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Antarctica's importance for scientific research has led
most Antarctic Treaty nations to operate stations year-
round. Nevertheless, harsh climate, remoteness, and
consequent high costs constrain science programs. The
logistics cost is especially high for inland stations, to
which all supplies must be brought by air or by over-
snow traverse. Even with the ski-equipped LC-130 air-
plane, constructing a station such as the new one at
the South Pole is costly and takes years. As a conse-
quence, there are only three year-round inland stations:
South Pole (U.S.A.), Siple (U.S.A.), and Vostok
(U.S.S.R.).

The low number of inland stations handicaps proj-
ects that require knowledge of large-scale physical Proc-
esses of the magnetosphere, the ionosphere, and the
lower atmosphere. Frequently researchers need data
from additional locations to define the scale size and
propagation direction of phenomena observed at the
manned stations. Even on the coast, where the station
density is higher, locations of scientific interest may be
difficult to reach or have a particularly inhospitable
climate. Although the cost of even small manned fa-
cilities at. the required locations would be prohibitively
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Figure 1. Intelsat coverages of Antarctica. The solid line is the 0°
angle look, and the broken line is the 5° angle look.

expensive, in many cases suitably designed automatic sta-
tions could acquire the necessary information at a much
lower cost.

These considerations led the National Science Foun -
dation to fund a feasibility study for an automatic
station that would incorporate most of the passive ob-
servational programs in meteorology, seismology, and
upper atmospheric physics. Funds later were made avail-
able to Stanford University for construction and testing
of a prototype observatory.

The resulting unmanned geophysical observatory
(uGo) allows scientists to conduct year-round experi-
mentation and monitoring at locations in Antarctica
that are remote from the manned stations. Data are
transmitted directly to the United States in real-time via
Intelsat synchronous communications satellites. In the
feasibility study, techniques examined for data retrieval
were storage on magnetic tape, transmission via high
frequency radio link, and direct read-out by polar-
orbiting satellites. The only means found for handling
the anticipated large volume of data is direct relay to
a synchronous satellite (Jenny et al., 1969). Using
synchronous satellites limits station deployment to lati-
tudes lower than about 80 0 S., but a significant fraction
of Antarctica is nonetheless accessible (fig. 1).

The observatory consists of an insulated cylindrical
capsule on a 6-meter pyramidal tower. The capsule con-
tains the communications equipment, the data acquisi-
tion system, and the experiments themselves. A passive
heat pipe thermal regulator holds the capsule tempera-
ture to 10 0 to 20° C. despite large changes in the
external air temperature, thus providing a laboratory-
type environment inside the capsule. The capsule and
tower can survive winds of 240 kilometers/hour and
are capable of field set-up without the use of heavy
equipment. Fig. 2 shows the nearly completed observa-
tory at McMurdo. Although the observatory is on a
volcanic ash permafrost at McMurdo, a snow founda-
tion worked at Byrd Station for 2 years.

Electronics

Data encoder. Experimental analog or digital data
are brought to the data encoder. The encoder samples
the channels either sequentially or under control of a
memory. Analog data are digitalized into eight-bit
words plus a single parity bit and put into a serial stream
along with a frame synchronizing word and any digital
data. Under sequential sampling, each channel is sam-
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Figure 2. The unmanned geo-
physical observatory at Mc-

Murdo, January 1972.
M. Sites

pled once per frame, and the channel sampling rate is
controlled by the number of channels to be sampled
and the bit rate. However, by using memory control
a channel may be sampled many times per frame, per-
mitting a higher sampling rate for selected channels.

