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Studies of the time variations of the Earth's geomagnetic field
have been conducted at the South Pole Station since 1982 to
investigate, in particular, hydromagnetic wave phenomena as-
sociated with the magnetospheric cusp (Lanzerotti, Medford,
and Rosenberg 1982). The magnetospheric cusps are the two
polar regions on the dayside of Earth forming boundaries be-
tween closed magnetospheric field lines which form the
dayside magnetopause and those field lines which extend into
the geomagnetic tail (e.g., overview by Lanzerotti and Krimigis
1985). In mid 1985, geomagnetic field measurements were initi-
ated at Frobisher Bay on Baffin Island in the Canadian North-
west Territories. In a nominal model of the Earth's magne-
tosphere, the South Pole Station and Frobisher Bay are at nearly
conjugate locations near L = 14. The conjugate condition is
illustrated in figure 1 where the antarctic continent has been
mapped in geomagnetic coordinates to the northern hemi-
sphere; the locations of Frobisher Bay (FB) and of South Pole (sP)
are indicated. The major purposes of the magnetic field studies
in the two hemispheres are to study the occurrences of hydro-
magnetic wave phenomena at high latitudes under conditions
of open and closed magnetospheric magnetic field lines and to
study the conditions of nonconjugacy under varying inter-
planetary conditions.

An initial survey of the magnetic field power in several hydro-
magnetic frequency bands has been carried out for an approx-
imately 1-month period, 17 July to 15 August 1985, after the
installation of the Frobisher Bay station. Hourly power spectra
were computed for the geomagnetic field fluctations in the
north-south (H-component) geomagnetic field direction for
each of the two stations. The power in the hydromagnetic fre-
quency bands designated Pc 3-5, 20-30 seconds, 30-45 seconds,
45-150 seconds, and 150-600 seconds, was computed for the 11
hours surrounding local noon for each of the days studied.
These power levels were then used for comparison between the
two stations as a function of frequency band, power level,
interplanetary field conditions, and local time dependence. The
details of this work are reported in a more lengthy paper (Wolfe,
Lanzerotti, and Maclennan 1986). Here we will note two of the
results: the daily dependence of the power levels in the four
frequency bands at each of the stations and the median local
time dependence of the geomagnetic power in the four bands at
both stations.

The first result is shown in figure 2 where the daily medians
of the daytime power in the four hydromagnetic frequency
bands are plotted for the 1-month interval for South Pole (upper

panel) and Frobisher Bay (lower panel) data. The time variation
of the power (magnetic energy) in the four bands is very similar
at each of the stations. Of most importance is the similarity in
the power levels and the temporal variations between South
Pole and Frobisher Bay. An overlay of the two sets of data
indicates that the time variations and the amplitudes of the
variations are very similar at the two stations. This result indi-
cates that generally the two stations can be considered to be
reasonably conjugate to one another and that the power levels
measured at both of the stations are similar.

The second result is shown in figure 3 where the local time
dependence of the hydromagnetic power in the four frequency
bands is plotted for each of the two stations. The medians for
each hour in the 2-month interval are plotted in this figure. The
local time dependence of the power for each of the bands is
similar, with more power in the local morning and a substantial
diminution of power in the local afternoon at both locations.
This result, together with other statistical studies reported in
Wolfe et al. (1986), suggests strongly that the field line reso-
nance mechanism, excited by a Kelvin-Helmholtz instability
which involves the flow of the solar wind around the magne-
tosphere, is a more important source of the hydromagnetic
energy than are plasma waves produced in the solar wind by
the interaction of the solar wind with the Earth (see also Wolfe et
al. in press). The upstream hydromagnetic waves tend to be
concentrated in the Pc 3 band (10-45 seconds), and there is no
evidence of enhancement in the power in this particular band in
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Figure 1. Antarctica mapped in geomagnetic coordinates to the
northern hemisphere. The relative geomagnetic locations of Fro-
bisher Bay (FB), Sondre Stromfjord (ss), and South Pole (se) are
indicated. (Figure courtesy of M. Rycroft and R. Greenwald.)
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Figure 2. Daily medians of geomagnetic power in four period bands
as measured at both South Pole and Frobisher Bay for approx-
imately 1 month in 1985. ("nT" denotes "nanoTeslas' "UT" denotes
"universal time:' "s" denotes "second:')

