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INTRODUCTION_

This is a collection of abstracts of recent Soviet articles
on gencration and detection of internal waves. It is based mainly on

iterns listed in the January 31, 1974 Bibliography of Soviet Material on

Internal Waves which were indicated as being of potential interest.

Several items from this Bibliography were judged important enough to

warrant full translation, which was done elsewhere and are not included

herein.

The abstracts are divided into internal effects, and

surface effects comprising active and passive measurement of wave states.
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1. Internal Effectis

Sabinin, K. D. On some characteristics of

short-period internal waves in the ocean.
FAiO, no. 1, 1972, 66-74,

Results are described of the spectral analysis of temperature-
time series, measured in the thermocline in various regions of the Atlantic
and Indian Oceans. The measurements were done from the research vesscls
S. Vavilov and P, Lebedev along 22 sounding lines with iengths varying from

| 5to 24 miies. Special attention was paid to the analysis of the stationarity

of temperature-time series,

An analysis of 10-day measurements in the North Atlantic

trade current temperature-time series is characterized by nonstationarity
(Fig. 1)

| )

Fig. 1. Average (curve 2) and running spectra (curves 1 and 3)
of temperature oscillations in the thermocline of the North Atlantic
trade current. Hatched region = confidence limits.
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The criterion for stationarity is expressed as a probability

function P, calculations for which are shown in Fig, 2

P(1)%

+ These indicate

&7

Fig. 2. Stationarity probability for temperaturc

series measured
in the Atlantic and Indian oceans.

|- average from 16 series: 2- northern part of the Canary current;
3- Bay of Bengal.

a nonstationarity (P < 1%) in the Bay of Bengal over almost the entire

frequency range except for low frequency, and in the Canary current at low

The nonstatiouarity of temperature oscillations is concluded
to be due to the presence of internal waves,

frequencies.

whic occur as intense wave
packets subject to weak irregular fluctuations. Differences in frequency
ranges are ascribed to differences in the Vaisala frequencies, namely

Nz ¥7 ‘mur-] in the Bay of Bengal, and N = 4. (, h()ur-] in the Canary current.

The running spectra calculated for the temperature series
measured in the Bay of Bengal at a depth of 100 m are shown in Hg. 3
The figure indicates that packets of 20-30 minute waves are intersperscd
with irregular fluctuations. An analysis of the directivity of these wave
packits was made, using measurements along several sounding lines,
the

and

average weighted values of wave parameters were determined. A
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comparison of experimental data and dependence of Doppler frequency on
ship course calculatad using these wave parameters indicates a high

directivity of the 20-30 minute waves. Temperature-time series recorded

by three spaced thermistor chains are illustrated in Fig. 4. The parameters
of these¢ waves were found to be: 7 =19 min, A =480 m, 0 = 240, h=20m

and ¢ = 40 cm/sec.

ol W m\/

22 |, c
\
2 ﬂ,;-.vsz\ww
1X 197 hours

Fig, 4. Record of internal waves mac = irom three
spaced thermistor chains.

a- bow (108 m); b- buoy {106 m); c- stern (101 m).
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Kononkova, G. Ye., V. A. Razumov, and

I. F. Shishkin. Decay of wind waves in a

medium with natural turbulence. VMU,

Fiz. Astron., no. 4, 1973, 414-421.

The problem of determining the profile of a water surface
versus the evolution of the pressure fluctuation field from the effect of
turbulent wind is solved, with allowance for the cffects of initial natural
turbulence due to factors other than wind and “'artificial' turbulence. The
latter is assumed te cause decay of wind waves owing to wave momentum
flow from the surface. The authors’ experimental data confirm this
assumption. Their data show that the observed decrease in wave cnergy

occurs on account of turbulent transfer of water particles from the surface
deep into the liquid mass.

The cited assumption made it possible to describe the
wave development process by a closed set of equations, and to solve tae
set. The solution was then used to define wave spectra in the decay zone
and outside cf it and hence to calculate the contrast K hetween the wave
decay zone and the background. The K value depends on degree of wave
decay and the spectral ratio of the random pressure fluctuation field on
the surface above the background, and inr the wa ¢ decay zone. Four a given
water wavelength ), the K ()) plot will have a maximum,hence the plot of

K versus the carrier frequency of an incident radar signal will also.,



Kolesnikov, A. G., V. V. Yefimov, and G. N.

Khristoforov. Characteristics of velocity field

and wave motion in the upper ocean layer., IN:

Sb. Vzaimodeystviye atmosf.i okeana. Leningrad,
1972, 61-64 (RZhGeofiz, 11/73, no. 11V81),

Various measurement data are examined in a study of linear
spectral theory as applied to fundamental energetic wave components, At
high [requencies, however, disagreement with this theory becomes significant .
In the upper sea layer, the correclation factor of the vertical and horizontal
velocity components is given as 0.2-0.3. An expression for the spectral
function is derived, in good agreement with observations on the basis of

separate wave and turbulent velocity fields.

Keondzhyan, V. P., and A. S. Sarkisyan.

Nurnerical model for calculating transient flows

in the sea. IN: Seminar in-ta prikl. mat. Tbilis.
un-t. Annotatsii dokl, no. 7, 1973, 53-57.
(RZhMekh, 10/73, no. 10B370). (Translation).

A method is described for numerical calculation of transient
thermohydrodynamic characteristics of a basin with an arbitrary bottom
configuration, and a shore profile located »n the spherical Earth. The

method is used to calculate current velocity, anomalies of sea level

surface and density in the North Atlantic.




i Karasev, [. F. Effect of flow turbulence on

the accuracy of integrating velocities over a

vertical. IN: Tr. Gos. gidrolog. in-t, no.
: 202, 1973, 64-73. (RZhMekh, 9/73, no. 9B899).

] (Translation).

Sources of error in the integrated measurement of a
vertically averaged current flow are analyzed. Measurement techniques
l arc described using a vertically moving integrating current meter or
drift ineasurement of a rising float. With respect to accuracy of measure-

ments, the integrating current meter appears to be clearly preferable to

the integrating rising float.

Bykova, L. PP. Experimental calculation of the ‘

atmmospheric boundary layer characteristics for

given roughness parameters of the underlying
surface. IN: Trudy GGO, no. 297, 1973, 12-19.
(RZhGeofiz, 12/73, no. 12B386). (Translation).

Numerical experiments for two different boundary layer
models are presented and trieir results are compared. In the first model
the properties of the underlying surface are determined by ite roughness
parameter only, and in the second model they are determined by the
height of obstacles and the msistance coefficient which depends on distribution
3 density of the roughness elements. A correlation obtained for the second
model between dimensionless roughness and resistance parametsrs is found

to be in satisfactory agreement with known empirical functions. In the case

of sufficiently high obstacles, the roughness parameter and displacement

height are correlated with wind velocity.

