
the geomagnetic pole near Dome C. An automatic station near
Siple Station would be warranted when manned winter opera-
tions are ended.

We express our appreciation to winter personnel Rick Dyson,
Dave Clements, Cyril Lance, and Laura Kay who have provided
valuable support during the prototype field test at the South
Pole. The automatic geophysical observatory development was
supported by National Science Foundation grant DPP 81-05624.

References

Doolittle, J.H., and S.B. Mende 1985. Development of an automatic
geophysical observatory. Antarctic Journal of the U.S., 20(5), 229-231.

Doolittle, J.H., and S.B. Mende 1984. Automatic geophysical observato-
ries in Antarctica. Antarctic Journal of the U.S., 19(5), 213-214.

Harris, SE., and S.B. Mende. 1983. Antarctic automatic geophysical
observatory. Antarctic Journal of the U.S., 18(5), 262-264.

The 1985-1986 South Pole balloon
campaign

E.A. BERING, III and J.R. BENBROOK

Physicis Department
University of Houston at University Park

Houston, Texas 77004

D.L. MATTHEWS and T.J. ROSENBERG

Institute for Physical Science and Technology
University of Maryland

College Park, Maryland 20742

This paper describes the flight of eight stratospheric balloon
payloads from Amundsen-Scott South Pole Station, Antarctica,
at the geographic South Pole during the austral summer
1985-1986.

The primary tools used in this program were stratospheric
balloon payloads. The balloons were helium filled, had a vol-
ume of 5,100 cubic meters, and had a payload mass of 24.5
kilograms, giving a nominal float altitude of 32 kilometers. The
payloads were instrumented with three axis double-probe elec-
tric field detectors and X-ray scintillation counters. The electric
field detector had a dynamic range of 0.2-980 millivolts per
meter for the horizontal components and 0.5-2500 millivolts per
meter for the vertical component. The diameter of the X-ray
detectors was 7.7 centimeters. Other instrumentation meas-
ured the electrical conductivity, the ambient temperature and
the pressure. Three of the payloads included tone-ranging
transceivers. A picture of a payload is shown in the figure. The
ground-based data from the South Pole Station Cusp Lab; the
new conjugate observatory at Frobisher Bay, Northwest Territo-
ries; the Goose Bay, Labrador high-frequency coherent scatter
radar; the Søndre Strømfjord, Greenland incoherent scatter
radar; and satellite data from the Dynamics Explorer (DE-1),
from Defense Meteorological Satellite Program (DMSP F-6 and
F-7), and Interplanetary Monitoring Platform (IMP) 8 spacecraft
are also essential to the program.

The location of Amundsen-Scott Station at the South Pole
provided unique advantages for this project. The geomagnetic
latitude of the South Pole (A = 74.9°S) puts it in the middle of the
expected magnetic dayside cusp latitude range (Feldstein 1963;
Fairfield 1977; Eather, Mende, and Weber 1979) and about 5°
into the polar cap on the magnetic nightside. In addition to the
presence of the observatories mentioned above, an advantage of

this location for a balloon experiment is that the mean winds at
10 millibars in summer are 3-4 kilometers per hour (Environ-
mental Data Service 1974, 1975, 1977). Since the elevation of the
sun varies very slowly, flights of 3-4 days duration were
obtained.

Scientific objectives. The program had nine major objectives: to
make (1) long-term balloon measurements of the ionospheric
electric field in the vicinity of the polar cusp; (2) long-term
balloon measurements of high-energy electron precipitation in
the vicinity of the polar cusp; (3) long-term balloon measure-
ments of the foregoing in the midnight sector of the low latitude
polar cap; (4) conjugate measurements of the ionospheric elec-
tric field near the polar cusp and in the midnight sector of the
low latitude polar cap; (5) a continuous patrol study of the

t	t

A photograph of the launch of flight #4. From top to bottom, the
flight train consists of the balloon, tone ranging unit, rotator motor/
reel-down, and the payload with the six electric field antennas and
the telemetry transmitting antenna.
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580

240

 -No X-ray activity

3530730	Very active, particularly 0800-1300. Ultra-low-frequency
and direct-current electric fields, intense X-ray bursts
correlated with ultra-low-frequency on the ground, anti-
correlated with the electric field.

86°
	

225

30	 3560000

370	 3582300

No activity.

Large electric field and micropulsation event started at
361 1910. X ray detector failed at 359 1309.

32°

350°

362 1000	High activity level for the first 12 hours, including large
electric fields, micropulsations, X-rays, very-low-
frequencies/extra-low- frequencies and correlations
among them. Large substorms 364 1800.

292° 292

600	 0020715	X-ray events 002 1310-1440, 003 0232, 0300. Lots of
relations.

202°

007 1200	Very active periods near magnetic noon on 007 and 008.
X-ray activity 007 1221-1640 (with microbursts), 008
0021, 1556-1620, 009 0205. Large e'ectric fields 007
1550, 1711, 009 0846, 2128.

215°

0121730	No activity until approximately 015 1500 then some ultra-
low frequency

1pz

Table 1. A summary of flight activity. (Note that winds, and therefore flight tracks between launch and loss of signal,
were highly variable.)

