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Upper atmosphere studies__________________

Measurement of ionospheric electron
columnar content changes over

McMurdo Station

DAVID S. Coco and JAMES R. CLYNCH

Applied Research Laboratories
University of Texas at Austin
Austin, Texas, 78712-8029

To study the effects of ionospheric scintillations on the track-
ing of navigation satellites in the southern polar regions, Ap-
plied Research Laboratories, University of Texas at Austin, has
collected ionospheric electron columnar content change data at
McMurdo, from 1979 to the present. Applied Research Labora-
tories operates the satellite tracking station for Navy Navigation
Satellites (NNS's) at McMurdo and, in addition, collects
ionospheric data with a special piece of hardware called the
refraction offset generator (Roc). During this period a large
amount of data about solar maximum was collected. This infor-
mation is an important tool in studying the morphology of the
ionospheric scintillations in the southern polar region.

The NNS's transmit coherent radio signals at 150 and 400
megahertz. The two signals are used to remove ionospheric
effects from navigation data. This can be done because of the
dispersive nature of the ionosphere. The refraction offset gener-
ator retrieves this ionospheric information and provides a mea-
sure of the change in the number of electrons along the line of
sight (&L ) as the satellite passes over McMurdo in a 1,000-
kilometer orbit. The absolute number of electrons along the line
of sight is not obtained unless an additional reference measure-
ment is provided.

The ROG satellite tracking schedule has been designed so that
comparisons can be made with other data sources. For most of
1979, four passes per day were tracked in order to ensure a
continuous database. Beginning in 1980, the basic schedule was
changed to the recording of four passes per day on Tuesdays,
Wednesdays, and Thursdays and a more intense schedule (8-12
passes per day) on Regular World Days.* Approximately 2,500
passes have been recorded during the 3-year period 1979-1981,
with a fairly uniform time-of-day distribution.

The IJLOS data are digitized and analyzed at Applied Research
Laboratories to provide information regarding the morphology
of radio wave scintillations in the southern polar ionosphere.
Small spatial scale variations in electron density can cause rapid
phase and amplitude variations (scintillations) in the radio
waves and thus can disrupt the satellite tracking channel. A
knowledge of the morphology of these scintillations will en-
hance understanding of the processes in the polar ionosphere.

Analysis of the data is still in the early stages, but an example
of ROG data for one satellite pass is shown in figures 1 and 2 to
illustrate the type of information these data provide. The polar
diagram in figure 1 gives the track of the line-of-sight
ionospheric intercept at 350 kilometers, the altitude at which
most of the ionospheric electrons are concentrated. The data
plot in figure 2 gives the change in electron columnar content
(total number of electrons in a column of unit area) along the
line of sight as the satellite passes over McMurdo. The data are
plotted on a time axis with a time resolution of about 0.25
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*Regular World Days are the 3 days a month specified by the Interna-
tional Ursigram and World Days Service for international cooperation
on solar and geophysical data collecting.
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Figure 1. Line-of-sight Ionospheric Intercept track at 350 kilometers.
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Figure 2. Example of data collected by the refraction offset generator.

second and data resolution of about 0.16 TECU per second (one
TEcu = 1012 electrons per square centimeter). These resolution
values are determined by the digitizing sampling rate (4 hertz)
and can be decreased, if necessary, by redigitizing the data at a
higher sampling rate. The ionospheric intercept computed
from the known satellite position provides a horizontal spatial
resolution of 1-2 kilometers.

This data sample shows two regions (near 120 and 360 sec-
onds) where the rate of change of electrons is much larger than

usual, while the remainder of the sample shows a rate of change
close to an ambient level. We hope to correlate these regions of
high activity, on a statistical basis, with identifiable geophysical
features such as active aurora or geomagnetic storms.

The data collection at McMurdo is an ongoing effort; the data
are put on cassette tapes and shipped out several times a year.
The digitizing and analysis at Applied Research Laboratories
began recently, and statistical results for the 1979 and 1980 data
are expected shortly.

Cosmic ray intensity variations
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In addition to giving rise to the continuous and varying
modulation of galactic cosmic rays, the Sun emits high-energy
particles (>1 gigaelectron volt) on rare occasions. Guided by the
interplanetary magnetic field, these solar cosmic rays find their
way to the Earth when the necessary conditions prevail. The
Bartol network of antarctic cosmic ray detectors located at
McMurdo and South Pole Stations record solar particles as
intensity increases superimposed on the ambient galactic flux.

During the 45-year period 1936-1980, only 32 ground-level
enhancements (GLE) associated with large solar flares have been
observed. In two of these events, an unusual combination of
shock waves in the solar plasma led to acceleration of particles in
interplanetary space (rather than in the vicinity of the Sun).
During 1981, two additional GLE events were recorded, one of
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Figure 1. Enhancements in the nucleonic intensity recorded in Ant-
arctica (McMurdo and South Pole Stations) associated with a solar
flare on 12 October 1981. SPIN refers to the conventional sensor, the
so-called "super neutron monitor" array. BC, or "bare counter"
responds to slightly lower primary energies and thus Is more sensi-
tive to solar cosmic rays. For galactic cosmic rays, the Intensity
changes In SNM and ac at South Pole are always identical.
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