
a magnetic pulsation of this kind is of particular interest in
pulsation theory. In the past, it has not been possible to locate
the field lines along which these events propagate; now,
through the correlation event, the photometer has served to
locate that field-line region.

Detailed interpretive reports on these new effects are in
preparation under the direction of R. Helliwell (VLF), S.
Mende (photometer), and R. Arnoldy and L. Cahill (uLF).

This work was supported by National Science Foundation
grants DPP 74-04093 and ATM 75-07707.
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Power line radiation in the
magnetosphere

C. G. PARK

Radioscience Laboratory
Stanford University

Stanford, California 94305

Harmonic radiation from electrical power transmission
lines in a few kilohertz range recently was discovered to leak
into the magnetosphere with sufficient intensity to initiate
strong wave-particle interactions (Helliwell et at., 1975).
These interactions result in large amplifications of the waves
(typically around 30 decibels), generation of new waves, and
precipitation of energetic electrons into the upper at-
mosphere. This phenomenon has received a great deal of at-
tention lately because of the obvious implications regarding
man's impact on the earth's space environment.

Ground very-low-frequency (VLF) stations in Antarctica
and several satellites (the Orbiting Geophysical Observatory
(oGo) and the Aerial series) have provided most of the data
for studies of powerline radiation (PLR) effects. Antarctic data
have been used in studies of the spectral characteristics of
PLR-induced emissions as well as the statistics of these emis-
sions, including their dependence on local time and magnetic
activity. (Helliwell et at., 1975; Park, 1977; Park and
Helliwell, 1978). Satellite data have provided information
about the spatial distribution of PLR-induced emissions
(Bullough ci at., 1976; Luette et at., 1977). This paper sum-
marizes the results of a recent study based on VLF data from
Siple Station (76°S.84°W.).

The main objective of this study was to find out how
weekly variations of power consumption in eastern Canada
affect the magnetospheric VLF wave activity as observed at Si-
plc. In the first part of the study, broadband spectrograms of
synoptic recordings made at Siple between 1973 and 1975
were examined to identify PLR-induced emissions, examples
of which are illustrated in figure 1. The horizontal lines going
across the records are separated by multiples of 60 hertz, the
fundamental frequency of the Canadian power system. The
wave amplitude shows strong modulation with the two-hop
echo period.

PLR-induced emissions such as those illustrated in figure 1
were identified on 44 days out of a total of 255 days surveyed.
Figure 2a shows a normalized distribution of these PLR days
according to the day of the week. The ordinate is the number
of PLR days divided by the number of days surveyed. Figure
2b shows weekly variations of peak load on Hydro-Quebec, a
major supplier of electricity in the province of Quebec. It ap-
pears that reduced power consumption on Sundays has a
marked effect on PLR-induced emissions in the mag-
netosphere.

In the second part of the study, the amplitude of mag-
netospheric waves in the 2-4 kilohertz range was measured at
hourly intervals using continuous data from Siple in 1974 and
1975. Figure 3 shows diurnal variations of the measured wave
amplitude for Sundays (squares) and for the other six days of
the week. The error bars indicate ±1 standard error of the
mean. The Sunday values are approximately 20-40 percent
less than the corresponding values for the rest of the week
from 12 to 19 universal time, (07 to 14 magnetic local time).
The statistical significance of these Sunday decreases can be
judged from the standard variable, or the z score, plotted at
the top of the figure. The scale on the right indicates confi-
dence levels with which one can say that the Sunday
decreases are not due to random statistical fluctuations.

PR,	 SIPLE	 APR 22975 *05 UT_111111d ft''

2 
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Figure 1. Frequency-time
spectrograms of broad-
band VLF recordings made
at Sipie Station showing
strong magnetospheric
emissions stimulated by
electrical power transmis-
sion lines in the conjugate
region in eastern Canada.
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Figure 2. (a) Normalized occurrence of power-line-induced
emissions as a function of the day of the week. (b) Peak load

on Hydro-Quebec as a function of the day of the week.

Figure 4 shows diurnal variations of power consumption
in Quebec. The similarities between figures 3 and 4 suggest
that the Sunday decreases in magnetospheric wave activity
may be attributable to reduced power consumption. A further
implication of this result is that PLR-triggered emissions may
represent a significant fraction of the total VLF wave intensity
in the magnetosphere.

