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A variety of geophysical observations have been conducted at
conjugate locations in the Northern and Southern Hemispheres
over the past two decades (Nagata 1986). To a large extent, most
of these studies have concentrated on examining the conjugacy
of auroral phenomena and only a few investigations of conju-
gate F-region phenomena have been reported. For several near-
ly conjugate mid-latitude station pairs, Rodger (1976) has found
a strong statistical correlation in the occurrence of spread-F.
Further studies by Rodger and Aarons (personal communica-
tion) have shown that medium scale irregularities (approx-
imately 1-10 kilometers) in F-region electron concentration at
conjugate locations are frequently highly correlated, par-
ticularly during equinoctial periods.

In this work, the results of an analysis of data obtained at the
mid-latitude (L equals approximately 4.2) conjugate pair of Siple
Station, Antarctica, and Roberval, Quebec, supplemented by
data from Halley Station, Antarctica are discussed. The con-
jugacy of Siple and Roberval is well documented and many
important studies have been derived from data obtained at this
station pair (cf. e.g. Rosenberg et al. 1981). Sited at each of the
three stations has been a National Oceanic and Atmospheric
Administration high-frequency digital sounder (Grubb 1979)
which can measure a variety of ionospheric echo parameters,
including angle-of-arrival (cf. Stiles, Berkey, and Doupnik 1981;
Dudeney 1981).

The data to be discussed herein were acquired over an inter-
val of 41 hours starting at approximately 0400 universal time on
13 November 1982. In November, Roberval (48°N 72°W) experi-
ences about 11 hours of darkness at F-region heights while the
ionosphere over both Siple (76°S 84°W) and Halley (75°S, 27°W)
is sunlit continuously. Hence, ionospheric plasma densities at
the conjugate station pair are predictably different (see figure 1).
Using ionograms acquired at each station, electron density
height profiles were derived, using the real height analysis
technique of Titheridge (1985). From these profiles, the max-
imum electron density of the F-layer (N mF2) and the height at
which the maxima (h 1 F2) occur has been obtained.

During the interval over which ionospheric measurements
were conducted, the geomagnetic field was moderately active
and several magnetospheric substorms occurred. The auroral
electroject index reached 1000 nanoTesslas at approximately
0950 and again at 2030 universal time on 13 November. Less

intense substorms with auroral electroject values reaching 500
nanoTesslas occurred at 1530 universal time on 13 November
and several times between 0900 and 2000 universal time on 14
November. Blackout (i.e., ionospheric absorption), associated
with the substorm at approximately 10 universal time on 13
November, was observed at all three sites. This was the only
event for which the Siple 30-megahertz riometer registered
absorption in excess of 1 decibel (Rosenberg, personal
communication).

In the upper panel of figure 1, the time history of hm F2 is
shown for each of the stations. Error bars, which denote the
uncertainty in determining the height of the F-region peak
density, are also displayed. Since many of the ionograms which
were used in this analysis exhibited range spreading (Booker,
Pasricha, and Powers 1986), a filtering technique (see appendix
A of Berkey and Jarvis 1985) was used to obtain an ionogram to
which the Titheridge method could be applied. This technique
was applied to identify only those echoes which were located
within a radius of approximately 50 kilometers of the
transmitter.

At approximately 1100 universal time on both days, hmF2
decreased markedly while N m F2 remained relatively constant
(except at Roberval, where 1100 universal time coincided with
the time of local sunrise). Since the decrease of h mF2 occurred
more-or-less simultaneously in both hemispheres, it is tempt-
ing to invoke a relatively transient global mechanism. In fact,
magnetospheric substorms preceded the fall in hmF2 on both
days. On the other hand, that such decreases may be a feature of
the daily variation of h,F2 cannot be ignored until further data
have been examined. Global mechanisms, which can cause the
F-region to decrease in height, for example, an increase either in
the magnitude of the westward component of applied electric
field or of the meridional neutral wind, are well known (cf. e.g.,
Park and Banks 1974).

The peak density of the F-layer as a function of time is dis-
played in the lower panel of figure 1. Although the data are not
continuous for Roberval, the diurnal variation due to solar il-
lumination (i.e., a maximum near local noon and a minimum
near midnight) is evident. In contrast, the maximum is reached
near local midnight at Siple Station. Note that during the
daylight hours at Roberval, N,F 2 was 4.7 times greater than that
measured at either Siple or Halley (see detail in figure 2). These
data clearly illustrate the so-called "seasonal anomaly" occur-
ring in the 172-region, which has been the subject of numerous
investigations (cf. e.g. Torr and Torr, 1973). Recent model stud-
ies of the conjugate ionosphere by Richards and Torr (1986),
predict a factor of 2 larger density in the Northern Hemisphere
for a field line at L equals approximately 3 and approximately
40° west of Siple-Roberval field line (see their figure 6).

