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Figure 3. The presence of several frequency components makes
the determination of onset difficult in the magnetic field compo-
nent in this case. (dB denotes decibel. nT denotes nanotesla.)

pheric modulation of steady precipitation could lead to pulsa-
tion events of this type (Maehlum and O'Brien 1968), it is
unclear if such a mechanism is applicable here.

Another means of distinguishing these two classes of events
is provided by the Stanford University very-low-frequency de-
tector which also is located at South Pole Station. By averaging
the very-low-frequency signal in the 500 hertz to 1,000 kilohertz
band over the duration of each of the pulsation events, a single
number denoting the level of very-low-frequency activity dur-
ing each event was found. Some 70 percent of the events in
which the onset of precipitation pulsations leads the onset of
magnetic pulsations have a higher level of very-low-frequency
activity than the events with nearly simultaneous onsets. This
may be significant in that Coroniti and Kennel (1970) predict

that correlated pulsations events could occur during times of
enhanced very-low-frequency activity.

The last class of events, in which magnetic pulsations begin
before the associated pulsations in precipitation, may be attrib-
utable to movement of an area of precipitation into the riome-
ter's field of view, resulting in an apparent onset that is later
than the true onset. Such movement cannot explain events of
the first type, because the riometer is sensitive to a smaller area
than the magnetometer. Comparison to data from the imaging
riometer for ionospheric studies (IRIS), installed at South Pole
in 1988, (Detrick and Rosenberg 1990), confirms this explana-
tion for 12 out of the 15 events of this type for which good IRIS
data was available, during the years 1988 and 1989.

We would like to acknowledge L.J. Lanzerotti of AT&T Be!!
Laboratories for the use of the magnetometer data, and Stan-
ford University for the use of the very-low-frequency data.

The work at the University of Maryland was supported in
part by National Science Foundation grant DPP 88-18229.
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Imaging riometer
measurements of
F-region electron

density structures
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Institute for Physical Science and Technology
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Radio-wave absorption in the F-region is not usually consid-
ered as a mechanism for riometer fluctuations, because the
critical frequency of the F-region is usually much lower than
the wave frequency. For example, riometer operating frequen-
cies are typically in the range 20-50 megahertz, whereas the
critical frequency of the F-region is commonly on the order of
2-3 megahertz. The F-region contribution to riometer absorp-
tion is small and essentially constant in this case and, thus, can
be regarded as part of the quiet day absorption. Abdu, De-
gaonkar, and Ramanathan (1967) and Ramanathan, Bhons!e,

and Degaonkar (1961) have suggested, however, that in certain
circumstances when the critical frequency of the F-region is
high (greater than 4-6 megahertz), the F-region absorption due
to electron-ion collisions might be as significant as the conven-
tional D- and E-region absorption associated mainly with elec-
tron-neutral collisions (see also Taubenheim 1976).

While studying South Pole riometer and auroral photometer
data for signatures of the dayside polar cusp, a localized region
of the magnetosphere where the entry of magnetosheath
plasma to low altitudes is most direct, several unusual events
were encountered. They show significant riometer absorption
and atomic oxygen, 630.0 nanometers, emission but no asso-
ciated ionized molecular nitrogen, 427.8 nanometers, emission.
The atomic oxygen emission is generally associated with pre-
cipitating electrons of several hundred electronvolts energy,
sufficient only to reach the F-region. The ionized molecular
nitrogen emission, on the other hand, is caused by precipitat-
ing electrons with kiloelectronvolt or higher energies that can
reach the D- and E-regions. It appears, therefore, that these
events are unrelated to D- and E-region ionization enhance-
ments. With the help of Halley Polar Anglo-American Coordi-
nated Experiment (PACE) high-frequency radar and Defense
Meteorological Satellite Program (DMSP) particle data, a study
of possible mechanisms for such events leads us to suggest that
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Figure 1. South Pole broadbeam riometer and photometer data for
the event of 10 June 1989. A 0.4-decibel increase in 38.2-megahertz
riometer absorption occurs at about 1500 universal time and fades
out after 1630 universal time. There is a sudden increase around
local noon (1530 universal time) in the intensity ratio of 630.0 nano-
meters emission to 4278 nanometers emission. (UT denotes uni-
versal time. MHz denotes megahertz. dB denotes decibel. kA de-
notes kilorayleigh. nm denotes nanometer.)

F-region electron density patches probably were responsible for
some of the anomalous riometer absorption events.

Figure 1 shows broadbeam riometer and photometer data
from South Pole Station (74° magnetic latitude) for an event that
occurred on 10 June 1989. The cusp was identified to be around
66° magnetic latitude between 1200 and 1600 universal time on

this day. Thus, South Pole presumably was well inside the polar
cap. The data of figure 1 show a 0.4-decibel increase in 38.2-
megahertz riometer absorption at approximately 1500 universal
time. There is also a sudden increase around local noon (1530
universal time) in the intensity ratio of 630.0-nanometer emis-
sion to 4278-nanometer emission. The absence of any appre-
ciable response in the 427.8-nanometer emission suggests that
electron precipitation with kiloelectronvolt energies or higher
did not contribute to the riometer absorption. In figures 2 and
3, we show data from the imaging riometer for ionospheric
studies (IRIS) (Detrick and Rosenberg 1988). During the period
between 1530 and 1540 universal time, the absorption in a lo-
calized region reaches a value between 1 and 1.5 decibels, and
the structures move poleward across the field of view (figure
2). The range of their velocities determined from figure 3 is
between 200 and 300 meters per second if we assume they are
at a height of 90 kilometers, a typical altitude where hard elec-
tron precipitation would result in riometer absorption. If we
assume, however, that the absorption results from features at
an F-region height of 200 kilometers, then the velocity range
will be between 450 and 650 meters per second.