Data transmitter. The serial digitalized data stream
then goes to the data transmitter, where it either fre-
quency modulates a 5.5-kilohertz subcarrier or phase
modulates the radio frequency (RF) carrier directly.
These two modes of operation allow a wide-band analog
channel, extending from 50 hertz to 3 kilohertz, to be
transmitted along with the digital data, if required. The
5.5-kilohertz subcarrier is summed with the wide-band
analog channel, and the composite signal is used to
frequency modulate the RF carrier to a peak deviation

of approximately 20 kilohertz. Uses of this channel in-
clude very low frequency (VLF) research and voice
transmission. Whenever wide-band analog transmission
is not required, the direct phase modulation provides
superior performance. The RF carrier is derived from
a phase-locked microwave source operating in the 5.925-
to 6.425-gigahertz band. The modulated RF carrier is
amplified to the 20-watt level by a travelling wave tube
amplifier (TWTA) and then is brought to the antenna
via flexible waveguide. The antenna assembly consists
of the transmit band-pass filter, orthocoupler, circular
polarizer, and parabolic antenna. The antenna is 2.2
meters in diameter and has a Cassegrain feed. A fiber-
glass radome minimizes snow accumulation and wind
loading.
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Command decoder and command receiver. Commands
may be sent to the observatory from the United States
to turn experiments off and on, to change data rates, to
select which channels are to be sampled, to change
transmit and receive frequencies, to switch in redundant
circuits, and to turn the transmitter off if a malfunction
should occur. Commands are sent from the control
center computer to the earth station where the commands
modulate an RF carrier. The modulated carrier is trans-
mitted by the earth station via the satellite to the ob-
servatory and is downconverted from 4 gigahertz and
demodulated by the command receiver. The received
commands are checked for errors in the command de-
coder. If none are found, the commands set or reset
latching relays, which in turn control whichever func-
tion is being modified. The latching relays provide
isolation between the command decoder and the con-
trolled circuit as well as a nonvolatile memory.

DC/DC converter and power distribntion. The vari-
ous voltages required by the transmit and receive elec-
tronics are provided by dc/dc converters operating from
the main 28-volt supply. Each experiment has a sepa-
rate dc/dc converter. The separation provides isola-
tion and allows the experimenter greater flexibility in
choosing the voltages at which the experiment elec-
tronics will operate. Experiments are equipped with a
single-shot fuse to disconnect a faulty experiment.
Sensors disconnect the dc/dc converters from the 28-
volt supply to prevent damage in the event of voltage
fluctuations. Fig. 3 is a block diagram of the UGO elec-
tronics.

Experiment interface. Each experiment is allocated
a volume of 12.7 x 12.7 x 30.5 centimeters, including
connectors and wiring bends. The present observatory
capacity is 12 experiment modules of this size. Analog
experimental data must be buffered to a 0- to 5-volt
level before being sent to the data encoder. Digital
data must be transistor-transistor logic compatible. Be-
cause the cost of providing power is high, each experi-
ment is limited to 5 watts. Thus, consideration should
be given to the use of complementary metal oxide semi-
conductor logic and other low power circuits. Since the
experiments must operate for 1 or more years in the
field without calibration or repair, they must be reliable,
rugged, and either free from drift or self-calibrating.

Satellite system and earth station equipment
After transmission the signal travels over 40,000

kilometers to the Intelsat IV satellite and then is re-
transmitted, along with other trans-Pacific telecommuni-
cations, to an earth station operated by Communications
Satellite Corporation, Jamesburg, California. The sta-
tion at Jamesburg provides an antenna gain to noise
temperature ratio in excess of 41 decibels. The Intelsat
system is a good choice for the UGO because (1) satel-
lite availability is virtually guaranteed, as is replacement

of a failed satellite, and (2) the highly sensitive earth
station operates with the satellite 24-hours per day.

After reception and amplification at the earth station,
the data carrier is downconverted from 4 gigahertz and
demodulated by a narrow bank receiver: Telephone
lines carry the data approximately 200 kilometers to
Stanford University. The command modulator and
transmitter also are located at the earth station. Com-
mands for the antarctic equipment are sent from Stan-
ford to the earth station by telephone lines. The use
of telephone lines allows the data processing center to
be located anywhere in the United States and yet main-
tains effective control of both the earth station equip-
ment and the antarctic electronics.

Stanford University equipment
At Stanford University the data are read into an on-

line minicomputer (Hewlett-Packard model 2115A).
The computer scans the data streams until frame syn-
chronization is found. Then the data from each experi-
ment are separated out and put on nine-track, 800-bits-
per-inch magnetic tape along with timing and error
control information.

