
cent ot depolarization in the return signal is also nearly con-
stant with respect to penetration depths of the cloud.

In figure 2 the altitude at which the signal is received in
the perpendicular channel is not at the same altitude as the
signal in the parallel channel. There is a lag in the perpen-
dicular channel, which indicates that depolarization is due
to multiple scattering from spherical particles in cloud
drops. Also, the percentage of depolarization in the return
signal is not constant. It starts at a low value at the first
penetration of the cloud and slowly increases as the beam
goes farther into the cloud. With this deeper penetration,
multiple scattering back to the receiver is more likely to oc-
cur.

This work was supported by National Science Foundation
grant o pp 74-04990.

Acoustic sounder operations at
South Pole Station
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An acoustic sounder was in operation at South Pole Sta-
tion throughout 1975 (Neff and Hall, 1976 a, b). In the
backscatter mode, sound waves are scattered by small-scale
thermal fluctuations, thus defining the location of turbulent
inversion layers. At other scattering angles turbulent veloci-
ty fluctuations also contribute, giving a measure of the in-
tensity of the small-scale turbulence and its spatial distribu-
tion. The mean motion of the air volume advecting the
small-scale eddies also induces a Doppler shift that can be
detected using either analog or digital computer techniques.

During January and February 1977, we set up a sounding
system, utilizing bistatic geometry and Doppler principles,
at Amundsen-Scott South Pole station to study the tur-
bulence structure and evolution of the statically stable
boundary layer over the ice plateau. Because waves and
dynamical instabilities are an ever present feature of such
layers, we installed a sensitive pressure sensor array to track
the movement of such events across the site. We also
mounted a sensor on the 8-meter micrometeorological mast
to measure the root mean square (RMs) temperature dif-
ference between two platinum wire probes spaced 20 cen-
timeters apart in the horizontal. The so-called structure
parameter, CT, derived from this measurement is a function
of the surface heat flux and allows us to correlate surface
events with waves and instabilities aloft as seen by the
sounder. All these sensors are shown schematically in figure
1.

The sounders operated in the bistatic mode for a few days
prior to the departure of summer personnel. From these
data we have determined that the elevated scattering layers
documented during 1975 are the result of turbulence oc-

curring within an essentially laminar flow. Since the upper-
most of these multiple layers marks the top of the inversion
(or the bottom of the isothermal layer), this implies that the
inversion depth is not always determined by the effects of
surface friction and "eddy diffusive" effects, but depends at
times on larger scale dynamics. However, the acoustic
sounder does allow one to identify the surface layer within
the deeper inversion and will provide a means of testing
theories that relate the depth of this layer to surface
parameters.

During a short portion of the recording we obtained Dop-
pler information from the tilted (15 0 from the vertical)
monostatic sounder. In this mode the velocity component
along the beam is given by

vBeam = vHor sin 15° + wcos 15°

Since the vertical velocity, w, averages to zero, this allows
one to determine the mean wind component along the
beam. The fluctuations in horizontal velocity are also
weighted by sin 15 0 or a factor of 0.26. We calculated the
mean wind for the turbulent breaking wave case shown in
figure 2, and found a value near 4.5 meters per second.

Figure 1. Site plan showing the locations of the acoustic
sounders, microbarographs, and micrometeorological mast
relative to the new Clean Air Facility (CAF) at South Pole Sta-
tion. The main station is 200 meters to the left (to the west)

of the sounders.
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Figure 2. Acoustic sounder facsimile recording obtained
on 10 February 1977 at South Pole Station.
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Assuming a fluctuation in horizontal wind one-quarter the
mean wind, this leads to a maximum error of 0.3 meter per
second in the vertical velocities. The traces in figure 3 show,
however, that the vertical velocities approach 1 meter per
second aloft in the breaking waves. Note also the strong cor-
relation between the pressure variation at the surface and
the vertical velocities. The acoustic system, as installed, was
not intended to produce the horizontal wind component; the
values observed were nonetheless in reasonable agreement
with the 4.2 meters per second wind from 112° at 8 meters
on the University of California at Davis micrometeorology
mast. The CT-sensor mounted at 8 meters also showed, on
occasion, the effect of vertical mixing and increased heat
flux associated with these breaking wave motions.

The system is being maintained through the austral
winter by Gary Rosenberger and Brad Halter of the
NOAA-Global Monitoring for Climatic Change project. Dur-
ing 1978 we will set up a complete Doppler wind system
which will provide continuous wind profiles from about 30
meters to as high as 400 meters. This will allow us to monitor
the relation between the wind at the top of the surface inver-
sion and the surface wind and turbulent fluxes. Surface
fuxes will be provided by a three-axis sonic anemometer,
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Figure 3. Time series of the temperature structure
parameter (which is related to the surface heat flux), the
pressure fluctuations from one element of the
microbarograph array, and the acoustically-derived vertical

velocity. These are for the case shown in figure 2.
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adapted to cold temperatures, and a collocated fast response
platinum wire thermometer. This sytem is to be operated
during the winter of 1978 by Hans Ramm following the
setup in January.

This research is being supported in part by National
Science Foundation grants DPP 74-24415 and DPP
77-04865.
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Optical effects resulting from
airborne ice crystals
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A wide variety of optical effects results from reflection
and refraction of sunlight by ice crystals in the atmosphere.
Although the origins of some of these effects are well
understood, others remain a mystery, treated only by
speculation. We have developed a method of computer
simulation with which we can study these effects. We hope
to explain them in terms of the shapes and orientations of
the ice crystals that cause them. Given such understanding
we should be able to deduce information about the nature of
the ice crystals present in the sky by observing the optical ef-
fects.

Many effects can be explained in terms of light passing
through ice crystals in the shape of hexagonal prisms. Figure
1 shows two hexagonal-prism shapes, with different aspect
ratios. I will refer to the long one as a column crystal, and
the other a plate crystal. Figure 2 is a photograph showing
both kinds of ice crystals resulting from clear-sky precipita-
tion at Amundsen-Scott South Pole Station. A goal of this
work is to experimentally verify the nature of the crystals
that produce the effects.

Figure 3 shows that light going through alternate side
faces of the hexagonal crystal is deviated in precisely the
same way as if it were passing through a 60° ice prism. The
basic calculation we do is to determine the direction of such
a ray after passing through the crystal, starting with a par-
ticular orientation of the crystal and a particular elevation
of the sun. The result of such a calculation is displayed as a

ANTARCTIC JOURNAL


