
track) completed over Dufek Massif as part of a coop-
erative program with the U.S. Geological Survey to in-
vestigate the regional extent and detailed magnetic and
sub-ice structure of this large, layered igneous intrusion
(Behrendt et al., 1979).

In addition, there was a flight that extended the grid
network by two grid lines (100 kilometers apart) to the
north and east of Byrd Station and gathered data in the
vicinity of Thwaites Glacier. The value of this mission
was in providing data on thickness and bedrock eleva-
tion of Thwaites Glacier, which is one of the principal
outlet glaciers of the West Antarctic Ice Sheet that is not
protected by fringing ice shelves. Thomas, Sanderson,
and Rose (1979) believe that, unless they flow over high
bedrock sills, such glaciers (Thwaites Glacier and Pine
Island Glacier, especially) may be in a precarious state
of equilibrium and even be collapsing.

Although more data will be required for this area, and
for Pine Island Glacier, a first examination of 1978-79
measurements suggests that there is a bedrock trough
associated with Thwaites Glacier, that the observed
threshold (700 m bsl) may not represent a stable ground-
ing line position, and that the glacier may thus be a
critical element in the stability of West Antarctica.

Flights in East Antarctica included one flight made
over dome C during which a 50-kilometer box pattern
was flown at a 10-kilometer line spacing in each direc-
tion. This mission was in support of surface glaciological
activities of the International Antarctic Glaciological
Project (IAGP). In addition, the Victoria Land traverse I
route of 1958-59 was overflown to collect ice thickness
and magnetic data to supplement ground-based gravity
data. These new data will assist the investigation of the
structure of the Wilkes subglacial basin, where a thick
sequence of sediments has been inferred. Furthermore,
several short legs were flown over glaciers in the Tran-
santarctic Mountains (cross profiles of Liv and Scott gla-
ciers and long profiles of Byrd and Taylor glaciers), as
well as over the Ross Ice Shelf and of the Erebus Glacier
Tongue.

The Scott Polar Research Institute's RES program has
been undertaken in cooperation with the National Sci-
ence Foundation's Division of Polar Programs and the
Technical University of Denmark.

The RES team in 1978-79 consisted of D. J . Drewry
and D. T. Meidrum (leaders), C. S. Neal, E. Jankowski,
D. H. Millar, D. J . Perkins and C. Hereward (all of the
Scott Polar Research Institute); F. Ss!ndergaard (Tech-
nical University of Denmark); and L. Irons (University
of Nebraska). During collaborative work on Dufek Mas-
sif, the team was joined by J . C. Behrendt (U.S. Geolog-
ical Survey), who served as a principal investigator. The
airborne data logging system and magnetometer were
operated under National Science Foundation contract
by R. Hickerson, R. Hutchins, and P. VonGunten (Ap-
plied Physics Laboratory, The Johns Hopkins Univer-
sity).

The National Science Foundation provided us with
logistical support, and we acknowledge the assistance of
U.S. Antarctic Research Program representatives in
Antarctica and New Zealand. We also thank the com-.
mander, executive and operations officers, pilots, and
both the air and the maintenance crews of vxE-6 for
their support.

The Scott Polar Research Institute radio echo sound-
ing program is funded by the U. K. Natural Environ-
ment Research Council.
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Reflections of pulses from polar
ice sheets

K. SIVAPRASAD

Department of Electrical and Computer Engineering
University of New Hampshire

Durham, New Hampshire 03824

The radar echo sounding of polar ice indicates partial
reflections within the ice sheet itself. The origin and
nature of these radar reflections are the subject of much
debate. Density variations of ice seem to be the most
likely cause of the internal layering observed within the

top 1,000 meters of the ice sheets. To simulate the vari-
ations, some simple models have been considered and
results from these models are presented here. The re-
sults are an extension of the earlier work of Sivaprasad,
Stotz, and Susungi, (1976).

In the models considered, the variation of the dielec-
tric constant owing to density variation is taken into ac-
count. Because the density variation is caused by the
conversion of snow into ice over many thousands of
years, the density changes can be assumed to be either
deterministic or random.

The time reflection coefficient R(t) in air was calcu-
lated using the following equation:

R,(t) =	= JR(w)p(co)exp(jwt)dw

where R(w) is the spectrum of the raised cosine input
pulse of 0.1 microsecond duration and p(w) is the re-
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flection coefficient at Z = 0. The Singleton version of
the FFT was used to perform the inversion in equation
(1).

The results of these simulations are presented here.
The computer program is capable of modeling up to
100 layers within the ice. Eight different types of typical
input pulses can be considered in the program with any
carrier frequency. The dielectric constant, conductivity,
and layer thickness for each layer can be made random
around a mean value. The reflection coefficient from

• the ice layer is plotted by blanking out the input pulse
and also subtracting the output pulse from the first air-
snow, or air-ice, interface.

In the first simulation, the top and bottom layers are
assumed to be ice while a center ice section is assumed
to consist of 20 layers, each 10 meters long. The dielec-
tric constant of odd layers is (€ + AE, o + r) and the
dielectric constant of even layers is (€ - €, u -
where € = 3.2, z€ = 0.064, if 0.6 X 10-, and o =
0.012 X 10-i . The reflection coefficient is presented in
figure 1.

In the second simulation, the top and bottom layers
are assumed to be ice while again a center ice section is
assumed to consist of 20 layers, each 10 meters long.
The dielectric constant of each layer is assumed to vary
randomly around a mean value of € (<€> = 0.02€).
The reflection coefficient for this simulation is shown in
figure 2.

The third simulation involves a more general model.
It is assumed to consist of air (where the receiver is lo-
cated); a 5-meter layer of snow; a 100-meter layer of ice
of constant permitivity followed by 45 layers of ice vary-
ing randomly in thickness, permitivity, and conductivity;
a 0.1-meter layer of water; and, finally, a semi-infinite
rock layer. The water layer simulates the melting that
may take place between ice and basement rock. The sim -
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Figure 2. Second theoretical model of reflections of pulses
from polar Ice sheets.
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Figure 3. Third theoretical model of reflections of pulses
from polar Ice sheets.

ulated time reflection coefficient is shown in figure 3.
One reflection of the water layer is clearly evident in the
last pulse in the figure.

The third simulation agrees qualitatively with the ob-
served time reflection coefficient from the antarctic ice
sheets. Work is in progress to construct a more compre-
hensive theoretical model that will allow more relevant
computer simulations to be made.

This work has been performed with support from the
National Science Foundation under grant DPP 77-18000.
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