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Long-Path VLF Propagation in the Region of the
Day-Night Discontinuity

When electromagnetic energy travels in the earth-
ioriosphere waveguide at very low frequencies, sig-
nificant variations in the propagation characteristics
(attenuation and phase velocity) can result from
discontinuities in the reflecting ionosphere that serves
as the upper wall of the guide. The analysis of such
propagation data can lead to identification of higher-
order waveguide modes into which the energy is scat-
tered by these abrupt discontinuities. Specifically, it
is possible that diurnal variations in the ionosphere
may be identified and described in this way. Even-
tually, the coupling of electromagnetic energy to the
lower ionosphere along such propagation paths may
be related to the waveguide modes into which energy
is scattered by the height changes of the ionosphere
associated with the rising and setting of the sun.

To study this phenomenon, the lowest frequency
phase-tracking experiment in the world has been in
progress since early 1969 between the Byrd VLF
substation ("longwire") and Scott Base. This cooper-
ative effort of the United States and New Zealand
programs is believed to involve the longest distance
that a propagation experiment has been conducted
at such low frequencies (4 1/6, 6 1/4, and 8 1/3
kHz).

The study incorporates the following objectives:
1) the prediction of propagation parameters for long-
distance VLF transmission across antarctic terrain;
2)i the use of measured phase velocities on the above-
mentioned path, together with theoretical predictions,
to yield descriptions of the reflecting properties of
the ionosphere at these low frequencies; and 3) the
useof measured phase velocities and phase anomalies
to describe the physical nature of the day-night dis-
continuity in the south polar region. Measured data
al ne are not sufficient to achieve these goals. It is
ne essary also to have available an adequate mathe-
m tical model of the actual physical situation. The
m?del must incorporate electron density and collision

properties of the lower ionosphere, the anisotropy in
the upper guide wall introduced by the presence of
the earth's magnetic field, the electrical properties
of the ice sheet and underlying earth, and the nature
of the buried horizontal dipole source at the longwire
site.

During the first half of 1969, a successful theoreti-
cal and experimental study was conducted using sur-
face waves in the vicinity of the longwire antenna as
an analytical tool for determining the reflecting prop-
erties of the stratified lower guide wall (ice and rock)
at 12.8 kHz. A more sophisticated theoretical study
has recently been completed that describes VLF-mode
excitation and propagation in the smooth guide that
incorporates a stratified, lossy lower wall, a non-
conductive air space in which the electromagnetic
energy can propagate, and an anisotropic upper wall
whose electrical properties can be chosen to simulate
either the summer or winter lower ionosphere (D
region). Nearing completion is an analytical study
of the effects of the day-night discontinuity on VLF -
mode propagation in the polar regions. It is this work,
building on the earlier studies, that will permit the
ultimate prediction of the amplitude and phase anom-
alies observed on VLF transmissions across semi-
abrupt ionospheric discontinuities. After comparison
with actual measured phase anomalies on the Byrd-
McMurdo path, this extended theoretical model is
expected to yield descriptions of the physical nature
as well as the influence of these discontinuities.

To date, only limited experimental work has been
done concerning waveguide conditions on transpolar
propagation paths. It is relevant that ionospheric
behavior in the polar regions is different from that
of any other latitude sector, and the Antarctic is
one of the few places in the world where the large
broad-band VLF antenna crucial to this work could
have been constructed.
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The experimental phase of the program began
shortly after Mr. George E. Webber of the University
of Washington Radioscience group visited Scott Base
in January-February 1969 to install the electronic
equipment he had designed for the measurement of
VLF-phase velocities in the earth-ionophere wave-
guide. The experimental portion of the program was
terminated in August, 1970. Data analysis is now
under way in Seattle using records that cover winter
and summer conditions as well as time periods during
which there were diurnal variations in the ionosphere
over the Byrd Station-Scott Base path.

