
significant anisotropies were observed as the satel-
lite crossed a given polar cap. Variations in count
rate up to a factor of ten were observed. From onset
to the second maximum at 1600 on June 8, no
significant asymmetry was observed between the
ncrth and south polar regions. From this point on,
a larger intensity was observed over the north polar
cap. The northern excess was about 50% for several
hours, after which it was reduced to 20% for the
next two days. The decrease in the Southern Hemi-
sphere is not a low-energy cutoff effect but a depres-
sion of the entire spectrum. A regression plot of the
riometer and OGO-6 data indicates good agreement
with A(db) =KI % for both the increasing and de-
creasing phases.

Fig. 2 shows riometer observations during the
November 2, 1969 event. This event reached a peak
absorption greater than any other during this solar
cycle. Although a maximum of 14.5 db was observed
at 30 MHz, the integrated intensity for greater than
10 MeV protons was about equal to that for the No-
vember 18, 1968 event. The sharp increase and unique
spike at the beginning of the event is very similar to
the profile of the November 18, 1968 event. This
feature may be a characteristic of extreme west limb
events and their propagation path to earth. The 1968
event was due to a N21W87 flare and the 1969 event
to a flare one day behind the northwest limb.
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Riometer Observations of Radio-Wave
Absorption in the Antarctic Ionosphere

F. C. COWLEY, W. L. ECKLUND,
G. C. REID, and H. H. SAUER

Space Disturbances Laboratory
ESSA Research Laboratories

Riometers were operated continuously at frequen-
cies of 30 and 50 MHz at Byrd, South Pole, and
Vostok during the austral winter of 1969, and analy-
sis of the data is currently under way. One of the
principal objectives of the operation was to study
polar-cap absorption events, which are fairly fre-
quent at this time, close to the peak of the solar
activity cycle.

The most outstanding PCA event of the year oc-
curred April 12-16. The absorption profiles of this
event as recorded at the two frequencies at Byrd
and Vostok are shown in Fig. 1 (no data were ob-
tained at South Pole). The event was relatively in-
tense, reaching a maximum at 30 MHz of about 11
db at Vostok, in spite of the small maximum solar
elevation angle of about 5° at local noon (about
0500 UT). The peak absorption recorded at Byrd
was only about 8 db, partly because the maximum
proton flux occurred at a time when Byrd was in
darkness, and partly because the maximum solar
elevation angle there was only about 1°.

This event is of particular interest because it ap-
parently originated in a flare just beyond the east
limb of the sun, which was invisible from the earth,
although its effects were observed by one of the
Pioneer spacecraft in solar orbit well to the east of
the earth. The spiral pattern of the interplanetary
magnetic field, caused by the sun's rotation, tends to
deflect protons to the east as they travel out from
the sun, and hence protons originating in west-limb
flares reach the earth rather easily, whereas east-limb
protons have to diffuse across the interplanetary field,
resulting in a slow buildup in intensity at the earth.
In the April 1969 event, the initiating flare ap-
parently occurred at about 0115 on April 10, but the
peak of the PCA event was not reached until about
0600 on April 13, some 40 hours later, reflecting
this typical slow rise. Nevertheless, the event assumed
major proportions, suggesting that it would have
been one of the largest on record if the earth had
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been more favorably situated to observe the early
stages.

Study of this event is continuing, and a comparison
with the characteristics of other known east-limb
proton events is likely to yield interesting results.
In particular, an event that occurred in March
1958 also originated in a flare at the east limb
and subsequently developed into one of the major
PCA events of the IGY period. The time-history of
the buildup phase was quite different from that
of the April 1969 event, however, especially in its
relationship to the sudden commencement of the
geomagnetic storm that followed the flare. The rea-
sons for the differences are not yet clear.

Other PCA events that occurred during 1969 and
in earlier years are also under active study. During
the coming year, the Solar Proton Monitor carried
by the ESSA ITOS Weather Satellites will be a
valuable source of additional data for these studies.
The first satellite in the series was launched in late
January 1970 and is presently recording solar-proton
fluxes in a wide energy range over both polar caps
at an altitude of about 1,500 km. Studies of PCA
events that occur during 1970 and succeeding years
will be aimed towards the use of simultaneous satel-
lite and ground-based information.

ESSA's Meteorological Programs
in Antarctica

VAUGHN D. ROCKNEY

Environmental Science Services Administration

The meteorological programs conducted by ESSA
in Antarctica serve three purposes: (1) to gather
environmental data for research, (2) to provide real-
time environmental data for the World Weather
Watch of the World Meteorological Organization,
and (3) to measure various atmospheric constituents
for "benchmark" (long-term reference) purposes.
These latter data are essential for research on funda-
mental problems of air quality and climatic change.
Data from areas relatively unaffected by industrial
contamination, e.g., the geographic South Pole, are
especially valuable for these basic research studies.

During 1968-1969, meteorological programs at
Byrd and South Pole Stations were continued, but
on a somewhat reduced basis as compared to previ-
ous years. At Byrd Station in the austral summer,
hourly aviation observations, three-hourly surface-
weather measurements, climatological measurements,

and twice-daily upper-air soundings of pressure,
temperature, humidity, and wind were made. At the
close of the summer resupply period, the weather-
measurement programs were substantially reduced,
and only one meteorological technician remained at
the station during the winter months. His activities
included (a) making six-hourly surface-weather meas-
urements and maintaining the climatological record,
(b) making occasional upper-air soundings, (c) con-
tinuing the year-round program of total-ozone meas-
urements, (d) monitoring the ionospheric sounder
and processing the photographic records, and (e)
conducting the auroral program during the dark
period.

At South Pole during the austral summer, the
weather-observation program consisted of three-
hourly surface measurements, twice-daily upper-air
soundings, and hourly observations for aircraft op-
erations. With the coming of winter, the staff was
reduced to three men and the surface and upper-air
weather-measurement programs were reduced to four
and one daily, respectively. Once a week throughout
the year, the upper-air sounding program included
measurements of ozone and radiation.

A substantial additional program of measurements
for the purpose of meteorological research was main .-
tamed at South Pole throughout the year. Twice
monthly our staff collected atmospheric samples (for
analysis of carbon dioxide content at Scripps Institu-
tion of Oceanography). Thrice-daily measurements
of total ozone were made using the Dobson spectro-
photometer, and a continuous record of surface ozone
was obtained using the Electrochemical Concentra-
tion cell. Total, diffuse, net, reflected, and normal-
incidence radiation was measured on a continuous
basis. Snow conductivity and pH, air-earth conduc-
tivity, and potential-gradient measurements were also
made. Earth-tide measurements were made for the
University of California, Los Angeles, and ventilated
filters were exposed for Ohio State University to
gather samples for analysis of atmospheric particulate
matter. Observations of noctilucent clouds were made
for the University of Alaska.

An atmospheric sounding taken at South Pole in
December of 1968 was the first upper-air balloon
sounding in the Antarctic to obtain ozone and radia-
tion data simultaneously during a regular radiosonde
measurement of pressure, temperature, humidity, and
winds aloft. In all, 54 flights were made with these
instruments in 1969 using the Suomi-Kuhn radi-
ometer and the Electrochemical Concentration cell
as sensors added to the standard radiosonde. The
program was very successful, not only in terms of
the quality and quantity of data received, but also
from the standpoints of reduced cost and simultaneity
of data.
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