
ber of the 1967 events could be associated with flares
located in the northwest quardrant of the sun, typi-
cally the best flare location for events observed in
previous years.

November and December 1967 represent a period
of increased activity. Five events occurred during a
six-week interval. The events were relatively small,
ranging from 0.4 to 1.8 db. The December 3 event
was the largest (1.8 db). On November 12, a 10-day
period of absorption began which did not exceed 0.5
db. During November and December, absorption
above background was observed about 70 percent of
the time.

The June 9, 1968, event (Fig. 1) was the largest
observed since May 23, 1967. Based on preliminary
data, absorption at the 0.5-db level was in progress
at about 1100 UT on June 9. The earlier onset
of the event was masked by solar radio noise. Accord-
ing to preliminary solar data, the event may have
been associated with a Class 2B flare located at
S13W05 and beginning before 0831 UT on June 9.
A maximum absorption of nearly 6 db was reached
at 0900 UT on June 10. The event decayed gradu-
ally until 0000 UT on June 11, when it decreased
abruptly from 4.5 to 0.5 db in 6 hours.

Magnetospheric Studies
A high-latitude magnetospheric study has been

initiated based on the Douglas conjugate stations lo-
cated at 80° geomagnetic latitude. This location, be-
tween the auroral zones and the geomagnetic poles
and near the neutral point, presents a unique op-
portunity for high-latitude magnetospheric investiga-
tion. The use of five years of continuous data from
the stations will allow investigation of seasonal effects.
Hopefully, the coupling of these data with simultane-
ous satellite data will provide information on the
source and the acceleration process.

The events selected for this study were not associ-
ated with solar flares, were generally small (on the
order of 0.5 db), were usually of short duration (aver-
aging about one hour), and occurred at a rate of ap-
proximately 14 per month. The events have been
measured by 30- and 50-MHz riometers. The study
has been concerned with the diurnal distributions of
these events throughout the year and their correla-
tion with three other types of data: those obtained
by other ground stations, electron-island fluxes ob-
served by particle detectors on Imps I, II, and III,
and direct measurements by polar-orbiting satellites.
Fig. 2 shows the diurnal distribution of events at
McMurdo between March 1962 and January 1967
for peak absorption thresholds of 0.1 and 0.5 db. One
sees that most of the largest events occurred near local
magnetic midnight, which is 0700 UT. When one in-
cludes the much larger number of events above 0.1
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Figure 2. The diurnal variation of the total number of
events observed at McMurdo between March 1962 and
January 1967, plotted in one-hour intervals. Events were
counted if the peak absorption exceeded one of the two

thresholds shown.

db, the peak occurs near 1900 UT, which is local
magnetic noon. It is also found that the large events,
which occur near midnight, tend to be of short dura-
tion, whereas the noon group includes those often
lasting longer than two hours.
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Antarctic Geophysical Research
and Data Analysis

SAMUEL C. CORONITI
and

RUDOLF B. PENNDORF

Space Systems Division
Avco Corporation

A general program of research and data analysis
in geomagnetism, aeronomy, and radio propagation
has been conducted since 1962 by Avco's Space Sys-
tems Division. During the past year, one phase con-
cerned a general survey of the antarctic ionosphere,
and a second phase concerned the electron-density
variation in the upper F-layer during magnetic
storms.

The first two parts of the survey have been com-
pleted and issued (Penndorf, 1968). They are based
on Avco investigations as well as those published in
the literature by other workers.

The first part contains a general description of
the upper atmosphere, geomagnetic field, and auroral
zone; an outline of the methods of exploring the iono-
sphere; maps and tables giving station parameters
(i.e., various coordinate systems and time elements,
such as magnetic time); and samples of ionograms.
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The second part may be broken down as follows:
A review of pertinent knowledge about the D-region
over Antarctica is given, with emphasis on experi-
mental data. The large amount of data and results
obtained through relevant investigations are pre-
sented in logical order and interpreted. Since pre-
cipitating electrons and energetic solar protons are
the most important sources of ionization, their
spectra, pitch-angle distribution, and fluxes as meas-
ured by rockets and satellites are extensively reported.
The importance of these sources of D-region phe-
nomena over polar regions is indicated by computa-
tions of the production, as a function of altitude, of
ion-electron pairs for the fluxes. Absorption of RF
energy is extensively described, especially the so-called
auroral absorption. This absorption is of two main
types (discrete and diffuse) which exhibit different
time and latitude dependence, are associated with
different atmospheric phenomena, and are caused
by either "splash" or "drizzle" types of precipitating
electron fluxes. Conjugate events, polar cap absorp-
tion events, and blackouts are also discussed.

A few samples from the unfinished reports will be
given. In the E-region, the production of ions by
nonsolar precipitating electrons and protons (in the
key range) is an important source of ionization in the
auroral zone during the dark hours. This "enhance-
ment" of the E-region has been determined from
data obtained at several antarctic stations. Its occur-
rence between 0600 and 1200 local magnetic time
shows that it is related to "drizzle"-type electron
precipitation.

