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Figure 4. Phase perturbations (below) on a 2.45 kilohertz (kHz) Siple
signal received at Palmer Station. The whistlers involved in the
precipitation are Indicated by spikes on the 2-4 kilohertz amplitude
chart above. ("V/m" denotes microvolts per minute; "ps" denotes
microseconds; "UT" denotes universal time; "VLF" denotes very
low frequency; "PA" denotes Palmer; "Siple TX" denotes Siple
signal.)

lower panel shows a series of fast phase advances of approx-
imately 8 microseconds on a 2.45 kilohertz Siple signal, fol-
lowed by recoveries lasting approximately 30 seconds. These
occurred in time correlation with whistlers, which are indicated
on the upper record of 2-4 kilohertz as positive spikes. The
events most clearly identifiable as whistlers show a negative
spike as well, followed by a slow recovery. This effect is evi-
dence of temporary suppression of background noise by the
whistler, as discussed recently by Gail and Carpenter (1984).

Vertical lines show the temporal correlation between represen-
tative whistlers and fast phase advances. In this case, amplitude
variations at Palmer were not well defined. Analysis of the
correlated whistlers indicated that the precipitation occurred at
along a geomagnetic field line of L equals approximately 3.3,
near the current outer limits of the plasmasphere, and (figure 1)
near the midrange of the Siple-Palmer path.

Other data (see Gail, Antarctic Journal, this issue) suggest that
observations of this kind can be useful in studying a wide
variety of precipitation phenomena that affect the high-latitude
ionosphere. This type of work is well suited to international
cooperation, since a multi-station approach such as that illus-
trated in figure 1 is required. It is planned to apply the method
on a regular basis during renewed operations at Siple in 1986.

This work was sponsored by National Science Foundation
grants DPP 79-23171, 82-17820, and 81-17092.
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Observations of the midlatitude
ionospheric trough from Siple Station

FT. BERKEY and J. R. DOUPNIK

Center for Atmospheric and Space Sciences
Utah State University
Logan, Utah 84321

Regular observations of the ionosphere from Siple Station
began in January 1982 and continued until just prior to station
closing in January 1984 using a digitally controlled high-fre.
quency radar designed and constructed by the Space Environ -
ment Laboratory of the National Oceanic and Atmospheric
Administration (see Grubb 1979).

The transmitting antenna at Siple is a trapped traveling wave
dipole 670 meters in length which operates over the entire 0.1 to
30 megahertz band and provides illumination over a hemi-

sphere. The absence of a conductive "ground" at Siple makes
this antenna efficient at low frequencies. Since the ionospheric
plasma is a refractive medium at these radio frequencies our
transmitted pulses penetrate the ionosphere and are reflected
from regions where the electron density reaches a value propor-
tional to the wave frequency squared. For example, pulses at 100
kilohertz are reflected at the very low plasma density of 124
electrons per cubic centimeter.

The receiving array consists of eight dipole antennas config-
ured as two concentric square patterns of 100 and 25 meters
width; two arrays are needed to be able to receive at both high
and low frequencies. Echo signals are measured by using a pair
of dipoles (north-south or east-west) simultaneously; each
member is connected to a separate phase coherent receiver and
the outputs are combined in a real-time computer to form an
interferometer. By combining the angles of arrival, time of
flight, and phase measurements, the spatial location and polar-
ization of each of many echoes can be estimated. Repeating the
measurement some tens of milliseconds later permits us to
calculate the differential motion of an echoing region and hence
its apparent velocity vector.
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Figure 1. Example ionograms on two winter nights showing the trough (F-region echoes near 1 megahertz) and the auroral structure (more
diffuse F-region echoes above 1.5 megahertz) plus D- and E-region echoes. Both Intervals were magnetically quiet, although 15 August was
preceded by substorm activity. ("km" denotes kilometer; "MHz" denotes megahertz.)
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Figure 2. Location of echoes for lonograms accumulated over one winter night. Echoes within the Idicated windows are replotted In the
magnetic north-south plane. The left half of the figure (a) shows auroral echoes to the south and possible plasmaspheric echoes (plus some
aliased auroral ones) to the north. The right half of the figure (b) shows trough minimum density echoes over 5.75 hours. Note the abundance of
echoes down to 0.23 megahertz. ("km" denotes kilometer; "MHz" denotes megahertz.)
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The radar is operated under computer control and can be
programmed to follow a detailed operating schedule. Normal
operations include both swept frequency (ionosonde) and fixed
frequency sounding modes. A real-time display enables the
operator to "steer" the radar to optimize data quality.

