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Figure 1. (above). Solar cosmic ray event of November 18, 1968,
as observed by Bartol neutron monitor stations. The ordinates
are percentage increase in intensity above the galactic cosmic
ray background. South Pole Station recorded the largest flux de-

tected anywhere on the earth's surface.

Figure 2 (below). For each station from which data were avail-
able, X represents its geographic location, 0 is the asymptotic
direction of viewing of its detector, and the number indicates the
percentage enhancement (appropriately normalized to remove
the effects of altitude and geomagnetic cutoff differences) above
the galactic cosmic ray background. The axis of symmetry, +,
represents the position of the apparent source, which is 50
west of the sun-earth line, corresponding to the garden-hose
angle characterizing the Archimedean spiral structure of the

interplanetary magnetic field.
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In Fig. 2, the normalized maximum percentage in-
creases during a 20-inin interval are indicated in cir-
cles representing the approximate asymptotic direc-
tions of arrival of the solar particles to which the
detectors at the specified locations (X) respond. Our
analysis reveals that the intensity increase was symme-
tric with respect to a point on the celestial sphere with
geographic coordinates 20°S. 40°W. This location
was 500 west of the position of the sun at that time,
which conforms with the Archimedean spiral struc-
ture of the interplanetary magnetic field and confirms
that the solar particles were magnetically guided from

the source. Because of the rapid decrease in the flux
to a low level shortly after the maximum, it is not
possible to determine when diffusion ultimately
became the principal propagation mechanism.
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Doppler Radio Soundings of the
Antarctic Ionosphere During 1968

K. DAVIES and J . E. JONES

Space Disturbances Laboratory
ESSA Research Laboratories

The original objectives of this program and the
experimental techniques employed have been de-
scribed previously by Davies and Jones (1968). Essen-
tially, the frequency perturbations of 6-MHz radio
echoes were recorded continuously during the period
November 1967 through November 1968 over several
paths originating at South Pole.

One of the original objectives was to determine the
velocities of large-scale traveling ionospheric disturb-
ances by means of space and time correlations. How-
ever, because of the diffuse character of the antarctic
Doppler-frequency records, such correlations have not
yet been possible. The typical characteristics of the
records are illustrated in Fig. la and lb for summer
and winter, respectively. During the day in late
summer, the signal is reflected from a rather stable E
layer at a height of about 100 km, whereas during the
night, reflection is from the F layer (-. 250 km). The
F layer echo is usually spread and essentially struc-
tureless, especially during winter. Sometimes it con-
tains a central core (Fig. ib).
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Figure 1. Frequency records for (a) a summer day, (b) a winter day.

Figure 2. Ionospheric model explaining the symmetrical broaden-
ing of carrier frequency.

2
- - --

-

--

-

Local Noon

Hz

1400	 1500	 1600

I EEEE'
1600	 1700	 1800

SOUTH POLE TO PLATEAU (79 0 S. 40° El 60MHz April 19,1968 UT

Figure 3. Example of short-period fluctuations in echo frequency.

The frequency spreading of F-region echoes is asso-
ciated with rapid amplitude fluctuations or fading
of the radio signals and is, therefore, of considerable
importance in antarctic radio communications. The
symmetrical frequency spreading seen in Fig. la can
be explained, for example, by a "perfectly rough"
ionospheric model moving horizontally as illustrated
in Fig. 2. With this model, weak reflections are ob-
tained from a relatively large area of the ionosphere.
The reflecting centers moving towards the path's
midpoint will give rise to positive frequency shifts,
and those receding will give rise to negative shifts.
When the ionosphere is not perfectly rough, the echo
will consist of a spread spectrum superimposed on a
specular component (Fig. ib). The frequency of the

SOUTH POLE TO MCMURDO 60MHz
27 DEC 67 - 22 MAY 68

Figure 4. Seasonal variation of frequency records.

specular component (the core) may itself vary be-
cause of height variations of the entire reflecting/
scattering region.

These latter height variations (see Fig. 3) often
result from the passage of atmospheric (acoustic-
gravity) waves through the neutral atmosphere
(Hines, 1960). The ionospheric electrons are moved
by collisional interaction with neutral molecules. Close
inspection of Fig. 3 shows small amplitude fluctua-
tions with periods of around 1 min superimposed on
periods in the range 5 to 10 mm. Ionospheric disturb-
ances with these periods have been observed in middle
latitudes (Baker and Davis, 1968, 1969).

