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This project involved participation in three experiments on low-frequency
acoustic reverberation from the ocean surface zone: 1) CST-7 Phase 2,

2) CABEXIand 3) CABEX II. Details of these experiments are contained in
the cruise reports and in the final report from CST-7. In addition, there are
numerous reports and transparency collections from the CST surface
scattering working group.

During the early stages of this project, a document suggesting hypothesis
testing was prepared by Frank Henyey. Mel Briscoe, an ONR program
manager at the time, suggested that the document be used as a primary
planning document for CST-7. After some modification, the document was
endorsed by the ARSRP surface "executive committee” (Farmer, Ewart,
Henyey, Melville, Prosperetti), and was used in planning CST-7, as well as in
influencing the CABEX and ASREX experiments. The distinction between
dense bubble clouds associated with breaking waves and the tenuous clouds
associated with Langmuir circulation was delineated in that report, and
appropriate tests for the dominance of each hypothesis were suggested. In
particular, frequency shifts due to the short lifetime of dense clouds were
suggested as a crucial test of the dense cloud hypothesis.

Such frequency shifts must be compared with those expected in the tenuous
cloud hypothesis. A component of CST-7, the FOSS (forward ocean surface
scattering) experiment was designed by Henyey and Farmer to address the
issues of wave effects on the insonifying field. This experiment was designed
to test hypotheses following from previous modeling by Ewart and Thorsos.
There were two types of sources used. The small explosive sources gave
results that are entirely consistent with modeling by Thorsos. The 30 sec CW
sources gave results that were in many ways qualitatively similar to Thorsos's
results. Since the time of the comparison between modeling and experiment,
we have become aware of an uncertainty in the value of the grazing angle for
that part of the FOSS experiment. It appears that with our current best guess
as to the grazing angle, the data and modeling will agree considerably better,
but the revised modeling has not yet been done. Although intensity
variations are apparent in the time series, they are essentially negligible in the




frequency shift spectrum. The frequency shifts are consistent with dominance
by orbital Doppler spread.

Based on the success of the FOSS results, Thorsos applied his orbital Doppler
modeling to Roger Gauss's reverberation frequency shift data, as suggested in
the hypothesis-testing report. Thorsos and Gauss found results consistent
with the tenuous bubble cloud hypothesis, and they were able to rule out the
dense bubble cloud hypothesis, based on dense cloud data taken in CST-7.
Other hypothesis testing work (by J. Hanson) has also given strong positive
evidence for the tenuous cloud hypothesis.

The CST-7 program was a collaboration of many investigators and was very
successful in many ways. The participation of this grant in that program was
designed to provide vertical integration (called "6.15" work at the start of
these efforts) in the CST program. This vertical integration was important in
the success of CST-7, and can be used as a model for how vertical integration
should function. Commitment to vertical integration by the program
managers, and by both the 6.3 and 6.1 researchers made it work.

The CABEX experiment was designed to exploit new imaging algorithms.
Resolution is achieved by spatial diversity, but the need for a filled array with
CW signals is replaced by use of bandwidth. In particular, an imager that is a
generalized matched field detector was designed. The method for dealing
with a high-dimensional optimization problem is to put the image together
one object at a time. With enough resolution and enough intermittency
(spacing between the objects), this method will work.

Unfortunately, the bandwidth of the CABEX hardware was not as large as we
had hoped (it was a factor of 20 smaller), and the intermittency was about
what we anticipated. The bandwidth was borderline for the application of
this method. It did as well as another advanced imaging algorithm, but with
more bandwidth it should have greatly outperformed the other methods we
used.

Our algorithm is much more general than the CABEX application, and we
look forward to verifying it in more favorable conditions. In particular, at
frequencies of many tens of kilohertz, the needed bandwidth is much more
readily available.

The CABEX experiment involved both high-frequency imaging of tenuous
bubble clouds and low-frequency reverberation imaging. The idea was to
correlate the two types of images. Although there are many images from each
instrument separately, there are relatively few simultaneous images. We do
not have any convincing identification of common features in the two types
of images.




The CABEX array and imaging algorithms were used to image ice
reverberation in the IBEX experiment. Reverberation features in that
experiment do coincide with features in optical images of the upper surface of
the ice, but the lack of more bandwidth is also apparent in that experiment.
The third year of funding on this grant was withdrawn. The first two years
were dedicated to planning and carrying out the experiments, and to
developing analysis algorithms. The actual analysis and publication of the
results was to have taken place in the third year. Some of the work is being
completed, where appropriate, under other funding.



