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A study of the deep-sea tides in the southern
oceans was given first consideration in deciding the
schedule and track (Fig. 1) for Cruise 41, which
lasted from December 20, 1969, to February 16, 1970.
For the purpose of this study, instrumented capsules
(Snodgrass, 1968) were dropped to the sea floor
to record pressure, temperature, and water velocity
for one lunar month at three sites along a line ex-
tending from the Australian south coast to Antarctica.
The capsules (Fig. 2) were installed on the first leg
of the cruise and recovered on the second leg a
month later.

The schedule was arranged to accommodate other
research programs while the ship was not working
with the capsules. Measurements of mass transport by
the Scripps Institution of Oceanography and the
Horace Lamb Centre, Flinders University of South
Australia, occupied most of the ship's remaining
available time. The track along 132°E. crossed both
the Antarctic Circumpolar Current and the Flinders
Current off Australia. Both hydrographic and current-
meter measurements were obtained for this study.
Hydrographic casts were made primarily to compute
mass flux. Detailed chemical analysis of the water
samples provided data of more general oceanographic
interest. The preliminary results of the hydrographic
program have been reported earlier (Callahan, 1970).

Surveys of the earth's gravity and magnetic fields
and the sea-floor topograph y and sediments were
continued as on previous cruises by the Lamont-
Doherty Geological Observatory. Similarly, stand-
ard surface and upper-air measurements were taken
by the Commonwealth Bureau of Meteorology, Mel-
bourne, Australia.

The Tide Measurements

The fact that the southern oceans extend contin-
uously around the earth makes the antarctic tides of
particular interest (Munk, 1970). Also, at a latitude
of about 65°, the velocity of a free tidal wave is
equal to that of the moon's gravitational field sweep-
ing across the earth. Thus, the tides generated in the
southern oceans historically were thought to have
unusually large amplitudes in mid-ocean and would
be as important in exciting the tides in the Atlantic,
Pacific, and Indian Ocean basins as is the direct
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Figure 1. Track of EUanin Cruise 41 Dots indicate locations of
hydrographic casts or free-falling current-meter installations. Deep-
sea tide-capsule stations are labeled with the capsule name, fol-

lowed in parentheses by the latitude of the site.

influence of the gravitational potential of the sun and
moon. The rather modest tides along the Australian
south coast and the coast of Antarctica conflicted
with this concept. Recent theoretical calculations, al-
though only rough estimates (Cartwright, 1969), also
indicated that tides in mid-ocean would be modest.

The first of the deep-sea instrumented capsules
installed along longitude 132°E. was placed on the
abyssal plains near Australia at 37°S., the second in
mid-ocean at the crest of the Indian-Antarctic Ridge
at 50 0 S., and the third on the abyssal plains near
Antarctica at 60'S.

Work at sea was simplified by utilizing a special
air-conditioned portable laboratory (Fig. 3). Railvay-
type tracks in the floor, extending through large
double doors and across the ship's deck, facilitated
handling of the 230-kg capsule. In addition to equip-
ment and spare parts for maintenance of the capsules,
the portable laboratory contains a desk computer,
radio direction-finders, and acoustical transmitters
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and receivers needed during the sea operation and
capsule recovery.

Prior to launch, each capsule was moved into the
portable laboratory, new batteries installed, and the
system tested. The spheres were then closed and filled
with dry nitrogen, and the capsule was moved into
launch position. On deck, the acoustical pinger sig-
nals were used to determine the status of the equip-
ment. If the on-deck check was satisfactory, the
capsule was lifted overboard and lowered to a depth
of 500 feet. Again the acoustical signals were analyzed
to determine the status of the capsule systems. If
theechecks were satisfactory, the line was cut at the
deck level, allowing the capsule to fall to the sea
floor. The 500 feet of buoyant polypropylene line
attached to the capsule served as a recovery line
when the capsule was retrieved.

During the one-hour fall of the capsule to the sea
floor, the acoustical signals continued to give a status
check. As the capsule approached the bottom, a
bottom echo could be seen on the oscilloscope. As
it reached bottom, the bottom echo and the direct
pulse merged, the pressure and temperature trans-
ducers assumed fixed values, and the current meters
produced reasonable data. To be certain that the
capsule continued to operate satisfactorily, the ship
remained in the area for one or two days, periodically
commanding instrument checks.

