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Observations of auroral hydrogen commenced at
Byrd Station in mid-April, as soon as darkness per-
mitted. A meridian spectrograph is used to record
on film a narrow segment of the sky from horizon
to horizon. Spectral features in the wavelength re-
gion between about 3900 A and 6700 A were re-
corded. The instrument was oriented so that the en-
trance slot was about normal to the average align-
ment of the auroral arcs; such orientation is opti-
mal for recording the motion in longitude of the faint
arcs which contain the hydrogen radiation. The
speed at which the arcs move determines the length
of exposure which can be used. Experience has in-
dicated that a 15-minute exposure gives a good film
density for the Balmer-alpha line of hydrogen,
while successive exposures show the migration of
the arcs.
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Record of the Balmer-alpha line of hydrogen made at Byrd
Station on the night of May 25-26, 1966. See text.

In the accompanying diagram, the results of one
night's observations are shown. Each line represents
a 15-minute exposure, the length of the line being
an indication of the exposure's extent in zenith angle
on the original film. Sometimes Balmer-alpha was
recorded from horizon to horizon, while at other
times it was localized. A distinct maximum on the
film is shown by a cross on the diagram. On this
particular night, 20 hours of records were obtained
before twilight ended the observations. A charac-
teristic motion of the hydrogen arc was noted, first
equatorward, then poleward. Observations were
made on only portions of other nights and some of
these still require analysis. It is premature, there-
fore, to draw any conclusions at this time.
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Many studies have been made at middle lati-
tudes of the occurrence of metallic atoms and ions,
particularly atomic sodium, in the upper atmosphere.
The data show that the concentration of atomic
sodium reaches a peak at an altitude of about 90-95
km. it has been suggested that the source of the
sodium is either seawater vapor that has been car-
ried high into the atmosphere or the remnants of
meteors that have evaporated in the atmosphere. it
becomes obvious, after examination of the mid-
latitude data, that the solution of this problem in-
volves study of the ionization equilibrium of sodium,
the chemical properties of the upper atmosphere,
and the modification of the chemical properties of
the atmosphere by meteorological-transport pro-
cesses, both horizontal and vertical.

The sodium is most easily observed at twilight,
when the sun no longer illuminates the lower at-
mosphere but is still resonantly exciting emission
from sodium in the upper atmosphere. At middle
and low latitudes, conditions are suitable for ob-
servation for only a few tens of minutes at dawn
and dusk. At the South Pole, the year's twilight is
concentrated into two periods of several days each,
during which continuous observation is possible.

A scanning photoelectric spectrometer was set up
in the auroral tower of South Pole Station in Janu-
ary 1966 and made fully operational before the be-
ginning of twilight in late March. The spectrometer
operated well, thanks to project-assistant Richard
Przywitowski, throughout both this twilight period
and the second one, which started at the beginning
of September. The data obtained during the first
twilight, which were recorded on many thousand
feet of paper tape, have been reduced and found
to reveal a number of interesting and unexpected
features. First, the sodium layer appears to be 10-
15 km higher over the South Pole than it is at
middle latitudes. Second, quite large changes in the
amount of sodium apparently occur from hour to
hour, possibly indicating a genuine daily variation
in abundance. This finding is a little surprising in
view of the fact that at the equinoxes the South
Pole is symmetrically located with respect to most
geographical and astronomical coordinates.
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A search was also carried out for other metallic
emission lines in the spectrum of the twilight sky.
The first reduction of the data has shown that these
lines were not present, and upper limits to the
amount of the metals that could be present are being
worked out.

During the polar night, the scanning spectrometer
was used to measure the intensities of vari-
ous auroral- and airgiow-emission lines. The data
obtained will be used to give reference points for in-
vestigations of the emission processes in the night
sky well inside the auroral zone.

The ITSA Antarctic Riometer Program
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In ITSA's antarctic riometer program, ionospheric-
absorption measurements were made at Byrd, South
Pole, and Vostok Stations (at Vostok the project is
conducted in cooperation with the Soviet Antarctic
Expedition). During 1966, absorption measure-
ments were also made at Plateau Station. The in-
vestigation was initially part of a larger conjugate-
point program, and conjugate aspects of the ob-
servations are still under study, with emphasis on the
conjugate pair of Byrd and Great Whale River,
Quebec, Canada. At both locations, multiple-an-
tenna riometer systems employing digital outputs
were installed early in 1966 and have operated
fairly continuously since then. The objective of this
investigation is to study the small-scale spatial vari-
ation of magnetic conjugacy and to look for tem-
poral variations in conjugacy. Some preliminary
analyses were made during 1966, and more thor-
ough analyses are now in progress.

Excellent data were obtained from all of the
antarctic riometers during the intense polar cap
absorption (PCA) events of August-September 1966
and January-February 1967. These events, which
are caused by influxes of energetic protons from the
sun, are a phenomenon unique to very high mag-
netic latitudes, and detailed study of them has
proved to be one of the richest sources of informa-
tion on the properties of proton fluxes and the
lower ionosphere, where radio-wave absorption
takes place.

The events of 1966-1967 have shown that there
may be important differences in composition be-
tween the arctic and antarctic ionospheres, and this
possibility is currently being studied in some detail.
During 1966, analyses of earlier PCA events were
also carried out. A detailed investigation of the
event of February 1965 revealed hitherto unex-
pected evidence of nonuniformity in proton precipi-
tation over the polar caps. Fig. 1 shows the growth
and the early part of the decay of the absorption
recorded during this event at Vostok, South Pole,
and Byrd Stations. A theoretical investigation of
geomagnetic cutoffs for incoming solar protons at
high magnetic latitudes was also completed.
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Figure 2. Example of correspondence between bursts of
electrons recorded by the satellite IMP-] at 28 Earth radii

and absorption measured at South Pole Station.
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Figure 1. Growth and early part
of decay of absorption during

South Pole 26.5 mU0
	 event of February 1966. See text.
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