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This article summarizes the results of an experiment
conducted near Byrd Station in November 1970 using
the 34-kilometer longwire antenna. Properties of the
very low frequency (VLF) surface magnetic field at
seven frequencies between 5 and 20 kiloHertz were
determined experimentally in a way that has been
reported before (Peden, 1971; Webber and Peden,
1970). Subsequent data analysis at the University of
Washington has resulted in conversion of the data
into effective bulk average values of the complex
permittivity parameter (dielectric and loss) of the
antarctic ice sheet in a frequency band where they
had not been measured before. These results, which
constitute a final contribution of the buried dipole
antenna to polar research, have important applications to studies of the upper atmosphere involving
VLF antennas and propagation. With the total electrical depth of the ice sheet of the order of one-sixth
of a wavelength in ice in this frequency band, the
entire ice sheet influences reflection coefficients, antenna patterns, and radiation efficiencies. This is an
important factor in the design of effective experiments in Antarctica. More detail regarding the data
analysis and the interpretation of results will be available soon (Peden et al., 1972).
The figure displays the results of the complex permittivity calculations in a standard form known as
the Cole-Cole plot. In the figure, the loss term " is
plotted on the ordinate as a function of ', the real
part of the complex permittivity , which in a lossless
material would be referred to as the dielectric constant. The semicircle drawn through the calculated
points is truly representative only of a homogeneous
ice medium having a single relaxation time r. This
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is clearly a first approximation to the more complete
figure that might have been drawn if it had been
possible during the course of the measurements to
obtain data at frequencies lower than 5 kiloHertz.
To whatever degree of accuracy the half-circle can
be assumed to connect the measured points, a relaxation time of 6.5 X 10 seconds (relaxation frequency f = 2.5 kiloHertz) is indicated. The
antarctic ice sheet is structured into layers of varying
physical properties (Gow et al., 1968). For reasons
outlined below, it follows that the ice sheet can be
expected to exhibit a spread in relaxation frequencies
around a mean value. Our measurements were made
in the band in which the relaxation frequencies characteristic of these layers typically fall.
The data reduction method was based on curve
fitting, with the measured phase of the surface magnetic field of the longwire antenna compared to calculated values until a match was obtained at each
frequency. At 5 kiloHertz, the best fit occurred when
the permittivity values associated with the solid triangle were used. This fact may agree with earlier
observations that material comprising a continuous
range of spread around a mean value will be associated with a Cole-Cole diagram that is broader
and flatter than the semicircle characterizing a homogeneous medium (Evans, 1965).
Uncertainties in the true shape of the curve are
associated with the clustering of the measured points
on the high frequency side. Measurements could not
be made below 5 kiloHertz during the brief course
of the field study because of limitations on the longwire station phase meter. Further, theoretical constraints on the data reduction method show up, primarily at the low frequency end of the band. It is
not suggested that accurate dielectric and loss values
for the ice below 5 kiloHertz can be predicted from
this curve. The data do appear to contain information related to the vertical structure of the ice sheet.
Another study at the University of Washington, now
nearing completion, is based on measurements made
in situ in the Byrd drill hole in 1968 and 1969 (Peden
and Rogers, 1971). The study examines the complex
permittivity parameter as a function of both frequency and vertical depth, and is expected to clarify
some of these questions.
The dielectric and loss properties of naturally occurring ice are not predictable from theoretical considerations alone, but must be measured at the specific
location and frequencies where they are needed. The
values indicated in the accompanying figure are the
best ones available at this time for the antarctic environment in which they are used. To the best of our
knowledge they are the only ones that incorporate
the effects of the physically inaccessible deep ice in
the vicinity of Byrd Station.
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Effect of Byrd drill hole diameter
variations on in situ electrical
measurement of the ice sheet

.
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Access to the entire vertical structure of the ice sheet
at Byrd Station was first gained in 1967 when the
U.S. Army Cold Regions Research and Engineering
Laboratory (CRREL) drilled a 16.2-centimeter-diameter hole 2,164 kilometers to the bottom (Gow
et al., 1968). Later, the authors began investigating
very-low-frequency (VLF) dielectric and loss properties of the ice as functions of depth and frequency.
An electrically short (that is, physically short with
respect to wave length) dipole probe was lowered
into the drill hole, together with electronic instrumentation to measure input admittance (Peden and
Rogers, 1971).
Interpretation of the resulting data, taken over a
frequency range from 1.25 to 20 kiloHertz, is nearing
completion, and the final permittivity parameters will
be reported soon. This article concerns an intermediate phase of the work: measurement of variSeptember-October 1972

ations in the diameter of the drill hole and their
importance in connection with an evaluation of the
electrical properties of the surrounding ice. The hole
diameter data have not been presented before; they
are believed to be of broader interest than that associated with our immediate problem—sonic logging
(Bentley, in press)—and to be of early interest to
polar scientists planning or working with similarly
drilled holes.
The diameter of the Byrd Station drill hole was
measured by one of the authors during the austral
summer of 1969-1970. The results are shown in fig.
1. It is sufficient here to indicate that diameter variations at different depths are generally attributable
to drilling procedures, e.g., the drilling rate and the
presence of excess ethylene glycol in the drill hole, as
has been pointed out by B. Lyle Hansen, (personal
communication).
The influence of hole diameter variations on the
input admittance of an electrically short dipole is
related to the varying diameter of the dielectric
sheath surrounding the probe. This sheath, which
can be a combination of arctic diesel fuel, trichloroethylene, ethylene glycol, and ice crystals in the case
of the deep hole at Byrd Station, has electrical parameters that are closely related to both thickness and
composition.
Fig. 2 shows the normalized probe admittance at
three different frequencies over the depth range 580
to 680 meters. The curves were plotted from data
measured in the austral summer of 1969-1970, when
the permittivity of the sheath fluid was found to be
constant with depth. The diameter of the drill hole
varies from 18.5 to approximately 20 centimeters
over the depth span of fig. 2. The corresponding
variability in probe admittance is consistent with
theoretical considerations and with modeling studies
that have been done using the probe assembly. More
detail appears in Peden and Rogers (1971), who
show that ice surrounding the sheathed dipole yields
an unambiguous parameter in the probe admittance
data. The parameter can be extracted when the
hole diameter variations are taken into account.
Measurements made in 1968-1969 of the dipole
admittance were perturbed unacceptably by ice crys-

\iJff scale ,/rv

.20
Ui

I-.
Ui

ic

-.casing

U

U

5

.16

-

0

I

I
300

I

I
600

I

i
900

I

t1200

1500

DEPTH. METERS

Figure 1. Drill hole diameter as a function of depth.
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