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Figure 1. Sketch of field-aligned duct connecting Siple Station, Antarctica, to its conjugate point, Roberval, Quebec.
Coherent signals, trapped in the duct, are amplified through cyclotron resonance with electrons in an interaction region
centered on the magnetic equator.



the transmitter are grouped into sections which are
triggered in sequential order by precisely timed,
low-power gate signals. A simplified block diagram
of a four-section scr transmitter shown below illus-
trates the basic scheme. By the time the last sec-
tion is triggered by the exciter. the first scr section
has recovered and can be triggered again.

The current pulses are portions of a transient
oscillation that occurs when the scr begins to con-
duct. By making the pulses exactly one-half cycle
of the desired frequency and by combining the out-
puts of the four scctions in a common load, the
resultant waveform closely resembles a continuous
wave. Filtering this signal removes the distortion
components and yields the desired sine wave. Be-
cause the sequential method of firing the ser’s sug-
gests the fire-and-recover principle used in early
machine guns, Westinghouse engincers refer to this
triggering scheme as the gatling gun technique.

Basic circuits

The basis of the technique employed in the scr
amplifier is illustrated by the simple series-reso-
nant circuit in the top diagram on page 121. When
the switch is closed, the transient current. i(t), is
an exponentially decaying sine wave. The voltage,
v(t), appearing across the capacitor has a sim-
ilar transient, but it oscillates about the supply
voltage. E.

If the switch is replaced with an scr, as in the
second diagram on page 121, gating-on the scr
will result in the same current and voltage wave-
forms. However. the ser will conduct only until the
current returns to zero and attempts to reverse its
direction. At this time the scr will automatically
turn off. Because of the characteristics of the oscil-
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Transmitter consists of four sections, each with 24
scr's mounted on water-cooled heat sinks. This is
an artist's conception of a packaged transmitter.
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High-power current pulses developed in each scr section are combined in the load to produce a sine wave.
The trigger, or exciter circuit, controls the firing of the scr's and determines the load trequency.
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Power amplifier represented by four scr sections combines the current pulses through a center-tapped transformer
that inverts the pulses from the two bottom sections. Scr's are fired alternately on either side of the transformer.
Saturable reactors L, to L. protect the scr's during turn-on by preventing sudden current surges that might burn out
scr junctions. To obtain a sinusoidal waveform scr's are triggered in the sequence Dix, D:x, Dsi, Dia, Din, Den, Dan,
and Dss. In the actuai transmitter, six scr’s in series are used for every scr in the diagram.
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Fig. 4.4. Transmitter diagram of the VLF transmitter power supply, power amplifier, and antenna tuning network.
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Fig. 4.5. Transmitter control system diagram. The circuits control times and frequencies of transmissions and also
monitor the operation of the transmitter.
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Plate 4.1. View of the VLF transmitter showing the power amplifier on the left and the dc power supply and auto transformer on the right.
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Plate 4.2. View of the transmitter control modules. A Data General Nova 1200 minicomputer is the central instrumentation of the control
system.
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Fig. 5.1. Variable pulse length sequence received at Roberval. The lower panel shows the spectrum, and the upper panel shows the am-
plitude in a 130-Hz bandwidth centered on 5.5 kHz. Pulse lengths vary from 50 to 400 ms in 50-ms steps, as is indicated by the numbers be-
tween panels. A two-hop whistler, with echoes at ~3 kHz, appears at 8-10 s and originates in the sferic at 4.2 s. A strong well-defined two-hop
whistler component extending up to 5.5 kHz is seen at about 8.2 s and corresponds to the one-hop delay of the Siple pulses.
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Antarctic Digital Coastline: Antarctic Digital Database, 2000
U5 Digital Outline: ESRI
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i “So we arrived and “The Pole. Yes, ‘but
were able to plant our under very different
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