
obvious between 18:25:48 and 18:25:53 as a staircase followed
by a short ramp. Immediately following the direct signal, the
two-hop echo was received, and that also indicates that some
triggering was occurring. During reception of the two-hop
echo at 18:25:56, a one-hop whistler was also received.

The signals described here represent just a small sample of
the rich variety of VLF emissions observed on the three sound-
ing rockets above the VLF transmitter at Siple. The data will be
used in conjunction with the plasma particle data to identify
the sources of free energy for the wave emissions and to test
theories of wave-particle interactions (Helliwell and Crystal
1973; Sudan and Ott 1971). Another interesting feature of this
experiment is the ability of the wave field instrumentation to
measure phase. This will permit the sounding rocket receivers
to be used as one arm of an interferometer, the other arm being
the Siple transmitter. From this arrangement wavelengths can
be measured and the real part of the VLF dispersion relation in
the lower ionosphere can be tested for the first time.

This work is supported by National Science Foundation
grant DPP 80-23968. Fieldwork was conducted by P. Kintner
(23 November 1980 to 7 January 1981) and R. Brittain (23
November 1980 to 17 January 1981).
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Do ionospheric plasma instabilities
affect the Siple Station riometer?

JAN C. SIREN

Institute for Physical Science and Technology
University of Maryland

College Park, Maryland 20742

Until recently, a riometer was thought to measure only the
opacity of the D region of the ionosphere to radio noise of
cosmic origin. This opacity results from ionization by mag-
netospheric charged particles striking the atmosphere, as in
figure 1(a). However, D'Angelo (1976) has suggested that mag-

netic-field-aligned density irregularities in the E region could
also reduce the cosmic noise reaching a riometer, by nonab-
sorptive scattering, as in figure 1(b). This scattering is caused
by plasma instabilities associated with ionospheric currents
(Siren, Doupnik, and Ecklund 1977). The properties of this
scattering at the small deflection angles that would affect a
riometer are not known. We have studied Siple riometer data
intensively to find indirect evidence of this scattering mech-
anism.

Siple Station (76°S 84°W) has three advantages for this kind
of study:

1. E-region density irregularities occur frequently at south-
ern latitudes near Siple (Ogawa et al. 1979).

2. The riometer data were recorded digitally at high time
and amplitude resolution. Fast variations well under 0.1 deci-
bel are detectable.

(a)	 (b)
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Figure 1. Three possible causes of riometer variations: (a) 0-region absorption; (b) scattering of cosmic noise away from the riometer by
E-region field-aligned density irregularities; and (C) scattering of cosmic noise toward the riometer.
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3. The steep magnetic dip angle (68°) permits scattering to
cause both negative and positive intensity variations.

The third point is crucial. The radio sky is not uniformly
"bright." When the riometer views the brightest part of the
radio sky, scattering will decrease the "illumination," as in
figure 1(b); when it views the darkest part of the radio sky,
scattering will increase the illumination, as in figure 1(c). At
intermediate times, the net effect of scattering is indetermi-
nate. Note that a complete cycle repeats over a sidereal day (4
minutes shorter than a solar day).

In this study, approximately 1,000 continuous hours (2 June
to 12 July 1975) of Siple riometer data were examined. All
intervals of riometer signal variations exceeding - 0.03-deci-
bel peak-to-peak (p-p) and lasting more than 60 seconds were
noted. More than 300 events were found that could be used
(that is, that were unaffected by interference). Because the
scattering effect is likely to be marginally observable at best,
only the results for the 0.1-decibel p-p variations are shown
here. The upper panel of figure 2 gives the occurrence distri-
bution in 1-hour universal time (UT) bins (local time = UT - 5
hours). As is evident, there were far more occurrences at night,
defined as ± 6 hours from midnight, than during the day. This
day-night difference is a well-known characteristic of high-
latitude absorption at levels of several tenths of a decibel to
many decibels. It is present in these data down to 0.03 decibel.
Also apparent is a secondary, afternoon maximum (18-22 UT)

that may be related to the afternoon absorption maximum

12	 18	0	6	12
SIDEREAL TIME

ALL EVENTS :50.Idb
Figure 2. Time distributions of small-amplitude riometer varia-
tions: (above) universal time (M indicates local midnight); (below)
sidereal time.
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Figure 3. Sidereal time distributions of P-type and N-type small-
amplitude riometer variations.

recently found in magnetically quiet times by Detrick, Rosen-
berg, and Park (1981). The lower panel shows the same data
distributed in sidereal time bins (sidereal time drifted about
3 hours relative to UT over the study interval). Scattering vari-
ations should have occurred in the intervals marked N [neg-
ative net scattering, figure 1(c) ii and P [positive net scattering,
figure 1(c) ]. However, the peak at 13-17 hours is probably
only a reflection of premidnight absorption events, and there
is no P-peak at all. Most events could be categorized as either
"P-type" or "N-type," depending on whether the initial vari-
ation was a well-defined increase or decrease relative to the
background level. The P-type events (if due to scattering)
should have occurred during the P-interval, and correspond-
ingly for the N-type events. Figure 3 shows, however, no
significant difference in distribution of these two subsets.

This study does not entirely rule out scattering as a cause of
riometer variations, but it shows that scattering either is much
less common as a cause of the variations than absorption or is
effective only at levels 0.03 decibel.

This work was supported by National Science Foundation
grant DPP 74-01704. I thank H. Chivers of the University of
California-San Diego for the riometer data. L. J . Lanzerotti of
Bell Telephone Laboratories digitized the data and provided
computational assistance.
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