After data are received, formatted, and stored on mag-
netic tape by the minicomputer, the tape undergoes a
second stage of processing in which the data from a par-
ticular experiment are separated and an individual user's
tape for each experiment created. The user's tape con-
tains time-of-day and detected transmission error infor-
mation in addition to experimental data and is formatted
for efficient user processing. This tape then is mailed
to the user. However, for users requiring real-time data,
direct access to the minicomputer is available. These
data normally would be transmitted to the user over the
switched telephone network, allowing the data to be
available within a few seconds after being taken.

The data on the user's tape are arranged in record
lengths of 4,080 eight-bit bytes. The first 80 bytes
identify experiment number, time of day, time incre-
ment between sample points, and information as to the
existence of transmission errors in the data. The re-
maining 4,000 bytes contain the data with each eight-
bit word occupying one byte.

Whenever it is necessary to send commands to the
antarctic equipment, the computer tunes the UGO com-
mand transmitter at the earth station until the antarctic
receiver locks onto the command carrier. Commands
are then typed directly into the computer for transmis-
sion.

Field tests
The prototype was tested on the ice cap at Byrd Sta-

tion from November 1969 to November 1971 to verify
the mechanical integrity of the structure and the snow
foundation and to determine the characteristics of the
passive thermal regulator system. Then it was moved to
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Arrival Heights, near McMurdo Station, where the com-
munications package and a partial experimental comple-
ment was installed. The observatory was operated for
1 year with power from McMurdo Station to allow in-
dependent test of the propane thermoelectric generators.
Operation began in January 1972 and, except for a break
in early February when Intelsat IV replaced Intelsat III,
continued to January 1973. The only unintentional out-
ages occurred when the McMurdo power system was
down.

The equipment at Jamesburg earth station and a com-
puter at Stanford also performed well despite a few
minor problems. Extensive losses of data occurred only
because of an intermittent telephone line connection be-
tween Stanford and the Jamesburg earth station that
took several weeks to correct.

During this year-long test the UGO returned 32 chan-
nels of data including measurements of ionospheric ab-
sorption with a 30-magahertz riometer 1, observations
of rapid geomagnetic micropulsations using an iron-
core magnetometer 2, internal voltages and temperature

1 Supplied by Dr. Hugh Chivers, University of California,
San Diego.

Supplied by Dr. Ward Helms, University of Washington,
and Dr. Harold Liemohn, Battelle, Pacific Northwest Labs,
Richland, Washington.

of the electronics package, power production of the
thermoelectric generator, wind speed, and ambient air
temperature.

In January 1973, a 50-megahertz riometer, a second
micropulsation channel, and an auroral photometer
were added. But after less than 1 month of operation
a line transient on the McMurdo Station power system
damaged the UGO transmitter, causing operation to
cease.

Although the loss of most of the second year's opera-
tion was disappointing, the experiment demonstrated
that reliable, long-term operation of automatic stations
under antarctic conditions is possible and that synchron-
ous satellites can be used in Antarctica despite low ele-
vation angles to the satellite. The reliability of a satel-
lite communication link was demonstrated by the unin-
terrupted flow of data during the intense geomagnetic
storm of August 4 to 7, 1972, which blacked out high
frequency communications to McMurdo for several days.

Capability of the design

The present UGO design has significant advantages
over other existing automatic stations. The Intelsat
satellite data link provides a highly reliable, continuous
communication channel that is immune to ionospheric
disturbances and allows data to be made available to

3 Also supplied by Dr. Liemohn (see footnote 2).
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experimenters within a few days (or immediately, by
using telephone lines). The small size and weight of
the UGO allow it to be transported to a new site and
quickly set up without the use of heavy equipment. The
long lifetime and low maintenance result in minimum
support requirements. Moreover, since data are trans-
mitted directly to the United States there is no require-
ment for men and equipment in the Antarctic to moni-
tor and collect data from the station. The station can
accommodate a large number of experiments and pro-
vides a flexible, easy-to-use data acquisition system, as
well as a controlled thermal environment. Its modular
cons&uction also allows substitution of alternative com-
munication systems using high frequency radio, polar
orbiting satellites, or the Synchronous Meteorological
Satellite '(scheduled for launch in early 1974) if pre-
ferred to Intelsat.

