
ridge structure contained information on the mean structure
of the solar envelope (Balmforth and Gough 1990), the other
that it is information on the characteristics of the source of
the oscillations (Kumar et al. 1990; Kumar and Lu 1991). An
analysis of the time-distance data for waves with frequencies

Figure 2. The time-distance diagram generated from approximately
20,000 images of the Sun obtained once per minute at the South
Pole in November 1988. The lowest curve represents one internal
transit of the waves. The curves vertically above the first one corre-
spond to the second, third, and so on, reflections from the surface.
The curves of reduced slope that cross =O near t=460, 560 and so
on, are waves that are returning after traveling once around the Sun.

above the acoustic cut-off lends credence to the model pro-
posed by Kumar.

The greatest potential for the time-distance measure-
ments lies in their use for local seismology of the Sun. This
potential, however, has not yet been tapped.

This work was supported in part by National Science
Foundation grant OPP 89-17626, the Solar Physics Branch of
the Space Physics Division of NASA, and the National Solar
Observatory.
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Studies of ionospheric convection in the Southern
Hemisphere using long-duration balloons

E.A. BERING, III, J.R. BENBROOK, K. LEE, and C. CLARADY, Department of Physics, University of Houston,
Houston, Texas 77204-5506

R. Fujil, Solar-Terrestrial Environment Laboratory, Nagoya University, Chikusa, Nagoya 464-01, Japan
A. KkDOKURA, National Institute of Polar Research, 9-10, Kaga 1 -chome, Itabashi-ku, Tokyo 173, Japan

T
he National Institute of Polar Research (NIPR), Japan, in
collaboration with other institutions, has been conduct-

ing a series of long-duration balloon flights, called "polar
patrol balloons" (PPB), starting in 1984 to study the iono-
sphere and magnetosphere above Antarctica. The lack of any
political boundaries and the meteorological conditions in
Antarctica provide several unique advantages in regard to
long-duration ballooning. This project aims to establish "sta-
tions" in the stratosphere over the antarctic region for geo-
physical and astrophysical observations. Meteorological stud-

ies show that the wind above approximately 30 kilometers
(km) flows stably westward in the austral summer over the
antarctic coast. A PPB launched from Syowa station is expect-
ed to drift zonally (along an equilatitudinal circle) around the
antarctic continent (Yamanaka, Yamazaki, and Kanzawa
1988). Because of the offset of the Earth's magnetic dipole, a
PPB launched from Syowa will pass under the ionospheric
footpoint of field lines threading most regions of interest in
the magnetosphere from well within the plasmasphere
(A=480) to the central polar cap (A=84°). Telemetry is accom-
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Figure 1. Ground track of PPB 2 in corrected geomagnetic coordi-
nates, latitude and longitude.

pushed by the ARGOS system when the balloons are not in
line-of-sight contact with a ground station (Fujii, Ono, and
Ohta 1992).

Three (out of six) PPB payloads that have been launched
carried electric-field experiments provided by the University
of Houston: PPB 2 in January 1991 and PPBs 4 and 5 in
December 1992. Approximately 30 balloon days of useful data
were obtained. This paper will present results from the first of
these University of Houston experiments. Space permitting,
we will describe the payload configuration and give the
launch date and balloon track. We will present data from the
double-probe electric-field experiment and begin a prelimi-
nary examination of the dependence on interplanetary mag-
netic field (IMF) orientation.

The second flight in this series, PPB 2, was launched by a
team comprising members of both the 31st and 32nd Japan-
ese Antarctic Research Expedition from Syowa Station,
Antarctica, at 18:55 universal time (UT) on 5 January 1991.
The payload included a proton magnetometer, an x-ray cam-
era, and a 3-axis double-probe electric-field meter. Telemetry
was obtained by two methods: direct line-of-sight radio trans-
mission and transmission via the ARGOS satellite telemetry
system. The flight ended at 0603 UT on 4 February 1991. Two
engineering difficulties limited the total amount of data gath-
ered: the telemetry encoder developed a partial bit-scram-
bling anomaly at 0630 UT on 15 January, and the balloon itself
had some sort of small leak, which exceeded the capacity of
the ballast dropper at 1800 UT on 10 January. The balloon was
high enough for useful ionospheric electric-field data to be
obtained for at least 6 days and possibly as many as 8 days.

The balloon trajectory is shown in geomagnetic coordinates
in figure 1.

Because of this flight path, the data presented in this
paper will emphasize observations in the subauroral zone.
Magnetic activity during the flight was generally very quiet.
During the first 2 days, when the balloon was at auroral lati-
tudes, the K index did not exceed 2 and was usually less than
1. The only day of significant activity was 12 January. Plots of
the amplitude and phase of the data for the entire flight have
been prepared (not shown). Two features of interest emerge.
First, the uniform phase advance associated with the reported
inertial wave fields (Holzworth 1986) was not seen, from
which we conclude that this payload was too high in altitude
to have observed these signals. Second, the amplitude of the
signal generally decreased with decreasing magnetic latitude,
consistent with expectations for magnetospheric sources
(Mozer and Manka 1971).

