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6 dB, and elsewhere by about 3 dB, producing a much
“flatter" effective beam pattern as a function o f grazing
angle. For off-broadside beams the limaçon response
produces a slightly lower and flatter response between the
“cusps”.
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paper, calculations are presented for towed array beam
patterns with cardioid or limaçon directional sensors
replacing the omni-directional elements. As one would
expect, the cardioid sensors reduce the reverberation by
about 3 dB, and suppress the ambiguous beam, particularly
near broadside. The limaçon sensors, even with the null
steered in the direction of the ambiguous beam, provide
only a marginal improvement in the predicted reverberation.
They, however, reduce the ambiguous beam much more
effectively than the cardioid, and so are very useful for
target detection [Theriault el al., 2006],
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Fig. 2. Effective beam patterns for a 44 X array: (upper) broadside;
(lower) 60° from broadside.
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Figure 3 shows reverberation predictions using the effective
beam patterns o f Fig. 2. The horizontal array reduces the
reverberation by about 20 dB compared to an omni, and the
cardioid response reduces it by about another 3 dB. Even at
60° from broadside, the limaçon produces only a marginal
additional reduction in reverberation.

DISCUSSION

Previous calculations have illustrated results for
horizontal line arrays with omni-directional elements. In this
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REVERBERATION CALCULATIONS

A normal mode reverberation model with beam
patterns [Ellis, 1993, 1995] was used for the calculations. A
typical “Pekeris” environment was used: water o f depth 100
m, and sound speed 1500 m/s, over a homogeneous bottom
halfspace of sound speed 1800 m/s, relative density 2.0, and
attenuation 0.36 dB/waveiength. The bottom scattering was
Lambert’s rule, with a -27 dB strength. A 1.4 kHz CW
pulse for a duration o f 0.1 s and 10 dB source level was
used. The receiving array had 96 elements (omni-dipole
pairs) spaced at 0.5 m (-4 4 wavelengths), with uniform
weighting along the array.
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Fig, 3, Reverberation predictions: (upper) omni and broadside
beams; (lower) omni and beams 60° from broadside.
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