
The author wishes to express her appreciation on
behalf of the University of Washington group to the
many individuals associated with the United States
Antarctic Research Program who provided valuable
assistance and to the National Science Foundation
and the United States Navy whose support and skill
made this work possible. This work was supported
by National Science Foundation grant GV-29356.

References

Evans, S. 1965. Dielectric properties of ice and snow—a
review. Journal of Glaciology, 5(42): 773-792.

Gow, A. J . , H. T. Ueda, and D. E. Garfield. 1968. Antarc-
tic ice sheet: preliminary results of first core hole to bed-
rock. Science, 161: 1011-1013.

Peden, I. C., and J . C. Rogers. 1971. An experiment for
determining the VLF permittivity of deep antarctic ice.
IEEE Transactions on Geoscience Electronics, GE-9(4)
224-233.

Peden, 1. C. 1971. VLF dielectric and loss properties of the
ice sht at Byrd Station. Antarctic Journal of the U.S.,
VI(4): 132-133.

Peden, I. C., G. E. Webber, and A. S. Chandler. 1972.
Complex permittivity of the antarctic ice sheet in the VLF
band. Radio Science, 7 (6): 645-650.

Webber, G. E., and I. C. Peden. 1970. VLF ground-based
measurements in Antarctica: their relationship to stratifi-
cations in the subsurface terrain. Radio Science, 5(4)
655-662.

Effect of Byrd drill hole diameter
variations on in situ electrical
measurement of the ice sheet

J . C. ROGERS and I. C. PEDEN

Department of Electrical Engineering
Univerity of Washington

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-di-
ameter hole 2,164 kilometers to the bottom (Gow
et al., 1968). Later, the authors began investigating
very-low-frequency (VLF) dielectric and loss prop-
erties 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 instru-
mentation 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 inter-
mediate phase of the work: measurement of vari-

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 as-
sociated 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 vari-
ations 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, trichloro-
ethylene, ethylene glycol, and ice crystals in the case
of the deep hole at Byrd Station, has electrical para-
meters 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-
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Figure 1. Drill hole diameter as a function of depth.
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tals in the drill hole fluid. The latter contained
much ice in suspension, as evidenced by the slush that
was removed. Bailing removed most of the ice, as
shown by measurements made in situ in 1969-1970.
By that time, the probe capsule had been redesigned
in the Seattle laboratory to permit fluid to flow
through a cylindrical cavity comprising an integral
part of the bottom leg of • the probe. The electronic
circuitry already incorporated into the design for
the admittance measurement could then be used to
measure the properties of the fluid in the cylinder
and to telemeter these to the surface for recording.
This refinement was not actually needed during the
course of the 1969-1970 measurements for reasons
already specified; it is mentioned here because of its
potential value to other investigators.

In summary, we have measured the diameter of
the Byrd drill hole to a depth of 1,500 meters and
have observed the influence of its variations on the
input admittance of the dipole probe lowered into
the hole to investigate the complex permittivity of the
ice sheet as a function of depth and of frequency in
the VLF range. It is clear that the desired para-
meters are present in the raw data; final results will
be reported soon.
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Figure 2. Normalized probe input admittance at three frequencies
compared to hole diameter as a function of depth.
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Vertical sounding of the polar D-region
WARD J . HELMS

Department of Electrical Engineering
University of Washington

The first vertical incidence sounding of the polar
lower ionosphere began in February 1966 at the
Byrd VLF (longwire) substation, 19 kilometers north-
west of Byrd Station. Early results (Helms and
Swarm, 1969) determined that the polar D-region is
affected mainly by precipitation of electrons from the
magnetosphere, solar x-rays, and occasional large
bursts of energetic solar protons. Direct ionization of
trace constituents by solar ultraviolet radiation ap-
pears to be of secondary importance.

Analysis of data taken with the D-region sounder
is improving our quantitative understanding of the
polar lower ionosphere, even though the field pro-
gram is no longer active. Day-to-day variations in
the height of the D-region, averaged over 24-hour
periods for a year, are shown in fig. 1. The seasons
in the figure refer to solar illumination conditions at
D-region heights over Byrd Station, with a winter of
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Figure 1. Day-to-day variations in D-region height are correlated
with satellite solar proton flux measurements.
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