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To study the effects of ionospheric scintillations on the track-
ing of navigation satellites in the south polar regions, Applied
Research Laboratories, the University of Texas at Austin
(ARL:UT), has collected ionospheric electron columnar content
change data at McMurdo Station from 1979 to the present.
ARL:UT operates the satellite tracking station at McMurdo for
Navy Navigation Satellites (NNS's) and in addition, collects
ionospheric data with a special piece of hardware called the
refraction offset generator (R0G). We have collected a large
amount of data during the period about solar maximum
(1979-1983). The data provide an important tool for studying
the morphology and spatial structure of the ionospheric irreg-
ularities in the south polar region.

The NNS'S transmit coherent radio signals at frequencies of
150 and 400 megahertz. These two signals are used to remove
the effects of the ionosphere from navigation. The ROG hard-
ware retrieves this ionospheric information providing a meas-
ure of the change in the number of electrons along the line of
sight as the satellite passes over McMurdo Station in a 1,000-
kilometer orbit. The absolute number of electrons along the line
of sight is not obtained unless an additional reference measure-
ment is provided.

High-resolution differential-Doppler ionosphere measure-
ments were recorded on a regular basis during the period
1979-1983 at McMurdo Station. Since that time they have been
recorded on a more sporadic basis to monitor selected
geophysical phenomena. A subset of these data, consisting of
2,500 passes recorded during the maximum of the solar cycle
(1979-1981), was selected for initial analysis. We have found
that the detection of ionospheric irregularities in this data sub-
set is highly dependent upon the angle between the station-
satellite line of sight and the magnetic field line in the
ionosphere. This finding is consistent with magnetic-field-
aligned irregularities that have been predicted and detected by
other methods. The morphology of these data is currently being
investigated.

A bistatic experiment is planned for the austral summer of
1984-1985 in the McMurdo Station area to assess the usefulness
of comparing simultaneous differential-Doppler data from two
stations to estimate the spatial dimensions of polar ionospheric
irregularities. We plan to place one mobile receiver in various
positions along the traverse from McMurdo Station to Cape
McKay (77.7°S 168.5°E) and another mobile receiver at McMur-
do Station. The two receivers will be separated by 25, 50, and
100 kilometers at various times during the week-long experi-
ment. The two receivers will track the same satellite simul-
taneously but will view slightly different regions of the
ionosphere. These two measurements will provide more infor-
mation on the spatial dimensions of the ionospheric irreg-
ularities than a single measurement, but the undetermined drift
velocity of the irregularities will produce a further ambiguity. If
a value is assigned to either the drift velocity or the size of the
irregularities, the other quantity can be estimated.

Honea and J. Williams operated the ROG equipment and per-
formed the bistatic experiment during the 1983-1984 season.
Antarctic logistic support was provided by National Science
Foundation grant DPP 68-00508.
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The transient precipitation of particles from the Earth's radia-
tion belts into the ionosphere at subauroral latitudes has been a
subject of major interest to investigators in recent years. Much
related work has been done at Siple and its conjugate, Roberval,
Canada, taking advantage of the extended winter-night observ-
ing opportunities at the high geographic latitude of Siple (76°S)
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as well as of the proximity of Siple to the South Atlantic magnet-
ic anomaly. Near the anomaly the orbits of trapped radiation-
belt electrons reach relatively low altitudes, and pertubations of
these orbits through resonant interactions with very low fre-
quency (VLF) waves propagating along geomagnetic field lines
can be expected to produce significant effects as the particles
give up their energy at ionospheric heights. These effects have
been studied using a variety of techniques. In the region pole-
ward of the plasmapause, the precipitating particle energies and
fluxes are often such that the effects can be detected by photo-
meters, riometers, and balloon-borne X-ray detectors (e.g.,
Rosenberg, Helliwell, and Katsufrakis 1971; Helliwell et al.
1980). In this paper we report the use of another method, which
is capable of providing information in extension of and comple-
mentary to the results provided by the other techniques.

