
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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Figure 1. One-minute H-
and D- component mag-
netic field values and
riometer voltage for an 11-
hour interval on 9 July
1975. Also plotted are the
10-minute values of the
correlation coefficients
(and 1- and 2- a standard
deviations) between H and
R and D and R. Local time
(LT) equals universal time

(UT) minus 5 hours.

calculations of the standard deviations, taking into account
the autocorrelations of the two independent time series in
each correlation. The one- and two- a standard deviations
are plotted as dashed lines above and below the zero correla-
tion lines. From the figure it is quite evident that at times
during the two magnetic storm periods significant correla-
tions at the three and four-standard deviation levels are
observed during some of the 10-minute time intervals.

Examples of the correlation between the riometer and
magnetometer data can be seen in the data (2-second data-

October 1977

points) plotted in figure 2. The first 10-minute interval
(0930-0940) illustrates a period when the correlation coeffi-
cient between H and R was about 4a (figure 1). However,
the following 10-minute interval (0940-0950 UT) has a cor-
relation at only about hr. The qualitative difference in the
correlation is evident in the data of figure 2, but the quan-
titative difference is not.

As noted above, fluctuations in the ionospheric con-
ductivity, and therefore in the magnetic field on the ground,
could result from particle (electron) precipitation being
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Figure 3. Plot of 2-
second values of magnetic
data from Siple and three
northern hemisphere sta-
tions for 0930-0940 UT on 9

July 1975.
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Figure 2. Plot of 2-second values of magnetometer and riometer data for 0930-1000 UT, 9 July 1975.

modulated at the observed frequencies. They could also
arise from changes in the electric field in the ionosphere,
perhaps produced by magnetohydrodynamic waves in the
magnetosphere (see, e.g., Doupnik et al., 1977). A deter-
mination of the importance of the wave hypothesis can be
obtained by referring to the magnetometer data obtained
from the Bell Laboratories stations in the northern
hemisphere area conjugate to Siple. If standing field line
resonance hydromagnetic waves are the cause of the electric
fields, and therefore the conductivity changes, the waves
should also be observed in the northern hemisphere (for ex-
ample, Lanzerotti et al., 1972a, and references therein). An
example of the Siple data and data (H- D- and Z-
components) from three of the northern hemisphere stations
for a period of high (about 4o) correlation between H and
riometer is shown in figure 3. There is no evidence of fluc-
tuations of the northern hemisphere magnetic field inten-
sities at the frequencies observed at Siple during the time of
the correlation.

This result suggests that the changes in the ionosphere
conductivity, as measured by the Siple riometer, were pro-
duced by particle precipitation into the ionosphere above
Siple (see Lanzerotti et al., in preparation, for additional
details). The particle precipitation into the ionosphere was
apparently asymmetric in the magnetosphere, being more
periodic and more intense over Siple than over the northern
hemisphere during the period studied. A consistent hypoth-
esis for the periodic nature of the particle precipitation over
Siple and for the nonexistence of conjugate wave phe-

nomena has the precipitating particles being modulated by
highly localized hydromagnetic waves in the magneto-
sphere. The narrow localization in latitude, together with
the atmospheric boundary condition of the waves, prevents
their observation at a ground station. Such considerations
on wave observations have been dealt with theoretically by
Hughes (1974) and by Hughes and Southwood (1976). Thus,
the waves are indirectly measured on the ground at Siple
because the precipitating particles produce the conductivity
changes that cause the magnetic field fluctuations. The par-
ticles apparently precipitate preferentially over Siple
because the near-equatorial loss cone is much larger in the
southern hemisphere than it is in the norther hemisphere at
the geomagnetic longitude of Siple (see, for example, discus-
sions in Lanzerotti et al., 1972b). Analysis of these problems
is continuing.

Logistics and field support for this research were provided
by the National Science Foundation.
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Simultaneous occurrence of short
period ionospheric and magnetic

oscillations in Antarctica
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Dudeney and Jones (1976) describe the experimental
technique and purpose of the high frequency doppler ex-
periment being conducted in Antarctica by the University of
Leicester and the British Antarctic Survey, in collaboration
with the Instituto Antartico Argentino and the National
Science Foundation of the U.S.A. (figure 1). Here, we
discuss more fully the observations of very short period
oscillations (periods of about 1 minute) briefly described in
the earlier report.

A typical observation of rapid oscillations is illustrated by
figure 2. This shows the doppler shifts, f, for all three paths
on a frequency of 5.417 megahertz and for two paths (AD,
PA) on a frequency of 4.286 megahertz. Three separate
events can be identified, timed at approximately 0337,
0356, and 0517 universal time (UT). The ray apogee heights
for the two frequencies were 290 and 250 kilometers respec-
tively, giving a vertical separation between the two sets of

soundings of 40 kilometers. The events appear to occur
simultaneously at both heights and all three reflection
points. Figure 3 shows the 0517 UT event on an expanded
time scale to further emphasize this point. The best time
resolution obtainable from the equipment is about 5
seconds. This implies that either the causative disturbances
are nonpropagating, or have apparent velocities exceeding
10 kilometers per second vertically and 40 kilometers per
second horizontally. Such high velocities rule out acoustic
waves as a cause in these cases, although the latter have been
reported from middle latitudes (Baker and Davies, 1969;
Davies andJones, 1971; Davies andJones, 1973; Yuen et al.,
1969; Weaver et al., 1970).

Figure 4 shows an enlarged portion of a La Cour
magnetogram recorded at Argentine Islands on the day in
question. Small oscillations (1 to 105 amplitude) can be seen
on the trace, whose times of commencement and cessation
agree exactly with those of the doppler events. The La Cour
magnetometer is unsuitable for studying small rapid fluc-
tuations of this type, so it is not possible to identify the class
of perturbations in these examples, but they are most prob-
ably Pi2 magnetic pulsations. A more sensitive magnetom-
eter has now been installed to study these correlations in

Figure 1. Map showing the locations of stations involved
in the experiment (dots). The receivers a.e located at Argen-
tine Islands and transmitters are at Palmer (PA), Adelaide
(AD), now Rothera Point, and Almirante Brown (AB). The
crosses indicate the positions of the ionospheric reflection

points.
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