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the actual transmitter format. The third panel shows
strong emissions and a hiss-like noise burst being triggered
by a long-duration transmitter pulse. The fourth panel
shows the actual transmitted format appropriate to panel
three.

The joint Siple Station/Exos-B experiments are note-
worthy in that they represent the first successful attempt
to obtain simultanoous vu wave and energetic particle
measurements on a high-altitude satellite located near the
wave-particle interaction region during wave-injection ex-
periments. It is precisely this type of simultaneous wave
and particle data which is necessary to understand the
mechanisms through which vi.F waves and energetic par-
ticles interact in the magnetosphere.

This research was supported under National Aeronautics
and Space Administration grants NAS 5-25744 and NGL
05-020-008.
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Sinusoidal oscillations of the Earth's magnetic field, near
1 hertz in frequency, are often observed at Siple Station.
These oscillations are thought to result from a cyclotron
resonant interaction of hydromagnetic waves with protons
in the magnetosphere (Gendrin 1975). Similar waves have
been occasionally observed in the magnetosphere with
satellite borne detectors (Taylor, Parady, and Cahill 1975).
Some of these magnetosphere wave events were correlated
with observations of enhanced proton fluxes (Taylor and
Lyons 1976). Recently we observed indirect evidence of
wave particle interactions by simultaneous observation at
Siple of periodic modulations of 1 hertz fluctuations (pearls)
and of auroral light intensity (Mende, Arnoldy, Cahill,
Doolittle, Armstrong, and Fraser-Smith 1980). In the single
case reported the observations agree with a model inter-
action between protons and waves only if the protons are
more than 20° latitude from the equator. Helium ions 15°
from the equator can also interact with the waves to
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produce the observed results. Further study of the 1977 and
1978 Siple data has yielded two additional wave-particle
events which will be discussed here.

The model involves, first, observation of the 1 hertz-
waves at Siple. The waves reflect and travel to the inter-
action region; then the particles (reduced in pitch angle
during the interaction) travel to Siple and are observed as
auroral light pulsations. The observed quantities are the
bounce time of the wave packets, the wave frequency, and
the delay time between corresponding wave and aurora!
pulsations. From the bounce time (near 50 seconds) the
wave velocity can be determined, assuming the distribu-
tion of electron number density along the field line. This
also establishes the model equatorial number density. Then
the wave propagation time from Siple to any interaction
region along the field line can be determined. Similarly the
parallel ion velocity is established as that velocity necessary
to Doppler-shift the observed wave frequency to the reso-
nant frequency at the interaction region. Then the particle
travel time from the interaction region to Siple can be calcu-
lated.

To provide a model where the electron density is uni-
form along the field line [A = 0 in figure 11 the delay time
(the sum of wave propagation time to the interaction region
and the particle travel time to Siple) is shown as a function
of interaction latitude in figure 1. Another model where
electron density is proportional to B, the magnetic field
intensity, is also shown for protons as a source. Note that,
for this 4 August 1977 event the proton locations are 5° and
25° from the equator for A 0 and A = 1. The locations
for He+ and 0+ are 15° and 30 0 , A = 0. A second event
in May 1976 is shown in figure 2.

The near equatorial interaction regions are expected
because trapped particle densities are highest near the
equator. Also very high parallel ion velocities and energies
are needed to achieve resonance at the higher off-equatorial
cyclotron frequencies. For example, protons with mega-
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Figure 1. Wave-particle interaction event, 4 August 1977.
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Figure 2. Wave-particle interaction event, 29 May 1978.

electronvolt energies are needed for the 25° location while
200-kiloelectronvolt protons fit the 5 0 location.

Although these results provide further evidence of the
generation of Pc 1 micropulsations, the name for sinusoidal
magnetic fluctuations between 0.1 and 5 hertz, by wave-
particle interaction with protons, the evidence is indirect.
There is still the possibility of other ions, He+ or 0+
causing the waves and the auroral pulsations. it is even
possible that electrons are involved in the wave-particle
interaction. During the 1979 season auroral light intensity
and the micropulsations were recorded on the same data
tape, making the identification of interaction events easier
and the analysis more effective.

For the future we anticipate the possibility of wave obser-
vation on the ground, at Siple and Roberval (in Quebec),
and near the equator. The Dynamic Explorer B satellite to
be launched in the summer of 1981 will carry a fluxgate
magnetometer suitable for observing Pc 1 signals. Particle
detectors also will allow- identification of ion type and meas-
urement of changing pitch angle. These observations may
provide direct evidence of generation of Pc 1 waves from
the trapped ions. This research was supported by National
Science Foundation grant DPP 77-21924.
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