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Measurement of ionospheric
scintillation in polar regions

JAMES R. CLYNCH and ARNOLD J . TUCKER
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Applied Research Laboratories, The University of
Texas at Austin, operates a satellite tracking station at
McMurdo Station and has continued to acquire data on
ionospheric effects from U.S. Navy navigation satellites
(NNs) and the TRIAD satellite. The doppler frequency
from the radio beacons on the NNS is used to produce
precise orbits for geodetic studies. We have been study-
ing the residuals between the best-fit orbits and the data
to investigate the auroral and polar cap regions of the
ionosphere. The magnetometer data from the TRIAD is
collected for scientists at the Applied Physics Laboratory,
The Johns Hopkins University, who analyze that data.

The distribution of the orbit residuals has been ana-
lyzed for four high-latitude stations: McMurdo Station,
Antarctica; Amundsen-Scott (South Pole) Station, Ant-
arctica; Thule, Greenland; and College, Alaska. Data
gathered at several other stations were studied to pro-
vide a baseline. Figure 1 shows the probability distri-
bution of the residuals in logarithmic bins during most

of 1978. Similar data for early 1979 are shown in figure
2. These data represent the sum of phase errors in the
equipment and ionospheric perturbations. Both 150
megahertz and 400 megahertz signals are received and
the two signals are combined to remove the first-order
ionospheric effects. The orbit residuals can be thought
of as

p = A(a +	a-15) + XAN + higher order terms

where X is the wavelength at 400 megahertz (0.75 me-
ter), the 's are the system phase errors in cycles at 150
and 400 megahertz, Nais the difference in columnar
electron content for the two frequencies attributable to
separation of the ray paths, and A is 2.9 m/TECU (total
electron content units = 10 12 el/cm3). The higher order
terms in the refractive index have been found to be small
in this case and dropped (Clynch and Altenburg, 1979).
The o-'s have a random quantization noise component
with a magnitude of about 8 centimeters and other com-
ponents. The narrow peak near the origin is thought to
be the result of these system errors.

The larger residuals are attributable to ionospheric
perturbations and occasional major equipment prob-
lems. The errors in figure 1 for McMurdo Station be-
yond 10 meters resulted from an equipment problem
that has been corrected. The hump between 20 centi-
meters and 6 centimeters in these data matches the 1979
data well in shape and is probably ionospheric in origin.
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Figure 1. Probability density of orbit residuals from data at
polar stations; day 91, 1978 to day 344, 1978.
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Figure 2. Probability density of orbit residuals from data at
polar stations; day 353, 1978, to day 130, 1979.
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A 3-meter residual, if ionospheric in origin, would re-
quire a difference of 1 TECU between the two paths. This
could arise in the polar regions if the line of sight was
nearing the edge of a current sheet or some other large-
scale perturbation. Large-scale current systems have
been reported by Potemra based on TRIAD data.

In 1979, with the increase in solar activity, data from
the Thule station became much noisier. During the time
period covered by figure 2, the McMurdo and Thule
distributions are identical. This indicates that there is
very little difference in the polar region ionospheric tur-
bulence at both poles during high solar activity, despite
seasonal differences. The distributions of data from all
stations moved toward higher values in 1979. The data
from the South Pole and College (Alaska) is considerably
less noisy than comparable data gathered at Thule and
McMurdo. South Pole Station sees mainly the polar cap
region, which is believed to be less turbulent. In addi-
tion, there is a different type of receiver at South Pole
Station, which may account for some difference.

These results can give only qualitative information
about polar ionospheric turbulence. To obtain quanti-
tative data on the ionospheric perturbations, the equip-
ment at McMurdo Station has been modified to allow a
direct recording of the rates of change of the columnar

electron content along the line of sight. The resolution
should be 0.02 TECU per second (2 x lOb el/cm3/sec).
These data are expected to show the detailed structure
of the current systems observed by TRIAD and the mor-
phology of the turbulence with scale sizes greater than
1 kilometer. Data recorded simultaneously at both
McMurdo and South Pole stations will be analyzed to
further localize the disturbances. In April 1979, inten-
sive data acquisition was performed using this equip-
ment with up to four simultaneous passes per day being
recorded at South Pole and McMurdo stations. These
data will be compared with data taken at a station at the
North Pole during the same month by a Canadian team
under D. Wells (Bedford Institute of Oceanography).
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Cosmic ray intensity variations
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Cosmic ray detectors located at McMurdo and
Amundsen-Scott (South Pole) stations provide a sensitive
online system for monitoring the dynamic state of in-
terplanetary "weather." Solar control over the electro-
magnetic conditions in the interplanetary medium cov-
ers an extensive range in both the spatial scale (about
100 astronomical units) and the temporal scale (minutes
to 22 years).

The cosmic ray observations have revealed that the
interplanetary plasma and field configurations are not
invariant from one solar cycle to the next. For example,
the cosmic ray intensity from 1972 onward has shown
a puzzling characteristic unlike those observed-in earlier
solar cycles.

Studies of short-term modulations during the past
year have led to the discovery of two new phenomena.
We have found that, on some occasions, short-duration

(a few hours), rapid-intensity increases (pulses) may be
observed in one polar cap, but not in the other. For
example, figure 1 shows that, during 19-20 July 1978,
a large pulse of approximately 8 hours duration was
recorded at both antarctic stations, whereas it was absent
from the Thule nucleonic intensity data. A detailed anal-
ysis of this event has revealed that the pulse represents
an anisotropy in three dimensional space.

A new method for studying the nature of this aniso-
tropy has been developed. Pulses of this type can be
described by the following equation (figure 2):

() 
=

where 	pulse height at station i, pj is cosine of

angle between viewing direction of station and direction
of anisotropy, a and k constants for duration of pulse.

During this pulse event, the enhanced intensity was
maximum from the direction 60°S 20°W. Further inves-
tigation has revealed that this class of pulses often ap-
pears during enhanced diurnal variation epochs.

In contrast to the short-period pulses, we have found
that quasi-periodic variations related to the time of a
single. solar rotation (27 days) may occur during cosmic
ray storms. This phenomenon is evident in figure 3. We
find that these waves are manifestations of neither
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