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Dual coherent auroral radar
observations from Siple Station,

Antarctica
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Boulder, Colorado 80302

In December 1976 a dual coherent 50-megahertz auroral
radar was installed at Siple Station to study backscattering
from electron density irregularities in the E-region (altitude
approximately 110 kilometers). Past studies (Greenwald et
al., 1975) have shown that the backscattering irregularities
occur in regions where the auroral electrojet currents are be-
ing driven by the magnetospheric electric field. Since it has
also been shown that the backscattering irregularities move
at nearly the same velocity as the electrons drifting in
crossed electric and magnetic fields (Ecklund et at., 1977),
spectral analysis of the doppler-shifted return signal pro-
vides a measure of the electric field component approx-
imately perpendicular to the radar beam. Thus, the Siple
auroral radar provides information on the location and in-
tensity of the auroral electrojet currents and the magnitude
of the driving electric fields.

A requirement for observing backscatter with an auroral
radar is that the radar beam intersect the E-region nearly
perpendicular to the earth's magnetic field, since the elec-
tron density irregularities are field-alined and backscatter
strongly in the perpendicular direction. This perpen-
dicularity requirement restricts most auroral radar observa-
tions to a narrow range of azimuths centered on the
magnetic pole. However, at Siple the magnetic dip angle is
considerably lower than for an L 4 station in the northern
hemisphere. Thus, the Siple radar beams can be pointed
over a wide range of azimuths asnd still satisfy the perpen-
dicularity requirement. This allows observations at Siple to
be made both perpendicular and nearly parallel to the
predominate east-west irregularity drift directions.

The present antenna beam configuration at Siple is shown

in figure 1. E-region irregularities associated with the
auroral electrojets can be observed along each beam from
240 to 1200 kilometers from Siple. The 1200-kilometer E-
region horizon is shown in figure 1 by the dotted line. The
south antenna beam covers L 5 to L = 9, and the west
antenna covers L = 4.5 to L = 5.5.

Each antenna is connected to a separate 15-kilowatt peak
pulse power transmitter and receiver system. Pulses of 100
microseconds are transmitted simultaneously on both
systems providing a range resolution of 15 kilometers along
each beam. The transmitters are modulated in a single and
double pulse sequence so that both backscatter amplitude
and mean doppler shift can be obtained as a function of
range along each beam (Greenwald and Ecklund, 1975).
The received signals from each system are used to modulate
oscillographic recorders to produce continuous film records
of the backscattered signal intensity as a function of range
and time (RTI records). In addition, the received signals
from each system are processed by an on-line minicomputer
which averages the signals for about 40 seconds, and then
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Figure 1. Siple dual auroral radar antenna beams.
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Figure 2. Film record of
backscatter observed
along the south antenna
beam from 0749 to 0814 UT

on 29 January 1977.
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writes the resulting profiles of backscattered power and
mean doppler shift as a function of range onto magnetic
tape.

A segment of RTI record obtained from the south-pointing
system on 29 January 1977 at 0800 universal time (UT) is
shown in figure 2. Range along the antenna beam increases
upward as indicated on the left edge of the figure. Time in-
creases from right to left, and about 25 minutes of record
are displayed in figure 2. On the hour, and at 10-minute in-
tervals, 150-kilometer range markers are put on the film.
The short-lived light dots at ranges of a few hundred
kilometers are meteor echoes, while the more continuous
diffuse regions are echoes from radar auroral irregularities.
The diffuse echoes extend from about 500 to 1100
kilometers from Siple. The regular pulsations near 0800 UT
are occurring at a range of about 900 kilometers.

An example of power and mean Doppler profiles ob-
tained on the south antenna from the magnetic tape at
0808:42 UT on 29 January 1977 is shown in figure 3. The 40-
second average profiles were obtained during the interval
indicated by the double arrows at the top of figure 2. The
upper profile in figure 3 shows the backscattered power (in
decibels) as a function of range from Siple (in kilometers).
Note that the backscattered power at a range of 780
kilometers is over 20 decibels above the background noise
level. The lower profile in figure 3 shows the irregularity
velocity along the radar beam. The velocity scale extends
from - 1000 to + 1000 meters per second and positive
values indicate irregularities moving toward the radar. The
irregularity velocity changes from about - 200 meters per
second at 600 kilometers range to about - 400 meters per
second at 825 kilometers range. This would correspond to
an eastward electric field component perpendicular to the
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Figure 3. Profiles of backscattered power (upper) and ir-
regularity velocity (lower) observed along the south antenna
beam during the interval indicated by the double arrows at

the top of figure 2.

south antenna beam varying from about 10 to 20 millivolts
per meter over the range from 600 to 825 kilometers. There
is also a narrow backscattering region centered at 960
kilometers range with an irregularity velocity of nearly
- 1000 meters per second corresponding to an electric field
component of about 50 millivolts per meter.

The preliminary results presented here are shown to brief-
ly demonstrate the capabilities of the new Siple dual auroral
radar. Detailed interpretation of the data and comparisons
with other experiments at Siple will be presented later. This
program is supported by National Science Foundation grant
DPP 75-03089.
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Polarization studies of Siple.
Roberval Pc 1 micropulsations
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If micropulsations, particularly Pc 1, are to be useful as
diagnostic tools to probe the distribution of cold and hot
plasmas in the magnetosphere, we must first understand
their propagation through the ionosphere. This is an
unresolved problem. Theory is available, but experimental
results are not at present readily interpreted by it. One
aspect of Pc 1 micropulsations that has not been studied
thoroughly but is central to the propagation problem is the
polarization of the signals. The digital three-axis data of
Siple and Roberval are ideal for such a study in that large
quantities of data can be processed using sophisticated com-
puter techniques.
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