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THE FEATURES OF THE SCATTERING OF ELECTROMAGNETIC AND ACOUSTIC
WAVES IN THE WATER BOUNDARY LAYER OF THE ATMOSPHERE

A.SH. MEKHTIYEV, T.M. TATARAYEYV, L.N. FARADGEVA
The Azerbaijan National Space Agency of National Academy of Sciences

On the basis of exploration of the processes of small-scale dependence of the sea and atmosphere conducted in the Caspian Sea [6-9]
were examined some features of the scattering of electromagnetic and acoustic waves in the water boundary layer of the atmosphere.

INTRODUCTION

The solution of the problems of radiophysics and
hydrophysics demands to study the influence of the turbulent
structure of the atmospheres water boundary layer on the
scattering of electromagnetic and acoustic waves in it. The
regime of the turbulence in the atmosphere’s water boundary
layer practically depends on the extent of the windy waves
development defining by the attitude% . where c-phase
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velocity of the main energycarrying surface wave, Us-
dynamic velocity of wind. The vast scientific literature [1-3]
is dedicated to the methods of theoretical calculation of the
fluctuation phenomena’s in the water boundary layer and
their experimental research. A few of works are dedicated to
the research of features of the scattering of electromagnetic
and acoustic waves although the remote probe of the ocean
and the sea has a big meaning. So our work is dedicated to
the revealing of the influence of the turbulence’s regime in
the water boundary layer of the atmosphere on the scattering
electromagnetic and acoustic waves in it.

TEORETICAL FOUNDATIONS

Some features of the scattering of electromagnetic and
acoustic waves in the water boundary layer of the atmosphere |

are examined in the dependence on the phase of development
of the windy waves on the basis of the exploration conducted
in the Caspian Sea [7; 8] with following suppositions:

a) The thermal stratification in the water layer of the
atmosphere is close to neutral that is the Richardson number
reaches to zero (Ri—0).

b) Electromagnetic and acoustic waves are spread at
the altitude Z>Z7° where Z°height; vertical profiles of
meteorological parameters are declined from the logarithmic
law higher than the height.

The scattering of the electromagneting and acoustic
waves passing through the turbulent medium (it is an
atmosphere and sea) is a main cause of fluctuations of the
refractive coefficient. The refractive coefficient of the
atmosphere [1; 3; 4] is a function of the temperature, wind
velocity and humidity.

For the description of the scattering of electromagnetic
and acoustic waves flows in the volume V containing the

turbulence we must determine the average value do -
effective section of the dispersion in this volume in any
directions( .

This value is determined by the following formulas
mentioned in [3,4].

In the case with electromagnetic waves:
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Here K=—— - wave number, « - angle between vectors

P (whose the unit vector is perpendicular to the direction of

the spreading of waves and describes its polarization) and ( ;
C;- constant , equal 1,5 ; Co- average speed of the spreading of
acoustic waves in the air ; NT and NE -parameters
characterizing the velocities of inhomogeneties alignment of
temperature and specific density at the expense of the

molecular effects , v - angle of waves’ scattering , T -

absolute average temperature ,E - average specific
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|humidity , £ - spatial angle , & - average velocity of
dissipation of the turbulent energy , B and B®- constant
values about unity ;
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where P - average atmosphere’s pressure.

According to the theory by Monin - Obukhov [2] in the
case of thermal stratification, close to neutral, is used the
following formulas:
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where U, , T, , E. - accordingly gauges of the velocity of

wind, temperature and humidity.
These values we can determine through flows of quantity

of the momentum 7, the heat (; and the humidity Wg in the
following way:
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where C, and p, - specific heat capacity and density of the
air, k - constant of Carmana.

The direct natural measuring of the vertical flows of
quantity of 7 , (; and WE demand to use high-sensitive

and expensive devices. So by solution of the problem of
small-scale interaction of the atmosphere and the sea we must
pay attention to the definition of the mentioned flows through
easy-measurable exterior parameters [2]

M= -0 =,

where U ; T ; E -average velocity of wind , temperature
, density of air and indices “a” and “w” refer to the standard
height their measuring and marine surface .
So vertical flows we can express in the following way:
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where C, ; C; ; C, - coefficients of the marine surface
resistance, the transfer of heat and evaporation.

Then with help of the equations (5) we can receive:
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If to use the received scales the formulas (4) will have a
following form:
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Having defined a wave number as 2% and having

ST =T -T. © . .
inserted the formulas (9) in (1) and (2) we can receive the
o - - following formulas:
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As it
parameters S, and S, enter the number of parameters

is seen from the formulas (11) and (12)
determining the diffusion of waves. The last are determined
with help of the coefficients C

in the articles [5,7] one of the main parameters determining
the dynamic processes in the water boundary layer is “waves’
age “(which characterize the extent of the development of

windy waves ) expressed % . According to [5] the values

a » Cr andC, . As it is shown

% <25 —-30 correspond to the regime of the developing
waving, % ~30—-40 - the developed waving and

% > 40 - the decadent waving.

RESULTS

For the definition of the dependence of the scattering of
electromagnetic and sound waves on the extent of
development of windy waves as it seen from ( 11) and ( 12)

we must explore the variability of parameters Sl and 82

defined by the coefficients C

now we have not a lot of experimental works which are
dedicated to the study of the connections these coefficients
with characteristics of the interaction wind are fields and
surface waves. But we have a lot of experimental data which
allow defining the variability of the parameter of roughness

a » Cr and C¢ . However up to

Z, or C, in a dependence on the characteristics of

interaction of the sea and atmosphere.
So the task of the definition of the vertical flows of heat
and moisture is tried to solve with help of the calculation of

unit parameter Z,, .

