
correlation of the second type we wish to discuss does, how-
ever, provide further evidence for this model.

In earlier papers, Cahill, Arnoldy, and Mende (1980) and
Mende and associates (1980) reported 4278 angstrom light
bursts delayed by tens of seconds from the arrival of Pc 1 pearl
wave packets at Siple. Figure 2 gives similar data recorded at
Siple and Roberval on 18 August 1979. The numbers are an
attempt to identify bouncing wave packets. The bounce period
of 137 second is verified by an auto-correlation analysis of both
the Siple and Roberval data. The Siple photometer bursts iden-
tified with the wave packets are delayed by nearly half this
bounce period. Five similar events we have studied have
revealed a light-burst delay equal to half the wave packet
bounce period. Although Mende and associates (1980) and
Cahill and associates (1980) have demonstrated that a wave-
ion interaction near the equatorial plane can satisfy the timing
of the event, the production of the light by the ions has been
of concern (Mende et al. 1980). If one attributes the light pro-
duction to electrons, then the delay of half a wave-bounce
period suggests a model in which the wave packet modifies
pitch angles at or near the conjugate (Roberval) ionosphere
such that electrons are precipitated at Siple. The much lower
mirror point at Siple (due to the South American anomaly)
requires only a very small pitch angle change at Roverval to
cause electron loss at Siple.

In summary, the detail of the Siple geophysical data has
revealed some interesting aspects of the wave-particle precip-
itation correlation.

This research was supported by National Science Founda-
tion grants DPP 79-23294 and DPP 71-01668.
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Active and passive VLF experiments
at Siple Station, 1980-1981

D. L. CARPENTER

Radioscience Laboratory
Stanford University

Stanford, California 94305

The scientific objectives of the 1980-81 rocket-balloon cam-
paign at Siple included: study of the manner in which the
Siple very-low-frequency (VLF) transmitting system illumi-
nates the lower ionosphere, study of the penetration of the
ionosphere by upgoing and downgoing VLF signals, compar-
ison of natural and manmade wave activity recorded within
the ionosphere and at conjugate ground stations, and inves-
tigation of the feasibility of VLF direction-finding (OF) at a site
away from the main Siple Station. During the campaign,
approximately 300 separate VLF transmissions lasting from
minutes to hours were made in connection with rocket and
balloon flights, ground-satellite propagation studies, Siple-to-
Roberval probing studies, and special transmitter experiments
involving Palmer and Halley Stations. In addition to regular
passive recording at the main station, J . Billey set up and
operated a VLF direction-finding system (Leavitt et al. 1978) 3
miles magnetically south of Siple. Following are a few high -
lights of the campaign activity.

Transmissions during Nike-Tomahawk flights. The transmitter
operated throughout each Nike-Tomahawk flight (12 and 20
December and 10 January 1981) using combinations of contin-
uous wave, 1-second pulses, and frequency ramps. The figure

shows frequency- (2.2-5.2 kilohertz)-versus-time records
from the 10 January flight when the rocket was at peak alti-
tudes. The middle record, from the Siple main station, shows
initially the format of a 5-second descending frequency ramp
from the Siple transmitter. Reception of natural wave activity
then began, and a two-hop echo of the ramp was observed,
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Spectrograms from 10 January 1981 when the rocket payload was
near peak altitudes. The rocket (N-T Br), Siple (Si), and Roberval
(Ro) records show a 5-second descending frequency ramp, trans-
mitted from Sipie, followed by a one-hop signal at Roberval and
two-hop echoes at Siple and on the rocket. The horizontal lines In
the no record are due to local power line interference at the Rob-
erval main station.
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delayed by about 5.4 seconds from its time of origin. The echo
exhibits evidence of frequency broadening at approximately
0.5-second intervals and triggering of discrete emissions. Fol-
lowing the two-hop signal is a faint four-hop echo consisting
mostly of a train of emission-like elements.

The top record shows the signal received on the nearby
rocket. The direct upgoing signal appears first, with essentially
no time delay. It is followed by two- and four-hop echoes
similar in many respects to those observed on the ground.
There are differences, however: The two-hop echo observed
in the ionosphere on the rocket appears to trigger a diffuse
band of noise above the transmitter frequency, while on the
ground this band is not evident. The bottom record shows
spectra from the Roberval main station. The ramp is observed
after a one-hop travel time of approximately 3 seconds and
exhibits many faint, rising, triggered emissions but no clear
evidence of the quasi-periodic frequency broadening at Siple.