B ——
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Gavrilov, A. S. Structure of the atmouspheric

boundary layer over a surface with arbitrary
roughness properties. Metr. i gideel. , me. 12,
1973, 35-42,

This is a theoretical study of dynamic characteristics of
the planetary atmospheric boundary layer over a horizontal surface with
randomly distributed obstacles. The study n ay be used to calculate
evaporation from cultivated areas and forests, or pollutant diffusion
over urban areas. The mathematical analysis is basecd on hypotheses of
a semi-empirical theory of turbulence. The obstacles are ch-.racterized
by a set of averaged parameters, such as profile height and distance between
the roughness elements. Characteristics of the turbulent flow are
calculated within the zone of obstacles and for the boundary layer as a whole.

A cornparison is made between (he present theoretical and earlier experimental

profiles of wind and other meteorological slements.

Gurov, V. V., A. M. Gusev, and G. G.
Khundzhua. Methodology and studies of small-

scale turbulence near the 3ea-atmosphere inter-

face. IN: Sb. Kompleks, issledovaniya priredy
okeana. Moskva, Mosgk. un-t, no. 4, 1973, 110-116.
(RZhMekh, 11/73, no. 11B889) (Translation),

Equipment for measurement of pulsations in flow velocity,
developed by the authors, is described. A mechanical sensor is used
which permits measurement of all three velocity components through
displacement of a sphere of special design. Recording of the displacement
is made by loop oscillograph. The natural frequency of the detectur is
11-15 Hz. Data are givon on vertical pulsations of flow velocity at a depth

of 25 c¢m in the Black Sea. It wau shown that the pulsation distribution




in Ganssian, therefore the correlation function is represented by an
exponential function., An integral time scale of turbulence « is determined
from the velation a - At/n (n-1), where At is recording tirne, n = number
of crossings of the pulsation trace with the average velocity. Examples
are given of calculated spectral densities G (w) = (2/m) Oza/[l + (aw)z],

where 02 is the pulsation dispersion and w is frequency.

Gatkin, N. G. Algorithms for optimal sprace-

time processing of random fields. IN: Tr.

4-y Vses. shkoly- seminara po stat. gidro-
akustike. Novosibirsk, 1973, 168-200, (RZhF,
8/73, no. 82h658). (Translation)

Algorithms are presented for optimal space-time prucessing
of random signals in the presence of gaussian noise: for an accurately known
signal, a signal with random initial phase, a two-component signal, or a
signal with fluctuating amplitude. In addition an algorithm was considered
for the pProcessing of signals in the presence of noise produced by super-
position of uncorrelated plane waves. Results are presented of a study on
problems of optimal time processing of signals with different shape in the

presence of non-stationary, non-white noise, as follows:

1) detection of a signal with an arbitrary amplitude and phase
nmiodulation on a background of non-stationary noise having the correlation
function

r(t, tl) = 30’-‘(/4 m{t) Jn(tl) e-a(t-t]);

2) detection of a simple signal against a background of non-

stationary reverberations having the correlation function

rt, ) =0 % mEmie,) [1- (t-t))/7];




3) detection of a simple signal against a backgrcund of
nuise and stationary reverberations. Functional diagrams cre presented

of the systems for processing the different signals.

Faddeyev, Yu. 1. Some properties of velocity

potential for arbiirary motion of a variable-

form body in an unbounded incompressible fluid.

IN: Tr. Leningr. korablestroit. in-ta, no. 80,
1972, 93-97 (RZhMekh, 9/73, no. 9B426).

(Translation).

The asymptotic expression of Sedov (Tr. Tsentr. aerogidrodinam.

in-ta, no. 515, 1940) is used for the velocity potential

| dw | er todw |
¢ dndr o 2 PR TR T8 (1

where dw/dt = Q is the source intensity and r = (x2 4 y2 + zz)t The dipole
moumentum e is determined from expressions for the momentum vector Qf
of the fluid and the velocity vector in (different) points of a body. Also, the
asymptotic ¢ value is determined from the source distribution over the body
surface. Using the condition of identity of the two asymptotic expressions,

the author derives erpressions jor e projections and establishes a correlation
between the apparent masses and intensity of sources. Determination of the
source intensity reduces to solving a Fredholm integral equation of the

second kind. The solution may be obtained by the method of successive
approximations. In the first approximation, the expressions are used for
dimensionless intensity for an equivalent triaxial ellipsnid and the method

of Kostyukov is applied (Theory of ship waves and wave resistance. Sudpromgiz,

1959). The algorithm for successive approximation is presented.

-10-




Bukatov, A. Ye. Effect of ice cover on
internal waves. MGI, no. 1, 1972, 53-64,

In a theoretical analysis of the title subject, a thin
clastic plate is used to model an ice cover floating on the surface of a
stratified fluid consisting of two layers of finite depths but different
densities P and pz. The forms Cl. and (2 of the waves arising at the water
ice and interlayer interfaces from the effect of periodic atmospheric
disturbances are expressed in terms of the ice and water layer parameters.

The following three types of atmospheric disturbances are considered:

B =af(z,y)costit, (1),

B =af(z)ces(ky-et). (2),

and

Po-am.r(rz—ét). 3),

where a = p /p., 0and k ire the velocity and wave number of the pressure
L 22172 2 . 2.1/2

wave, r =(n" + n“) in (1) and (3) and r = (Mm“ + k“) in (2). The

functions f (m, n) and | (p.) are the Fourier trarsforms of f (x, y) and f {x),

respectively.

Analysis of ! and (2 expressions shows that ordinary surface
waves and internal waves can arise at both interfaces in the cases of type (1)
and (2) disturbances, but only one system of resonance waves arises at cach
interface for the case of a type (3) disturbance. Calculations also show that
in the cases of (1) and (2), short or long period disturbances in the velocity \’2 ’
the lenpth AZ’ and the ratio of amplitudes of internal waves at the icc-water
and interlayer interfaces, are all independent of the ice-cover parameters.
The tabulated numerical V, A, and wave amplitude data for case (1) illustrate

the effects of the ice parameters and fluid inhomogeneity € = 1-a.

-11-




Belonosov, S. M., and I. Kh. El-Sirafi.

Solution of homogeneous Navier-Stokes

equations in a hali-plane with a given velocity

at the bounaary. IN: Sh. Analit. metodi v teorii

fil'tratsii i teploprovodnosti. Kiyev, 1973,
70-84. (RZhMekh, 11/73, no. 11B586). (Translation)

Nonstationary two -dimensional motion of a viscous incompressible
liquid is analyzed in the half-plane y-0. Initially the liquid is stationary,
its velocity at t > 0 in x direction is given, and velocity at infinity is zero.
The complex coordinate z = x + iy and the complex velocity w = u + iv are
used. The problem is s~lved by application o. a Laplace transform of
time and a Fourier tranasform of the coordinate x. The solution can be

c¢xpressed by quadrature formulas.

Fedosenko, V. S. Effect of Coriolis force

on nonstationary waves generated by a moving
excitation source. IN: Sb. MGCI, no. 1, 1973,
66-74. (RZhMekh, 12/73, no. 12B407),

(Translation).

The effect of Coriolis force on a nons‘ationary surface
and on internal waves from moving disturbances is studied in the framework
of general linear wave theory. The effect on the surface waves is shown

to be insignificant, whereas the internal wave elements depend significantly

on the Coriolis force,




K voprosu o neutstanovivshemsya kharaktere

vetrovogo volneniya v okeane (On the trausient

character of wind waves in the oce2a). IN:

Sb. Mor gidrofir. issled., no. 2(61), Sevastopol',
1973, 77-91. (RZhMekh, 12/73, no. 12B421).