The method involves use of the subionospheric signal from
the Siple VLF transmitter as a probe of the Earth-ionosphere
wave guide along paths to stations Palmer, Halley, and South
Pole. The map of figure 1 shows the geometry involved and the
locations of L shells (geomagnetic field lines which extend at
their apex to the number of geocentric Earth radii indicated). In
the directions of Halley and South Pole Stations, the paths will
frequently lie entirely poleward of the plasmapause, while the
path to Palmer will usually lie at least partially beneath the
plasmasphere.

220	 ANTARCTIC JOURNAL



6JUL82	 2145 UT

Figure 1. Map showing great circle paths from the Siple VLF transmit-
ter to receivers at Palmer (PA), Halley (HB), and South Pole (SP)
Stations. Geomagnetic L-shells corresponding to field lines reach-
ing -3, 4, and 5 Earth radii geocentric distance at the equatorial
plane, are indicated. ("km" denotes kilometer.)

The idea of the experiment is that when a wave such as a
lightning-induced whistler propagates along the geomagnetic
field lines, particles of energy exceeding about 50 kiloelectron-
volts are precipitated. Ionization enhancements are thereby
produced near the 85 kilometer altitude of waveguide signal
reflection. These give rise to phase and amplitude changes in
the received signal, which can then be interpreted in terms of
precipitation along the associated path or paths. The power of
the method lies both in the known sensitivity of the VLF to
precipitation effects (e.g., Potemra and Rosenberg 1973), as well
as the ability to observe regions well beyond the areas near the
station that are accessible to other instruments. The location and
size of the region or regions of precipitation can be investigated
further by examining additional signal paths, analyzing the
correlated whistlers for information on their path location, per-
forming comparisons with results from other instruments, and
modeling of the propagation paths.

The method is a relatively new application of the Siple trans-
mitter system and has not yet been employed extensively. Fig-
ure 2 shows an example of whistler-induced perturbations on a
3.79 kilohertz Siple signal received at Halley and South Pole
Stations. The upper panels are amplitude records of the Siple
signal, while the lower panels show, the corresponding broad-
band 0-5 kilohertz VLF activity received at Halley and South Pole
Stations, respectively. The Siple signal appears as a horizontal
line on these records. Arrows between panels C and D show the
occurrence of two whistlers and correlated approximate 20-
percent decreases in Siple signal amplitude.

Figure 3 (a and b) show another analysis of the South Pole
Station data of figure 2, this time employing a technique de-
veloped by E. Paschal (Paschal and Helliwell 1984), in which the
records are processed digitally in a manner that removes tape-
speed variations. A longer period of South Pole Station data is
shown in figure 3c, with corresponding broadband records on
figure 3d. In this case the phase record (figure 3b) has signal-to-
noise properties superior to those of the amplitude data of
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Figure 2. Amplitude (A) perturbations in the form of two -10
second-long -20 percent decreases in a Siple 3.79 kilohertz signal,
observed simultaneously at Halley (a) and South Pole (b). Associ-
ated broadband 0-5 kilohertz spectrograms are shown in panels (C)
and (d). The whistlers trigger very-low-frequency emissions which
then exhibit multiple echoes. ("f" denotes frequency; "iV/M" de-
notes microvolts per minute; "UT" denotes universal time; "HB"
denotes Halley Station; "SP" denotes South Pole Station.)

figure 3a. Note that in addition to the large phase perturbations
marked above panel D, much smaller events, not readily recog-
nized on the amplitude records, can also be identified (arrows
below panel D). Additional analysis of the events of figures 2
and 3 indicates that the precipitation occurred within approx-
imately 250-300 kilometers of Siple and near the path to South
Pole Station. The changes on the signal at Halley may have been
produced by a second precipitation region or by effects of the
region involved in the perturbations at South Pole Station.