The deep-sea measurements obtained during Cruise
41 (Fig. 4) confirmed qualitatively the theoretically
computed tides. They are indeed of only modest am-
plitude, considerably less than along the coastlines.
The data will be valuable in adjusting the mathe-
matical model to obtain a more realistic description
of the tides in this area.

40°S. and 37°S. Capsule Sites. Capsule "Josie"
was launched at 40°S. 132°E. on December 27,
1969. Acoustical checks on deck, at a depth of 500
feet, and during the fall to the bottom were normal.
On the bottom, at 3,050 fathoms, all systems checked
out satisfactorily, except that readings of the water-
velocity sensor were unreasonably high. Since the
velocity measurements were relatively unimportant
to the tide program, and there was concern about
our ability to recover the capsules without damage,
the capsule was left on the bottom with a presumably
defective speed sensor.

Checks on the 28th and 29th were unchanged
and the ship proceeded south to launch the other
capsules. Upon return to the site on January 23.
1970-26 days after installation—the acoustical in-
strument check indicated that a complete loss of
battery power had occurred. A release command
ws transmitted to the capsule and the recovery was
completed. The speed sensor was defective as a re-
sult of a short circuit in the probe which also shorted
the positive battery connection to the sea. The result-

Figure 2. A capsule is put overboard. The instrument frame on
the battery pack supports a crystal thermometer (left) and two
thin, vertical rods to measure current speed (right). A Vibrotron
pressure transducer is partially visible. The two bouyant aluminum
spheres house the electronics. Acoustic command from Elfanin
detaches the battery pack below the triangular frame. Radio trans-

mitters at top help locate the surfaced capsule.
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Figure 3. The portable instrument laboratory welded to the deck
of Eltanin. Capsule "Kathy" is clamped to the track dolly before
being moved inside for rework. The instrument frame at right will
also be moved inside the portable laboratory. The other two cap-

sules are in storage cradles fixed to a hatch.
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ing leakage current corroded and eventually opened
a lead in the primary power system to cause complete
failure.

Analysis of the data tape indicated that eight days
of data had been obtained prior to failure. However,
the data would be useful only qualitatively, as both
the pressure and temperature records were noisy
owing to the short circuit. While the corroded lead
was being replaced, a new current-speed sensor in-
stalled, and the vehicle rechecked, the ship continued
northward with hydrographic work along longitude
132°E. The capsule was relaunched at 37 0 S. on
January 23.

Seven days later, on the second leg of the cruise,
the acoustical checks were normal. The ship pro-
ceeded south and recovered the other two capsules,
then returned to recover "Josie" on February 14.
Examination of the tapes indicated that 21 days of
good data were obtained, with all sensors functioning
satisfactorily.

50°S. Capsule Site. For this site, located at the
crest of the Indian-Antarctic Ridge, an area was
selected that seemed reasonably flat, and capsule
"Flicki" was launched on January 1, 1970. Checks
on deck and at 500 feet indicated that all systems
were functioning properly, but when the capsule
reached 1,500 fathoms, alert codes were heard. The
capsule had developed a leak and had automatically
released its ballast.

After the capsule was recovered, launch of "Kathy"
proceeded without difficulty on January 3. All checks
were normal until the capsule stabilized on bottom,
but the current-speed probe gave questionable read-
ings as had occurred at the 40'S. station. Two days
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later, and again on January 17, checks were un-
changed. When the capsule was recovered on Feb-
ruary 4, 32 days of good temperature and pressure
data had been obtained (Fig. 4).

60°S. Capsule Site. Capsule "Flicki" was reworked
while the ship was under way between 50°S. and
60'S. A defective electrical penetrator that had
leaked under pressure, causing the capsule to re-
surface, was replaced and the equipment completely
rechecked before arrival at the 60°S. 132°E. site.
On January 8, "Flicki" was placed safely on the
bottom in 2,564 fathoms of water. Acoustical instru-
ment checks, including the new current-speed sensor,
were normal.

The ship returned on February 7 to recover the
capsule. Acoustical checks were normal except that
they indicated the tape recorder had stopped: After
recovery, examination of the tape recorder disclosed
that the tape had jammed, but that 21 days of good
data were obtained with all sensors functioning
normally.

The work conducted by the Institute of Geophysics
and Planetary Physics was supported by the Office of
Naval Research.
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