The seasonal variation in the frequency structure is
shown in Fig. 4. In mid-summer (December), contin-
uous reflection is from the stable E layer, and there
is relatively little frequency broadening. With the ap-
proach of winter, the presence of E echoes is confined
more and more around local noon, essentially disap-
pearing in April. During winter days, the F echoes
exhibit little or no frequency structure. It may be
noted here that the above interpretation is in close
agreement with ionogram data from Antarctica in
that diffuse frequency structure is almost invariably
associated with spread F.
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The program is continuing through 1969, but be-
cause of the closing of Plateau Station, some rear-
rangement of transmitting and receiving stations was
necessary. In the present arrangement, a 7-MHz
signal from McMurdo is received at South Pole and
Byrd, and a 6-MHz signal from South Pole is received
at Byrd. In addition, both the 6-MHz and 7-MHz
signals are being received at Vostok. The reflection
points of these signals are more closely spaced than
those in the previous arrangement.
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Geomagnetism Program at
Byrd, South Pole, and Plateau Stations

JAMES V. HASTINGS

Coast and Geodetic Surrey
Enrironinental Science Services A ministration

The antarctic geolilagnetisni program of the Coast
and Geodetic Survey (C&GS) continued during 1968
with the recording of variations of three orthogonal
magnetic components—including vertical intensit y-
in the earth's magnetic field at Byrd, South Pole, and
Plateau Stations. After nearly three years of contin-
uous operations, the program at Plateau Station was
terminated in December, 1968, as that station was
being prepared for closing.

Having acquired an operational longevity of some
11 years, B yrd anti South Pole Stations are solidly
established among C&GS's 14 magnetic observatories
as sources of data having the degree of accuracy and
reliability necessary for the determination of secular
change rates and patterns used in magnetic charts.
Although the Plateau observatory was in operation
only for a relatively short period, the data from that
part of Antarctica will contribute significantl y toward
improved accuracy in the 1970 issue of the World
Magnetic Charts.

In addition to the continuousl y recording magneto-
graphs at each of the three antarctic magnetic obser-
vatories, absolute instruiiientation of a high degree of
resolution (tenths of gammas) and accurac y, trace-

able to international magnetic standards, were em-
ployed frequently for calibration purposes.

Aside from the more obvious geophysical considera-
tions and remoteness factors, antarctic magnetic ob-
servatories benefit from a seldom-recognized natural
advantage unduplicated any other place in the world.
This advantage is provided by the thickness of the ice,
which removes the sensors (up to almost two miles at
South Pole Station) from the effects of crustal sources
of magnetic anomalies and of structural geologic
materials having varying induction characteristics.

Data from C&GS antarctic observatories collected
in 1968,  as well as all data from previous years, are
being analyzed for the time-space dependent varia-
tions of secular change. The results of the analysis will
be reflected in the 1970 issue of the World Magnetic
Charts. This series of charts is compiled at 5-year
intervals by C&GS. In general, there is a relatively
rapid decrease in the antarctic total field intensity (on
the order of 100 gammas annually) ; however, a corn-
l)lete analysis of all the magnetic elements is necessary
to portray the dynamics accurately in graphic form.

All geomagnetic data collected by C&GS are avail-
able through World Data Center A, at cost of reprod-
uction.

Auroral Observations at the South Pole
S.—I. AKASOFU

Geophysical Institute
University of Alaska

In the past, a considerable amount of upper atmos-
phere research was conducted along the auroral zone
under the assumption that this zone was the belt of
maximum occurrence of auroras and that significant
phenomena occured only in this belt. We know now
that auroras occur in the auroral oval, more than half
of which lies a little inside the auroral zone. For this
reason, studies of upper atmosphere phenomena
which occur a little inside the auroral zone have
become important. Fig. I shows the approximate loca-
tion of the southern auroral oval at 16 UT, together
with the location of the auroral zone.

The uniqueness of the South Pole for auroral obser-
vations is that it is located near or under the auroral
oval for most of the day (except for the few hours
around midnight, whereas a typical auroral-zone sta-
tion comes under the oval for only a few hours
around midnight. Furthermore, the magnetic midday
auroras (that is, auroras which occupy the midday
part of the oval) can best be observed from the Pole
because the shadow is highest there, thus affording
the best seeing conditions.
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