
  

Acoustic Intensitx Fluctuations Caused bx Internal Waves in the Ocean

The paper aims to show that the parabolic moment equations can be

B. J. Uscinski

applied to the random scattering of sound by internal waves in the
ocean. The parabolic equation for the fourth moment is described
and a simple physical picture is given of how the intensity fluc-
tuations d’e’ve‘lop. These results are applied to internal waves to .
provide a possible explanation of observed acoustic intensity spectra.

Fourth moment eguation. Acoustic field is E, intensity I is observed.
I =EE*. Intensity fluctuations are specified by. 2‘ I

6‘;=<12> _<1>2 (1)
Need m4=<12>, the fourth moment of the field. The equation is [1/

:%§+=£{7§§%§-§i§ffi —X{L+f(hrhuhrn) (a
‘ ‘ + w:it)'2r7z)--2f<§.17.)flan-)5W

k = 217/11 p Z = z/krg! 8—- kfsris f(§77)= and
5 0,7,5) is the 3—1) autocorrelaticn function of the irregularities,
13 is the power attenuation coefficient, and 1:6 is the scale size of
the irregularities, £1: :1 - :2, f2: 12 — x3, etc.
Limitations (a) Angles of scatter small, (b) weak scatter in' length 1-0.

Phxsical significance of embols.

Zj‘distance sealed in terms of a. Fresnel length kri,
{)1 power in coherent wave attenuated like exp{—f3z} . Also total

mean square phase deviation imposed by medium in distance z is
2—915 o - P z ( 3)X: Fz/Z= amount of scatter in distance 2 (4)

number of Fresnel lengths in z

X is a parameter distinguishing scattering regimes /2/.

7.Computed solutions of Eq. (1) show that O‘JI has peaks in excess of
unity when 8» 1, /3/. Analytic solutions confirm this /4/, and
show that the wave number \9 spectrum of intensity fluctuations

. -n - . . —1 -1behaves like \3 (1g n\< 2) in the region r0 (r0 (4%) (49,)

Two mechanisms for intensity fluctuations are at work in Eqa (1).
They are (a) Diffraction or Fresnel effect.a A small phase modulation
of size ro is converted to intensity modulation in a. distance  



2
21:: kro, the Fresnel length.

(b) Multiple scatter can produce a deeply phase modulated wave front
without effect (a) if is large enough. This field then converges
to a focus in a distance 32*: Inf/4 $230, or in scaled units

,.. Z2: 1/4%
to produce intensity fluctuations.

Where peaks occur for large g . Have propagates to a distance Zl

where, if X is large enough, it develops virtually only phase

fluctuations of mean square value of, from (3) and (4),
2_ 775M 21 - <6)

The front then focuses at a. further distance *
' 22: 1/4925o (7)

to produce large intensity fluctuations at a distance (Fig.2)
z1 + 22 = z1 + 1/4 gzl . (3)

Focusing distance is in region where the 317m (8) is a minimum, i.e., ~ _1 3 .
zf°~ 0453’ ‘ (9)

Agrees with computed and analytical results.

Height of the peaks. In this picture we 'can treat the wave front

as a ozleeply-modulatedi phase screen at 21. Screen theory /5/ -
gives a value for 0" at the focus

2.
(flu

I
1 +73: men/221.0) (10)
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. t . .Fig 1 curves for all comp“ ed Fig. 2 Build up of phase

modulation and position of

of 6‘ ' l the focus.

from Eq. 1 for different values
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Figure 2 - Attenuation measurements
for the Davis Strait. The calculated
attenuation is aA. The additional '
frequency—independent coefficient
.01 dB/kyd is ascribed to internal
wave scatter. Thorp's equation is GT.
T =—1.5°C'

é GULF OF ADEN

f BISMARCK SEA

Figure 1 — Surface duct
attenuation experiments.
Diffraction curves are
calculated for duct widths
A2 = 90 m (Bismarck Sea) and
A2 = 30 m (Gulf of Aden).
The curveaA is the sum of
boric acid and magnesium
sulfate contributions. The
curve GT is the Thorp formula
where only the magnesium
sulfate term is corrected
-for temperature. T = 30°C.
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.Figure 3 — Experimental values
of absorption per wavelength at
the relaxation frequency
(relative to Thorp's value) vs.
pH.