To identify the origin of the riometer absorption, we exam-
ined the relevant data from the Halley PACE radar, DMSP sat-
ellites, and the South Pole ionosonde. PACE radar data show a
series of features formed in the cusp and then drifting poleward
across the polar cap. At the latitude of South Pole Station
around 1530 universal time the velocities of these features are
in the range of 400 to 600 meters per second, consistent with
the IRIS measurements if the absorption is assumed to be due
to F-region features. Furthermore, at this time, DMSP satellite
data indicate that soft precipitation was occurring at the South
Pole latitude with energies up to about 300 electronvolts and
total number flux on the order of 10° electrons per square cen-
timeter per second per steradian. This flux can produce only
0.05-decibel absorption by electron-neutral collisions. The flux
may contribute, however, to the formation of F-region patches.
Finally, the value of 9 megahertz measured for the critical fre-
quency of the F-region at South Pole between 1500 and 1600
universal time also suggests the presence of a large-scale F-
region patch.

In conclusion, significant riometer absorption can occur in
the cusp and polar cap in the apparent absence of electron
precipitation with energies sufficient to cause D-region ioni-
zation enhancements. Some of the anomalous absorption
events may be due to F-region electron density patches formed
in the cusp and drifting into the polar cap. Detailed information

South Pole IRIS, Day 161, 10 June, 1989
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Figure 2. One-minute IRIS images of this event. The absorption structures in a localized region reach a value between 1 and 1.5 decibels
between 1530 and 1540 universal time and move upward (poleward) across the field of view. (UT denotes universal time. dB denotes
decibel.)
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about F-region patches, such as electron density and temper-
ature profiles, will be used to make a comparison of calculated
F-region absorption values with those actually measured.

This work was supported by National Science Foundation
grant DPP 88-18229. We would like to thank R.A. Greenwald,

K.B. Baker and J.R. Dudeney for PACE radar data, P. Newell
for DMSP data, and F.T. Berkey for South Pole ionosonde data.
We appreciate the assistance of John Cress, the winter-over
science technician at South Pole Station for the 1989 season.
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Figure 3. Seven of 49 IRIS beams from two adjacent north-south columns. The top four are from one column, the lower three from the
column to the east. The different separations of the peaks in different beams indicate a velocity range between 200 and 300 meters per
second for the features moving poleward, if they are assumed to be at a height of 90 kilometers; however, if it is assumed that the
absorption results from features at a F-region height of 200 kilometers, then the velocity range will be between 450 and 650 meters per
second. (UT denotes universal time. dB denotes decibel.)
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Identification of a post-
magnetic-noon source for Pc1-2

micropulsations
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Magnetic micropulsations observed on the ground are the
signature of plasma waves that have propagated from a mag-
netospheric source region. Their occurrence pattern and spec-
tral character are a consequence of both the generation mech-
anism and their path-modulation en route to the ground
observer.

Micropulsations in the 0.1-0.4 hertz band, known as Pcl-2
(Fukunishi 1981), have a diurnal occurrence pattern with a day-
time peak (Heacock 1974; Boishakova, Troitskaya, and Ivanov
1980; Popecki et al. 1990). Some interpretations have attributed
this to the localized nature of a proposed cusp source (Bol-
shakova et al. 1980) or to the propagation effects of sunlight on
the ionosphere (Sato and Saemundsson in preparation). This
survey of micropulsations at three high-latitude ground sta-
tions clearly shows a postmagnetic noon occurrence peak for
Pcl-2, even at South Pole, which has no solar day.

Inductions coils were operated at Sondre Stromfjord, Green-
land (750 geomagnetic latitude), Siple (-61') and South Pole
(-74') during 1986. The data for the entire year was Fourier
transformed and presented in spectrograms covering the 0.1-
5.0-hertz range. Events with well-defined spectral peaks (Pc-
type micropulsations) were selected, and information about
them was gathered into a database. The center frequency,
bandwidth, start and stop times, and other information were
recorded for some 4,500 events from all three stations. The

number of times wave power was seen in the 0.1-0.4-hertz
band during 1986 is plotted as a function of local magnetic time
in the figure. Local magnetic noon occurs when the magnetic
meridian of the station intersects a line joining the Earth and
Sun.

All three stations display a diurnal pattern, with a postmag-
netic noon peak. The presence of this pattern at South Pole
eliminates the explanation of sunlight-induced propagation ef-
fects, since South Pole has no solar day. The pattern persists at
South Pole, even during local winter. A single postnoon peak
at all three stations suggests a magnetospheric afternoon
source region. It also argues against the possibility of a cusp
source, which should display a noon-symmetric pattern in-
stead. The possible association of Pc1-2 occurrence with solar
wind parameters and internal magnetospheric energy sources
is currently being studied.

We would like to thank Hank Dolben for the extensive pro-
gramming support that made the data analysis for this project
possible. For the careful fieldwork necessary to establish and
maintain the South Pole and Siple micropulsation stations, we
would also like to thank Marc Lessard (1984, 1985), Hank Dol-
ben (1981), Ralph Varney (1975), and Mark Widholm (1981).

This work was supported in part by National Science Foun-
dation grant DPP 89-13870.
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The diurnal occurrence pattern for Pc1-2 (0.1-0.4-hertz) waves has
a post-magnetic noon peak at three high-latitude stations. The
horizontal axis is local magnetic time, divided into 20 minute seg-
ments. The vertical axis is the number of times (Qty) that wave
power in the 0.1-0.4-hertz band was observed in any 20-minute
segment of the day in 1986. The presence of a diurnal pattern at
South Pole indicates that it is from a magnetospheric afternoon
source and is not a propagation effect of sunlight on the iono-
sphere.
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