(Translation).

The two-dimensional problem of nonstationary motion of
wind waves in the ocean is analyzed, taking into account the mechanism
of energy transfer from the wind to the waves. The method of different
scales was used. A dispersion relation with correction for viscosity, as
well as expressions for functions of current and wave surface rise, were

derived. Features of the solutions thus obtained are discussed.

Nikolayev, S. Internal wa 'es in the seas and

oceans. Morskoy sbornik, no. 10, 1973, 939-102.

A review of internal wave phenomena it given in which
up-to-date results of observations and theoretical studies of internal
waves are summarized and their probable causes and effects are outlined.
Observations maide by Soviet scientists in 1969 at the ice edge in the
Chukotski Sea, and in 1970 in the North Atlantic current, have confirrned
the significance of internal waves effects on various physical processes in
the ucean depths, and in the regions of seasonal thermal fronts. Earthquakes
and strong storms are cited as some natural phenomena which in addition
to others, may trigger internal waves and might have been the cause of some
submarines sinkings, specifically the French ""Minerve' and the Israeli
"Dikar'' in 1968 ard the U.S. "Thresher' in 1963. The author speculates
that the latter might have hit a less dense water layer as the results of

internal waves with 90 m amplitude, which were triggered at the submergence

-13-




depth by a severc storm. The Thresher may then have sustained damage

which prevented it from returning to a safe depth.

o R R

It is concluded that there is a very limited possibility of
forecasting high amplitude internal waves triggered by nonperiodical

forces. ‘The causes of their occurrence are not yet definitely established.

[ Obukhov, A. M. On the problem of nonlinear
interactions in fluid dynamics. Gerlands

Beitr. Geophysik, Leipzig, v. 82, 1973, no. 4
282-290,

1 A turbulence mechanism is studied theoretically by analyzing

dynamic models which sinrulate the main features of the nonlinear

l mechanism of energy transfer in a developed turbulent flow. The simplest
analvzed model is the triplet (three interacting moudes) which is based on
the Purgers model and has the general properties of a fh:ud mechanical

system, i.e., nonlinearity, conservation of en=rgy and phase volume.

The motion of a triplet of one unstable and two stable modes
is described by the Eulerian equations for a gyroscope, where the interaction 1
parameters p, q, and r have the dimensions of wave numbers. The triplet
model is applied to the study of a forced motion regime in a nonlinear system
by introducing a driving force { acting on the unstable mode, and a ‘
dissipative parameter A, The characteristics of motion will then depend

2
on the dimensionless parameter K = p'fp\ , analogous to the Reynolds

number. For the case of K> | (a strong f), an unstable state V becomes
excated, If the sign of f changes, V also changes its sign, the mode V- is

excited, while V4 vanishes, and motion is ovarturned. Overturning of motion

is illustrated by an experiment in which mercury was driven in a three-axial

~14s
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ellipsoidal cave by a rotating magnetic field, A general view of the
experimental device ie shown and the results are presented grayphically.

A more complicated ""multistory' nonlinear mode’ was also constriucted from
the similar triplets to study theoretically unsteady phenomena in turbulence,

e.g.. transient processes when f undergoes step changes.

i
Pozdynin, V. D. Analysis of empirical distributions i

of flow velocity in the ocean. FAiO, no. 10, 1973, I3
1105-1110. !

A statistical analysis is presented of the empicical distribution |
of the oceanic current vector V in terms of its zonal u and meridional v
compunents. The study is based on data obtained from flow measurements
with buoy instruments positioned in 1969 during the second cruice of the
R/V "Dmitriy Mendecleyev', Typical empirical histograms of V, u, and v
atve shown with the superposed theoretical probability curves calculated
with allowance for non-random fluctuations of V, u, and v over the

measurement internal.

Calculations of the probability density functions ¢ were based
on the assuinption that the random variable x is the sum of the independent
randuim terms ¥ and the non-random term Ct at a time t. The
theoretical probability curves (pe(v) vs. V and (.’JE_V ve. v thus calculated are
shown to be in good agreement with the empirical histograms. A physical
interpretztion of the statistical data is given, and the statistical dispersion

of the instrument readings is evaluated. It is concluded from the analysis

that a fairly objective breakdown of the analyzed process into two compunents
is possible. The first component is determined by random small scale

fluctuations and the second is a non-random component.

=15




Preobrazhenskiy, L. Yu. Estimating components

of turbulent energy balance in the surface boundary

layer over water, {rom experimental data. IN:
Tr. Gl. geofiz. cbserv., no. 297, 1973, 41-50.
(RZhGeofiz, 12/73, no. 12B384)

The input-output turbulent energy balance at the sea surface-
atmosphere interface is calculated, using experimental data on wind speed
fluctuations at 2 to 3 levels above the surface: wave measurement data: and
data on wind speed and air temperature gradients in the atmospheric boundary
laycr. The cited data were obtained by the author in 1965 in the North Atlantic
and by B. M. Andreyev et al. in 1967 in the Baltic Sea. The approximatcd
values ol the components of energy balance and the input-to -ontput energy
ratio are tabulated for both sets of experimental data. The average discrepancy
betwoeen the input and output components of the energy balance is shown to
be less than 50%. Under a stationary regime and a nearly neutral thermal
stratification, conversion of wind energy into turbulent energy and dissipation
of the latter in the form of heat were found to be the most significant components

of turbulent eneryy balance.

The experimental evaluation data on the compon: nts of turbulent
energy balance are compared with theoretical data obtained by solving a
nonlinear set of equations which describe the structure of the atmospheric

boandary layer over the sea. Agreement between the two sets of data is

tolerabiy good.

Shevtsov, V. R., and A. P. Volkov. Method

of studying the vertical structure of ccean currents

from a drifting ship. Okeanologiya, no. 6, 1973,
1108-1113,

The procedure and equipment used by the authors for a

continuous sounding of sea ~urrents from a drifting ship are described, and

-16 -
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some sonnding data are evaluated. Vertical profiles of current velocity and
direction were obtained during the expeditions of the R/V "Drmitriy Mendeleyev'
in the Indian Ocean near the equator. The equipment, desivned at the

Pacific Institute of O eancpraphy imeni P, P. Shirshov, AS USSR, coneiats

of a two -coordinate Doppler shift current velocity meter and an analogue
current direction meter which gives direction with respect to the magnetic
meridian.  The acoustiz current meter, which is schematically described,
measures Doppler shift & and hence current velocity vector v at a total
estima‘ed error AV - 0, 5%, if the sound velocity value is azcurate to >

5 m/sec. This high accuracy makes it possible to study fluctuation phenomena.
The a.~logue meter measures azimuth accurate to 3 deg. The combination

of the two instruments and a depth sensor is designed for a maximum

2, 000 m depth.

Typical vertical profiles of azimuth and v show tnat the
measurements are most adversely affected by the rolling and pitching
motion of the -hip (down to 30 m depth) and the surface waves, respectively,
The relativ> measurement data can be converted to absolute values, if drift

of the ship is known. Various methods of drift measurcment are outlined.