A primary reason for operating at Siple Station is the cooper-
ative study among a number of groups of the interaction be-
tween natural and man-made very-low-frequency (VLF) emis-
sions and the energetic particles in the magnetosphere.
Stanford University, one of these study groups, operates a
powerful VLF transmitter at Siple to provide controlled emis-
sions. These groups also maintain monitoring equipment at the
other end of the field line in Roberval, Canada.

Polar-orbiting satellites and ground-based radar systems
have convincingly demonstrated that a region of anomalously
low electron density is a persistent feature of the nighttime
midlatitude F-region near L = 4 (Muldrew 1965; Stanley 1966;
Bowman 1969; Rodger and Pinnock 1980, 1982; Dudeney et al.
1982, 1983). The location of this regime of depleted plasma,
which has been termed the midlatitude ionospheric trough, is a
function of the level of global magnetic activity (Rycroft and
Burnell 1970) and persists for several hours of local time at any
given longitude (Wrenn and Raitt 1975).

The trough represents a boundary between the relatively
stable midlatitude ionosphere and the highly convective and
unstable auroral ionosphere. Today we understand that the
magnetospheric part of the trough, between the plasmaspheric
boundary and the plasma sheet, represents an accumulation of
events occurring over many days of activity simply because of
the enormous volume of the magnetic flux tubes in the magne-
tosphere. The ionospheric part responds to convective and
chemical activity with a time constant measured in minutes.
Thus, the high- and low-altitude signatures of the same basic
magnetospheric processes can be quite different at a given
moment and yet yield nearly the same statistical locations when
averages are taken over many days or weeks.

Several examples of ionograms recorded when the mid-
latitude trough was nearly overhead at Siple are shown in figure
1. They illustrate the ionospheric signatures associated with the
occurrence of the trough, namely the trough minimum density
echo and echoes from the steep gradient of increasing electron
density at the boundaries of the trough. The low values of
electron density representative of the trough minimum density
are manifest on the ionograms by the F-region traces between
300 and 700 kilometers having critical frequencies less than 1.5
megahertz. Echoes from the boundaries of the trough, where
the ionosphere is markedly denser, are highly spread and have
critical frequencies in the range from 4 to 7 megahertz.

The upper panel of figure 2 shows the distribution in height
and north-south displacement of echoes within the windows
outlined on the ionogram of the lower panel. The window used
in figure 2a filters echoes within the highly spread region of the
ionogram between 1.5 and 4.1 megahertz; auroral echoes are
concentrated 150 kilometers to the south with some additional
(plasmaspheric?) structure well to the north. The data shown in
figure 2b have been filtered through a window centered on the
trough minimum. These data show the trough minimum to be
located about 80 kilometers north (equatorward) of Siple. Off
scale to the left on these averaged ionograms are many echoes
in the ionospheric D- and E-regions from high-energy but low-
flux precipitating particles.

The spatial location of echoes can also be displayed as a map
in the sky overhead of Siple such as in figure 3 for the trough
minimum density region during the 4-interval 0555:52-0559:42
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Figure 3. An overhead map of trough echoes for a 4.8-minute Interval
on 15 August 1982. A single frequency, 1.25 megahertz, and a 400 to
500 kilometer range window were employed. Right slanting symbols
Indicate the preponderance of ordinary mode polarization. ("km"
denotes kilometer; "MHz" denotes megahertz.)

universal time on 15 August 1982; the operating frequency was
1.25 megahertz which is equivalent to a reflecting plasma densi -
ty of about 1.9 x 10 electrons per cubic centimeter. Roughness
of the plasma distribution causes echoes to be observed over a
large area centered about 90 kilometers northwest of Siple.

