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Fig. 18. (a) Variation of resonant frequency with latitude. (b) Mass density profile
(after Ref. 40).
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field line resonance frequencies with L value determined from the IMAGE
magnetometer array in Scandinavia. The lower panel shows the mass loaded
plasma density with a distinct plasmapause located at L ~ 4.5. This
ground based monitoring technique may also be used to study plasmasphere
dynamics. In particular Grew et al*' has shown that the evolution of
plasmapause notches and attached radial drainage plumes, identified in
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Fig. 19. Mass density profile showing evidence for a plasma drainage plume around
L = 4.3. The ground magnetometer chain longitude is shown by the radial dashed line
in the polar plot on the top right (after Ref. 41).

IMAGE-EUV satellite data by Sandel*? and others may be tracked in
longitude. With respect to notches, a sub-corotation rate of 81% was
identified, in agreement with IMAGE-EUV satellite observations. Figure 19
shows the observation of a plasma drainage plume in the radial density
profile over L = 4.0-4.7, determined from IMAGE magnetometer data.
The passage of the drainage plume, seen at ~150° magnetic longitude in
the polar plot in the right top corner of Fig. 19, through the plasma trough
relates to the plume density enhancement seen in the magnetometer data.
It is however important to note that ULF waves must necessarily be present
in order to make these measurements and they are typically seen only on
the dayside between dawn and dusk, as seen in Fig. 17. Remote sensing the
dynamics of the plasmasphere—-magnetosphere closed field line environment
simultaneously at many longitudes has the potential to provide continuous
observations, currently unavailable with satellites. This is one of the aims of
the Ultra Large Terrestrial International Magnetometer Array (ULTIMA)
(http://www.serc.kyushu-u.ac.jp/index_e.html) international collaborative
effort that will be realised over the next few years.
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12. Summary

Ultra-low frequency (ULF) waves in the 1-100mHz band are ubiquitous
in the plasmasphere and magnetosphere. They are a manifestation of
hydromagnetic wave activity generated by physical processes resulting
from the interaction of the solar wind with the Earth’s magnetosphere.
The almost pure sinusoidal signature of ULF waves when seen on the
ground by magnetometers and in space by satellites suggests a resonance
phenomenon. This is not unexpected since the size of the magnetospheric
cavity is of the same order as the wavelength of the ULF waves. The
magnetopause, plasmapause, and ionosphere provide convenient boundaries
for wave reflection and transmission. Cavities bounded by these surfaces
produce toroidal, poloidal, and fast mode resonances from propagating
modes. The Alfven toroidal wave mode is field aligned, resulting in field line
resonance while the fast mode propagates isotropically and may establish
cavity or waveguide resonances in the magnetosphere. These wave modes
couple in the magnetosphere. The presence of a conducting ionosphere has
a profound affect on the transmission and polarization properties of the
waves seen on the ground.

The propagation and resonance characteristics of ULF waves can
be used as diagnostic tools to determine important information on the
topology of the dynamic plasmasphere and magnetosphere at all latitudes,
from both spatial and temporal perspectives, and complement and extend
satellite results. In the future it is envisaged that latitudinal chains
of magnetometers spaced in longitude will simultaneously monitor the
plasmasphere /magnetosphere system, in particular the cold mass loaded
plasma.
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