Future of automatic stations in Antarctica

Two recent reports have reemphasized the potential
of automatic stations in upper atmospheric physics.
One, by the joint ad hoc study panel on the International

Magnetospheric Study, charged with setting guidelines
for participation by the United States, points out that
the ability to correlate satellite and ground-based meas-
urements is essential to understanding coupling mech-
anisms between the magnetosphere and the ionosphere.
One of the principal recommendations of this panel is
a network of automatic stations in Antarctica to ob-
tain the necessary spatial resolution (National Academy
of Sciences, 1973).

Another panel, established by the Academy's Com-
mittee on Polar Research, examined outstanding ques-
tions relating to study in upper atmospheric physics
and looked at how best to use automatic stations to
obtain the necessary data. Its report (National Academy
of Sciences, in press) gives a plan for a network of
manned and automatic stations. The report notes that
(1) automatic stations are best used in conjunction
with manned stations as a technique for economically
enhancing scientific productivity, (2) automatic stations
can be moved easier than manned stations, (3) the cost
of such stations is a fraction of the cost of manned
stations, (4) a network of automatic stations should be
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deployed in the Siple and South Pole vicinity and later
merged into a complex that could include stations near
the geomagnetic pole and elsewhere, and (5) a multi-
disciplinary committee of scientists interested in auto-
matic stations should be established to advise the Na-
tional Science Foundation on automatic station develop-
ment and use in upper atmospheric physics and other
disciplines.

Fig. 4 shows the proposed upper atmosphere research
network in a fully developed configuration. Stations
near the South Pole would transmit only small amounts
of data (on the order of 10 bits per second) over
distances of up to a few hundred kilometers. The
supported stations would have the same data handling
capability as a UGO, but would mount the electronics
in a laboratory, saving the expense of the capsule and
support tower and allowing repair, if necessary.

Multidisciplinary use

Although the UGO was developed primarily for upper
atmospheric physics, it is flexible and can be used by
many disciplines. Here are some potential uses:

Biology. Use of automatic stations would permit
year-long study of animal life, changes in sea and lake
ice, and microclimate. The most important region is
the few meters just above and below the soil or water
surface. Measurements might include (1) the extent,
duration and depth of soil thaw (soil temperature),
(2) soil and air humidity, (3) near-surface wind pro-
file and temperature, (4) intensity and duration of visi-
ble light, solar radiation, and ultraviolet, (5) evapora-
tion rate, (6) total radiation and net thermal exchange,
(7) biological particle sensor/collector, (8) gas analyzer
or mass spectrometer, (9) relay of data collected by
sensors implanted in animals.

Oceanography. The uc;o can be either a relay station
for collecting meteorological and oceanographic data
from sea and ice buoys over a large area or a direct
monitor of temperature, salinity, current flow, etc. Data
from bottom pressure gages, acoustic transmitters for
determining ice movement, electric field recorders, and
other sensors may be transmitted to a UGO on an ice
shelf by either sonar or cables.

Earth sciences. The ability to monitor remote proc-
esses instantaneously would be particularly useful in
earthquake monitoring. Instrumentation also could be
placed in such hazardous locations as active volcanoes.

Meteorology. The UGO can support synoptic and op-
erational meteorology as well as micrometeorology ex-
periments. Inclusion of meteorological instruments in
a UGO would allow prompt transmittal to the World
Weather Watch. Micrometeorology measurements, while
not required in real time, involve so much data (on
the order of a few thousand bits per second) that a
UGO, with its high transmittal rate, is the only feasible
way of obtaining this information at a remote location.

A meteorology package might measure air temperature,
atmospheric pressure, surface wind direction and ve-
locity, cloud height, surface visibility, humidity, tem-
perature and wind component profiles, direct and
reflected radiation in various spectral bands, and polari-
zation of scattered light.