This work has been supported by National Science Founda-
tion grants DPP 81-00220 and DPP 83-08044. Field operations
were conducted by S.J. Walter (winter 1982), I.L. McNulty
(winter 1983), J.R. Doupnik (November 1982 to January 1983,
December 1983 to January 1984), F.T. Berkey (December 1981 to
January 1983, and January 1983), J. C. Devlin (January 1983), and
G. Duncan (December 1981 to January 1982).
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Simulation of magnetospheric hiss	5 DEC 53	 50	 1444 000T

from Siple Station

R. A. HELLIWELL, J. P. KATSUFRAKIS, D. L. CARPENTER,
and U: S. INAN

STAR Laboratory
Stanford University

Stanford, California 94305

Investigation of the coherent wave instability using the Siple
Station very-low-frequency (VLF) transmitter has led to an inter-
esting new experiment in which magnetospheric hiss is simu-
lated by controlled transmissions. One purpose of the study is
to determine whether the hiss generation mechanism is the
same as that for coherent emissions.

Magnetospheric hiss and chorus emissions are of increased
interest because similar phenomena have recently been dis-
covered in the magnetospheres of Jupiter and Saturn. Hiss and
chorus thus would appear to be present throughout the cosmos
wherever plasmas with magnetic fields exist. Along with other
types of waves, hiss and chorus are believed to play a major role
in the regulation of the radiation belts. They are evidence of an
important physical mechanism for the conversion of plasma
energy to electromagnetic waves.

To simulate the random fluctuations of VLF hiss without
lowering the average power of the Siple transmitter, we em-
ployed a repleated sequence (1 second long) of constant-ampli-
tude 10-millisecond pulses whose frequencies were chosen ran-
domly within a 400-hertz band. Propagation over the magne-
tosphenc paths from Siple Station to Roberval, Quebec was
accompanied by sufficient dispersion to cause appreciable over-
lap in time of pulses at different frequencies. It was expected,
therefore, that when the signal reached the equatorial plane
(main interaction region) the amplitude would show fluctua-
tions in time resembling those in actual random noise.

On several occasions the noise simulation format was suc-
cessfully recorded at Roberval. At times the received signal
spectra were indistinguishable from that of bandlimited white
noise; at other times it contained discrete rising-tone elements
like those found in natural "chorus." Two examples of simulated
hiss are shown in figure 1, where the transmitted "hiss" spec-
trum is displayed just below the received signal at Roberval.
Both show rising emissions beginning at the upper edge of the
hiss band. The only difference between the two formats is that

3 5— I
5	 10	 15	 20S

OUT

3 5

1 
30	 1 35	 40	 45	 50s

Figure 1. Dynamic spectra of simulated hiss experiment. Lower
portions of each panel show the spectrum of the hiss as transmitted
from Siple Station. in the lower panel the frequency sequence Is the
negative (mirror image about the center frequency) of that in the
upper panel. Upper portions of each panel show the spectrum as
received at Roberval, Quebec. Natural hiss is present in the back-
ground. Each spectrum shows rising emissions triggered at the top
of the band, with a tendency for emissions to repeat at the recycling
period of 1 second. ("f(kHz)" denotes frequency in kilohertz; "RO"
denotes Roberval; "UT" çlenotes universal time; "s" denotes
second.)

in the lower one, the sequence of frequencies is reversed. It will
be seen that the triggered emissions in both panels exhibit the 1
second periodicity of the transmitted format. However, the
patterns are not the same in the two panels, thus demonstrating
the sensitivity of the triggering process to the frequency se-
quencing of the 10-millisecond wave packets.

To investigate whether triggering by the simulated hiss
would show a threshold effect similar to that seen in the growth
and triggering of emissions from coherent waves, we employed
the format shown in figure 2. Here the frequency sequencing is
the same as in the upper panel of figure 1, but the signal power
is stepped 2 decibels every 2 seconds; up in the upper panel and
down in the lower panel. It is clear that there was a background
of natural hiss which showed occasional triggering but was not
as active as the manmade hiss spectrum.

Since the pattern of the transmitted 10-millisecond wave
packets clearly affects the triggering, as demonstrated in figure
1, the question arises as to what happens over a period of time
when changing dispersion alters the phase relationships of
adjacent wave packets. An example is shown in figure 3, where
the data in the upper and lower panels were recorded nearly 2
hours apart and at different frequencies. In the upper panel, the
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