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Atmospheric electric field
measurements at Vostok,

Antarctica

C. G. PARK
Radioscience Laboratory

Stanford University
Stanford, Calfornia 94305

A U.S. scientist has wintered at Vostok Station
(78028'S. 106048'W.) in alternate years as part of a
U.S.-U.S.S.R. exchange scientist program that
started during the International Geophysical Year
(IGY). Robert B. Flint, Jr., who wintered there in
1974, measured the vertical atmospheric electric
field in addition to his regular duties that included
the operation of geomagnetic pulsation detectors
and very low frequency (100 hertz to 100 kilohertz)

Figure 1. (a) Vertical elec-
tric field measured at Vos-
tok versus universal time
(UT). Positive electric field
is directed downward. The
vertical bar at 0500 UT
shows the standard error
of the mean. (b) Estimated
thunderstorm area In major
continents of the world
plotted against UT (repro-
duced from Whipple and

Scrase, 1936).
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radio receivers. The equipment used for at-
mospheric electric field measurements was de-
veloped at Stanford University and has a response
time of about 1 second. The sensor consists of a
dipole antenna (60 centimeters tip to tip), which is
rotated by an induction motor at 1,800 revolutions
per minute. The alternating current signal induced
in the antenna is first amplified and then processed
through a synchronous detector and a low-pass
filter. The rotating antenna makes it possible to
follow electric field fluctuations up to 1 hertz, the
upper cutoff frequency of the output filter. By con-
trast, a stationary antenna would have a response
time of the order of '/2 hour, which is the time re-
quired for the antenna to charge and discharge
through the poorly conducting atmosphere. The
sensor was installed upwind of the station at a
height of 1.5 meters and operated continuously
for approximately 8 months.

Figure la shows the diurnal behavior of the elec-
tric field plotted against universal time (UT). Figure
lb shows the expected thunderstorm area over
major continents of the world as a function of UT
(Whipple and Scrase, 1936). The peaks occur when
these continents go through the afternoon. The
good agreement between these peaks and the three
peaks in figure la indicates that the electric field
data from Vostok do in fact reflect the changes in
global ionospheric potential and that the data are
not significantly contaminated by local dis-

turbances. Figure la also agrees with earlier meas-
urements made at polar latitudes and over oceans
(Kasemir, 1972; Israel, 1973).

An interesting result is found when the electric
field data are correlated with the solar magnetic
sector structure. This is illustrated in figure 2,
which shows the result of a superposed epoch
analysis in terms of percentage change in the elec-
tric field as a function of days from the passage of
sector boundaries. The electric field is depressed by
15 percent 1 to 3 days following sector boundary
encounters. This depression appears to be statisti-
cally significant when compared to the standard
error of the mean. If this correlation is real, it has
many important implications for coupling between
solar terrestrial phenomena and atmospheric dy-
namics in the lower troposphere. A more detailed
statistical analysis of the electric field data and the
physical implications of the results are in Park (in
press).

The high plateau in the antarctic interior offers
an ideal location for studying the fair-weather at-
mospheric electric field. The favorable factors in-
clude high altitude, absence of local thunderstorms,
exceptionally clear sky throughout the year, low
wind speeds, and low atmospheric pollution levels.

This research was supported by National Science
Foundation grants DPP 74-04093 and DES 74-20084.
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Atmospheric electric
measurements

WILLIAM E. COBB
Atmospheric Physics and Chemistry Laboratory

National Oceanic and Atmospheric Administration
Boulder, Colorado 80302

The National Oceanic and Atmospheric Admin-
istration's 5-year program of atmospheric electric
measurements at Amundsen-Scott South Pole Sta-
tion is in its third year. Electrical parameters are
monitored continuously at the surface, and balloon-
borne sensors are released frequently to measure
the air-earth conduction current aloft. The objec-
tive is to establish an environmental benchmark of

the atmospheric electric climate on the polar pla-
teau and also to investigate the origin and main-
tenance of the earth's atmospheric electric field.

The classical theory of atmospheric electricity is
that the earth and the ionosphere form the con-
ducting plates of a spherical condenser. An im-
perfectly insulating atmosphere separates the
plates. The electrical current known to flow be-
tween the plates of this "leaky" capacitor is pro-
duced, maintained, and controlled by the ever
present global thunderstorm activity: positive cur-
rent flows to the earth in fine weather and is re-
turned to the ionosphere in thunderstorm areas.

The classical hypothesis is based largely on meas-
urements made aboard the sailing ship Carnegie in
the 1920s. Perhaps the most convincing evidence
since that time is being obtained from the poten-
tial gradient measurements at the South Pole
(figure).

Mean diurnal variation of
the potential gradient (solid
line) at the South Pole and
of the global thunderstorm
activity according to the
Whipple and Scrase curve
(Geophysical memoirs of
the British Meteorological	E
Office, 1936). Both the >
global thunderstorm ac-	60
tivity and the potential gra-
dient peak from 1300 to
2000 Greenwich Mean Time
(GMT) correspond in time
with the sun's passage	50over Africa and Europe
soon followed by North and
South America. Solar heat-
ing of these large land
areas results in the great-
est thunderstorm activity.
A secondary peak occurs	00	 06	 12	 18at about 0800 GMT asso-
ciated with the afternoon	 GMT
thunderstorm activity in
Asia and Australia, and the

minimum global thunderstorm activity occurs at about 0300 GMT when the sun is over the Pacific Ocean.
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