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The Siple Station horizontal dipole transmitting antenna radi-
ates appreciable power in only a narrow frequency range near
the frequency to which the antenna system is tuned (e.g.,
Carlson, Helliwell, and Carpenter 1985). This narrow range
limits the uses of the transmitter; for example, it cannot be used
simultaneously for both magnetospheric and Earth-ionosphere
waveguide probing experiments, because the optimum fre-
quencies used for these two kinds of experiments often differ
widely. However, an unexpectedly large third-harmonic com-
ponent of the transmitter signal has been observed recently at
Halley Station. The properties of this newly observed compo-
nent may help researchers to develop ways of expanding the
frequency range—and thus improving the information gather-
ing power of future experiments.

Figure la shows Siple Station and subionospheric signal
paths to Palmer, Halley, and South Pole Stations. Figure lb
shows the great circle bearings of Halley, Palmer, and South Pole
Stations with respect to the geomagnetic east-west alignment of
the transmitting antenna at Siple Station.

The Halley third-harmonic observations were made in 1983
following the extension of the dipole antenna at Siple Station
from 21.2 to 42.4 kilometers in length. Because the antenna was
lengthened and its half-wave resonant frequency lowered to
approximately 2.5 kilohertz, most of the transmissions in 1983
were at frequencies near 2.5 kilohertz and their third harmonics
were, therefore, within the pass band (approximately 0.3 to 10
kilohertz) of the Halley Station receiver. Figure 2 shows an
example of spectra observed at Halley Station when both the
fundamental (2.5 kilohertz) and the third harmonic signals
were well defined.

A survey of 1983 Halley Station data revealed that, in spite of
evidence that the third-harmonic content of the antenna cur-
rent wave form was approximately 30 decibels below that of the
fundamental, the third harmonic signal was detectable more
frequently than the fundamental signal and exhibited a stable
arrival bearing, consistent with an essentially vertical
polarization.

In contrast to the results from Halley Station, the 1983 records
from South Pole and Palmer Stations (see figure la) fail to reveal
a detectable third harmonic signal nor was one observed during
high-power operations near 5 kilohertz in earlier years.
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Figure 1. a. Map showing Siple Station (si) and subionospheric
signal paths to the three stations Palmer (PA), Halley (HB), and South
Pole (sp). b. Orientation of the long-wire transmitting antenna at
Siple Station with respect to great circle bearings of other stations.
("TX" denotes "transmitter." "Km" denotes "kilometer:')

In a series of special experiments designed by the field ob-
servers in later 1983, the transmitter frequency was varied lin-
early from 10 to 1 kilohertz and followed by several pulses near
2 kilohertz. This was done to probe propagation conditions near
the approximately 1.8 kilohertz half-wave cutoff frequency of
the Earth-ionosphere waveguide. As the transmitter signal
swept through approximately 7.5 kilohertz, the received signal
at Halley was 30 to 40 decibels stronger than the signals at
Palmer or South Pole Station; near 2.5 kilohertz, the signals
received at Palmer and South Pole Stations were generally
stronger than the signal received at Halley Station. These results
generally support the previous findings that receptions near
three times the half-wave resonant frequency of the antenna are
highly sensitive to the orientation of the propagation path. We
postulate that the third-harmonic effect at Halley Station is
largely due to a combination of higher antenna efficiency near
7.5 kilohertz (Raghuram, Smith, and Bell 1974) and an antenna-
beaming effect associated with the antenna pattern near the
three-halves resonant frequency of the system. Why the signal
received at Halley Station near 2.5 kilohertz are so weak an
variable is not well understood, but we postulate that it is th
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result of waveguide cutoff properties of the particular modes
excited at frequencies less than 3 kilohertz.
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Figure 2. Spectrogram (0 to 10 kilohertz vs. time) from Halley Station
showing Siple Station transmissions with fundamental near 2.5
kilohertz and third harmonic near 7.5 kilohertz. The faint signals
near 2 kilohertz at approximately 13, 33, and 53 seconds were de-
layed by approximately 7 seconds due to 2-hop propagation through
the magnetosphere. ("f" denotes "frequency:' "kHz" denotes "kilo-
hertz:' "s" denotes "seconds:' "UT" denotes "universal time:')

The results of these experiments suggest that, because radia-
tion near 7.5 kilohertz occurs most efficiently along the axis of
hte transmitting dipole, the new north-south antenna (sched-
uled to begin operation in early 1986) could be used to direct
such signals northward while using the east-west antenna (or
both antennas in combination) to transmit simultaneously up-
ward into the magnetosphere. By appropriate phasing of the
two antennas, transmissions near 7.5 kilohertz could be
beamed in any desired horizontal direction, both to excite
lower-latitude whistler mode paths off the Siple Station merid-
ian and to probe selected regions of the Earth-ionosphere wave-
guide searching for particle precipitation effects (Carpenter et
al. 1985). The signal would be received, in the first case, by
suitably located receivers in the conjugate region and, in the
second case, by Southern Hemisphere stations such as Halley,
Palmer, or South Pole.

This work was supported in part by National Science Founda-
tion grants DPP 82-17092 and DPI' 82-18219.
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The phase and amplitude of very-low-frequency signals
propagating on long paths in the spherical cavity formed by the
Earth and ionosphere are known to be sensitive to ionospheric
perturbations near the nighttime, approximately 85-kilometer
upper reflection altitude of the waves (e.g., Potemra and Rosen-
berg 1973; Westerlund and Reder 1973). A major source of such
perturbations and of corresponding fluctuations in very-low-
frequency signal phase and amplitude is particle precipitation
from the overlying magnetosphere. At mid- to low latitudes,
particle precipitation is frequently temporally isolated and
burstlike, leading to isolated amplitude and phase changes
(e.g., Carpenter and LaBelle 1982; man et al. 1985). At higher
latitudes, it is often noisy and prolonged; the corresponding
signal changes frequently last for several hours and tend to be

highly irregular. In the case of the temporally isolated bursts,
the physics of the process (the "Trimpi effect") are tentatively
understood in terms of the particle-scattering action of magne-
tospherically propagating waves, such as whistlers, and the
temporary creation of regions of excess ionization near the 85-
kilometer altitude (Helliwell, Katsufrakis

'
and Trimpi 1973). In

the case of the more continuous activity, physical models are
less well developed.

In this paper, we report a new feature of subionospheric
signal amplitude records in which the amplitude exhibits com-
paratively regular fluctuations that last for periods ranging from
a few minutes to an hour or more. This phenomenon is par-
ticularly well defined in Siple Station records. Figure 1 shows
examples of the fluctuations in Siple Station amplitude records
of signals from NAA (at Cutler, Maine, 17.8 kilohertz) and NSS (at
Annapolis, Maryland, 21.4 kilohertz). The activity is well de-
fined near 0745 universal time (upper panel) and just before
0900 universal time (lower panel). Figure 2 provides a map of
the Siple Station area, showing great circle paths from several
very-low-frequency/low-frequency signal sources.

The fluctuations are called the "zigzag" effect, because they
are more or less symmetrical about the amplitude maxima and
minima and frequently exhibit a roughly triangular, or
sawtooth-like shape, rather than a sinusoidal one. Periods of the
fluctuations are typically in the 10- to 30-second range, while
the amplitudes vary from a few percent to approximately 50
percent of the mean level.
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