For a 3-hour interval (1700-2020 universal time), h,F 2 and
NmF2 have been derived at 15-minute intervals and are dis-
played in figure 2. A relatively constant peak density is evident
from the data illustrated in the bottom panel. At the same time,
the hmF2 data suggest that long-period (45-75-minute) waves
were present in both hemispheres with somewhat larger ampli-
tudes and longer periods occurring at the antarctic stations.

In summary, this work represents the first analysis of conju-
gate ionospheric electron density profiles using digital iono-
sonde techniques. The analysis has shown many interesting
features, not the least of which is that global magnetospheric
processes may have a dominating influence on the mid-latitude
ionosphere in both hemispheres. It is anticipated that further
measurements of longer duration will be conducted at Siple and
Roberval in the near future.
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Figure 1. The upper panel displays a time history of the height of the F-region maxima (h mF2) for Roberval (circles), Siple (squares), and Halley
(triangles) for 13 and 14 November 1982. The corresponding time history of the peak density of the F-region (N mF2) is shown, again for each of
the three stations, in the lower panel. The frequency (in megahertz) at which the F-region peak occurs is indicated on the left-hand scale, while
the plasma density (in cubic centimeters) is denoted on the right-hand side of the panel. The data shown here were derived at hourly intervals.
("UT" denotes "universal time.")

The digital high-frequency sounder at Siple Station was oper-
ated by Steve Walter and Ian McNulty. This research has been
supported by National Science Foundation grants DPP 81-00220
and DPP 84-18173. The facilities at Halley were provided by the
British Antarctic Survey.
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Figure 2. This figure presents hmF 2 (upper panel) and N mF2 (lower
panel) derived at 15-minute intervals over a 3-hour interval begin-
fling at 1700 universal time on 13 November 1982. The station identi-
fication is the same as that used in figure 1. ("Km" denotes "kilo-
meter:' "mHz" denotes "megahertz." 'rn " denotes "per cubic
meter:')

0	 -	 0
17	 18	 19	 20

UT HOUR, Day 317

Correlated electron and X-ray
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Several cases of X-ray observations from balloons coordinated
with measurements of precipitating electrons were obtained
during passes of the low-altitude polar-orbiting satellite P78-1
near Siple, Antarctica. The observations, made during a geo-
magnetically quiet period from late December 1980 to early
January 1981, included high-resolution measurements of the
electron energy spectra, pitch angle distributions from two
spectrometers on board the satellite (Imhof, Gaines, and Re-
agan 1981), and very sensitive measurements of
bremsstrahlung X-rays from balloon-borne detectors. The data

acquisition limes, satellite-balloon separations, and magnetic
indices are summarized in table 1.

Cosmic noise absorption measurements were made during
this period with a 30-megahertz riometer at Siple Station
(Detrick and Rosenberg 1984).

Electron energy spectra summed over pitch angles from 65 to
115 degrees are presented in figure 1. These spectra are aver-
aged values from approximately 45 seconds of data for each case
during which time the satellite traveled about 300 kilometers.
The pitch-angle distributions corresponding to the energy
spectra are shown as the upper curves in figure 2 for the nomi -
nal satellite altitude of 600 kilometers. The lower curve in each
panel of figure 2 is the same distribution transformed to 200-
kilometer altitude for use in bremsstrahlung production
calculations.

Bremsstrahlung X-rays produced in the atmosphere by the
precipitating electrons were computed using the method de-
scribed in Walt, Newkirk, and Francis (1979). The
bremsstrahlung distribution as a function of angle, energy, and
altitude thus obtained is then traced through the atmosphere to
the balloon altitudes by standard Monte Carlo methods. Elec-
tron energy loss to ionization in the atmosphere is obtained
from the first part of the bremsstrahlung computation, and this
can be used to calculate the expected cosmic noise absorption.
The results of these calculations are given in columns three and
four of table 2. The measured riometer absorptions are shown
in the last column of the table; they show consistently lower
values than the calculated ones by 0.2 to 0.4 decibels.

The background in the X-ray detectors due to cosmic rays was
obtained from a balloon flight on 19 December 1980 at a time
when the satellite electron data showed the trapping boundary
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