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In this paper, the effect of the transmission frequency'on the
product of the spatial correlation distance and the mean-square
fluctuation of the refractive index of the medium is examined.

‘ The investigation is limited to the interference region of
propagation in which the RMS amplitude fluctuation of the forward
scattered sound increases with the-square root of the transmission

value can be related to the minimum patch siz

It is shown from both a theoretical basis and from some
experimental results, that the spatial correlation distance
decreases with increasing frequency at a constant range. However,

e_of a thermal
l a limiting value of approximately l'cm is reached and this particular

inhomogeneity in the ocean.

Interference Scattering

Acoustic wave propagation in an inhomogeneous medium such as
the ocean can be divided into two broad areas - the focussing
region as described by Bergmann
described by Mintzer [2].
the meanrsquare amplitude fluctuation of the forward-scattered
sound increases in proportion to an"increase in the transmission
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acoustic waves and in the limiting case

El], and the interference region as
The interference region, in which

th length, has received a considerable amount of attention in
2 literature and many experimental investigations have been
ported. The work reported on in this paper also relates to

the interference region.

e interference region is characterised by constructive and
structive interactions between the scattered and unscattered

(i.e. far-far field),
e propagating acoustic wave becomes highly scattered and an
scattered pressure wave vanishes resulting in a Rayleigh-type
stribution of the acoustic pressure wave. The mean—square
plitude fluctuation, 57‘ , of a propagating acoustic wave

in the interference region can be written in the form [3],

237‘ = (I),alk‘RjNWdi

  



 

where )1‘ is the mean-square fluctuation of the refractive
index; k=ZW/A is the acoustic wave number; R is the
transmission range; and N ( S ) is the correlation function
of the medium. The mean-square fluctuation can also be
written in the form [4].

Hz a €65 % ‘ (7-)

where P is thetdensity of the scatterers; and c; is the
scattering cross-section of the individual scatterers.

Mintzer [2] has suggested that interference scattering dependsonly on the radius of the thermal patches (inhomogeneities)
and therefore, for simplicity, it will be assumed that thepatches or scatterers will be spherical with a diameter, d.‘

The scattering crossrsection, 63 , of a thermal patch may
be obtained from a consideration of bistatic radar theory [5]
and may be written in the form,-

cs =_ E (MT
)5 ‘3' (3)

By substitution, the density of the scatterers is
-1 '

e —. 3.1L JMSME (4)
n d‘ ,

For a correlation function of the form,
. _ L

ms) = up( é.)
where d is the correlation distance, equation (4) can be re-
written as

' = Ib"‘“ (6)9 fir ‘
In the case in which the patch diameter, d, is much smaller
than the wavelength, A , the correlation distance, 0(,is
approximately equal to )x , while in the case in which d is
much larger than A , the correlation distance is approximatelyequal to the patch size, d.[4]. Thus, the density of the
scatterers will be approximately, .

9‘: .ngij‘ ; 4 4c.)

_ ~1 (7)91-Jgeé Ia>>>

For )11 = constant, a > e; and therefore the density of
scatterers will be higher in the case in which the correlationdistance is equal to A . This would result in an increased
probability of scattering and therefore a larger mean-square
amplitude fluctuation, 257‘ . At a constant range, this effect
would appear in the form of the correlation distance decreasing
with increasing frequency as the scattering becomes more
pronounced (i.e. further into the interference region).
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Some Experimental Results [6] - [ll]

The above postulates can be examined by considering someexperimental investigations of scattering by thermal
inhomogeneities. In the data analysed, the transmissionranges varied between 300 and 800 metres (approximatelyconstant) and the values for d yere determined using theappropriate values for k with 5V taken from the experimentaldata and )1‘ = 5 x 10:2-.The data shown in FIG 1 illustrates *that the correlation distance, a , does decrease with ‘increasing frequency. At low frequencies, 14.5 kHz, thecorrelation distances are much larger than the acousticwavelength; while at-the higher frequencies, the correlation(distances are of the order of the wavelength, as expected.The data shown by dotted lines in FIG l were obtained fromresults presented by two authors [10], U1], from measurementsin water tanks. Although the ranges tested in these twoexperiments were orders of magnitude smaller than those shownin solid lines, the values of the correlation distance leadto an interesting conclusion.

Nhitmarsh et a1 [6] have stated that the minimum patch sizeof a thermal inhomogeneity in the ocean would be of the orderof 1 cm, and the results shown in FIG 1 appear to agree withthis statement. Thus, as the frequency increases, the patchsize would again become larger than the wavelength and thedensity of scatterers would decrease. This effect is beingstudied further.

Conclusions

This paper has reported on an investigation into the frequencydependence of the spatial correlation distance of the ocean.It has been shown both theoretically and experimentally thatsuch a dependence exists. However, further work is beingcarried out to more fully assess this phenomenon. (A moredetailed report of the current investigation is listed asreference 12).

References

 

1.

2.

P. G. BERGMANN, "Propagation of Radiation in a Mediumwith Random Inhomogeneities“, Phys. Rev., 70, p.486-492 (1946).

D. MINTZER, "Nave Propagation in a Randomly InhomogeneousMedium“, J. Acoust. Soc. Am., 25, p.922-927, Part I (1953);Part II, 25, p.1lO7—llll, (1953); Part III, 26, p.186~190,(1954). .

L. A. CHERNOV, "WAVE PROPAGATION IN A RANDOM MEDIUM“, (Dover,New York, 1960).

A. ISHIMARU, "Theory and Application of Wave Propagation andscattering in Random Media", Proc. IEEE, 65, p.1030-1061 (1977).   



C
o
u
n
t
u
r
m
n

o
u
n
c
e

(
c
m
)

5.

10.

11.

12'.

K. M. SIEGEL, “Bistatic Radars and Forward Scattering",
Proc. Nat1. Conf. Aeron. E1ectron., p.286-290 (1958).

D. C. WHITMARSH, E. SKUDRZYK and R. J. URICK, “Forward
Scattering of Sound in the Sea and its Correlation with
the Temperature Microstructure", J. Acoust. Soc. Am.,
29, p.1124-1143 (1957).

F. H. SAGAR, "Acoustic Intensity F1uctuations and
Temperature Microsfructure in the Sea", J. Acoust. Soc..
Am., 32, p.112-121, (1960).

L. R. BROWNLEE, F. H. SAGAR and D.E. ASH, "Measurement
of Wave Propagation in a Weak1y Inhomogeneous Medium -
The Sea", J. Acoust. soc. Am., 55, p.1059-1070 (1974).

I R. S. ANDREWS and L.F. TURNER, "Investigation of the
Amplitude F1uctuations of High Frequency Short-Duration
Sound Pu1$es Propagated under short-range Shanow—Nater
Conditions", J. Acoust., Soc. Am., 58, p.331-335 (1975).

R. G. STONE and D. MINTZER, II'Transition Regime for Acoustic
F1uctuations in a RandomTy Inhomogeneous Medium", J. Acoust.
Soc. Am., 38, p.843-846, (1965).

S. J. CAMPANELLA and A. G. FAVRET, "Time Autocorre1ation
of Sonic Pu1ses Propagated in a Random Medium", J. Acoust.
Soc. Am., 46, p.1234-1245, (1969). ‘

- R. S. ANDREWS, "Forward Scattering of Underwater Sound and
its Frequency Dependence on the Temperature Microstructure",
submitted for publication.

 
‘00 [00°

raequaucr (km)

  