1)-Region Dynamics Study

In order to study dynamic phenomena in the lower
ionosphere in the vicinity of Byrd Station, three
unmanned remote-sensing stations were installed dur-
ing the austral summer 1969-1970. They are designed
to collect data that may be used together with the
high time resolution data obtained during the 1969
and 1970 winters to yield a much improved picture
of the motions of the polar mesosphere. It is believed
that new insights may be obtained into the mecha-
nisms generating atmospheric acoustic and gravity
waves observed propagating at mid-latitudes, ap-
parently from the polar regions.

The first remote-sensing VLF receiver and UHF
telemetry transmitter were installed by Mr. Alan C.
Chandler in March, 1969, about six miles from the
Byrd VLF substation and a mile from the old Byrd
Station. They were intended to test the equipment
in the antarctic environment and to measure the
polarization of ionospheric echoes from the longwire
transmitter. The successful operation of the equip-
ment at —50°C. provided information for the in-
stallation in February 1970 of two permanent remote
stations about 14 miles from longwire. These latter
stations use long-life carbon-air batteries and remotely
operated UHF telemetry transmitters. They are
turned on and off with special tone signals broadcast
automatically by the VLF transmitter at longwire.
(Considerable energy is conserved in this way, and
battery life is significantly extended.)

The VLF receivers, in conjunction with 333-rn
dipole antennas on the snow surface, receive iono-
spheric echoes from the longwire transmitter; these,
in turn, are fed into the telemetry transmitter, which
sends the information back to longwire for recording
and analysis. The permanent stations are located in
holes in the snow rather than on the surface, to
eliminate problems created by drifting snow and to
maintain a fairly constant temperature in the neigh-
borhood of -35°C. The only above-surface structure
is the telemetry-antenna support tower, which pre-

sents a very small wind cross section. These remote
receivers escape the man-made electrical noise around
the Byrd Station complex, and avoid proximity with
power lines that would distort the fields from the
echoes whose polarization is to be measured.

Construction of the third, single-channel receiving
station at an isolated reception point approximately
20 miles from the polarization receivers was under-
taken in order to detect horizontal motions in the
lower ionosphere without ambiguity. Even though
three-path measurement systems are sufficient to de-
termine the propagation direction and wave-velociy
spectrum of a traveling disturbance in the ionosphere,
some uncertainty may exist: one additional receiver
would yield three new sets of triangles and could be
used to determine the confidence limit of the acousIic
or gravity-wave parameters.

Electrical Properties of the Antarctic Ice at
Great Depths

In 1967, the U.S. Army Cold Regions Research
and Engineering Laboratory drilled a 16.2-cm diam-
eter, 2,164-rn deep hole to the bottom of the ice at
Byrd Station. For the first time, direct access was
provided to the entire vertical structure of a limited
volume of the ice sheet and to the rock beneath.
Subsequently, a program was initiated by the Uni-
versity of Washington to determine the VLF dielec-
tric and loss properties of the ice as functions of
vertical depth and frequency in terms of certain
measurable properties of an electrically short dipole
probe. The probe was designed to be lowered into
the drill hole together with appropriate encapsulated
instrumentation, and to withstand the unusual en-
vironmental conditions presented by great depths and
low temperatures.

The 3-rn long probe consists of two metal cylinders
placed end to end and separated by an electrical
insulator. A crystal oscillator is included in the elec-
tronic circuitry contained within one of the metal
cylinders; a set of very low frequency signals derived
from this crystal drives the probe as a transmitting
antenna, generating electromagnetic fields that sur-
round the probe and penetrate the drilling fluid and
into the neighboring ice. Additional circuitry insde
the instrument package measures the probe voltage
and current across the insulated gap, relaying thse
via UHF telemetry to the surface of the borehle
where they are recorded. A coding scheme perr4its
unambiguous identification of eight sequentially
switched frequencies between 156.25 Hz and 20 k}lz.