Upper atmospheric physics. The UGO largely was de-
veloped for use in upper atmospheric physics research
because of the obvious need in that discipline for wide-
band data capability. With its direct satellite link, the
present UGO can provide nearly two orders of magnitude
greater data capacity than other existing automatic sta-
tion techniques, a feature essential for very low fre-
quency (VLF) spectrum recording and micropulsation
work in the 1-hertz range and above. A typical UGO
might carry instruments or experiments of the following
types: (1) three-axis magnetometers including both
fluxgate and iron-core types, an absolute reading instru-
ment, and instruments to measure direction of arrival
of ultra low frequency (uLF) waves, (2) auroral photo-
meters—fixed or scanning, (3) riometers—fixed or
scanning, (1) VLF spectrum receivers, (5) instrumenta-
tion to measure VLF phase, amplitude, and direction of
arrival, (6) instrumentation for auroral hiss and atmos-
pheric noise levels, (7) oblique ionospheric sounding
receiver (operated in conjunction with a transmitter at
a manned station), (8) ionospheric scintillations ex-
periment, (9) VHF polarimeter for ionospheric electron
content measurements, (10) earth current experiment,
(II) electric field experiment.

Present work

This austral summer the UGO electronics will be
brought back to the United States for refurbishing, in-
cluding the installation of an improved data system that
will allow experimenters greater flexibility in sampling
rate and data resolution than the present design. The
new data system also will consume much less power.

In addition to work on the data system, a complete
set of redundant electronic subsystems will be added for
greater reliability. Redundant electronics were not pro-
vided for the prototype since the additional cost would
not have been justified for test purposes. These modi-
fications will allow the present UGO to be placed in the
field with a partial experimental complement in the
1974-1975 season or a complete package in the 1975-
1976 season.

Work also is progressing on the design of a smaller
automatic station that would be suitable for a network
of automatic stations near the South Pole (Sites, in
press).
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U.S. Antarctic Research Program, 1972-1973

This section contains the balance of reports on U.S. programs in Antarctica and related Stateside data analyses and
support activities during 1972-1973. The first installment of such reports was in the September-October issue.

Geological investigations
at McMurdo Station, 1972-1973

E. N. KAMENEV

Research Institute of the Geology of the Arctic
Leningrad

I joined the U.S. Antarctic Research Program in mid-
December 1971 and spent more than a year at Mc-
Murdo Station and in the mountains of southern Vic-
toria Land and the Lassiter Coast. During the austral
summer of 1971-1972, and at the beginning of the
1972-1973 summer, I examined metamorphic and igne-
ous rocks in the coastal area of southern Victoria Land
between Skelton and Mackay Glaciers. U.S. helicopter

Dr. Kamenev was U.S.S.R. exchange scientist at McMurdo
Station for 1972.

support and voluntary assistance for this work are greatly
appreciated.

The region between Skelton and Mackay Glaciers
is one of numerous antarctic regions that have been
fairly well explored by scientists. Important contribu-
tions to the geology of this area have been made by
geologists of New Zealand and the United States. Ad-
ditional evidence was provided by Soviet geologists and
scientists from other countries. Some problems in the
geology of crystalline rocks of southern Victoria Land,
however, have not been solved satisfactorily. On the
basis of my field observations and previous data, I
mapped three metamorphic and five igneous complexes
of pre-Beacon age and more precisely defined the boun-
daries of the Beacon Group sediments and dolerite sills.
During the winter period, a preliminary geological map
of the area studied was compiled on the basis of a sin-
gle legend. An aerial photo interpretation helped to
solve these problems. Aerial photos of the dry valleys
were taken by U.S. Navy photographers at my request.
Field data will be verified in U.S.S.R. laboratories. How-
ever, it is necessary to note the importance of the dis-
covery of amphibolite-facies granite-gneiss domes. Fol-
lowing L. V. Klimov, the author considers them as the
oldest formations of the area, which can be compared
with similar formations of the east antarctic crystalline
basement complexes.

During the winter, the author made preliminary de-
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