
Relativistic solar cosmic rays (greater than 1 gigavolt) provide
unique information about exotic astrophysical processes by
which charged particles are: (1) accelerated at the Sun, and then
(2) transported through the solar corona to the base of the spiral
interplanetary magnetic field line connecting the Sun to the
Earth along which (3) they propagate virtually unimpeded to
the Earth. Theoretical analysis of the most recent relativistic
solar-particle event, the ground-level enhancement that oc-
curred on 16 February 1984 (Pomerantz, Bieber, and Evenson
1984) has provided a new understanding of the origin of the
dramatic anisotropy that usually prevails, at least during the
early phase of the event. In particular, the study has revealed
that the anisotropy should have the form of an exponential
function rather than the first-order representation which had
seemed to be sufficient to describe some earlier events (Maurer,
Duggal, and Pomerantz 1973). This is apparent in figure 2,
where not only is the goodness of fit 10 times better for the
exponential representation, but the latter avoids the unphysical
artifice in the first-order case implying negative cosmic-ray flux
for p. (cosine of the pitch angle) less than -0.4. This new
technique makes it possible to determine directly from ground
based observations important parameters of the interplanetary
plasma, e.g., X >3 astronomical units (scattering mean free path)
and q = 1.2 (dependence of scattering rate upon pitch angle).
The application of this powerful analytical procedure to further

study spectacular historical ground-level enhancements is
planned.
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To study the effects of ionospheric scintillations on the track-
ing of navigation satellites in the southern polar regions, Ap-
plied Research Laboratories, the University of Texas at Austin,
has collected ionospheric electron columnar content change
data at McMurdo Station from 1979 to the present. We have
collected a large amount of data during the period around solar
maximum (1979 - 1983). These data provide an important tool
for studying the morphology and spatial structure of the
ionospheric irregularities in the southern polar region. The data
for this period were collected by one ground station observing
satellites in different parts of the sky throughout the day. In this
past season, we conducted a bistatic experiment in which two
ground stations, separated by up to 50 kilometers, observed the
same satellites simultaneously. These data should provide a
more detailed view of the spatial structure of the ionospheric
irregularities.

Two portable satellite receivers called "geoceivers" were made
available for field use for the 1984- 1985 austral-summer season.
The actual field operations were conducted during the period
from 29 October to 15 November 1984 by the 1984 winter crew,
D. Honea and J . Williams, in conjunction with the 1985 winter
crew, D. Key and R. Key. One geoceiver was sited near the
permanent tracking station at McMurdo Station, and the other
took readings at three different points along the 50-kilometer
McMurdo Station/Cape MacKay traverse. The sites occupied
(and their approximate distances from the McMurdo Station
base site were): New Zealand Antarctic Research Program Ski
Chalet (10 kilometers), Windless Bight (25 kilometers), and
Cape MacKay (50 kilometers). In addition, the two geoceivers
were located and operated at McMurdo Station for an initial
calibration test period.

The field party (Honea and Williams) stayed at each field site
for 3 continuous days. They used a small plywood hut, towed
by a Spryte tracked vehicle, to provide living quarters for them-
selves and a protected environment for the receivers. The satel-
lite-tracking operations were coordinated with the base site at
McMurdo Station so that all Navy Navigation Satellites (NNS's)

visible in the time frame 2000 to 1000 Z were tracked. Totals of
297 passes by the field party and 279 passes by the fixed-site
party were collected, providing approximately 70 simultaneous
passes per site (three field sites plus one calibration site al
McMurdo Station).

The NNS'S transmit coherent radio signals at frequencies of
150 and 400 megahertz. These two signals are used to removc
the effects of the ionosphere from the navigation information.
The geoceivers record both the navigation and the ionospheric
information averaged over the data-record interval. The usua,
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data-record rate for the geoceivers is 30 seconds, but a special
hardware modification was used in this campaign to allow a
data rate of 10 seconds to be used. The ionospheric information,
known as the "differential Doppler data," provides a measure of
the change in the number of electrons along the line of sight
from the station to the satellite as the satellite passes over the
station in a 1,000-kilometer orbit. The two receivers track the
same satellite simultaneously, but the satellite signals pass
through different regions of the ionosphere.