During the 1969-1970 season, the probe was low-
ered to a depth of 1,670 m into the liquid-filled hole.
The current: voltage ratio at the gap was measured at
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eight frequencies as a function of depth in incre-
ments of 5 m; additional measurements were made
in the firn at four frequencies to a depth of 5 m.
The latter data have been reduced to display the
relative dielectric and loss properties of the firn in
a standard presentation called an Argand diagram.
These measured diagrams compare well with curves
that can be predicted for a mixture of air and ice;
they have demonstrated the usefulness of the probe
in measuring the electrical properties of material in
a drill hole without the need for sample preparation.
(Ice cores obtained from great depths have been
found to fracture as a result of pressure differential
when the sample is raised to the surface, and suc-
cessful measurement of the properties of interest to
this study using cracked samples is virtually impos-
sible by standard techniques.)

It is more difficult to deduce the dielectric and
loss parameters of the ice itself from data that incor-
porate the additional effects of the drilling fluid
and the properties of the probe into one current:
voltage ratio. Data reduction is in process that re-
lates to such records, resulting from measurements
made by Mr. James C. Rogers in the deep bore-
hole during January 1970.

SCAR-IUGS Symposium on Antarctic
Geology and Solid-Earth Geophysics
This symposium, sponsored by the Scientific Com-

mittee on Antarctic Research and the International
Union of Geological Sciences, was held in Oslo,
Norway, August 6-14, 1970. Over 100 scientists par-
ticiated in the international meeting, about 40 of
thern from the U.S.A.; 125 papers were presented.
It is expected that the proceedings of the symposium
wil' be published in 1971.

Eleventh Meeting of SCAR
The XI Meeting of the Scientific Committee on

Antrctic Research was held in Oslo, Norway, Au-
gust 17-21, 1970. Dr. Gordon de Q . Robin (U.K.)
was reelected Vice President. Dr. R. M. Willett
Laurence M. Gould (U.S.A.), who had served as
President since 1963. Dr. G. A. Avsiuk (U.S.S.R.)
was reelected Vice President. Dr. R. M. Willett
(New Zealand) succeeded Dr. Robin as Secretary,

and Mr. G. E. Hemmen (U.K.) became Executive
Secretary.

The next meeting of SCAR will be held in Can-
berra, Australia, August 15-20 1972.

Sixth Antarctic Treaty
Consultative Meeting

Representatives of parties signatory to the Antarc-
tic Treaty met in Tokyo, Japan, on October 19, 1970,
for the Sixth Antarctic Treaty Consultative Meeting.
Ambassador Akira Matsui was elected Chairman, and
Ambassador Haroshi Yokota was appointed Secre-
tary General. The Representatives considered a
lengthy agenda that included such matters as ant-
arctic meteorology and telecommunications, the im-
plementation of the Agreed Measures for the
Conservation of Antarctic Flora and Fauna, the
effectiveness of Specially Protected Areas and the
purpose for which such areas are established, ef-
fects of tourism on scientific programs and the ef-
fects of man's activities on the environment of the
Treaty area, and exchange of information under the
Treaty including its application to oceanographic
research and scientific research rockets.

During the two weeks of deliberations, 15 recom-
mendations were adopted for consideration by gov-
ernments under terms of Article IX of the Treaty.
The most significant of these pertain to telecommuni-
cations and the collection and transmission of ant-
arctic meteorological information for use in Antarc-
tica and in the World Weather Watch. Action pro-
posed by the Representatives culminates 10 years of
consideration of these matters. Other significant mea-
sures include recommendations which address the
problem of man's impact on the antarctic environ-
ment and the effects of antarctic tourism.

Concurrently with the Consultative Meeting, ex-
perts from the signatory parties met informally to
discuss draft regulations to protect antarctic seals.
This discussion took place outside the Antarctic
Treaty forum because of the interest in this subject
of nations other than those signatory to the Treaty
and because of the effect of such measures on the
rights of all nations on the high seas.

The Government of Japan made admirable ar-
rangements for the meeting. The conduct of busi-
ness was further facilitated by the presence of a
number of Representatives with long experience in
antarctic affairs. In addition to the arrangements
for the meeting, the Government of Japan extended
its cordial hospitality to the participants to continue
the spirit of friendly cooperation that has become a
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