Vasil'yev, O. F., and V. L. Kvon. Investigation

of stratified flows. IN: Gidrotekhn. str-vo, no.
8, 1973, 48-51, (RZhMekk, 2/73, no. 12 B458).

(Translation)

This paper gives information on the International Symposium
on Stratified Flow (August 29-31, 1972, Novosibirsk), including classification

and a brief review of the lectures, papers, and communications.

37 =
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Zaslavskiy, M. M., S. A. Kitaygorodskiy, and
L. G. Lobysheva. A linec-~ model for the spatial

spectrum of surface gravity waves generated by
wind. FAiO, no. 10, 1973, 1077-1087.

The Phiilips-Miles linear model of surface gravity waves
generated by wind is developed into a closed set of equations, fromn which
explicit analytical formulas are derived to describe statistical characteristics
of a turbulent sca surface by means of a single parameter: the drag velocity
v . of the turbulent atmospheric boundary layer. The explicit formulasg
of the spatial spectrum ¢ (k, V.o t) of surface waves and the coefficient
of interaction M (k) are given. Limitations to applications of the linear
model of the surface waves interaction with a turbulent houndary layer

are discussed.

The limitations to a qualitative description of the wind
wave spectrum within wind speeds up to 30 cm/sec are imposed by the

assumption of a weakly-quenched turbulence and the condition

k>k?~$2/Z°,ﬂ=l (1)

where K° and 2° are respectively, the two -dimensicnal wave vector and

the vertical coordinate (height of the boundary layer), and §is an empirical
constant. Typical examples of the theoretical v (k, v, t) spectra cornputed
for piven k, Vi, t, and angle ¢ values, show the main features of their

formation and evolution,
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Zhigulev, V. N. On the ptoblemn of progagation

of disturbances in turbulent flows. IN: Sb. Chisl.

metody mekh. splosh. sredy, v. 4, no. 2, 1973
51-61 (RZhMekh. i2/73, no. 12 B850).

The problem of the linear stability of particular turbulent
states i1s formulated in the case for which only the correlation functions of

order less than n have non-zero values. In this case, the perturbation

equations contain (n + 1) correlation functions; hence the perturbation
system remains closed, although its order increases. A Fourisr transform

is then applied to derive a dispe ion equation by a standa:d procecdure.

Netyukhaylo, A. P., 1. A. Starenkov, A. 1.
Kobzar', V. M. Xuz''ncuko, and E. D. Telezhkin,

Balance of turbulent energy in the boundary layer

between fluids with different density. Vodosnabzh.,

kanaliz, gidrotekhn. sooruzh. Resp. mezhved. nauch.

tekhn. sb. no. 16, 1973, 87-92. (RZhMekh, 12/72,
no. 12B853).

Reynolds stress equations and the Rott approximation are
used to describe turbulence at the boundary between fluids with different
density. Temperature pulsations which induce Archimedean forces are
analyzed, disregarding density pulsations. Some earlier published experimert a!
data (Netyukhaylo and Sherenkov, IVUZ Energetika, no. 4, 1969, 99 -105;

RZhMekh, 10/1969, no. 10B607) are used to plot distributions of different

terms in the turbulen. energy equation.
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Belyayev, V. 5., M, M, Lyubimtsev, and

R. V. Ozmidov. On kinetic energy and

temperature dissipation rate in the ocean.

FAiO no. 11, 1973, 1179-1185.

Oceanic flow velocity and temperature fluctuation data,
measured during the ninth cruise of the R/V '""Akademi' Kurchatov' in
the Atlantic, are used to evaluate statistical properties o small-scale
turbulence in the ocean. Measurement procedures and statistical tre. tment
of the data are outlined briefly. The mean dissipation rates € and N of
turbulent energy and temperature inhomogeneity are calculated at water

depths to 140 m for two oceanic polygons with different hydrological

conditions.

Calculations of ¢ and N were made by two of more methods. :
I'he € and N values thus calculated, the mean square deviations 5{ and GN !
from the mnean € and N, and the universal : nstant H# in the Kolmogorov
theory of locally isotropic turbulence, ar. ..l tabulated for different wat
depthis., The g values were determined from the slope of the sprctral
curve of squared downstream velocity derivative in the inertial interval.
‘the average u value was calculated to be 0. 56 + 0.11. Occurrence of a ]
pronounced intermittence in oceanic turbuleace is concluded from; comparison }
of the (}€ and (}N data obtained by the authors and similar Western data

obtained in a strait with tidal flow as well as in the open ocean.
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Gorbatov, Yu. I., and A. A. Pivovarov. On

——

the theory of T, S analysis of water masses

under intensive turbulence exchange in the

ocean. IN: Sb. Kompleks. issled prirody
okeana. Mosk. un-t, no. 4, 1973, 101-110.
i (RZhMekh, 11/73, no. 11B474).

The problem is analyzed of vertical mixing and conversion

of threc water masses, two of them unbounded in the vertical direction andl

, the third interposed with a finite depth 2 h. The coefficient of vertical

turbulent thermal conductivity within each layer is considered to be constant

and equal to the coefficient of salt diffusion. The cited coefficients are

different for each water mass. The formulated probilem is to some extent

a gene lization of the data obtained by V. B. Shtokman from
analysis of T, S

a theoretical
curves (Selected works on marine physics. Moscow,

+ Gidrometeoizdat, 1970, 18-64), Formalistic solutions for temperature and

salinity distributions within each layer are obtained by solving standard

Fourier linear differential equations, with allowance for the equalizing processes

—

of verrical thermal conductivity and diffusion only. Conversions due to :

mixing of the water masses are studied in the 'I', S plane, and the geometry

of the 'I', S curves thus obtained is examined.

.

Ivanov, Yu. A., and Ye. G. Morozov., A

temperature variation analysis of the upper

Ocean layer. FAiO, no. 10, 1973, 1069-1076. k

A statistical analysis is presented of temperature and current
velocity data measured at depths to 250 meters in different re

Atlantic during the 5th and 9th cruises of the R/V

gions of the
"Akademik Kurchatov',

Statistical functions which are discussed describe temperature and current
velo

city fluctuations within the frequency range of internal gravitational

waves (from 10 min to 3 h). Vertical profiles of the frequency, current

1
1




velocity, and mean square temperature fluctuations are shown. The

calculated statistical functions are plotted and their physical interpretation

is given,

According to this interpretation, two tvpes of fluctuations are
distinguished by their mean square magnitude; the fluctuations determined
by turbulence and those determined by internal wave processes. In contrast
to the Phillips hypothesis, in all regions and at all times the same regularity
was observed in all measurement data; the greater the data dispersion, the
greater is the vertical correlation between fluctuation characteristics. In

other words, internal waves do not degenerate into turbulence.

Filonov, A. Ye. Internal waves and present

concepts of their effect on oceanographic investi-

gation of certain physical fields in the ocean.