Synoptic maps of foF2 have been prepared for an
18-month period. In Fig. 1, an example is shown of
a deep trough on the night side at 60° S. It is inter-
esting to look closely at the position and path of the
main trough. We have stated that a trough appears
at all times on the night side at high latitudes. From
our 18-month collection of maps, we determined the
mean position of the trough center for every third
hour of the day (0000, 0300 . . . 2100 UT) and the
three seasons—summer, winter, and equinoxes. These
positions have been connected on a map by straight
lines that represent the path of the trough center
during any given day. Although this path reflects the
trough's average position during a season and al-
though changes will occur from day to day, it repre-
sents the position fairly accurately. During the equi-
noxes and winter, the resulting path is fairly simple;
Fig. 2 shows it for the winter in the Southern Hemi-
sphere (the dashed line and numbers indicate it
mean position at a specific hour in UT). It follows
more or less the geographic latitude 60°S. The
trough forms over the Indian Ocean at 1500 UT and
follows a regular path until it reaches the area north
of the Ross Sea at 1500 UT, when it splits in two,

Figure 1. Quasi-synoptic maps of median foF2: Southern
Hemisphere winter (June 1958), 0900 UT.

Figure 2. Path of main trough center of foF2, deduced
from the median maps, for Northern and Southern Hemi-
spheres. The numbers indicate center positions in UT. The
path for the Northern Hemisphere has been transposed
onto a Southern Hemisphere map (geographic coordinates
are the same for both paths). The positions agree well
between 0300 and 1500 UT. The path is disturbed when
the center reaches the dip pole area in each hemisphere.

with one trough on either side of dip pole longitude
144°E.

Conducting the same analysis for the Northern
Hemisphere and plotting the hourly positions at the
same longitude, we obtain a very similar path (Fig.
2). It also follows roughly the geographic latitude of
60 0N. At 0300 UT, the trough reaches Iceland; and
at 0600 UT, it is over western Canada. Here, the
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"disturbance" occurs at about 0300 UT (12 hours
apart from its occurrence in the Southern Hemi-
sphere), after which the trough moves towards north-
ern dip pole longitude 260°E. The occurrence of this
"disturbance" corresponds roughly to the time the
path reaches the position of local magnetic midnight
in both hemispheres. Thus, during the winter (and
the equinoxes), the path of the trough is determined
mainly by the sun because it follows a geographic
latitude, but the magnetic field influences the path
for a short while around local magnetic midnight,
which occurs when the path comes closest to the dip
poles.

During the summer, however, the situation is dif -
ferent because the polar caps are continuously sunlit,
which leads to the existence of two troughs—one re-
maining mostly on the sunlit side (the "summer"
trough) and the other on the night side (the "pre-
dawn" trough). The "predawn" trough appears only
between 1800 and 0900 UT in the Southern Hemi-
sphere (Fig. 3), during which time it moves from 55°
to 35 0 S., where it disintegrates. The "summer"
trough moves around the antarctic dip pole in a
closed loop with a radius of approximately 1,500 km.
At 2100 and 0000 UT, the trough systems interfere
with one another, and, due to the lack of stations,
cannot be distinguished individually. In the Northern
Hemisphere, only the "summer" trough occurs; it
moves around the dip pole in a closed loop at a some-
what larger radius (approximately 2,000 km).

Thus we see that during the summer, the main
trough moves around the dip pole, indicating a pre-
dominant influence of electromagnetic drifts at the

Figure 3. Southern Hemisphere paths of main trough center
of foF2 deduced from median maps. The numbers indicate
center positions in UT. The "predawn" trough moves to-
ward low latitudes from 1800 to 0900 UT. The "summer"
trough moves around the dip pole. At 2100 and 0000 UT,
the "summer" trough is indistinguishable from the "pre-

dawn" trough.
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Figure 4. Percentage deviation of disturbed electron-den-
sity profile (December 18, 1962) from quiet-day electron
density profile (December 17, 1962) for night observations.

P2 peak; in winter, on the other hand, the "pre-
dawn" trough is controlled by the sun and moves
along geographic latitudinal circles, with a minor
disturbance occurring at the time it reaches the dip
pole meridian.

The second phase of our present investigations
concerns the topside ionosphere. Three magnetic dis-
turbances for which Alouette satellite data are avail-
able (one each on December 17, 1962; February 9,
1963; and February 20, 1964) have been selected for
analysis. The percentage increase in electron density
over the density on quiet days has been computed for
the night pass of December 18, 1962 (Fig. 4). The
increase reaches a maximum at 600 km and a lati-
tudinal peak of 300 percent. Such effects decrease
within a few days.

Presently we are investigating those latitudinal var-
iations that are thought to be due to vertical move-
ments of ions and electrons created by upward mo-
tions of the neutral atmosphere. These upward mo-
tions, (i.e., of the neutral wind) are thought to be the
result of auroral heating (Joule heating) between
altitudes of 100 and 200 km. In order to test this
hypothesis, a set of equations describing atmospheric
motions will be solved; the equations are based on
model atmospheres and several perturbed tempera-
ture profiles.
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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 Arc-
tic and jointly by the Arctic Institute of North Ameri-
ca and the Environmental Science Services Admin-
istration 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—af-
fects 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 it-
self. 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 di-
pole 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, there-
fore, 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 atmos-

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 con-
jugates 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 si-
multaneously, 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 hemi-
spheres suggested that, considering Byrd Station as a
fixed point, the northern conjugate was wandering.
In July 1967, observations were taken by a photom-
eter 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 loca-
tion. If this unmanned system proves feasible, more
units will be used in coming years. These remote
instruments are being installed in the Northern Hemi-
sphere 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 opera-
tion for about 10 years. Variations in declination and
horizontal and vertical intensity were recorded
throughout the year on continuously operating mag-
netographs. 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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