The convection pattern averaged over the entire cam-
paign is shown in figure 2. A preliminary convection pattern
study has been presented (Bering et al. 1993), but this study
needs to be extended to include more detailed analysis of the
IMF dependence and other effects. The convection pattern
shown in figure 2 disagrees with expectation and suggests
that much interesting physics is to be learned from a detailed
analysis of this flight. The most surprising disagreement with
expectation is found in the dusk and dawn sectors, where one
would normally expect to observe sunward convection. What
figure 2 in fact shows is a disorganized pattern exhibiting con-
siderable antisunward motion. A likely interpretation for this

O.ZCO(.04
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Figure 2. This figure shows all of the horizontal electric-field data
from the flight of PPB 2 averaged as a function of magnetic local
time. The results have been plotted as equivalent convection in
clock-dial format in an Earth fixed frame of reference. (M/S denotes
meters per second.)
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observation is that the balloon was at magnetic latitudes that
lie within the plasmasphere for some portion of the flight. The
outer boundary of the plasmasphere, known as the plasma-
pause, is known to contain a charge layer, termed the Alfvén
layer, that acts to shield the plasmasphere from the magneto-
spheric convection electric field. This shielding is not perfect,
however (Mozer 1973), and during periods of low magnetic
activity, circumstances are possible in which the discharge of
the Alfvën layer drives reverse convection inside the plasmas-
phere. Presumably, we were observing some of this reverse
convection, although an alternative interpretation is that we
were seeing the effects of neutral wind-driven dynamo effects.
More work is needed to reach firm conclusions on this point.

At these latitudes and at local times near magnetic noon,
one would naively expect to have observed generally sunward
plasma flow both in the prenoon and postnoon regions. Such
a pattern is clearly observed on only 1 day, 10 January (figure
3B); on other days, rather different patterns are observed. For
example, on 7 January (figure 3A), antisunward convection is
observed in the dayside subauroral region. The demarcation
line between eastward and westward drifts changed location
from day to day. On 7, 11, and 12 January, the demarcation
line was located near magnetic noon, whereas on 9 January it
appeared at 1400 magnetic local time (MLT) and on 10 Janu-
ary at around 0900 MLT. The sense of the shift appears to be
consistent with the sign of the Y component of the IMF
(Bering et al. 1993).

The high time-rate data received in real time at Syowa
have been reduced and look very interesting. A joint PPB
data-analysis session was held at NIPR in Tokyo where these
data were discussed and some of the interesting features
identified for further analysis. For example, a period of what
appears to be ultra-low-frequency (ULF) wave activity was
found near 0500 UT on 6 January that is of interest to the
magnetometer investigators (Tonegawa personal communi-
cation). Complete cataloging of all of the individual events in
the data has not yet begun but will be completed this year.
Detailed study of the most interesting events will require
more time and effort.

We have constructed and delivered two electric-field
experiments that were flown on the payloads of two more
PPBs launched from Syowa this past austral summer on 26
and 30 December 1992. The first flight only lasted 8 days, but
the second lasted considerably longer. Because of a failure in
the telemetry encoder, data were not obtained after 13 Janu-
ary 1993. The electric-field instruments functioned nominally
throughout both flights, and the data appear to be of excellent
quality; however, the analysis is still too preliminary to be
reported here.

In summary, the payload of PPB 2 obtained at least 6 and
possibly 8 days of ionospheric electric-field data. Although we
did not detect R.H. Holzworth's "new source" or "inertial
wave" electric fields, the fields we did observe had properties
consistent with magnetospheric sources. The balloon flew
during a period of low activity at largely subauroral locations.
The expected low-latitude pattern of sunward flow near dusk
and dawn was not seen. The dawn-dusk asymmetry observed

on the dayside appears to have been related to the sign of IMF
By.

This work has been supported by National Science Foun-
dation grant OPP 90-19567.

Figure 3. A. (Top) The horizontal electric field measured on 6 and 7
January 1991 plotted as equivalent convection vectors in clock-dial
format in an Earth fixed frame of reference. The coordinates are
magnetic local time and invariant latitude. The view is from the
Southern Hemisphere. B. (Bottom) Same figure showing data from 9
and 10 January 1991. (M/S denotes meters per second.)

ANTARCTIC JOURNAL - REVIEW 1993
331



References

Bering, E.A., J.R. Benbrook, K. Lee, C. Clarady, R. Fujii, and A. Kadoku-
ra. 1993. Studies of ionospheric convection in the Southern Hemi-
sphere using long duration balloons. EOS, Transactions of the
American Geophysical Union, 74(16), 254. (Spring meeting supple-
ment)

Fujii, R., K. Ono, and S. Ohta. 1992. Data transfer system using a
multi-ID ARGOS transmitter for the antarctic polar patrol balloon
experiment. Antarctic Record, 36(3), 350-362.

Holzworth, R.H. 1986. A new source for horizontal electric fields in
the mid-latitude stratosphere. EOS, Transactions of the American
Geophysical Union, 67(44), 891.

Mozer, F.S. 1973. Electric fields and plasma convection in the plasma-
sphere. Reviews of Geophysics and Space Physics, 11(3), 755.

Mozer, F.S., and R.H. Manka. 1971. Magnetospheric electric field
properties deduced from simultaneous balloon flights. Journal of
Geophysical Research, 76(7), 1697.

Tonegawa, Y. 1992. Personal communication.
Yamanaka, M.D., K. Yamazaki, and H. Kanzawa. 1988. Studies of mid-

dle atmosphere dynamics under the polar patrol balloon project:
present status and future plans. Proceedings of the NIPR Sympo-
sium on Upper Atmospheric Physics, 1(1), 65.

ANTARCTIC JOURNAL - REVIEW 1993
332