In conclusion, PLR appears to have important effects on
the overall VLF wave environment in the inner mag-
netosphere. Because VLF waves are known to be effective in
precipitating energetic (approximately 100 electronvolts to
approximately 100 kiloelectronvolts) electrons trapped in the
earth's radiation belts, important questions are raised regard-
ing the role of PLR in radiation belt dynamics. Correlative
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Figure 3. Diurnal variations of magnetospheric VLF wave
amplitude measured at Siple. (The horizontal scale shows
both Universal Time and Magnetic Local Time. See text for

details.)
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Figure 4. Diurnal variations of the load on Hydro-Quebec dur-
ing a typical week in August 1974. (The horizontal scale
shows Civil Local Time, Universal Local Time, and Magnetic

Local Time.)

studies of wave and particle data are needed to answer these
questions.

This work was supported by National Science Foundation
grants DPP 76-82646 and ATM 74-20084.
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Jupiter: a new tool for
magnetospheric research

WILLIAMJ. TRABUCCO and EVANS W. PASCHAL

Radioscience Laboratory
Stanford University

Stanford, California 94305

Since 1973 VLF (very-low-frequency) radio wave injection
studies have been performed at Siple Station using a 100-
kilowatt transmitter, Zeus, driving a 21.4-kilometer dipole an-
tenna. The principal receiving station for the transmitter sig-
nals is at Roberval, Quebec, in the Northern Hemisphere
region magnetically conjugate to Siple. The transmitter
studies have been aimed at understanding radio wave prop-
agation in the magnetosphere, the region of plasma above the
ionosphere that is contained by the earth's magnetic field. In
particular, Zeus has helped define and elucidate the mechan-
ism of wave-particle and wave-wave interactions in this
region. However, it became apparent that there were many
wave-injection experiments that could not be performed
because of the limitations of Zeus, and it was decided to
replace Zeus with a new transmitter (to be named Jupiter)
when it came time to build the replacement facility for the
original Siple Station.

The Zeus transmitter uses banks of silicon-controlled rec-
tifiers to switch a direct-current power supply into alternate
ends of a tank (tuned) circuit coupled to the antenna. Zeus is
essentially a high-powered oscillator and thus can generate a
signal at only one frequency at a time. Because of the nature
of the tank circuit, the output frequency range is limited to a
band width of about 1 kilohertz for a given transmitter tun-
ing. The output power is adjusted by changing the line
voltage to the power supply with a 100-kilowatt
autotransformer, a relatively slow mechanical process.
Further, the switching nature of the transmitter results in high

Front view of the Jupiter transmitter. (Left to right: cubicles 1
and 2, power amplifier; cubicle 3, power conditioning and

control equipment.)

harmonic content in the output wave and confusion about the
actual power delivered to the antenna at the desired frequen-
cy. Also, the silicon-controlled rectifiers are liquid cooled,
and ionization of the coolant with resulting corrosion has
been a continuing problem.

The new transmitter, Jupiter, was acquired as surplus
equipment on loan from the U.S. Navy. It has been tested at
Stanford with a dummy load and will be installed at Siple
during the 1978-79 austral summer in time for the occupation
of the new station (see figure).

Jupiter is a broadband (1- to 20-kilohertz) audio
amplifier. It uses four triode output tubes which together are
capable of over 100 kilowatts of power output into the anten-
na. The output tubes are driven by solid-state amplifiers and
can be used either two or four at a time, and at three different
plate voltages (8, 9.5, and 11 kilovolts) to optimize transmitter
efficiency for a given range of output power. The output has
low harmonic content, and since the unit is broadband, com-
plex signals ranging from single frequencies to complex
multiple-frequency formats with rapid frequency and
amplitude (power) variations can be transmitted.

The Navy transmitter was modified to enable operation
over the frequency range of interest, reduce size and weight,
enable quick assembly in the Antarctic, and incorporate ad-
vances in electronic technology since the unit was designed in
1955. Jupiter is modular in construction and can be
assembled easily in the new station during the austral sum-
mer. It has protection and interlock circuits to protect the
transmitter from damage caused by component failure or
operator error and to protect station personnel from inadver-
tent contact with the high-voltage circuits in the transmitter.

Jupiter will be coupled to the Siple 21-kilometer dipole an-
tenna through a new network of antenna-tuning capacitors
and inductors. The tuning network is necessary to match the
transmitter to the antenna to get maximum power transfer.
The new network provides a wider frequency range and high-
er power capabilities than the present system. The tuning net-
work may have voltages as high as 50 kilovolts in some places,
but it will be housed in an area of the transmitter room pro-
tected from access during transmitter operation.

The transmitter system normally will be controlled and
programed by a Data General Nova 3 computer with paper
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