Kompleksnyye issledovaniya prirody okeana, no. 4,
1973, 70-82. (RZhGeofiz, 12/73, no. 12V70)

A brief review is given of Soviet and foreign publications on the
theory of origination and space-time variations in characteristics of internal
waves, as well as their effect on certain physical characteristics of the ocean,
Discussions are outlined on the future develcpment and coordination of various

scientific disciplines relating to internal waves.
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Rusin, I. N, On a mcthod for calculating the

thickness of a quasihomogeneous oceanic layer,
IN: Tr. Gl. geofiz. observ, no. 315, 1973,
123-138. (RZhGeofiz, 1/74, no. 1V52.1)

The model was considered of a quasistationary oceanic layer
based on the equations of dynamics and thermoconductivity integrated over
the entire layer thicknese (V. 1. Belyayev, V. T, Shapkina, 1967). The
model assumes nonlinear conditions to apply at the lower boundary of the layer
in question. Procedural data and some results of numerical experiments with
the model are given for the case of no oceanic current. It is shown that in
an annual evolution of the thickness of the quasihomugeneous layer three
phases are distinguished: shallowing, stabilization, and deepening. For

the North Atlantic the question was also considered of the dependence

of layer thickness variation on the ev.ergy sources on the oceanic surface, for

cach of the indicated phases.

Girgidov, A. D. Tw. approaches to a description

of turbulent diffusion. IN: Gidravlika i gidrotekhnika.
Resp. mezhved. nauch. -tekhn. sb., no. 17, 1973,
9-14. (RZhMekh, 1/74, no. 1B1024)

Principal assumptions in the derivation of an equation for
turbulent diffusion are considered, and advantages are suggested of another
approach in which a finite velocity of diffusing particles is assumed. It is
shown that the equation of diffusion with a finite velocity in two- and three-
dimensional space is a particular case of the Kolmogorov equation. Using a
specific example, the autor makes a comparison between the solution
obtained using the derived equation and that of the ordinary semiempirical

parabolic equation of turbulent diffusion.




Konyayev, K. V., and K. D. Sabinin. Resonance
hypothesis of internal wave generation in the sca.
DAN SSSR, v. 210, no. 6, 1973, 1342-1345,
(RZhGeofiz., 10/73, 1973, no. 10Ve63),

A resonance hypothesis of high-frequency internal wave
formation in the ocean is introduced, to explain peculiar characteristics of
internal wave trains observed by the authors in the Black Sea (DAN SSSR,
v. 209, no., 1, 1973, 86) and by Western scientists in the tropical Atlantic.
I'he earlier proposed mechanisms of internal wave generation give

unsatisfactory explanations of some observed facts.

The resonance hypothesis postulates the existence of a
nonuniform density distribution along a thermocline as an effect of internal
waves. Oscillations from internal waves cause vertical contraction and
expansion of the thermocline. A zone of isopyc contraction bounded on both
ends Ly the expansion zones then forms a volume resonator for high-frequency

internal waves. Horizontal nonuniformity of the thermocline is svidenced

by peaks separated by troughs in the depth-horizontal coordinate plane.

Resonators may form at the peaks, if the oscillation wavelength is a
multiple of the resonator length., Oscillations in resonators may also be

generated by shear instability owing to orbital motion of internal waves.

Evaluation of measurement data in the Atlantic and the Black
Sca led to the assumption of the existence of closed resonance regions of
high-frequency internal waves, possibly in the presence of low-(requency
standing waves within a thermocline. Analysis of the internal wave spectra
obtained from measurements in theCaspian Sea in 1972 revealed standing

waves with non-zero coefficients up to 1.




Ivanov, A. P., and I. 1. Kalinin. Determining

optical characteristics of ocean waters by the

laser sounding method. IN: Mor. gidrofiz,
issled. Sevastopol', no. I, 1973, 189-199,
(RZhGeofiz, 12/73, no. 12V151) (Translation).

A procedure is described for determination of light
attenuation € and absorption k by sea water, from dispersion of reflected
pulsed signal. A neodymium laser with power of 100 kw and pulse duration
of 25 nsec (A = 530 mm) was used. The back-scattered pulse was registered
by an OF-233 objective with a diameter of 84 mm and photomuitiplier
FEU-36. Recorded signals were monitored by an S1-77 oscillograph. The
experimental configuration was different for the measurements of ¢ and k,
The effect of the pulse from the water surface on the measurement of k was
investigated. Values of k were given as measured by the method described

during the 26th trip of the scientific research ship "Mikhail Lomonosov!'.

Avaliani, D. I., and L. L. Kutateladze,
Interaction of light with a turbulent fluid
flow. ZhPMTF, no. 4, 1973, 115-123.

A theoretical correlation is established between niean
square fluctuations < n'n'> of the index of refraction in a turbulent fluid
flow, e.g., the ocean, and the mean flow rate fluctuations <u> at temperature
T = const. The correlation is confirmed by experimental determination of
the apparent increase AnT in n in turbulent distilled water at 293° K and
different mean flow rates <u>. The interferometric measurement of n is
described and the experimental data are giveén as a AnT = [ (K*) plot, where

K* = (n*- 1) M2 [(n? 4-2) €] (1)
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M is the Mach number, and Cf is the coefficient of friction,

The theoretical criterion

Y R (2)

of the turbulence effect on the laser beam attenuation factor K'-j\ in different

liguids witn different kinematic viscosity V was studied experimentally,
in theexperiments, K)\was determined by measuring laser beam intensities

Il and !, transmitted by a stationary liquid and the same liquid pumped

through a tube at different {low rates. The characteristics of the experimenta!

tubes and the lasers are tabulated. The experimental K} versus <u> plots for

different tube diameters and different liquid parameters show a significant
effect of turbulence on laser beam attenuation. The effect of laser

beamm A (0,51 or 0,63 K1) was not observed, Dispersion of | fluctuations

was fornd to increase with the increase in <u> and to decrease

to a vonstant value with an increase in the aperture diameter of the receiver.

Additional experimental data are also given on the broadening of the lager

beam as a function of M.

Gurvich, A. 8., and N. 8. Time. Usinyg a laser

to evaluate the Ligh frequency portion of a turbulence

spectrum. MZhiG, no. 6, 1973, 142 -145.

#n experimental study of turbulence is described to determine
the microstructure of a temperature field in a turbulent medium, using a mnmethud
introduced by Gurvich. The method, claimed to be highly sensitive and
simple, consists of measuring the frequency spectra of the logarithm of
transmilted radiation intensity fluctuations and its derivative {U, where {2
is dimensionless frequency. A He-Ne laser A= 0.63U) was used as radiaticn

source un a horizontal 50 m long path at 1 meter elevation above a flat bottorn
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ce

surface. Reliable spectral density measurements were feasible at

frequencies to 3.5 kHz.

Three experimental QU () spectra are shown to coincide

with the theoretical spectrum model described by the function ‘I‘i
the refractive inde

(xnk)of
X X, waich was derived from an asymptotic formula of
Keller and Yaglom (MZhi(, no. 3, 1970)s

and theoretical data was best at ¢ - 2, where 0 is the mean square logarithm

Coincidence of the experimental

of kinetic energy dissipation rate. Two other theoretical spectrum models

coincide to a lesser degree with the experimental data obtained in this study,

Since the forinulas is question are asymptotic, the authors suggest further

tests at higher frequencies in order to substantiate the proposed relationships.

Ivanov, A. P., and V. Ye. Shemshura. Method_

of evaluating absorptive index of light in the sea.

