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Studies of the conjugacy of auroral and ionospheric phe-
nomena at very high latitudes are an important aspect of mag-
netospheric physics research. The extent to which auroral
phenomena in opposite hemispheres are similar in occurrence
and in the details of their temporal, spatial, and spectral charac-
teristics can be used to infer the commonality of the source(s) of
the disturbances. At one extreme in this consideration is the
question of whether sources lie on open or closed magnetic field
lines.

At geomagnetic latitudes above 700, magnetic field lines may
be open or closed, the spatial extent in latitude of the two
regions being dependent on the level of geomagnetic distur-
bance, and thus on the state of the interplanetary medium.
Because the offsets from the planetary spin axis of the geomag-
netic poles are different in the two hemispheres, there are few
ground locations at very high latitudes where conjugate mea-
surements can be made. One such pair of stations is
Amundsen-Scott South Pole Station in Antarctica and Frobisher
Bay (renamed Iqaluit) in Canada.

The University of Maryland and AT&T Bell Laboratories have
operated riometers and fluxgate magnetometers, respectively,
at South Pole since 1982. Corresponding measurements at Fro-
bisher Bay were begun in mid-1985. Riometers record the ab-
sorption of cosmic radio noise in the ionosphere produced by
the enhanced precipitation of energetic charged particles. The
studies of the riometer data relate mainly to the effects of the
influx of magnetospheric electrons, which give rise to auroral
absorption of the cosmic signals. Intense currents (electrojets)
that often flow in the ionosphere in association with aurora!
absorption events produce magnetic field changes that can be
recorded on the ground by appropriately sited magnetometers.

This report presents some initial results of the comparison of
the two data sets. A previous study some two decades ago of the

conjugate properties of auroral absorption events at these two
sites was reported by Hargreaves and Chivers (1965). These
authors noted that auroral absorption events had many points
of similarity but also significant differences. The advantages of
the present-day measurements are that the riometer operating
frequencies are the same (30 megahertz) in both hemispheres,
the data are obtained on digital magnetic tape at high time
resolution (1 second), and the fluxgate magnetometer records at
both sites aid in interpreting the observed phenomena.

Of particular interest in this article is the activity that occurs
during local geomagnetic night. Events in this magnetic local
time sector typically have sharp onsets and durations of order
30 minutes or less. A previous analysis of South Pole data
(Hones, Rosenberg, and Singer 1986) has shown that such
occurrences can be interpreted as surges of auroral activity from
the auroral zone into the polar cap following the expansive
phase of magnetic substorms.

Often such disturbances are evident in both hemispheres
with near simultaneous onset and similar temporal details, as
shown in figure 1 for data between 00 and 06 universal time on
28 July 1985. Local magnetic midnight at South Pole (Frobisher
Bay) is about 0330 (0400) universal time. Sometimes the onset
and time of maximum absorption of generally similar events
occur several minutes later in one hemisphere. Almost invaria-
bly in the latter cases, the events occur at pre-midnight local
times and are recorded first at South Pole, suggesting that
Frobisher Bay is located magnetically poleward of the South
Pole conjugate point at such times.

Events that are observed in one hemisphere only are also
found to occur on the nightside, particularly in the dusk-to-
midnight sector. Figure 2 (top panel), for example, shows ab-
sorption observed at South Pole between 22 and 24 hours uni-
versal time on 26 August 1985 in the absence of any correspond-
ing activity at Frobisher Bay. Examination of the fluxgate magne-
tometer recordings (lower three panels) reveals that there is a
similar striking asymmetry in the ionospheric horizontal dcc-
trojet current flow at the two sites. These data are indicative of
an absence of magnetic conjugacy.

In the absence of any other data, the hemispheric asymmetry
in the absorption occurrence could be attributed to the pre-
cipitation region in the north being located just outside the field
of view of the Frobisher Bay riometer, since the auroral struc-
tures are likely to be discrete arcs of narrow spatial extent and
the zenith-directed riometer fields of view correspond to an
area of approximately 115 kilometers diameter at a height of 100
kilometers. However, if similarly intense electron precipitations
were occurring in both hemispheres, but just outside the field of
view of the riometer in one hemisphere, then the fluxgate
magnetometer data at both sites should show comparable evi-
dence of the intense electrojets that would undoubtedly be
flowing. No such evidence is apparent in the magnetic varia-
tions recorded at the South Pole and Frobisher Bay for this event
(see figure 2).

The ionospheric absorption event at South Pole was accom-
panied by a large magnetic perturbation, approximately 800
nanoteslas negative bay in the H (horizontal)-component,
caused by a westward electrojet that was centered approx-
imately above the South Pole shortly after 23 hours universal
time. However, there is no evidence of a corresponding electro-
jet within 5 degrees of Frobisher Bay, the approximate range of
the magnetometer measurement given the observed responses
and assuming comparably intense thin horizontal line currents
flowing at a height of about 100 kilometers. Similar magne-
tometer responses were obtained for all other cases when ab-
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Figure 1. Cosmic noise absorption and magnetic variations recorded in opposite hemispheres at sites located nominally on the same
geomagnetic field line. Local magnetic midnight is at 0330 universal time. The events, observed simultaneously and with similar features at
both sites, are illustrative of close conjugacy. ("dB" denotes "decibel." "Abs" denotes "absorption:' "MHz" denotes "megahertz:' "nT" denotes
"nanoteslas," "UT" denotes "universal time:')

sorption was recorded in one hemisphere only. Thus, these
cases are evidence of nonconjugate electron precipitation (per-
haps occurring on open field lines) and/or of severe distortion of
the magnetic field line topology.

Further studies of the conjugacy of electron precipitation and
ionospheric currents are in progress, including investigations
of phenomena characteristic of the local daytime sector. Absorp-
tion events occurring on the dayside typically last for several
hours and occur at both the South Pole and Frobisher Bay with
generally similar characteristics. The absorption is often larger
in one hemisphere, but this amplitude asymmetry can switch
within a given event. The most distinguishing feature of the
dayside observations is the appearance of long-period (5-15-
minute) variations.
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Figure 2. Cosmic noise absorption and magnetic variations recorded in opposite hemispheres at sites located nominally on the same
geomagnetic field line. The event, observed only at South Pole, occurs at 1930 magnetic local time and is illustrative of non-conjugacy. ("dB"
denotes "decibel:' "Abs" denotes "absorption." "MHz" denotes "megahertz:' 'nT" denotes "nanoteslas." "UT" denotes "universal time:')
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