and magnetospheric
plasma convection interacting each other. The energy extracted from the planetary rotation is mainly used for
the magnetospheric plasma acceleration below 74° latitude, while it is consumed in the upper atmosphere,
mainly by Joule heating, above 74° latitude. In the main oval region, the neutral wind dynamics contributes
to the reduction of the electric field by 30% compared the rigid neutral corotation case. About 90% of this
reduction is attributable to the neutral winds below 500 km altitude. The calculated radial current in the
magnetospheric equator shows a steep increase in the region 15-25 R,, which is consistent with past

magnetospheric observations, without excessive plasma mass flux as used in previous studies.

Thirdly, we focused on the effects of diurnal variation of the solar extreme ultraviolet (EUV) radiation on
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FAC spatial and temporal distributions. Calculated FAC takes the maximum density on the dayside and the
minimum just before the sunrise, due to the positive feedback of ionospheric conductance on FAC. The pre-
sent simulations also show that the time variation of the maximum FAC depends on the magnetospheric
plasma density and plasma mass flux. Both the theoretical analysis and numerical simulations show that FAC

is proportional to the planetary angular velocity in the dayside and its square in the nightside.

Finally, we investigated variation of FAC affected by following three non-axisymmetric variations: the in-
trinsic magnetic field, background ionospheric conductance caused by the solar EUV ionization, and the
magnetospheric magnetic field. The maximum FAC density varies by 7 % during one planetary rotation pe-
riod. The maximum value appears at the subsolar longitude of system III at 210° in the northern hemisphere
and at 0° in the south. The high-order components of the intrinsic magnetic field expand the auroral latitude
toward lower geographical latitude in the strong magnetic field regions. This geographically low-latitude region
with the smaller solar zenith angle receives larger solar EUV flux to increase the ionospheric conductance and

FAC, which causes the variation of the maximum FAC depending on the subsolar longitude.
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