In the article [S] on the basis of the natural measuring of
characteristics of the interaction of the sea and atmosphere in
the wide range of the wvariability of exterior

hydrometeorological conditions of the coefficients C, , C;

and C. were approximated by the following formulas :
.u*j
2
~ cm . .
where V 0,15 éec is a coefficient of the

\'
kinematic viscosity of the air.
These formulas were received by the data of the direct
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measurement of 7 , (; and Wg. The conducting of the
measuring in the different hydrometeorological conditions
permitted authors to define the dependence Z, and U, on the

parameter% , so far as U, is stimulatingly determined by

direct and indirect methods.
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It is known that the development of the surface waves is
escorted by the formation of the unstationary boundary layer
of atmosphere. The connection between characteristics of the
water boundary layer of atmosphere and the surface waves
according to the data of the natural measuring is detail
described in the work [6]. On the basis of the mathematical
models of the atmosphere’s boundary layer [7,8] we can
receive the following formulas for its characteristics:
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where U_ - wind velocity on an upper bound of the wave’s
boundary layer, g - speeding up of free fall (acceleration due
to gravity); S -constant, equal 107 ; ¥ -constant
K
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Fig.1. The dependence of the parameter of roughness on % .
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The comparisons (15) and (16) with the experimental data
has shown that its better conformity is achieved by y =0,25.

The dependence of the parameter of roughness Z,, on the
stage of the development of windy waves % according to

the data of natural measuring in the Caspian Sea [7, 9] is
shown on the fig.1. As it seen from the figure 1 the
calculating and experimental points are coordinated quite
satisfactorily.

Inserting the formula (15) in (13) and (14) and using (10)
we can receive:
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Fig.2. The dependence of characteristics of the scattering of

electromagnetic and acoustic waves on % .
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Such method simplifies to make calculation of the
scattering according to the formulas (11) and (12), in which S
enters.

The dependence of the parameter S on the stage of the
development of windy waving (curve 1) is shown on the fig.2.

By constructing the figureU,, ZIOr%.
As it is seen from the figure when the parameter

% increases from 10 to 70 the value S decreased up tol,5

times.
If touse S =35, =S, in the formulas of calculation of

the scattering of electromagnetic and acoustic waves in the
water layer of the atmosphere (11) and (12) after the
foolproof transformations we are receiving:
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Then inserting the formula (17) in (18) and (19) and
taking into consideration (15) and (16) we can construct
graphs of the dependence of characteristics of the scattering
on the extent of development of windy waving. We have
constructed the dependences of the scattering on parameter

% for several cases.

The curvei (fig. 2) shows the dependence of the
do
- C — .
a A by A = 0,081;
2 _
|6E|=0,00172;  y=0,25; P =1000mb;

u, =10M

parameter

o v=48" and z=2, =10, .

But a reverse scattering by such methods is shown on the
curve 4. Analogous dependence corresponds to the curve 3.

CONCLUSION

On the basis of analysis of the results of theoretical and
experimental explorations of the turbulent water layer of the
atmosphere and its interaction with windy waves is shown
that the characteristics of the mentioned interaction have an
influence on the scattering of electromagnetic and acoustic
waves in it.

So the scattering of the waves rather quickly decreases by

, characterizing the

*

the increasing of the parameter%

extent of the development of windy waves.
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ATMOSFERIN SUYANI QATINDA ELEKTROMAQNIT VO S9S DALGALARININ SOPILM3SININ
XUSUSIYYSTLORI

Xazarda kicik miqyasli «daniz-atmosfer» qarsiligh tasirinin eksperimental tedgiqatlar naticaleri asasinda suyani atmosfer
gatinda elektromaqnit ve akustik dalgalarin sepilmasi ganuna uygdunluglar arasdirimisdir. Miayyan edilmisdir ki, gdsterilon
atmosfer gatinda elektromagqnit va akustik dalgalarin sapilma xarakteristikalari dalga rejiminin inkisaf marhalasini xarakterize

edan % parametrindan ciddi asilidir.

A.lll. Mextues, T.M. Tarapaes, JI.H. ®apan:xeBa

OCOBEHHOCTHU PACCESHUS SJIEKTPOMATHUTHBIX U 3BYKOBBIX BOJIH B ITIPUBO/JTHOM
CJIOE ATMOC®EPBI

Ha ocHoBe pe3ynbTaToB 3KCHEPHMEHTATBHBIX HCCIEHOBAHMK MEIKOMACIITA0OHOTO B3aMMOJEHCTBHUS «Mope-aTMocdepa» Ha Kacmuwm
NIPOAaHATU3UPOBAHBI 3aKOHOMEPHOCTH PACCESIHUS SJIEKTPOMAarHUTHBIX M aKyCTHYECKUX BOJH B IIPUBOJHOM CJIO€ aTMOC(Ephl. Y CTaHOBJIEHO,
YTO XapaKTEPUCTUKH PacCesHHUs 3JIEKTPOMAarHUTHBIX M aKyCTHYECKHX BOJH B YKa3aHHOM CJIO€ aTMOC(ephl CYIIECTBEHHO 3aBHCSAT OT

napamerpa % ,XapaKTePHU3YIOLIET0 CTAUIO Pa3BUTHS BETPOBBIX BOJH.
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