
IFTWIR T',

loes
'

Balloon inflated and ready for launch.

Dr. J . Barcus on three previous expeditions to Byrd
Station (L=7). Our main aims were to study the
diurnal variation in the "quiet time" cutoff and the
rapid fluctuations of magnetospherically accelerated
particles (period approximately 0.1 to 10 sec).

As in previous years we used balloon-borne scintil-
lator crystals and Geiger counters to detect primary
and secondary particles at 5 to 8 g per sq cm residual
atmospheric depth. However, to get the time resolu-
tion required for the second part of the study, an
improved detector was used with a pulse code modula-
tion (PCM) telemetry system.

The ground receiving station was set up by January
1 5 1971, payloads were checked out, and then the
waiting started. We were using a new type of balloon
consisting of 20-rn-diameter superpressure spheres
fabricated of bilaminated mylar (see photo). It had
never been used in the Antarctic, and we were cau-
tious about launching it in anything more than a
5-knot surface wind. (Byrd Station is notoriously
windy.)

The first launch on January 15 was a failure inas-
much as the balloon did not float at the design alti-
tude. Urgent calls to the balloon manufacturer were
met with new recommendations on helium inflation.
The second (and last) balloon was successfully
launched on January 26, 1971.

A solar particle event began early on January 25
and lasted for about 5 days (it was the largest such
event since January 1967). A sudden-commencement
geomagnetic storm occurred on the 27th, following
the solar outburst by some 50 hours. We tracked the
balloon and received data continuously for 3 days.
We are now analyzing these data automatically using
a Data General mini-computer.

The expedition yielded two major achievements.
The viability of superpressure balloons for antarctic
use was demonstrated, and data were obtained on a
large solar particle event and associated sudden-
commencement geomagnetic storm with better time
resolution than ever has been obtained before.

The authors are indebted to the many USARP and
U.S. Navy personnel who provided valuable assistance
at Byrd Station.

VLF dielectric and loss properties
of the ice sheet at Byrd Station
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Byrd Station's longwire substation was visited in
November and December 1970 by Mrs. Julia Vickers
of Christchurch, N.Z., and the author, members of a
research team carrying out one of the last experiments
ever performed with the 21-mile dipole antenna that
distinguished the station. The goal was to determine
the dielectric and loss (permittivity) properties of
the ice—frequency-dependent parameters that in-
fluence the behavior of very low frequency antennas
and radio propagation in the polar regions. Even the
deepest layers of the ice sheet constitute part of the
electromagnetic environment of VLF waves used to
probe the upper atmosphere, and they cannot be
neglected in connection with accurate descriptions
using groundbased instrumentation (Webber and
Peden, 1970).

The complex permittivity of the antarctic ice sheet
had not been measured over the VLF band until last
summer. The unique advantage of the technique used
is its capability for yielding, from near-field surface
measurements alone, effective bulk average per-
mittivity figures that incorporate the influence of deep
ice that is not accessible to direct measurement.

For each of the frequencies selected (5.0, 7.5, 10.0,
12.8 5 17.5, and 20.0 kHz), the dipole was energized
and a trackmaster vehicle equipped with instruments
was driven along a baseline 100 m from and parallel
to the main road between longwire and Byrd Station,
the road being perpendicular to the dipole antenna.
A wooden sled dragged behind the vehicle carried a
loop receiving antenna that fed into battery-operated
amplitude-measuring equipment. Signals were re-
turned to the station by VLF-modulated telemetry
for phase comparison at the transmitter. An operator
in the longwire substation electronics laboratory read
and recorded phase information as a function of
distance from the terminals of the long antenna; the
station and vehicle were in voice contact at all times.
Surface magnetic field data were recorded and plotted
continuously during the course of the experiment and
hand-carried back to Seattle for computer data re-
duction that is still under way.

Preliminary results indicate that the relative com-
plex permittivity on an effective bulk average basis
varies smoothly with frequency in a characteristic way
known as the Cole-Cole plot or Argand diagram
(Evans, 1965; Peden et al., 1971). There is evidence,
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not unexpected, of a spread in the relaxation fre-
quencies that characterize the ice sheet. The spread is
around a mean value that agrees well with measured
values obtained for natural ice in other locations. The
data reduction procedure also yields an average figure
for the depth of the ice over the 15-km baseline that
agrees within 10 percent of an average value obtained
from seismic reflection measurements made later in
the season over the same path (H. Kohnen, University
of Wisconsin, personal communication).
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There is strong evidence that particulate matter,
both from pollution and natural sources, is trans-
ported great distances in the atmosphere. Murozumi,
Chow, and Patterson (1969) state that the relatively
high concentrations of lead they found in Greenland
and antarctic ice cores are due to lead smelters and
the burning of lead alkyls in urban areas. Prospero

(1968) has shown that dust originating from the
Sahara is carried by trade winds across the Atlantic
Ocean to Barbados. Comparison of trace metal ratios
in atmospheric particulate matter with similar ratios
in possible source areas (for example, the ocean,
crustal weathering, urban air pollution) can often
indicate the source of the individual trace metals in
the air.

The sea is the only natural source for the halogens
(Cl, Br, and I) in the antarctic atmosphere, and there
are no large-scale pollution sources for these elements
in this region. A study of the halogen content of the
antarctic atmosphere at coastal and inland stations
offers the opportunity to investigate the variation of
gaseous and particulate halogen concentration as one
moves away from the source area—the sea.

Approximately 250 atmospheric particulate samples
and 25 gas samples were collected during November-
December 1970 at McMurdo Station and Pole Sta-
tion. Particulate samples for trace metal analysis
were collected on 8- by 10-inch Delbag polystyrene
filters using polyethylene filter holders and Gelman
high volume pumps. Each sample represented between
7,000 and 20,000 standard cubic meters of air. In
addition, particles were collected on 47-mm-diameter
Millipore filters using stainless steel holders for
halogen analysis and Teflon holders for trace metal
analysis. For each of these samples, 50 to 100 standard
cubic meters of air was filtered. Gaseous iodine and
bromine were collected on activated charcoal after
an electrostatic precipitator removed the particulate
matter from the air stream.

Atmospheric samples at McMurdo were collected
from a tower 170 m above sea level approximately
1 mile north of the main camp as well as in the
camp itself. At Pole Station, the primary sampling
location was a tower approximately 350 m upwind
of the main camp. Some samples were also collected
within the station area.

Samples are being processed for trace metal analysis
by neutron activation and atomic absorption for Na,
Mg, Ca, K, Sr, Pb, Mn, Fe, Al, V, and Cu. There
was a serious problem of contamination of McMurdo
samples by local weathering products (dust, pumice,
etc.), which may render much of the trace metal data
at that site useless for study of global transport.

Preliminary results of the halogen analyses are
given in the table.

Preliminary halogen concentrations in the atmosphere at two antarctic stations and in Hawaii.

McMurdo	 South Pole	 Hawaii
Sample	 Cl	Br	I	Cl	Br	I	Cl

	
Br	I

g/m'	ng/m'	ng/m'	g/m'	ng/m'	ng/m'	AgIm'
	ng/m'	ng/m8

Particulate	 -0.2	-1.3	 <0.01	 -0.7
	

9	'-3
Gars	 -	--'8	-2	-	-8
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