
factors: the relative velocity (RV) between the trans-
mitter and receiver, and the rate of change of inte-
grated electron density (lED) along the transmission
path through the ionosphere. At the tracking sta-
tion, the two received signals are processed in a
special mixing circuit which provides two continuous
outputs: one frequency proportional to RV and the
other proportional to the rate of change of lED.

The RV data from McMurdo, together with
those gathered from a worldwide network of track-
ing stations, are used in a study of the Earth's gravi-
tational field. By calculating from these data the
precise motion of a satellite as it orbits the Earth,
it is possible to infer the precise nature of the gravi-
tational field in which the motion takes place. This
geodetic study is being carried out at Johns Hopkins
University.

(Photo: K. G. Sandved)
Doppler Tracking Equipment at McMurdo.

A measure of the lED along vertical paths through
the ionosphere can be obtained by processing the
data of the rate of change of lED in a reduc-
tion procedure which includes consideration of the
motion of the transmission path relative to the iono-
sphere. This work is being carried out at the Physi-
cal Science Laboratory and provides a record of the
total electron content of the antarctic ionosphere.
The chief value of this record is to establish long-
term trends in the electron density.

The accuracy of the data recorded depends on
the station's standards of time and frequency. The
clock at McMurdo is kept in synchronism with the
Bureau of Standards' clock at station WWV in
Washington, D.C., to an accuracy of ± 50 micro-
seconds, and the frequency standard is calibrated
periodically to an accuracy of one part in 1011.

Antarctic Research and Data Analysis,
1965-1966

RUDOLF B. PENNDORF and
GERALD F. ROURKE
Space Systems Division

Research and Technology Laboratories
A vco Corporation

Beginning in 1962, Avco's Space Systems Division
has conducted a general program of geophysical re-
search dealing with the Antarctic. The myriad of
data continually being obtained, beginning with the
International Geophysical Year, has been an im-
portant element of these studies. The major sources
of data are the World Data Centers in Boulder, Colo-
rado (ionosphere) and Rockville, Maryland (geo-
magnetism).

The continuing exploration of the antarctic iono-
sphere has focused attention on several unusual
properties of the F-layer. In the area of the Antarc-
tic Peninsula, the anomalous diurnal behavior of
this layer has been the subject of an investigation by
Rourke (1966). Characteristic of the anomaly is a
summer diurnal variation with a late evening and
early morning maximum and a noontime minimum.
Alouette—I topside electron-density profiles have
shown that the evening increase extends to an alti-
tude of at least 1,000 kilometers. Electron-density
changes are accompanied by a decrease in the local
scale-height, which we interpret as primarily due to
a decrease in the electron-ion temperature. The geo-
physical model to account for the observed iono-
spheric changes depends upon the geomagnetic field
lines being sunlit in one hemisphere and dark in
the other. Electrons precipitate from the protono-
sphere into the ionosphere at certain times after
sunset in each hemisphere. The study concludes that
the summer evening increase in F-layer density
above the Antarctic Peninsula is but one element in
a worldwide F-layer system that is dependent upon
ionosphere-protonosphere coupling for its mainte-
nance.

The interrelationship between ionospheric F-
layer height changes, blackout conditions, and mag-
netic activity during relatively quiet magnetic peri-
ods prior to storm sudden commencements has
been reported by Bowman (1966a). Among the re-
sults is evidence for 24-hourly periodicities in
these parameters, suggesting that 24 hours before
sudden commencements, the frequency of occur-
rence of negative magnetic bays and auroral-zone
ionospheric height rises is enhanced.

lonogram information on the angle of elevation
of spread-F satellite echoes has been used to in-
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vestigate the nature of ionospheric irregularities in
Antarctica (Bowman 1966b). The angle of elevation
of these signals can be determined for Ellsworth
Station from the interference effects between the di-
rect ray and that which travels through the 300-
meter thickness of ice and is reflected at the ice-
seawater interface. A system of nulls is produced
which moves to different frequencies for different
off-vertical angles (Evans, 1961; Bowman, 1966c).
Also, many months of antarctic ionograms have been
inspected for clues to possible theories of irregular-
ity shapes. An important observation is that al-
though the spread-F ionograms often appear as dif-
fuse echoes, a structure can be seen through the
diffuseness. The structure appears in the form of
traces having the same shape as the main trace, i.e.,
near vertical. This and the angle of elevation infor-
mation suggest that whether or not a small-scale
structure (i.e., columns of enhanced ionization with
dimensions of the order of one kilometer or less)
exists, a large-scale structure of the order of tens of
kilometers also exists, giving rise to the observed
resolved traces.

Several research problems are currently being in-
vestigated. One is an analysis of the topside elec-
tron-density morphology during an M-region mag-
netic storm. The time history of the electrons will
shed light on the phenomenon of F-layer reduction in
peak electron density during ionospheric storms.
Another study involves the use of ionogram angle
of elevation information to investigate large-scale
irregularities over Ellsworth Station. The time period
is the early evening hours during equinoctial months.
These irregularities move towards the Equator with
speeds of several hundreds of kilometers per hour.
At the position of maximum disturbance, the elec-
tron content can be reduced by a factor as high as
ten.
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Geomagnetism: Plateau Station

JAMES V. HASTINGS and D. J. ELVERS
U. S. Coast and Geodetic Survey

Environmental Science Services Administration
A special magnetograph, differing markedly from

conventional instrumentation, was designed and fab-
ricated for use at Plateau Station, at the Fredericks-
burg Geomagnetic Center.

The magnetograph consists of a triaxial, satur-
able-core, inductor-type (fluxgate) system for meas-
uring variations in declination (D), horizontal inten-
sity (H), and vertical intensity (Z). Magnetograms
are recorded on two multiple-channel, potentiomet-
nc-type recorders. The rapid-run recorder has an
option of eight chart speeds from 0.125 to 16
inches per minute and is equipped with proper input
filtering for recording short-period variations. The
normal recorder is unfiltered and provides a record
of long-period variations as well as daily variations
and magnetic storm activity. Chart speed of the
normal recorder is 1 inch per hour. Both normal
and rapid-run recordings are in real-time.

The sensor mounting is designed to eliminate, by
means of a level-maintaining suspension, the errors
produced by differential settling of the instrument
piers. The sensing unit is housed in a small building
approximately 500 feet from the main camp. The
normal and rapid-run recorders are located in the
main camp, allowing the observer to monitor the re-
corders and change records daily without leaving the
main camp building. The periodic absolute meas-
urements of the magnetic elements, for the purpose
of maintaining base-line control, are made in a
small building approximately 60 feet from the
sensor house. The absolute instruments consist of a
suspension-type magnetometer for D, a quartz hori-
zontal magnetometer for H, and a proton magnetom-
eter for measurements of total intensity (F). Abso-
lute Z is computed from H and F.

The installation of housing, piers, and the mag-
netograph began in late January 1966 and was
completed by February 8. A portion of the data
obtained on February 9 and 10 is shown below.

ILATEAU STATION	.

FE  9 1966	 FEB 10 1966

U.T.20	 24	 4	 1 Lj
September-October, 1966	 189


