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Conjugate Point Studies
A. LAWRENCE SPITZ
Arctic Institute of North America
Observations carried out 9,500 miles apart by
the National Research Council of Canada in the Arctic and jointly by the Arctic Institute of North America and the Environmental Science Services Administration in the Antarctic continued during 1967-1968
with scanning of the visible aurora for hints on how
the solar wind—plasma ejected from the sun—affects the Earth's magnetic field.
The Earth acts much like a huge bar, or dipole,
magnet, radiating concentric lines of force between
its northern and southern magnetic poles. But this
familiar model accounts only for the field ideally
generated by magnetic sources within the Earth itself. The actual magnetic field that envelops the
Earth is the product not only of these Earth-bound
sources but also of external sources that exert a major
influence on the field's ultimate character.
The solar wind is one of the principal external
forces that affect the Earth's magnetic field. The dipole model adequately represents the lines of force
at low geomagnetic latitudes, but the lines extending
farther into space from points on the Earth's surface
may be swept off by the solar wind into a magnetic
"tail," instead of returning to their conjugate points
on the surface. Accurately plotting the field, therefore, involves more than simple calculations based
upon the Earth's own magnetic sources.
Fortunately, the solar wind produces a visible
record of its effects in the form of auroras. Auroras
occur when molecules and atoms in the upper atmosSeptember-October 1968

phere are excited by sun-produced free electrons that
spiral towards the polar regions along the Earth's
lines of force. Since 1965, photoelectric photometers
and all-sky cameras using black-and-white and color
film have been recording auroral activity at Great
Whale River on the eastern shore of Hudson Bay
and at Byrd Station in Antarctica—geomagnetic conjugates in the Northern and Southern Hemispheres.
The observations taken at these conjugate points
are synchronized by highly accurate clocks and
matched according to auroral displays occurring simultaneously, or nearly so, in both hemispheres. The
sites of the stations are near the boundary between
the lines of force that return to their conjugates and
those that sweep out into space.
In the first two years of this program, observations
of fluctuations in the geomagnetic field in both hemispheres suggested that, considering Byrd Station as a
fixed point, the northern conjugate was wandering.
In July 1967, observations were taken by a photometer on an island in Hudson Bay 80 miles from Great
Whale River to supply confirming evidence of this
conjugate wandering. During the summer of 1968,
a self-contained photometer unit recorded auroral
data automatically at a more remote mainland location. If this unmanned system proves feasible, more
units will be used in coming years. These remote
instruments are being installed in the Northern Hemisphere because of the logistic difficulty of supporting
remote apparatus in the Antarctic. Additionally, more
precise measurement of conjugate wandering should
contribute significantly to a better understanding of
the Earth's magnetic field.

Geomagnetic Observations in Antarctica
JAMES V. HASTINGS
Coast and Geodetic Survey
Environmental Science Services Administration
The Coast and Geodetic Survey continued during
1967 its antarctic geomagnetism program through the
operation of magnetic observatories at Byrd, South
Pole, and Plateau Stations. While this was only the
second year of operation at Plateau, programs at
Byrd and South Pole have been in continuous operation for about 10 years. Variations in declination and
horizontal and vertical intensity were recorded
throughout the year on continuously operating magnetographs. Absolute observations of the magnetic
elements were made at frequent intervals to provide
the needed calibration data for accurately describing
the vector field. The magnetic measurements at all
stations were made to the highest degree of accuracy
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attainable under the existing conditions, and all absolute instrument calibrations are traceable to international magnetic standards.
Updating of the world magnetic charts at periodic
intervals, through an independent recompilation
based on all the data available at the time, is a
primary responsibility of the Coast and Geodetic
Survey as part of its geomagnetism program. The
secular-change patterns and isolines for Antarctica,
as portrayed on the latest issue of the charts, are of
considerably greater accuracy than the patterns shown
on charts issued several years ago. The next updating of the world isogonic chart, now scheduled for
1970, will reflect even greater accuracy in the antarctic portion of the globe as a result of magnetic
data obtained in recent years from Byrd, South Pole,
and Plateau Stations.
Having been in continuous operation for several
years, Byrd and South Pole Stations now have the
required longevity for providing highly accurate secular-change rates. As shown on the accompanying
graph, the present rates of change for total intensity
at Byrd and South Pole are essentially the same (a
decrease of approximately 100 gammas annually).
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Radiation from Atomic Hydrogen
in Aurorae
M. H. REES
Laboratory for Atmospheric and Space Physics
University of Colorado
Study of the hydrogen emissions Balmer alpha and
beta, which was begun during the 1966 austral winter, has been continued with essentially the same
instrumentation descirbed in the Antarctic Journal,
vol. II, no. 5, p. 166. Observations were again carried
out at Byrd Station, which is in a region of maximum
auroral occurrence.
During several 24-hour periods in midwinter, spectra were recorded constantly. Several hundred useful
spectra were obtained during the observing season,
and photometric records were obtained for calibration and high-time resolution studies. The spectra
were recorded on 35-mm spectroscopic film; the
figure shows a sample sequence obtained during the
late morning hours on May 30, 1967. The first exposure (on the left) was made for two minutes, and
each succeeding exposure was made for twice the
time of the one that preceded it, until (on the right)
a 16-minute exposure was made. Twilight effects can
be seen by the enhancement of the continuum in the
blue region of the spectrum and the appearance of
sodium emission on the northern horizon. Excellent
records were obtained during the big geomagnetic
storm of May 25, 1967. The spectra show a large
enhancement of the atomic-oxygen red lines over
their usual intensity in aurorae.
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SECULAR CHANGE IN MAGNETIC TOTAL INTLN';ITY

is more than four times the annual rate shown
This is
for the Coast and Geodetic Survey's Fredericksburg
Geomagnetic Center, Virginia. Although some eminent theorists suggest that the Earth's magnetic field
will in the next few thousand years disappear entirely,
then reverse in polarity, one could not by any means
conclude that the trend depicted for the stations in
Antarctica provides conclusive supporting evidence
for that hypothesis. At the same time, one cannot
predict when the trend at any of the stations will
change markedly in rate or reverse in sign.
In combination with the magnetic observatories at
Byrd and South Pole, the Coast and Geodetic Survey
operated seismological observatories at these stations.
208

Two sample sequences of spectra recordings made on May
30 at Byrd Station. See text.
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