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Very-low-frequency (VLF) transmitting experiments at Siple
Station are designed to investigate wave propagation and inter-
actions between waves and energetic particles in the Earth's
magnetized plasma envelope, or magnetosphere. The signals
propagate along geomagnetic-field-alined paths between hemi-
spheres, crossing the magnetic equator at several Earth radii
(RE) geocentric distance. A significant improvement in experi-
mental capability was achieved in 1979 with the installation of a
new transmitter, Jupiter, which is capable of operating at higher
power (approximately 7 decibels) than the previous system,
Zeus, and also is more flexible with respect to modulation. This
article reports on occurrence features of the signals in 1980 and
makes some comparisons with results from the Zeus
transmitter.

NO. TX - HR (IN COMPARED TIME PERIODS)
1980 1	1 83 1 192	11	25
1978 1	18	129	128	118	131 1	17
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Figure 1. Percentage of Siple transmitting hours (Nob Tx-Pm) during
which magnetospherically propagated, very-low-frequency (VLF)
whistler-mode signals were detected at ground stations (No. 013S-HR)

as a function of transmitter frequency (f). Results from the new
transmitter, Jupiter, In 1980 are compared with results from the
previous system, Zeus, In 1978.

Figure 2. 1980 seasonal variation of the duration (In hours) of SIple
whistler-mode signal detection at ground stations. The longest
period of detection on each day Is shown.

Major changes in operating frequency have been made since
the initial transmitting experiments in 1973. The most favorable
range for signal propagation has been found to lie below ap-
proximately 4 kilohertz, despite the fact that the efficiency of the
present 21.4-kilometer-long dipole antenna falls off sharply
with decreasing frequency in this range.

Figure 1 shows a comparison of Zeus in 1978 and Jupiter in
1980 in terms of percentage of successful transmissions as a
function of operation frequency. Success was determined by
comparing the number of hours during which whistler-mode
signals were observed at the conjugate station at Roberval, Can-
ada, or in the two-hop echo mode at Siple, with the total hours
of transmissions. The data represent scheduled activity in the
approximate period 0300-1100 local time.

In both years, relatively large numbers of transmissions in the
2-4 kilohertz range were made. Within this range the overall
success ratio was 46 percent in 1980, compared with 20 percent
in 1978. Furthermore, the 1980 success rate remained relatively
high as frequency was decreased below 3 kilohertz, while the
1978 data showed a sharp drop in the 2-3 kilohertz range.

The 1980 data provided exceptionally good diurnal coverage
during the austral winter. The expected nightside minimum
and dawn maximum in signal activity were defined in much
better detail, and a secondary peak in activity centered near
1900 local time was defined for the first time. This peak may be
associated with the duskside bulge in the plasmasphere, at
which the plasmapause radius increases rapidly with local time
(Carpenter 1966). The bulge effect increases the probability that
the preferred region of Siple propagation, the outer plas-
masphere, will overlie the station. It may also cause drifting low-
energy electrons to penetrate the plasmasphere and to act as a
fresh source of resonant wave-particle interactions and associ-
ated amplification of vu waves.

Seasonal effects, attributed in part to changes in ionospheric
absorption of the transmitted waves, were well defined in the
1980 data. The importance of the austral winter is illustrated in
figure 2, which shows the duration (in hours) of detected signal
activity for May-December 1980. The longest sequence for each
universal time day is represented. In November and December,
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Figure 3. Distribution of geocentric equatorial radii of the field-
aimed paths of Slple signal propagation during 21 periods of strong
signal activity during the 1980 austral winter. The radius corre-
sponding to field lines overhead of Slple/Roberval(sI/Ro) at approx-
Imately 100 kilometers altitude is indicated. Dashed lines show data
from periods in 1973-74, as reported by Carpenter and Miller (1976).

activity in mid-1980. Figure 3 shows the distribution of equa-
torial radii of the Siple signal paths for these cases. Also shown
(dashed line) is a histogram for path analyses representing
July—August 1973 and September—November 1974 (Carpenter
and Miller 1976). The range of path equatorial radii for 1980
projects to an ionospheric north-south range of order ±150
kilometers at 100 kilometers altitude above Siple/Roberval. The
concentration of the better defined ducted signal paths within
this relatively narrow range centered on the station confirms
earlier conclusions regarding the overriding importance of the
injected wave level in achieving temporal wave growth and in
triggering of emissions by the Siple signals (Carpenter and
Miller 1976; Helliwell, Carpenter, and Miller 1980).

The 1980 results can be modeled as occurring on paths ap-
proximately overhead of Siple/Roberval at 100 kilometers. The
principal effects of changes in transmitter frequency, then, were
changes in the energy of interacting magnetospheric electrons
rather than changes in path location. The results suggest that as
the radiation capability of the Siple system is increased at fre-
quencies near 2 kilohertz through planned changes in the long-
wire antenna configuration and in other parts of the transmit-
ting system, the energy range of the magnetospheric particles
probed by the system will be increased significantly.
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