Final balloon positions

Maximum
range

Final	 (in	 Float
Flight	 azimuth	kilometers)	reached	 Activity

1	 550	 300	 3500900	Moderate ultra-low Frequency activity in the electric field.
350 0704Z
(16 Dec 85)

to
351 0900

(17 Dec 85)

2
353 0536

(19 Dec 85)
to

354 0000
(20 Dec 85)

3
355 2205

(21 Dec 85)
to

356 0342
(22 Dec 85)

4
358 2112

(24 Dec 85)
to

362 0424
(28 Dec 85)

5
362 0807

(28 Dec 85)
to

365 0715
(31 Dec 85)

6
002 0508
(2 Jan 86)

to
006 1600
(6 Jan 86)

7
007 0945
(7 Jan 86)

to
010 0521

(10 Jan 86)

8
012 1234

(12 Jan 86)
to

016 2013
(16 Jan 86)

ionospheric electric field and high-energy electron precipitation	with nearby balloons; (8) a continuous measurement of the
at 75° geomagnetic latitude for one solar rotation; (6) measure-	vertical geoelectric field and stratospheric conductivity for a
ments of the electric component of ultra-low-frequency waves	solar rotation; and (9) a short-time-scale study of stratospheric
near the cusp; (7) a study of the spatial structure of the electric	winds above the geographic South Pole in summertime.
field near the cusp by making simultaneous measurements	Flight summary. In the month starting on 16 December 1985
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Comparison data availability. There are a lot of data available for
comparison with the balloon data. These data can be grouped
into three categories: ground-based data from the South Pole,
ground-based data from the Northern Hemisphere, and satel-
lite data. The relevant instrumentation at Amundsen-Scott Sta-
tion was all operational and obtained good data for the entire
campaign. In the Northern Hemisphere, 400 hours of simul-
taneous data were obtained by the Goose Bay high-frequency
radar, and 74 hours of simultaneous data were obtained by the
Sondrestrom radar. Good data were also obtained by most of
the other instruments in the north.

The spacecraft data that we expect to be of major interest are
the IMI' 8 solar wind data, the DE ultraviolet imager data, and the
ssj package particle data and Northern Hemisphere imager data
from DMSP F-6 and F-7 (Rich, Hardy, and Gussenhover 1985).
IMP 8 was in the solar wind during at least flights 1, 2, 7, and 8.
The DE imager was operating and viewing the region poleward
of 81°S approximately 2 hours per day during every flight except
flight 3.

Expected results. The 1985-1986 South Pole balloon campaign
acquired 468 hours 30 minutes of data. Almost all of both the
balloon and the other instruments worked well. The program's
objectives and the results that we will be able to obtain are
summarized in table 2.

Acknowledgments. The members of the field team were James
R. Benbrook, Edgar A. Bering, III, Jenny M. Howard, David M.
OrO, Eugene G. Stansbery, and Jeffery R. Theall. Bering, OrO,
Stansbery, and Theall left the United States on 26 November,
arrived at McMurdo Station on 29 November, and arrived at
South Pole Station on 2 December 1985. Benbrook and Howard
left the U.S. on 29 November, arrived at McMurdo Station on 2
December, and arrived at South Pole Station on 12 December.
The entire party left South Pole Station on 18 January and left
McMurdo Station on 23 January 1986.

This research was supported by National Science Foundation
grants DPP 84-15203 (to the University of Houston) and DPP
82-17260 (to the University of Maryland).

Table 2. Summary of the scientific objectives and potential
results of the balloon program

Results expected from analysis
Objectives	 of the data

1. To make long-term balloon
	Can be accomplished. We had

measurements of the ionospheric	balloons aloft at magnetic noon
electric field in the vicinity of the	on 20 different days in a variety
polar cusp.	 of conditions.

2. To make long-term balloon	Can be accomplished. See #1
measurements of high-energy	above.
electron precipitation in the
vicintity of the polar cusp.

3. To make long-term balloon
	Can be accomplished. We had

measurements of the ionospheric	balloons aloft at magnetic
electric field and high-energy	midnight on 19 different days in a
electron precipitation in the	variety of conditions.
midnight sector of the low
latitude polar cap and poleward
edge of the auroral oval.

4. To make conjugate	 Can be accomplished. There
measurements of the ionospheric were about 400 hours when we
electric field near the polar cusp	had balloons aloft and the Goose
and in the midnight sector of the	Bay high-frequency radar was
low latitude polar cap. running, and 74 hours of overlap

with operation of the Sondestrom
radar.

5. To make a continuous patrol
	

Can be 72 percent
study of the ionospheric electric	accomplished. Bad weather and
field and high-energy electron	leaky balloons prevented 100
precipitation at 75 geomagnetic	percent continuity. In 31 days, we
latitude for at least one solar	had a balloon aloft 19 days 6
rotation.	 hours.

6. To measure the electric field
	

Can be accomplished. Very
components of ultra-low	significant activity levels were
frequency waves near the polar	seen regularly.
cusp.

7. To study the spatial structure	Cannot be accomplished. High
of the electric field near the cusp	surface winds prevented
by making simultaneous	overlapping flights.
measurements with nearby
balloons.

8. To make a continuous	Can be 72 percent
measurement of the geoelectric	accomplished. See #5 above
vertical field and stratospheric
conductivity for a solar rotation.

9. To make a detailed, short
	

Can be accomplished
time-scale study of stratospheric
winds above the geographic
South Pole in summertime.

and ending on 16 January 1986, eight balloon flights were con-
ducted, ranging in duration from 6 hours to 103 hours 30 min-
utes. A total of 468 hours 30 minutes of data were obtained
under a wide range of magnetic conditions. A summary of the
flight times, final positions, and geomagnetic activity levels is
shown in table 1.
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