Figure 4 shows whistler-related perturbations on Siple sig-
nals received at Palmer during a highly disturbed period. The
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Figure 3. South Pole records of the events of figure 2. Figures 3a and
3b show amplitude (A) and phase, respectively, obtained by Pas-
chal's digital processing method (Paschal and Helllwell 1984). Fig-
ure 3c shows a longer period of phase data, compared to the broad-
band record of figure 3d. ("f" denotes frequency; "kHz" denotes
kilohertz; ".ts" denotes microseconds; "dB" denotes decibels;
"UT" denotes universal time.)
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Figure 4. Phase perturbations (below) on a 2.45 kilohertz (kHz) Siple
signal received at Palmer Station. The whistlers involved in the
precipitation are Indicated by spikes on the 2-4 kilohertz amplitude
chart above. ("V/m" denotes microvolts per minute; "ps" denotes
microseconds; "UT" denotes universal time; "VLF" denotes very
low frequency; "PA" denotes Palmer; "Siple TX" denotes Siple
signal.)

lower panel shows a series of fast phase advances of approx-
imately 8 microseconds on a 2.45 kilohertz Siple signal, fol-
lowed by recoveries lasting approximately 30 seconds. These
occurred in time correlation with whistlers, which are indicated
on the upper record of 2-4 kilohertz as positive spikes. The
events most clearly identifiable as whistlers show a negative
spike as well, followed by a slow recovery. This effect is evi-
dence of temporary suppression of background noise by the
whistler, as discussed recently by Gail and Carpenter (1984).

Vertical lines show the temporal correlation between represen-
tative whistlers and fast phase advances. In this case, amplitude
variations at Palmer were not well defined. Analysis of the
correlated whistlers indicated that the precipitation occurred at
along a geomagnetic field line of L equals approximately 3.3,
near the current outer limits of the plasmasphere, and (figure 1)
near the midrange of the Siple-Palmer path.

Other data (see Gail, Antarctic Journal, this issue) suggest that
observations of this kind can be useful in studying a wide
variety of precipitation phenomena that affect the high-latitude
ionosphere. This type of work is well suited to international
cooperation, since a multi-station approach such as that illus-
trated in figure 1 is required. It is planned to apply the method
on a regular basis during renewed operations at Siple in 1986.

This work was sponsored by National Science Foundation
grants DPP 79-23171, 82-17820, and 81-17092.
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Observations of the midlatitude
ionospheric trough from Siple Station
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Regular observations of the ionosphere from Siple Station
began in January 1982 and continued until just prior to station
closing in January 1984 using a digitally controlled high-fre.
quency radar designed and constructed by the Space Environ -
ment Laboratory of the National Oceanic and Atmospheric
Administration (see Grubb 1979).

The transmitting antenna at Siple is a trapped traveling wave
dipole 670 meters in length which operates over the entire 0.1 to
30 megahertz band and provides illumination over a hemi-

sphere. The absence of a conductive "ground" at Siple makes
this antenna efficient at low frequencies. Since the ionospheric
plasma is a refractive medium at these radio frequencies our
transmitted pulses penetrate the ionosphere and are reflected
from regions where the electron density reaches a value propor-
tional to the wave frequency squared. For example, pulses at 100
kilohertz are reflected at the very low plasma density of 124
electrons per cubic centimeter.

The receiving array consists of eight dipole antennas config-
ured as two concentric square patterns of 100 and 25 meters
width; two arrays are needed to be able to receive at both high
and low frequencies. Echo signals are measured by using a pair
of dipoles (north-south or east-west) simultaneously; each
member is connected to a separate phase coherent receiver and
the outputs are combined in a real-time computer to form an
interferometer. By combining the angles of arrival, time of
flight, and phase measurements, the spatial location and polar-
ization of each of many echoes can be estimated. Repeating the
measurement some tens of milliseconds later permits us to
calculate the differential motion of an echoing region and hence
its apparent velocity vector.
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