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Example of the operation of a new very low frequency fre-

quency-tracking direction finder.

This research was supported by National Science
Foundation grants DPP 74-04093 and DES 74-
20084.

Reference

Carpenter, D. L., and T. R. Miller. 1976. Ducted magnetospheric
propagation of signals from the Siple, Antarctica, VLF trans-
mitter. Journal of Geophysical Research, 81: 2692.

Location and time evolution of
electron burst precipitation

regions in the lower ionosphere

BRUCE DINGLE and D. L. CARPENTER
Radioscience Laboratory

Stanford University
Stanford, California 94305

mode frequencies should emerge from the iono-
sphere at higher latitudes. The data support this
prediction; the well-defined bearing is now slightly
west of north.

Measurements with the TRIDF during 15 hours of
Siple transmissions generally confirm earlier anal-
ysis (Carpenter and Miller, 1976), based on broad-
band information alone, that the endpoints of Siple
transmitter signal paths are relatively close to
Roberval Station, displaced in latitude only by
about ±200 kilometers. The TRIDF bearings also
show an apparent concentration at southwest, an
effect not understood. This concentration may
occur because the geomagnetic conjugate point of
the ionospheric region of maximum illumination
of the Siple transmitter is slightly southwest of
Roberval. Also, distortions of the earth's magnetic
field by the impinging solar "wind" might produce
such an effect.

Interpretation of the TRJDF data is complicated
by multipath propagation effects and by "polariza-
tion" error. This latter is associated with signals
whose exit points are close to the receiver. These
effects require study as part of attempts to refine
DF methods. Overall, the outlook appears promis-
ing for application of the TRIDF and goniometer
techniques in the Antarctic. We are planning such
applications for Siple and Palmer as part of co-
operative work with experimenters at Halley Bay,
Beigrano, and Sanae.

Observations of burst precipitation of energetic
electrons from the magnetosphere at subauroral
latitudes are rare. Although such bursts are be-
lieved to occur frequently, they are difficult to de-
tect. The precipitation is most noticeable when it
causes amplitude perturbations of very low fre-
quency(VLF) radio signals propagating beneath the
ionosphere (Helliwell et al., 1973; Dingle, 1975).
Events of this kind previously have yielded only
limited quantitative information on the location
and details of the processes at work. A compre-
hensive new data set acquired at Siple Station and
at its Northern Hemisphere magnetic conjugate
point in Roberval, Quebec, Canada, contains im-
portant new information.

On 11 September 1973 a long series of narrow-
band VLF noise bursts was recorded at both Siple
and Roberval. The bursts lasted for about 10
seconds typically and occurred at approximately
5-minute intervals over several hours from well be-
fore dawn to after sunrise. Each of the bursts was
associated with an amplitude perturbation of at
least one of the subionospheric signals from U.S.
Navy VLF stations. These amplitude perturbations
have onset rise times corresponding to the burst
durations and recovery times thought to be asso-
ciated with the relaxation time of the lower iono-
sphere.

The noise bursts are thought to originate in the
magnetosphere, where they interact with energetic
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Sublonospheric propaga-
tion paths from tour very
low frequency transmitters
(NAA, NBA, NLK, GBR) to
Siple (SI) and Roberval
(RO). Solid lines denote
paths that show amplitude
perturbations in associa-
tion with noise bursts at
various times on 11 Sep-
tember 1973. Dashed lines
show unaffected paths.
The position of the plasma-
pause (PP) Is indicated.
The precipitation regions
should be located near the
points where the disturbed
paths cross the plasma-
pause. The geographic
outline Is only an approxi-

mation.

electrons trapped in the radiation belts and cause
some of the electrons to precipitate into the lower
ionosphere. The precipitation results in increased
ionization, which in turn affects VLF signals propa-
gating in the earth-ionosphere waveguide. The
regions of enhanced ionization are thought to be
limited in extent and may be as small as perhaps
30 kilometers in diameter. They can be located by
finding the intersection of the disturbed subiono-
spheric VLF paths with the locus of possible exit
points of the precipitating electrons from the
magnetosphere. Since the causative noise bursts ap-
pear to be triggered by whistlers traveling along or
near the plasmapause, the precipitating electrons
probably are leaving the magnetosphere where the
plasmapause intersects the ionosphere. This inter-
section is plotted in the figure. Also shown are the

September 1976

subionospheric paths from several VLF stations to
the receivers at Siple and Roberval. The precipi-
tation regions should be near the points where the
plasmapause crosses the disturbed paths.

Details of the time development of the amplitude
perturbations give diagnostic information for proc-
esses in both the ionosphere and the magneto-
sphere. During the night, some of the amplitude
perturbations showed an undershoot when they re-
covered, indicating that the noise bursts may turn
off a background drizzle precipitation. Near dawn,
some perturbations showed double onsets, suggest-
ing that more than one precipitation burst may
have been associated with a single noise burst. Also
near dawn, the amplitude recovery time increased
markedly, suggesting a transition from one type of
recovery mechanism to another as the sun rose.
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After sunrise, the perturbations disappeared alto-
gether, showing that solar-produced ionization
probably masked that caused by the electron preci-
pitation.
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The magnetosphere is a source of powerful very
low frequency (vLF) waves thought to be generated
by radiation belt particles. Manmade signals in-
jected from ground sources, such as the very low
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frequency transmitter at Siple Station, Antarctica,
can trigger such waves and thus control the mag-
netosphere. Coherent VLF signals from Siple Sta-
tion typically are amplified up to 35 decibels and
interact with other signals in the magnetosphere
(Helliwell and Katsufrakis, 1974). Harmonic radia-
tion from the Canadian power system has a role in
controlling magnetospheric wave-particle interac-
tions (Helliwell et al., 1975).

A new result is the entrainment of artificially
stimulated emissions (ASEs) by 50-millisecond
pulses from the Siple transmitter. Figure 1 shows
0.5-second pulses on 4.5 kilohertz that grow in time
to about 20 decibels above their initial value. At
the end of each pulse a strong falling tone is stimu-
lated. In the 0.5 second between adjacent 0.5-sec-
ond pulses is a sequence of 50-millisecond pulses
that alternates between 4.0 and 4.1 kilohertz. They
are too short to show significant growth. However,
when the strong falling tone encounters one of the
weak 50-millisecond pulses, the falling tone is im-
mediately "captured," with its frequency becoming
locked to that of the 50-millisecond pulse. On ter-
mination of the pulse, this enhanced signal either
stops or continues to move downward in frequency.
Entrainment, as illustrated in figure 1, helps to ex-
plain the remarkable ability of relatively weak
power line radiation to control much larger signals.
The rapidity of the capture suggests that the free-
running oscillation (that is, the falling tone) is cap-
tured at the location in space where it is generated.
This result will aid in extending one of the current
theories of cyclotron resonance interaction in which
the change in frequency with time (DF/DF) of an
emission is proportional to the distance of the inter-
action region from the Equator (Helliwell, 1967).

During further examination of the data we
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Figure 1. Series of Siple
transmissions showing
growth of 0.5-second
pulses on 4.5 kilohertz, ar-
tificially stimulated emis-
sions (ASE5), and entrain-
ment of ASEs by 50-milli-
second pulses on 4.0 and
4.1 kilohertz. Lower panel:
dynamic signal spectrum.
Middle panel: frequency of
automatic tracking filter
(bandwidth, 340 hertz).
Upper panel: amplitude
(log scale) of tracking filter

output.
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