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Figure 1. A natural very low
frequency (VLF) periodic
emission (Ta, 12, T4, .. . T30)
recorded at Siple Station
on 25 April 1975. The two-
hop whistler-mode travel
time (Interval T0 to T2) in
this event Is about 3.8

seconds.

during extended operation. During this time the
VLF receivers are muted to prevent overloading,
and no local VLF reception is possible.

(3) The transmitter is off from the 20th to the
24th minutes. During this period, magnetospheric
wave activity (whistlers, VLF emissions, etc.) is de-
tected and observed on a high-resolution video dis-
play. The VLF spectrum (1 to 6 kilohertz versus
time) shown in figure 1 is an example of this activity
observed at Siple on 25 April 1975. The noise bursts

labeled T0 , T2 , T4.... 'T'30 are natural periodic emis-
sions in which the period is equal to the two-hop
whistler-mode travel time along a magnetospheric
field-alined path (from the vicinity of Siple to the
opposite hemisphere and back again). The two-hop
delay in this event is about 3.8 seconds.

(4) A special pulse and listen program with fre-
quencies bracketing the starting frequency (about
2.7 kilohertz) of the periodic emissions is now trans-
mitted, as shown at the left in figure 2a. A 3-second
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Figure 2. Same Sipie pro-
gram as In figure 1. Top
panel shows entrainment
of ASEs by 50-millisecond
pulses at 4.0 and 4.1 kilo-
hertz. Bottom panel shows
breakup by whistler of
smooth wave growth. in
addition, there is an in-
crease in value of lowest
frequency reached by fall-
ing tone, a disruption of en-
trainment of ASEs, and the
appearance of frequency
modulation on the 0.5-sec-
ond pulses and the whistler

components.
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noticed that frequency modulation(FM)of the main
pulse, often seen on both manmade and natural
emissions, occurred near the time of reception of
a two-hop multipath whistler. Figure 2 shows an
example. The FM appears before the whistler com-
ponents that are believed to follow the same mag-
netospheric field-alined paths as the signal. We
have identified two prominent paths. This associa-
tion has not been explained, but could mean that
the southward traveling one-hop whistler is in some
way modifying the factors (for example, electron
streams) that control the amplification of the north-
ward traveling Siple signal. Another effect coinci -
dent with the FM is a temporary increase in the
value of the lowest frequency reached by the falling
tone. These signal interaction effects provide im-
portant clues to understanding wave-particle inter-
actions in the magnetosphere. They also show that
the magnetosphere is extremely sensitive to the in-
jection of weak coherent waves in the VLF range.

This research was supported by National Science
Foundation grants DPP 74-04093 and DES 75-
07707.
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Man, computer, and VLF
transmitter at Siple: interactive
wave injection experiments to
perturb the energetic particles

of the magnetosphere

J . P. KATSUFRAKIS and E. PASCHAL
Radioscience Laboratory

Stanford University
Stanford, California 94305

Stanford University magnetospheric probing ex-
periments at Siple Station are being developed to
increase the interactive role of the on-site scientists.
The instrumentation, consisting of a very low fre-
quency (VLF) transmitter, a computer, VLF re-
ceivers, and a spectrum analyzer, permits adjust-
ment of the parameters of the transmitted waves
according to the observed response of the mag-
netosphere. Following is an illustration of inter-
active transmission procedures during a 30-minute
period.

(1) The specific frequency-time format to be
transmitted is selected from a library of computer-
generated programs.

(2) The computer controls all functions of the
transmitter for the first 20 minutes. The modula -
tion during this time is at 100-percent duty cycle to
maintain a constant load on the diesel power gener-
ating units and thus prevent overstressing the units
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Figure 2. Artificially stimulated VLF periodic emissions. The spectral shapes of these emissions are similar to the natural
emissions shown in figure 1.

pulse at 3.0 kilohertz is followed by 0.5-second	changed to a combination of 2-second pulses at
pulses at 3.5 and 2.5 kilohertz. The immediately	3.6 kilohertz and 50-millisecond pulses frequency-
following observations of the broadband spectrum	shift-keyed between 2.6 and 2.8 kilohertz (see fre-
show: (a) multiple rising tones initiated by the pulse	quency scale at lower right). The observations
at 3.0 kilohertz (from about 4 to 11 seconds on the	show: (a) no response at 3.6 kilohertz, (b) echoes
time scale below the second panel), (b) no response	of the 50-millisecond pulses, and (c) emissions trig-
to the pulse at 3.5 kilohertz, and (c) periodic emis-	gered by these echoes. The spectra of the emissions
sions (P0 , P2 , P4 ,. . . P) initiated by the 2.5-kilohertz	in this case differ from those in figure 2a, and echo-
pulse. The spectra of the higher order periodic	ing proceeds for a shorter time.
emissions appear much like the spectra of the	This type of realtime interaction of the experi-
natural higher order emissions shown in figure 1.	ment with the experimental results has increased
Also, the two-hop period of the natural and artifi-	the scientific productivity of Siple programs. We
cially stimulated emissions is the same.	 hope to strengthen further this interaction capa-

Thirty seconds after the 2.5-kilohertz pulse (P 0 )	bility by providing realtime communications be-
a new series of pulses is transmitted (at right of	tween Siple Station, its conjugate at Roberval,
upper panel). One-half-second pulses at 2.5 kilo-	Canada, and our home laboratory at Stanford. The
hertz (Q) and 3.5 kilohertz are followed by a 28-	communications link would employ the geosta-
second pulse at 3.0 kilohertz (continued in middle	tionary satellite ATs-3. We also plan to have spec-
panel) and 0.5-second pulses at 3.5 and 2.5 kilo-	trum readout of the Stanford VLF experiments on
hertz (R0). The observations then show: (a) periodic	the forthcoming international Sun-Earth Explorer
emissions Q16 through Q22, apparently initiated by	(A) and Electrodynamics Explorer satellites. This
the first 0.5-second pulse (Qo) (the receiver was	will enable us to vary the Siple VLF transmitter
muted during the transmissions, hence the emis-	parameters so as to affect the growth of transmitter
sions Q2 through Q14 were not detected), (b) mul-	signals and associated emissions detected by the
tiple rising tones initiated by the pulse at 3.0 kilo-	satellite. In addition we hope to monitor in real-
hertz, (c) no response to the pulse at 3.5 kilohertz,	time the changes in the particles measured on the
and (d) periodic emissions (R0 , R2 , R4 , . . . R14) mi-	satellites and correlate these changes with our
tiated by 2.5-kilohertz pulse. Again, the spectra of	transmissions.
the artificially induced emissions resemble the
earlier natural activity, and the two-hop travel time
is the same.	 This research was supported by National Science

(5) At the time of figure 2b the modulation is	Foundation grant DPP 74-04093.
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