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ABSTRACT

This note demonstrates the effects of a cold Gulf Stream eddy in
the Sargasso Sea on convergence mode sound propagation. Results
indicate that an eddy refracts the sound rays into the deep sound

channel and destroys the cyclic convergence zones typically observed

in the area.
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FIGURES

1. Vertical sound speed section through a cold eddy.
2. Selected sound speed profiles.
3a. Ray diagram of sound paths through the Sargasso Sea.

3b. Ray diagram of sound paths through a cold eddy in the Sargasso Sea.
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Sargasso Sea is an ideal water mass for long range sound propagation
study because its horizontal thermohaline structure is homogeneous over
long distances, and because sound rays typically propagate with recurring
convergence zones. However, recent papers by Parker (1971) and Gotthardt
(1973) reveal that Gulf Stream rings (eddies), which alter physical
properties and sound propagation characteristics of the area, are common
throughout the northwestern portion of Sargasso Sea. These eddies of
colder and less saline water than the surrounding water mass are typically
about 200 kijometers in diameter and 1500 meters deep. They drift slowly
southwestward for periods of up to one year before sinking or being
recaptured by the Gulf Stream.

This note demonstrates the effects of an eddy on sound propagation by
comparing sound rays originating from a source in the Sargasso Sea, passing
through a cold eddy and re-entering the Sargasso Sea, to sound rays
originating from the same source, passing through the same geographical
region, but without the eddy. A similar study was made by Vastano and
Owens (1973), however, the sound source was placed at the center of a cold
ring with sound rays propagating into warmer surrounding water.

Figure 1 shows the vertical sound speed structure through a cold eddy
surveyed north of Bermuda in February 1973. This eddy was exceptionally
large; its diameter was nearly 360 kilometers and it extended to below
the maximum depth of available data which was 2500 meters. Sound speeds
calculated from temperature, salinity, and depth data using Wilson's
equation (1960), reflect thermohaline changes across the eddy. Axial
depth of the deep sound channel (DSC), defined as the depth of minimum

sound speed, shows an abrupt change from 1200 meters depth in the Sargasso
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Sea to 700 meters in the center of the eddy. Sound speed change along

the axis of the deep sound channel is only 6 m sec™V. However, sound

speed changes of 30 m sec™! are seen at a constant depth of 600 meters
across the eddy.

Selected sound speed profiles for this demonstration are shown in
figure 2. For ray tracing purposes the sound speeds were extended from

2500 meters (the deepest data point) to the bottom, by interpolating

1
1
]
i

between the values at 2500 meters and the historical bottom sound speed
values for this region.

To study the eddy's impact on sound propagation, the NOL ray tracing
model (Goodin, 1970) was used with a sound source at 20 meters depth and
located 45 kilometers from the eddy edge. Sound rays were plotted at
0.5 degree intervals from the horizontal to 9.5 degrees downward. Rays
which initially bounced off the bottom were excluded to present a clearer
ray diagram for convergence zone mode of sound propagation. Two cases
were studied: the first assumes only Sargasso Water (figure 3a) and the
second assumes Sargasso Water with the cold eddy in the sound path
(figure 3b). It can be seen that the eddy destroys the cyclic convergence
zones which typically occur at 70 kilometer intervals and refracts the
sound into the deep sound channel.

These results suggest that cold eddies in the Sargasso Sea have a
pronounced effect on sound propagation; sufficiently so that if an eddy
occurs between a shallow sound source and a receiver, the sound source ]
could go undetected near the surface, but the detection capability could
be improved if the receiver is placed near the deep sound channel axis.

Field experiments to test these results further are planned.
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Figure 1 - Vertical sound speed section through a cold eddy
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