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Propagation Mechanism of Very Unusual Low-latitude Whistlers with Additional
Traces of the Earth-lonosphere Waveguide Propagation Effect
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The purpose of the present paper is to discuss the
propagation mechanism of very unusual whistlers
with additional traces strongly influenced by the
Earth-ionosphere waveguide propagation, which are
observed simultaneously at Sakushima (geomag. lat.
24°N) and Kagoshima (20°N), on the basis of the simul-
taneous location of their causative atmospherics and
their ionospheric exit regions in the Northern Hemi-
sphere. This is the first simultaneous location of exit
regions of whistlers and their causative atmospherics.
The study is great potential in whistler studies. It is
found that the causative atmospherics of very unusual
whistlers are located exactly at the duct entrance and
are trapped in a magnetospheric duct in the local sun-
rise meridian. Hence the additional traces of the Earth-
ionosphere waveguide propagation are concluded to be
due to the subionospheric propagation after leaving
the ionosphere. The longitudinal gradient of the iono-
sphere at the duct exit enables the whistler wave
energy to be concentrated in a restricted sector in
azimuth (in this case, East to West) and to be received
at our stations. Wave emergence from the ionosphere
over a wide exit angle, together with the extremely
small divergence loss, result in an efficient wave inter-
ference. This leads to the formation of conspicuous
traces of the first and second order mode cut-offs of
very unusual whistlers. On the other hand, atmospher-
ics not accompanying any whistler are estimated to be
located far from the duct entrance.
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Fig.1 A schematic illustration of
ducted whistler-mode propagation and
tweek propagation in the Earth-
ionosphere waveguide.
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Fig. 2 Dynamic spectra of an unusual whistler
observed at Sakushima (a) and at Kagoshima (b).
The causative atmospheric is indicated by an
arrow. Labels 1 and 2 indicate the cut-offs of the
first and second order modes, respectively.
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Fig. 3 Relationship between the frequency of
whistler-mode wave and the delay time. This
is called nose whistler with the nose frequency
of fu/4.
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Fig.7 A schematic illustration of the

mechanism of westward wave emergency from
the duct, assuming a longitudinal gradient of
the ionosphere. (a) The northerly direction.
(b) Projections on the ground of the circular
trapping and transmission cones at equal slant
heights. The trapping cone is centered on a
geomagnetic field line and the transmission
cone is displaced eastward by EW tilt of the
ionosphere.
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