IN: Sb. Mor. gidrofiz, iseled. Sevastopo!l' no,

1 (60) 1973, 110-118. (RZhGeofiz, 12/73, no. 12v89),
(Translation).

The approximate formula k = 0. 81 Yo ) is introduced to

’
determine the absorption coefficient k in sea water where Yo. | is the vertical
attenuation factor for half-space irradiance from above.

determination is estimated to be 15-20%,

The error of k

The k values for different areas

of the world ocean are calculated using literature data of different authors;

the vertical attenuation factor Ul for horizontal irradiance from above was

used instead of UO
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Karal=.nev, G. L., and A. N. Solov'yev.

Photoluminescence of sea water as an i~ licator

of dynamic processes in theocean. Okeanologiva,
no. 4, 1973, 597-6C1. (RZhGeofiz, 12/73, no. 12V§8).

Fluorimetric measurements of the spatial distribution of sea

water photoluminescence in the area of the Atlantic boundary currents are
reported and interpreted. The mecasurements were carried out at depths

to 350 1 in the western Sargasso Sea during the 12th cruise of the '""Akademik
Kurchatov' in March and April, 1972. The vertical profiles of seawater
photoluminescence intensity and intensity distribution at 10, 100, and 200 m
levels are mapped. The maps, together with simultaneously obtained
standard hydrological observation data, show that intensity of sea-water
luminescence can be used effectively as an indicator of dynamic processes

in the active sea layer. This is made possible by a combination of several
factors: a very high stability of luminescent organic compounds (the average
lifetimie of some bioluminophors is 1000 years); a vertical spread of 4 to 5
times in peak and average luminescence intensity in & given active layer of
open ucean, and an even wider spread from area to area; and specific
sensitivity of the measuring instrument to the ''yellow matter'' of the sea,
provided that the selection of spectral parameters is right. The measured
luniinescence iantensity value reacts by changing its first or sccond significant

fignre at even a fairly insignificant change in the structure of the medium.

Shevtsov, V. P. On calculation of the time

structure of acoustic signals propagating in the

ocean. IN: Sb. Fiz. metody issied. okeana.
Vladivostok, 1973, 48-58. (RZhGeofiz, 12/73,

no. 12V95), (Translation).

Reception sequence is described for different signal beams

propagating in an underwater sound channel. Calculations and analytica)

expression of propagation characteristics are shown. Two cases are




weak correlation between scattering in the cited range and

discussed, when, for a given sound velocity vertical profile (SV VP), the

function of distance does not exhibit extremums or positive

Or negative

first derivative of the distance. It is shown that pseudocaustics correg -

ponding to the n.inimum or the maximum of the function of distance may be

obtained instead of the actual signal amplification, if the SVVP ig approximated

by lincar functions. Any actual SVVP can be expressed by the Pedersen

function and thus, continuity of the first derivative with respect to the ocean

depth can be maintained. Several cases of pseudocaustics at the reception

level are examined. Numerical data and the corresponding plots are
given. It is concluded that better coincidence of data is obtained by the
curvilinear segment approximation of SVVP rather than by substituting

layers witii a constant sound velocity gradient for the initial curve,

Kopelevich, O. V., and V. I. Burenkov.
Statistical characteristics of optical scattering
phase function by sea water. IN: Sb. Optika
okeana i atmosfery. Leningrad, lzd-vo Nauka,
1972, 126 -136. (RZhF, 6/73, no. 6D881).
(Translation)

A statistical data analysis for three different acrcas of the

World Ocean indicates that fluctuations of scattering are noticeably greater

at large angles than at small angles. A strong correlation was detected

between scattering for various angles within the 15-135° range, hut only a

at small angles.

The assumnption is made that scattering at small and large angles is
determined by coarse and fine independent fractions of marine suspensions.
The posi‘ion near 6° of the intersection of scattering phase functions may
reflect the intersection in that range of the scattering phase functions for
coarse and fine suspensions. The possibility is explored of expanding the

experimental scattering phase functions into series of latent vectors of a
covariant matrix.
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Moroz, T. A. Correlation characteristics of

sea reverberation from a sound scattering layer,

IN: Tr. 4-y Vses. shkolyseminara po stat.
gidroakustike. Novosibirsk, 1973, 84-92. (RZhF,
8/73, no. 8Zh634), (Translation).

Reverberation of sound from an inhomogeneous medium is
analyzcd under the assumption of sharp fluctuations of the scatterers'
spatial distribution in an area with linear dimensions comparable to the
distance a wave travels during one impulse. Relations are established
between the emitted signal spectrum and the coherent or noncoherent
scattered signals. The time-dependent reverberation correlation function
is expressed through the spatial correlation function of the layer refractive
index. It is shown that the theorem of superposition is valid only in the case
when the correlation radius of refractive index fluctuations in a sound -scattering
layer is small in relation to the wave length. A numerical example of

calculation of the reverberation correlation function is given,

Gulin, E. P. Coherence of the acoustic field (or

sound reflected from a disturbed sea surface.
DAN SSSR, v. 212, no. 5, 1973, 1082 -1085.

The results of the measurement of the coherence of sound
reflected from a disturbed sea surface are described. The equipment employed
measurcd quadrature signal components B' - B cos e, * C sin @, and C' = C cos
et - B sin ©, where 9 is determined from the travel time of the acoustic signal.

The coherence parameter ¢ was calculated using forumla
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Acoustic signals were emitted at a depth of 50 m and detected
at a distance of 300 m by a vertical array of hydrophones at a depth of
Z =100 m, The emitted signals had frequencies from 300 Hz to 10 kHz,

a pulse duration of 30 msec, and a pulse repetition rate of 0,2 and 0. 4 sec.

The empirical dependencies of the coherence parameter ¢
on frequency for different wave heights are shown in Fig. 1. Analysis showed
that the errors introduced by the measuring equipment lead to a decrease

in the coherence parameter not exceeding 5-10%.

The empirical and calculated dependencies of ¢ on the Rayleigh
parameter ® are shown in Fig. 2 ( = 2k sin {u, where O is the rms wave

height, k - 27 /A, A = sound wavelength, - grazing angle),

F 10 kHz
Fig. |. Dependence of the coherence Fig. 2. Dependence of the
parameter on frequency for sea wave coherence parameter on the
height 0 = 6 cm (a), 0 = 10 cm (b), Rayleigh parameter.

6 =23 cm (eh Dot-dash line - exp (-4’2);

Solid line - experimental curve; 3, b, c - same as Fig. 1.

broken line - calculated.
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The time and spatial coherence of acoustic signals reflected
from the sea surface are illustrated in Figs. 3 and 4, respectively. The
time coherence (see Fig. 3) decays with an increase of At to a level d

determined by € at all frequencies. The coherence time for the fluctuating

Fig. 3. Degrce of the time coherence Fig. 4. Degree of the spatial coherence
for f= 6.6 kbx;, ® = 0.5% (1), £ =1.5 for £ = 0.6 kHz (a), f = 1. 5 kHz (b),
kHz, ¢ - 1.3 (2), f = 3 kHz, ®= 2.7 (3). £ =3 kM (e)s

component of the acoustic field was fund to be 1, 0.8 and 0.4 sec at frequencies

of 0.6, 1.5 and 3 kHz, respectively.

