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Global scale electric fields
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During the months from December 1983 through March
1984, a major long-duration balloon experiment was conducted
in which the electrical properties of the stratosphere were meas-
ured. These balloons were launched from Christchurch, New
Zealand by the National Center for Atmospheric Research
(NCAR) with sponsorship jointly by the National Science Foun-
dation and the National Aeronautics and Space Administration.
The payloads carried experiments designed and built by Cor-
nell University, Utah State University, NCAR, the University of
Washington, and the University of Otago in New Zealand. The
data from six superpressure balloons in addition to the data
from two earlier prototype balloon flights (Holzworth 1983-b)
constitutes the largest vector electric field data set over collected
in the stratosphere. The balloons floated at a 26-kilometer al-
titude and meandered over much of the southern hemisphere
from 39°S to nearly 80°S. The most important result so far
obtained from early data analysis is the observation that the
global source of atmospheric electricity due primarily to world-
wide thunderstorms is highly variable on a day-to-day basis.

The sensors have been described by Holzworth (1983-a,
1983-b). They basically consist of instruments to measure:
• Vector quasi-direct-current electric field,
• Very-low-frequency electric waves from 1-8 kilohertz,
• Cosmic ray ionization rate,
• Positive and negative polar conductivity,
• Optical lightning flash rate,
• Vector magnetic field,
• Air temperature,
• Air pressure, and
• Magnetospheric electromagnetic hiss noise.
During these flights, all on-board instruments performed as
designed with high reliability.

Figure 1 presents a mass plot of the trajectories of the balloons
up to 1 March 1984, including the longest flight, which was over
6 weeks in duration. This data set includes over 180 payload
days with at least one payload up continuously from 13 De-
cember until midMarch 1984; this includes three solar rotations
(four counting the prototype flights).

From early quick-look plots of the data, it was immediately
obvious that the vertical electric fields on two simultaneous
payloads was nearly identical much of the time. Of course,
when any payload was in the vicinity of a thunderstorm (within
100 kilometers) that electric field was dominated by that storm.
Much of the remainder of the time these payloads (even when
separated by over 2,000 kilometers) recorded the same vertical
field. This, then, is an indication of the large-scale southern
hemisphere electric current system. Figure 2 presents the data
from just 2 weeks (all averaged together) when two balloons
measured the same vertical field to within 10 percent. Also
shown is the unitary variation curve (first measured by the ship
Carnegie in the 1920's) of the heavily averaged surface electric
field. Clearly the present measurements are reminiscent of the
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Figure 1. Superpressure balloon trajectories 1983-1984.

expected global variations. The new discovery of this experi-
ment is shown in figure 3. Here we present a week of the data
which went into figure 2. As one can see, the large-scale varia-
tions (seen by two widely separated payloads simultaneously)
vary greatly from day to day. This observation runs counter to
the current lore that the global circuit is more or less consistent
from day to day and that any measured variations are due to
local weather conditions (clouds, haze, aerosols, winds, and the
like). As a result of these observations, many present theories of
global electrification will have to be modified.

I would like to thank my colleagues (B. Edgar, M. Kelley, P.
Kintner, K. Norville, A. Shaw, and R. Williamson) and field
support staff (D. Boulter, T. Onsager, and S. Powell) who helped
make this experiment happen. A special thank-you goes to the

FAIR WEATHER VERTICAL ELECTRIC FIELD
FROM TWO PAYLOADS (10 MIN. AVG.)
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Figure 2. Fair-weather vertical electrical field from two payloads (10-
minute average). ("V/m" denotes volts per minute.)
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extent. In the figure, the X-ray intensity vs. time profiles for the
spike are compared with the cosmic-noise absorption measured
at South Pole Station. The ratio of X-ray counts in channel 2 to
those recorded in channel 1 are plotted in the bottom section of
the figure to provide a measure of the spectral changes with
time. After approximately 2301 UT the riometer absorption de-
creased rapidly while the X-ray fluxes emitted from a large area
at the south polar region remained relatively constant. This
behavior indicates that after occurrence of the spike, the region
of precipitation moved away from the South Pole Station.

In cooperation with T. Rosenberg at the University of Mary-
land, we are now in the process of comparing ground-based
nometer and satellite bremsstrahlung X-ray measurements for
several events in 1982 and 1983. Additional coordinated data are
being acquired in 1984 for eventual analysis. Some of the most
promising times of coordination are listed in table 1.

Comparisons are being made between the bremsstrahlung X-
ray intensities and energy spectra measured from balloons
launched at Siple Station and the precipitating electrons ob-
served from the P78-1 satellite during the 1980-1981 campaigns.
The satellite data were taken with fine angular (approximately
3°) resolution and cover electron energies from 68 kiloelectron-
volts to approximately 1 megaelectronvolts. From the measured
pitch-angle distribution near the edge of the loss cone, calcula -
tions are being made of the expected bremsstrahlung X-ray
production and these are compared with the X-rays observed
from the balloons. Some of the events being studied are listed in
table 2.

Table 2. List of coordinated electron X-ray events being studied

Coordination time	Satellite longitude
Date	 (in universal time)	at 750S latitude

30 December 1980
	

1923
	

86° W
5 January 1981	 1921

	
88° W

6 January 1981
	

0313
	

80° W
13 January 1981	 1917

	
85° W

Coordinated satellite and antarctic
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precipitating electrons

W. L. IMHOF and E. E. GAINES

Lockheed Palo Alto Research Laboratory
Palo Alto, California 94304

An electron precipitation event occurred near 2300 universal
time (UT) on 27 June 1982 in the vicinity of South Pole Station; we
investigated it using bremsstrahlung X-ray mapping data taken
from two satellites and using ground-based nometer and mag-
netometer data. This collaborative effort involved scientists
from several laboratories, and the results have been submitted
for publication in the Journal of Geophysical Research (Imhof e' 31
in preparation). The feature of greatest interest was an intense
spike of approximately 10-seconds duration and limited spatial

Table 1. List of time intervals for which coordinated riometer and
X-ray measurements are being analyzed

Time interval of interest
Date	 (in universal time)

3 March 1982	 1041-1047
18 July 1982	 1247-1251
18 January 1983	 1303-1308
18 January 1983	 1438-1443
7 February 1983	 1709-1716
13 February 1983	 0757-0803
15 February 1983
	

0430-0436
20 February 1983	 0039-0043
20 March 1983	 0445-0450
31 March 1983	 1422-1427
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