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Characteristics of light wave propagating in a turbulent sea water are deter-
mined by fluctuation spectrum of optical refractive index n. The behavior of the
spectrum is controlled by fluctuations of temperature and salinity. Acoustic scat-
tering from oceanic microstructure is due to sound speed and density fluctuations
that in turn also depend on the temperature and salinity fluctuations. The work
gives a short description of the spectrum model of fluctuations of optical refrac-
tive index depending on dissipation rates of component fluctuations, as well as
the dissipation rates of turbulent energy, which describes both inertial-convective
and viscous-convective subranges. Others values, like n (density, conductivity,
sound speed), can be also considered. Some statistical characteristics of the light
wave for real distributions of 7" and S in depth were calculated by the methods of
geometric optics and smooth perturbations using the developed spectrum model.
It was shown that the above spectrum peculiarities lead to considerable changes
of statistical characteristics of propagating waves, in particular, level fluctuations,
correlation function of the level fluctuation, structural function of the phase.

* ok ok

Introduction

When acoustic and electromagnetic waves propagate in the medium with random inhomo-
geneities one can observe changes in wave amplitudes, their phases, arrival angles, etc. These
changes are of random character. Turbulence is one of the main causes of the above inhomo-
geneities [1,2]. It determines, for example, the existence of random temperature and humidity
fluctuations in the stratified atmosphere, as well as those of the refractive index.

Theoretical principles of studying characteristics of the waves which propagate in the turbulent
atmosphere have been developed in [1-4]. As a rule Corrsin—Obukhov’s model of the spectrum
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speed and density being allowed for in this expression. The authors used the above model of the
co-spectrum of temperature and salinity fluctuations. They also considered another (linear) model
of the co-spectrum based on the analysis of T'S-gradients for small spatial scales

prs = ey g

) Ts

?

where
re=X2  5_0T/0z
Xs 63/62:

In this case the co-spectrum is determined by contributions of the temperature and salinity fluctua-
tions, and the value of the efficient scattering cross-section depends on the sign d. It is evident that
the spectrum is not equal to zero in the interval Ky > = KL (K%, K% are the wave numbers cor-
responding to the end of the viscous-convective subran ge of spectra of the temperature and salinity
fluctuations, respectively), though at 5 > K5 the co-spectrum value should quickly attenuate. This
leads to overestimation of the value of the efficient scattering cross-section.

Basing on the results of the work [5], the authors of [14] have obtained an expression describing
the spectrum of sea water density fluctuations, including the co-spectrum in the case when the above
fluctuations are determined by those of temperature and salinity. It was supposed that peculiarities
of the spectrum of density fluctuations in dissipative interval are mainly connected with different
decay of the temperature and salinity fluctuations in cascade process of energy transfer to the large
wave numbers. Such an approach is based on the fact that the transfer processes in the dissipative
region are not determined by velocity fluctuations, as it takes place in the inertial subrange, but by
the deformation rate v = (&/v)'/2, which remains unchanged for the both scalar values. The same
approach was used in [15] to obtain the expression for the co-spectrum of temperature and salinity
fluctuations, and a comparison was made for the results of calculation of the scattering cross-section
of the acoustic wave obtained when using the proposed model and using the already described
models of the spectrum. The authors emphasize the importance of allowance for the co-spectrum in
the problems of scattering of the high-frequency acoustic waves by microstructure peculiarities of
the sea medium. The effect of the co-spectrum of temperature and salinity fluctuations on fluctuation
spectrum of electrical conductivity was analyzed in the works [11,16]. The model computations
have shown that this effect is rather essential, and at compensation of contributions of temperature
and salinity fluctuations it can result in the sharp decrease of the spectral level.

Basing on the Corrsin—Pao’s model [17, 18], the model of fluctuation spectrum of the scalar
value (the optical refractive index here) which is determined by temperature and salinity fluctu-
ations, is generalized in [19], where the expression was obtained which describes the inertial-
convective and viscous-convective subranges. It was shown by parametrization of the averaged
fields that the peculiarities of the spectrum behaviour in the region of large wave numbers depends
on contribution of the temperature and salinity fluctuations to fluctuations of the refractive index.

Peculiarities of statistical characteristics of a plane light wave propagating in the turbulent sea
medium are analyzed in the given work basing on the expression obtained in [19] which describes
the spectrum of fluctuations of the optical refractive index. The work structure is as follows. Section
1 describes in brief the procedure of obtaining the fluctuation spectrum of the optical refractive index
of sea water. Section 2, basing on the method of geometrical optics, presents results of calculations
of some statistical characteristics of a plane light wave propagating in the turbulent sea medium.
Section 3 is dedicated to analysis of peculiarities of the propagating light wave on the basis of the
method of smooth perturbations.
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