The spatial coherence depeids on frequency (see Fig. 4).

The degree of the spatial coherence r' at AZ = 4 m was found to be
max max

0.9, 0.55 and 0.05 at frequencies of 0,6, 1.5 and 3 kHz, respectively. The

steady level of coherence for large AZ was calculated to be 0.7, 0.1 and

0. 04 at frequencies of 0.6, 1.5 and 3 kHz, respectively.




Kogan, V., Ya. Possibility of using sound

scattering phenomena in the sea for oceano -

graphic measurements. IN: Sb. Fiz.

metody issled. okeana. Vladivostol, 1973,
38-43. (RZhF, 11/73, no. 11Zh787),
(Translation)

A theoretical quantitative evaluation is made of data from
feasible experimental studies of inhomogeneous oceanic structure using
methods based on the sound scattering theory. A possible solution to
certain oceanological problems is described using a method based on the

Khintchine-Wiener theorem 5

Medvedev, S. N. Reproducing a velocity

profile from data on the time structure

of an acoustic signal. IN: Sh. Fiz. metody
issled. okeana. Vladivostok, 1973, 15-18,
(RZhGeofiz, 12/73, no. 12V94; RZhF, 11/73,
no. 11Zh786). (Translation).

The problem is examined of reproducing a velocity profile
froi the known relation of the full-cycle beam length to the sound velocity
at the turning point. The function D(v) is determined from the time
struciure data on the acoustic signal. There is an infinite number of solutions
to the problem thus formulated. This solution ambiguity can be eliminated
by additionally requiring knowledge of the sound velocity distribution above
or below the channel axis. Then the velocity profile below or above the axis,
respectively, is uniquely defined. The accuracy of this method of reproducing

the vertical distribution function of sound velocity is analyzed.
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Fizicheskiye metody issledovaniya okeana.
(Physical methods of studying the ocean).
Vladivostok, 1973, 93 p. (RZhGeofiz, 12/73,
no. 12V13 K). (Translation)

This is a collection of 13 articles relating to problems of
using acoustic, optical and other physical methods of studying the ocean.
Problems of establishing the vertical distribution of sound velocity are
considered, based on the results of time and angular characteristics of
acoustic fields. Oceanographic investigation methods are genecrally
discussed in terms of measurements of acoustic field pararneters.
Experience in using devices based on acoustic principles is8 summarized.
Results are described of experiinental studies on propagation of UV
radiation in seawater. Prospects and ways are presented for the practical
use of NMR methods in oceanographic measurements. Several papers

consider theoretical methods for evaluating transmissibility conditions of

acoustic signals in the ocean.




Ostrovskiy, L. A., and Ye. N. Pelincvskiy.

Nonlinear wav:s in an inhomogeneous digsipative

medium. IN: Prob. difrakts. i rasprostr. voln,
12/73, no., 44-51.

Wave profile transformations resulting from inhomogeneity
and cnergy dissipation in the medium are studied theoretically. The
wave profile is determined by the form of the function()Z/bO, where Z is
the Jacobian and 0 is the wave phase. The wave profiledZ2/30 is plotted
for different values of ¥, the parameter of the wave non-sinusoidality
(Fig. 1). At a small ythe wave profile is nearly sinusoidal, or ¥Z/3o~ ycos 9,
At ¥ = 1 the wave is solitary (soliton), or)Z/5Q~sechZ 0. Both wave systems

tﬂ-ﬁ

Fig. 1. Wave profiles at three different 3
values in the absence of dissipation.

are described by the Kortewegde Vries equation. Generally, this equation
is not applicable to inhomogeneous systems with energy dissipation, but
at small dissipation parameters a and 6 and a smooth velocity evolution c(x),

a wave can be considered as nearly cnoidal.
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P. 'pagation of nonsinusoidal waves in a dissipative medium
is described by . set of partial differential equations containing lLagrangian L
and Rayleigh R = nctions. A solution to the boundary value problem at a
given point x = with wave amplitude Ac, wave number ko, frequency w

and Y., 1s presented in the form of the single equation

i TG = Y, () — Bt (), (1),

where Y| (y) = K2<ZOZ> and Y, (¥) = K2<Zzgg>. Solution of (1) for y is

obtained in the cases of 2 nearly harmonic wave (y <1) and a train of
weakly interrelated solitons * (1 - y <1). In the latter case, ata = 0, i.e.,

in the absence of friction, and ¢ = conet, amplitude A of a soliton is independent

of boundary conditions at x- 0.

At 6= 0, i.e. in an inviscid liquid, and ¢ = const, soliton
amplitude decreases exponentially, but the exponent is greater than in the
A expression for a harmonic wave. Ata =6 = 0, ¥ increases with decrease
in c(x), and hence a wave 1s transformed into a train of solitons Cy 2 0.95.
In this case the formula C (x) Yl (Y) = const, describes the actual wave
transformation on a liquid sarface. In a homogeneous medium, energy
dissipation is described by the absorption coefficient which varies significantly

near y - 1l only. Inthis case, a quasilinear approximation of the wave is
applicable.

The cited theoretical conclusions are found to be in good

agreement with experimental data for water waves and nonlinear r-f waves

in transmission lines.
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Berkovskiy, B. M., and A. K. Sinitsyn,
Thermoconvection waves in a layer with
free boundaries, 1-FZh, v. 26, no, 1, 1974,
104 -111.

A mathematical model for thermal convection waves
propagating in a thin fluid layer of finite thickness (order of 1 ¢m) is
developed to determine the effect of free horizontal boundaries on propagation
of slowly decaying waves., The authors assume that a vertical temperature
gradient y is maintained constant by heating the bottom houndary and the
fluid «<pands, if ¥ is made parallel to gravity force g. Thermal convection
waves are generated from a source of periodic disturbances over a vertical

boundary of the semi-finite horizontal fluid layer.

There is a threshold yc above which thermal convection
waves become unstablc, The Yo value is determined by fluid layer properties
and the boundary value characteristics of periodic disturbances. Propagation
below and above Y. of thermal convection waves uf small amplitude in a
Newtonian and a viscoelastic fluid is described by sets of linear partial
(liffcrontia}/ equations. Solution of these equations makes it possible to
compute wave characteristics as functions of the Rayleigh nurnber R of fluid

flow between two horizontal free planes,

The logarithmic decrement 6 = 2171«;2/k1 of convection waves,
wher kl and kZ are the components of wave vector k, is found to depend on
the fluctuation frequency w, the Prandtl number Pr, the Grashof number
Gr, and in a viscoelastic fluid, on the characteristic relaxation tirme T.
Numerical values of §, group velocity Ugr’ and wavelength A are plotted
against R for different w, Pr = 1 or 10, and for a viscoelastic fluid, 7 = 0.6
and 0. % Analysis of the theoretical § 172 vs. R plots (Fig. 1) shows that
decay of all convection waves slows down (6 decreases) in the presence of

a nepative y across a Newtonian fluid layer. The slowdown is significant
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Fig. 1. Logarithime decrement versus R (Pr - 1)
in a Newtonian fluid. Curves 1, 2, 3, and 4 denote
w =3, 1, 0.1 and 0.01, respectively,

for the low-w waves at R > R . and simultaneous with a sharp increase

in Ugr' That the free boundaries have a significant effect on wave propagation

is shown by A variations within 2-3 range of layer thickness h.