this local time dependence plot (figure 3) or in the additional
statistical studies contained in Wolfe et at. (1986). This is not to
say that hydromagnetic waves in the upstream solar wind do
not contribute to the hydromagnetic power in the Earth's mag-
netosphere. Indeed, during certain times they may well be very
important, as for example in the discussions of Lanzerotti et al.
(1986) and Engebretson et at. (1986), for cusp-related waves and
in the wave production at low latitudes in the magnetosphere
(e.g., Lanzerotti et at. 1981; Yumoto et al. 1985; Wolfe et al.
1985).

In summary, we have begun measurements at approximate
conjugate locations near the dayside magnetospheric cusps.
These measurements will provide new studies of information
on energy transfer from the solar wind into the Earth's magne-
tosphere. Preliminary statistical results presented here and
elaborated upon by Wolfe et at. (1986) indicate that Kelvin-
Helmholtz mechanisms significantly contribute to production
of hydromagnetic waves on the magnetopause by the velocity
shear flow process. These studies will continue.

Partial support for the work at New York City Technical Col-
lege of the City University of New York has been provided by
National Science Foundation grant DPP 83-18031. Logistic sup-
port for the measurements at South Pole was also provided by
the Division of Polar Programs.
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Figure 3. Hourly median geomagnetic power levels during local
daytime hours, in four period bands, for Frobisher Bay and South
Pole. The open triangle signifies local geomagnetic noon at South
Pole. ("nT" denotes "nanoTeslas." "UT(h)" denotes "universal time
(hours):' "s" denotes "second:')
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Coronal transport of solar energetic
particles
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Observations of solar cosmic rays provide valuable informa-
tion on physical processes involving energetic charged particles
in space plasmas, including the acceleration of these particles in
solar flares, their propagation through the complex coronal
magnetic fields near the Sun, their eventual escape into inter-
planetary space, and their interaction with the solar wind plas-
ma as they travel from the Sun to the vicinity of Earth (Duggal
1979). A coordinated analysis of ground-based and spacecraft
data acquired during the dramatic solar particle event of 16
February 1984 has now provided new insights into all of these
diverse physical processes (Bieber, Evenson, and Pomerantz,
1985, 1986).

Figure 1 shows profiles of 1-gigaelectronvolt solar cosmic rays
observed by the South Pole neutron monitor and 50-mega-
electronvolt cosmic rays observed aboard the International
Cometary Explorer spacecraft. The two curves are plotted on a
common scale of distance-traveled, assuming that both energies
were accelerated simultaneously with the onset of an intense
solar radio burst. Aside from an offset of some 0.7 astronomical
units, the two curves are similar, but detailed analysis shows
this similarity to be accidental. Both the offset and the overall
shape of the curves are largely a result of rigidity-dependent
transport of particles through the solar corona.

We have modeled the observations of figure 1 quantitatively
by assuming that the profiles are a result of coronal diffusion
and escape (Reid 1964; Axford 1965) coupled with focused inter-
planetary transport (Bieber et al. 1980). Interplanetary trans-
port parameters were determined independently by means of
an analysis of pitch angle anisotropy. The analysis showed that
the interplanetary scattering mean-free path was significantly
larger than 1 astronomical unit at both energies considered,
which makes this event ideal for studying coronal transport.

Figure 2 shows the modeling results for the South Pole obser-
vations. The broader curve, which corresponds to a coronal
mean-free path of 1,200 kilometers and a coronal escape time of
0.3 hour provides an excellent fit to the data. The difference
between this curve and the spike-like curve, which is the pre-
dicted profile for the case of impulsive injection at the Sun,
emphasizes how completely the profile of this event was deter-
mined by the extended release of particles near the Sun. Similar
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Figure 1. Time profiles of approximately 50 megaelectronvolts and
approximately 1 gigaelectronvolt solar cosmic rays observed on 16
February 1984 are plotted on a common scale of distance-traveled.
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