Further study of the similarities and differences of the var-
ious spectra should lead to improved understanding of VLF
propagation in the ionosphere and of mechanisms by which
the injected signals grow to high amplitudes.

Direction-finding near Siple Station. The direction-finding
operation, 3 miles from Siple, was established by mid-Decem-
ber and was highly successful. J . Billey was able to get good
reference bearings on known fixed-frequency signal sources
and to make real-time determinations of the arrival bearings
of whistlers, discrete natural emissions, hiss, and two-hop
signals from the Siple transmitter. In one case, simultaneous
direction-finding on whistlers was achieved at Siple and at
Palmer Station.

In general, results of the direction-finding study were con-
sistent with expectations: Noise activity at the lower frequen-
cies, below approximately 2 kilohertz, tended to come from
the south, while whistlers with dispersion properties that
implied paths toward the equator from Siple gave northerly
bearings. During periods of multitechnique measurements,
such as by balloon X-rays and Siple VLF, results again were
consistent. When X-ray VLF correlations were observed, the
wave arrival bearings suggested magnetospheric propagation
near the known balloon position, while at times of structured
VLF but no X-ray correlation, the VLF appeared to arrive from
a direction well away from the balloon.

This work represents the first application of direction-find-
ing at Siple in the near presence of the 21-kilometer longwire
antenna. It will help determine how direction-finding can be
implemented in the future on a regular basis near the station.

General features of VLF transmissions from Siple to Roberval.
The results of transmissions to Roberval were surprising with
respect to the number of successful receptions, the frequencies
of the successful transmissions, and the local time of their
occurrence.

Transmitter triggering and/or echoing effects were observed
at Siple and/or Roberval on 16 days of the 45-day observation
period (1 December 1980 through 14 January 1981). On most
of the 16 days, two-hop echoes of the transmitter signals were
observed at Siple. In contrast, Siple records show that no two-
hop echoes were received in early 1980 until mid-March. The
number of successes at the end of the year probably is due in
part to the intensity of the 1980-81 campaign effort, but it also

appears to reflect a change, not yet understood, in magneto-
spheric propagation conditions.

In 14 of the 17 periods of successful transmissions to Rob-
erval (two periods occurred on one of the days), the center
frequency of the approximately 1-kilohertz transmitter band
was at or below 3.01 kilohertz. Furthermore, Siple operators
M. Dermedziew and J . Billey had found that throughout 1980,
the most favorable transmitter frequency range was approxi-
mately 2.5-4.0 kilohertz. From analysis of Siple data from 1973
and 1974, it had been predicted that the campaign transmis-
sions would tend to be in the 4-5 range, and it is not yet
understood why the lower frequencies actually provided most
of the opportunities for observations. The effect may be partly
a function of the increased power available with the new
Jupiter transmitter and in part may reflect a solar-cycle varia-
tion in the amplifying properties of the magnetospheric
plasma.

In previous studies, a peak in successful transmissions was
found near 12 universal time (UT) (Carpenter and Miller 1976),
while during the rocket-balloon campaign the echo activity
was clustered near 17 isr. A possible explanation involves the
diurnal variation in plasmasphere radius, such that a second-
ary maximum in radius (in contrast to the larger evening bulge)
develops near local noon (or —17 UT) (Carpenter 1978), thus
providing the high-density plasma conditions that are known
to be favored for propagation of the Siple signals (Carpenter
and Miller 1976).

Transmissions to balloons. A special transmitter format was
developed by E. Paschal, permitting the transmission to bal-
loon-VLF receivers of a series of 10-second-long pulses spaced
at 1-kilohertz intervals from 1.5-6.5 kilohertz, each at approx-
imately the same power applied to the Siple antenna. One
purpose of these transmissions was to monitor the transmitter
field strength at various points as the balloon drifted at an
altitude of 30 kilometers. This should provide information on
the effects of the icesheet and underlying rock environment on
the transmitter fields.

Transmissions to Palmer and Halley. A special series of exper-
iments was conducted on Earth/ionosphere waveguide prop-
agation of Siple signals from the horizontal dipole antenna at
Siple in the broadside direction (to Palmer) and in the endf ire
direction (to Halley). Palmer also supported the rocket-balloon
program by serving as a relay point for ATS-3 satellite voice
communication between Siple and the conjugate station Rob-
erval, Canada.

Field personnel were as follows: Siple—M. Dermedziew, J.
Billey, E. Paschal, W. Trabucco, and D. Carpenter; Palmer—
P. Mann and J . Green; Roberval—R. Taillefer.
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