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Abstract

The electrodynamic coupling between the auroral ionosphere and the
magnetosphere is the main subject of this thesis. Satellite measurements
of electric and magnetic fields and of charged particles are used to explore
three distinct plasma boundaries, magnetically linked to the nightside auroral
ionosphere. These boundaries are the inner edge of the plasma sheet (PS), and
the inner and the outer edges of the plasma sheet boundary layer (PSBL).

Strong ionospheric electric fields with amplitudes up to 400 mV/m may
be observed in the subauroral ionosphere, in the vicinity of the ionospheric
projection of the PS inner edge. Intense and dynamic auroral electric fields with
local magnitudes up to 150 mV/m associated with upward ion beams and field-
aligned currents are observed for the events treated here, at the inner and outer
boundaries of the PSBL at an altitude of about 4-5 Earth radii, well above the
acceleration region. Subauroral and auroral electric fields are the two main
subjects of this thesis.

Subauroral ion drifts (SAID) are associated with poleward electric fields,
occurring predominantly in the premidnight region during the substorm
recovery phase. The recently revealed abnormal subauroral ion drifts (ASAID)
are associated with equatorward electric fields, occurring during extended
periods of low auroral activity. The results indicate that the generation
mechanism of SAID can neither be regarded as a pure voltage generator nor
a pure current generator, but having certain characteristics of both generator
types. Ionospheric feedback appears to play a major role for the development
and maintenance of the SAID electric fields. The formation of ASAID is
proposed to result from the proximity and interaction between different plasma
boundaries of the innermost magnetosphere during extended periods of low
auroral activity.

The auroral electric fields observed in the upward current region at the
PSBL inner and outer edges are associated with upward parallel electric fields,
which partially decouple the high-altitude electric fields from the ionosphere.
This is in contrast to the subauroral electric fields which are coupled. Multi-
point measurements provided by the Cluster mission show that the observed
electric fields are highly variable in space and time, revealing various types of
acceleration processes. However, they appear to be tied to the boundary where
they are originally formed. A case is  presented where they are associated with
large electromagnetic energy fluxes directed upward away from the ionosphere.
The interaction between the magnetosphere and ionosphere, being more
pronounced at plasma boundary regions, is important for the understanding
of the formation and regulation of the highly structured auroral electric fields
observed in the upward current region.
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