The horizontal separation of the sampled regions overhead in
the ionosphere at 300 kilometers altitude (the height at which
most of the ionospheric irregularities occur) is 35 kilometers for
the maximum station separation of 50 kilometers. The horizon-
tal velocity of the sampled region due to the motion of the
satellite is about 3 kilometers per second so that in the 10-second
sampling period the horizontal extent of the ionosphere
sampled is 30 kilometers. Since the horizontal extent of the
sampled region is nearly the same size as the horizontal separa-
tion of the regions, there will be some overlap in the regions
sampled by the two receivers, so that we shall not be able to
unambiguously resolve the irregularities. The bistatic data
should, however, provide some insight into the spatial charac-
teristics of the irregularities in the southern polar region.

The bistatic data which were recorded on paper tape have
been returned to the University of Texas at Austin and convert-
ed to a digital format on magnetic tape. A comparison of the
data recorded from the two receivers is currently underway.

The project personnel also completed another related
ionospheric study that has been ongoing since 1979. The first-
generation satellite tracking station, Tranet I, which has been in
continuous use at McMurdo Station since 1969, was decommis-
sioned in August 1984 to make room for an experimental polar
satellite communications link with South Pole Station. The
Tranet I tracking station was replaced by a second-generation
tracking station, Tranet II, which is a modern microcomputer-
controlled system. In addition, the refraction offset generator, a
set of special-purpose hardware used in conjunction with the
Tranet I equipment since 1979 to record high-resolution
ionospheric electron columnar content change data, was de-
commissioned. Over 3,000 passes of high-resolution differen-
tial Doppler data were collected from 1979 to 1984 with the
refraction offset generator to provide information about the
characteristics of ionospheric irregularities in the polar cap re-
gion around McMurdo Station. These data are also being cur-
rently analyzed at the Applied Research Laboratory of the Uni-
versity of Texas at Austin.
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The main or midlatitude ionospheric trough is a region of
anomalously low electron density at F-region heights. Digital
radar systems (Grubb 1979) designed to provide measurements
of the angle-of-arrival of ionospheric echoes have been installed
at Halley and Siple Stations (Dudeney et al. 1982; Berkey and
Doupnik 1984). These two stations, separated by 1,500 kilo-
meters, form a unique station pair because of their location in
the geographic and geomagnetic coordinate systems. Siple Sta-
tion was established at the approximate magnetic conjugate of
Roberval, Quebec, in the Northern Hemisphere (Helliwell and
Katsufrakis 1974), fortuitously at essentially the same latitude in
both the geographic and invariant (A = 60.8°) coordinate sys-
tems as the British Antarctic Survey base at Halley. No other

station pair in either hemisphere is comparably situated. Siple Station
(74.94°S 84.25°W) is situated in Ellsworth Land, while Halley
(75.52°S 26.62°W) is located on the Brunt Ice Shelf, on the
eastern flank of the Weddell Sea. Due to the large distance
between the geographic and magnetic poles in Antarctica (Dud-
eney and Piggott 1978), there is a significant difference between
the two stations' geomagnetic and solar times: magnetic local
time difference for the two stations is only 1.5 hours, but the
local solar time difference is nearly 4 hours.

Of a large set of simultaneous measurements at the two sites,
three quiet intervals were selected for detailed study. An analy-
sis technique developed at the British Antarctic Survey (Dud-
eney and Jarvis in press) was used to derive an echo location
from each individual ionogram. This technique corrects for
angle-of-arrival aliasing and obtains an average value for the
echo location. The echo location was then converted into variant
latitude for an altitude of 250 kilometers. The midlatitude
trough has a unique signature in an ionogram (Berkey and
Doupnik 1984), and the radar provides accurate echo-location
information about both the poleward edge and minimum-den-
sity features (Dudeney, Roger, and Jarvis 1983).

The three intervals selected for analysis occurred during the
magnetically quietest periods of the entire 1982 austral winter,
23 May, 4 July, and .15 August 1982. Magnetometer, riometer,
and very-low-frequency data from both stations were examined
and have been found to be representative of quiet conditions.
The very-low-frequency records show persistent multipath
whistlers with no indication of knee whistlers, which would
imply that the plasmapause was located considerably poleward
of L	4.

In figure 1, the location of the trough minimum and poleward
edge have been plotted in universal time (top panel), magnetic
local time (center panel), and local solar time (lower panel) over
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