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Controlled experimentation on the magnetosphere is car-
ried out using very-low-frequency (VLF) signals transmitted
from Siple Station. The primary objective is to explore the
properties of the cyclotron resonance interaction between VLF
waves and the ambient energetic particles of the mag-
netosphere. An understanding of these processes is critical to
a full understanding of the physics of the radiation belts and
the ionosphere, as well as to the development of nonlinear
theory in plasma physics. Areas of possible applications of
these experiments include very low frequency (VLF), ex-
tremely low frequency (ELF), and ultralow frequency (uLF)
communications, depletion of the radiation belts, modifica-
tion of the ionosphere, and remote sensing of the radiation
belts. Here we report briefly on new wave-wave interaction
experiments performed between Siple Station and its conjug-
ate point located at Roberval, Canada.

The first experiment resulted in the accidental discovery
of a type of triggered emission termed the band-limited im-
pulse (Bu). In the hammerhead form shown in the spectra of
figure 1, the BLI appears at the end of an amplified Siple
pulse as a burst of noise about 150 hertz wide. To explain the
BLI shape, we postulate that the interacting electrons behave
like a set of resonant circuits, each having a different natural
frequency. As the tail end of the Siple pulse crosses the in-
teraction region (near the magnetic equator), these electrons
switch from their common forced mode at the carrier fre-
quencyf0 to their natural modes whose frequencies are deter-
mined by the spatial gradients of the medium parameters
(plasma and gyrofrequencies) and by the wave-induced
spread in electron parallel velocities. Although each interact-
ing electron switches at a different time in the laboratory
frame, all the corresponding natural radiation components
start at the tail end of the exciting wave and hence reach the
receiver at very nearly the same time, thus accounting for
their impulse-like behavior. As shown in the two lower
panels, the BLI is enhanced at the 55th harmonic of the
Roberval power system. (Interaction between power line har-
monic radiations and other magnetospheric signals has been
reported by Helliwell et al., 1975.) Other enhancements ap-
pear at modulation sidebands spaced about ±30 hertz from
the carrier and at the 52nd harmonic of the power system.

In a related type of BLI (not shown), occurring before
pulse termination, the frequencies are symmetrically dis-
tributed about the carrier, typically over a ±100 hertz range.
We suggested that such pretermination BLI's may be excited
by amplitude perturbations arising from instabilities in the
magnetospheric amplifier. Because these instabilities reduce
the coherence of the generated signal, there should be a cor-
responding reduction in amplifier gain. Such a process con-
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Figure 1. aLl observed at the end of 1-second pulse transmit-
ted from Siple to Roberval at 1327:00 universal time on 28
February 1977 on a frequency of 3.2 kilohertz. (Upper panel
shows amplitude in a 300-hertz bandwidth centered on 3.2
kilohertz. Lower panels show dynamic spectra with frequency

resolutions of 50, 10, and 4 hertz, respectively.)
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Figure 2. A typical example of gap-Induced emissions. Rising
emission is triggered during a 10-millisecond gap at t = 400
milliseconds (marked by vertical bar on time scale, In a 1-
second Sipie pulse at 5 kilohertz. The frequency and time
resolutions of this record are about 20 hertz and 60 millisec-

onds respectively.)

ceivably could play a role in determining the saturation level
Of VLF emissions.

Related to the BLI is the so-called gap-induced emission,
illustrated in figure 2 (Chang, 1978). A 1-second signal at 5
kilohertz transmitted from Siple reaches Roberval at t = 0. I.
grows with time until it is interrupted by a 10-millisecond gap
after 400 milliseconds, as indicated by the vertical bar on the
time scale. Near the gap a rising emission is triggered. At the
same time the Siple signal at 5 kilohertz suddenly decreases
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in magnitude and then begins to grow again at about the
same rate as before.

The gap-induced emission is explained in the same way as
the BLI. The radiation components from the wave-organized
electrons switch from the forced mode to their natural modes
at the end of the triggering wave. Unlike the BLI, the natural
components triggered at the gap become self-sustaining, giv-
ing rise to the observed narrowband emission.

In general terms, energy for the initial radiation in a trig-
gered emission is stored in the forced-mode response excited
by a growing input pulse. At signal termination, or at a gap,
or at any comparable departure from steady-state excitation,
this stored energy is rapidly (in less than 10 milliseconds)
transferred to the natural modes.

The next step in the study of gap triggering is to reduce the
gap length. Because dispersion is expected to lengthen a gap
by more than 5 milliseconds, it will be necessary to correct for
dispersion when exploring gaps of less than about 10
milliseconds. A correction network has been designed and
will be used with the new Jupiter transmitter planned for in-
stallation at Siple II in 1978-79. With this device and the
more flexible modulation capability of thejupiter transmitter,
we expect to find the minimum gap length required for trig-
gering. The results will be used to develop our model of the
interaction process further.
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paths and may emerge from the ionosphere at the conjugate
point and be observed at ground stations (Helliwell, 1965).
Non-ducted waves follow more complicated paths; they tend
to remain above the lower boundary of the ionosphere and
usually are not observed on the ground.

The properties of ducted signals are by far the best under-
stood; most of our knowledge concerning whistlers, very-low-
frequency (VLF) emissions, and wave-particle interactions in
the magnetosphere is based on the study of those signals.
Nevertheless, the non-ducted mode is important because ap-
proximately 90 percent of the energy radiated by a VLF
ground transmitter will propagate in the magnetosphere in
this mode.

In general, it can be expected that the non-ducted waves
from the Siple transmitter will interact with energetic parti-
cles in the magnetosphere and may produce VLF emissions
and particle scattering as do the ducted waves. Thus, the non-
ducted component will be valuable in the study of wave-parti-
cle interactions phenomena in the magnetosphere. However,
because the non-ducted modes are not detectable from
ground-based stations, it is necessary to use satellites to make
in situ measurements of the transmitted wave amplitude and
frequency spectrum. The use of satellites also is necessary for
the study of ducted signals because the measurement of
amplitude of these signals must be done in situ or close to the
region where they strongly interact with the energetic parti-
cles.

One of the main goals of the Stanford University VLF
wave-injection experiment on the International Sun Earth
Explorer (IsEE-1) spacecraft is to make such in situ studies of
the interactions between coherent VLF waves and energetic
particles in the magnetosphere.

The (IsEE) satellites ISEE 1 and 2, were launched on 22
October 1977. These two spacecraft form a mother and
daughter satellite pair. The orbits of both spacecraft are high-
ly elliptical, with an apogee of approximately 23 earth radii
and perigee of less than 1,000 kilometers. As the mother
spacecraft orbits the earth, the daughter moves near the
mother at an adjustable distance ranging from 100 to 5,000
kilometers.
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ISEE-1 satellite observations of
signals from the Siple transmitter
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A substantial portion of the energy radiated by the Siple
transmitter enters the ionosphere and propagates into the
magnetosphere in the whistler mode. The mode of propaga-
tion in the magnetosphere could be either ducted or non-
ducted. The ducted signals follow geomagnetic field-alined

VLF spectrogram showing Siple transmitter pulses as ob-
served on the ISEE-1 satellite. The two panels show receptions
on two different days but at the same location In space (L =
3.3 field line and geomagnetic latitude A m = 1 °S.).
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