The authors conclude that propagation of slow decaying convective
waves in a thin layer of a Newtonian fluid is possible for the case of ¥ “ g,
but only in the vicinity of or above the mechanical stability threshold. Analysis
of the analogous theoretical data for a viscoelastic fluid layer reveals the
possible xistence of slowly decaying convective waves of two types: in the
vicinity of a monotonic instability threshold RM’ and in the vicinity of an
oscillatory instability threshold, Rkl < RM or sz > RM, depending on w
of the waves. The R-dependence of the wave A and (J __ of low-w slowly

gr
decaying waves is similar to that in an ordinary Newtonian fluid.
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Berezin, Yu. A. On numerical solutions to

the Korteweg-de Vries equations. [IN: Chisl,

metody mekh. splosh. sredy, Novosibirsk, v.
4, no. &, 1973, 20-31. (RZhMekh, 1/74, no.
1B576).

The Korteweg-de Vries equation is the model equation for
describing waves with a small but definite 2mplitude in dispersive media.
In the general case, integration of this equation is possible only by numerical
methods, although in a number of cases an analytic solution in closed form
can be obtained under certain particular initial conditions. This fact is used
by the author for comparing the effectiveness of various difference schemes
for numerical solution to the Korteweg-de Vries equation. Such a comparison
resulted in the examination of the three conservation laws, position and
amplitude of extended waves for an approximate solution, as well as in the
calculation of the standard deviation of an approximate solution. Five difference

schenies were considered.

Criteria for the calculation rigorousness were given for all
schemes. The article includes numerous critical commments on the results

obtained by other authors in the USSR and abroad.

Dotsenko, S. F., and L. V. Cherkesov. Effect

of a continuous change in fluid density on waves_

generated by moving surface pressvres. MZhiG,
no. 6, 1973, 55-62.

This article contains the formulation and solution by linear
approximation of the problem of developed internal waves in an ideal

incompressible fluid with nonuniform density. The wave generator is a
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local surface pressure moving at a constant velocity, analogous to the
action of a cyelone moving over the ocean surface. The hydrodynamic

model is developed as follows.

A basin -H <z <0, whichis a part of the space - <x < ¢ a
is assumed filled with an incompressible fluid. The fluid density in its
undisturbed state is a continuous function of 2. Pressure is applied to

the {ree surface of the fluid, represented by
po_,qj(x-i-vl) {v>0) (1)

where a, v are constants, and f (§) is an even function that is zero at [g' > 1,

In the linear formulation (in variables Xy T xtvt, z), the
problem of the effect on the internal waves generated by the pressure (Fx. 1)
of a continuously changing density along the z-axis reduces to the solution

of the following boundary value problem:

VU= 007 (Pt Pa), VW= =t gp -y 'p,
Ut =0,  vp,+pe, =0

=gl =0, v4—w=0 (:=0), w0 (z=-1{]) (3)

(2)

where u, w are the x and =z components of the velocity vector; p, p- dynamic
disturbances of pressure and density; 0 = deviation of the f-ee surface from
z=0,0 - o, (2) fluid density in its undisturbed state; and Py = o, (0) ie a known

constant.

On the assumption that -H < z, <z, <0, k>0 and

1 |’
Py 2, <:<0
proxpk(s,—z), 1<z,

X) =
00( ) l)l exp k(z.—l,), —II‘Z‘;Z.

the solution of the boundary problem is found by use of Fourier transforms.
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Finally, assuming Youi <v < Vi the following expression
is derived:

w=0(z) Z w,(z)cos m,z+wy(z,2)  (lzI>1) (4)

w,=—2V2nmm,f* (m.)A'. (m., 2)[A"(me) )

where W is an uneven function of x, exponentially tending to zero at

,x'*u), and @ is the Heaviside function. At v > Vv, continuous wave motion

does not originate.

Then from the continuity equation and the foregoing equations,
the expressionf for u(x, z) is derived in the following form

une(z)z u,(z)sin m,z+u,(z, z) (lzI>l, uym=—m,"'w,,) (5)

where ug is an even function of x, exponentially tending to zero at ,x '—hn

Thus behind a pressure surface moving at v < v, an internal
wave wake is generated which is comprised of a finite sum of progressive

waves propagating at phase velocity v.

In order to find a numerical solution for L (n 2 2) the
parameter space is divided into Gn regions as shown in Fig. |. In each

region, continuous wave motion is comprised of n progressive waves. It

Fig. 1. u =¥gh € jﬂv)'l; :10'2;
6 =0, 0.2, 0.6 {solid, dashed, dot-dash

line, respectively)
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€ = 10‘2 and h

2 ® 100 m.
Table 1
L Ay v, vy N », 5
0 2.1 54.2 [ 1.70 0.65 0.39 0.28°
2409 143 1.95 0.66 0.40 0.28
20 2-102 56.0 | 1.99 0.76 045 | 0.31
240 144 2 32 0.77 0.45 0.31
10? 2-10? 62.6 |2.75 0.88 0.48 0.34
2108 147 3.49 0.9l 0.49 0.33
100 10 143 7.05 0.98 0.50 0.33

dimensionless wave numbe - m =m h (n>2) (A =2rm -l)
n n 2 = n

Fig. 2. ¢ = 10-2; 51 =6, = 0 (solid line),
5, =0and 6, = 10 (dashefl ling, 6, = 0.2 and

62 = 10 (dot-dash line).
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in v, as illustrated in Fig. 2, as well as with an increase in h..

2

was found that 7 increases with hl and h3 (as illustrated by Fig. 2) as
well as with h2 and €, and can be considered to be proportional to Ye.

Table 1 illustrates the dependence on h1 3 (m) and Vs (in sec"l) for

Fig. 2 shows the dependence on y = ‘(ghzc (1rv)-l of the
%k

The

wavelength )\n (n 2 2) decreases with an increase in hl, h3, € and a decrease .-




The dependence on z of the amplitude of individual waves
is illustrated in Fig. 3.

Fig. 3. wy (2) (1 and 3) and u. (<) (2 and 4)

H=2x107 m; h =20 m; h, =100 m; € =107%.  Analysis
shows that waves with numbers n. > 2 result from fluid heterogeneity and are
typical internal waves. Their velocities reach extremes in the heterogeneous
layer. An analysis ofA = max ,w (z), n =max|u (z), (- Sz <0)
shows that: Al and Bl are reached at z = 0; B2 at z - z]. and A (n >2)
at z, <z <z . For internal waves, ¢, =B A i (n > 2) in the mter\al (0,

vn) increases monotonically with v. The value v = v, is resonant for the
n-th wave.

3. Unattenuated wave motion at a sufficient distance from
the local pressure excitation is expressible as a finite sum of progressive

waves of various lengths and amplitudes. Simplified calculations can be
made with f(x) given in the form

f()~cos [az(2) '] (Jz|<l), f(z) =0, (z|<1) (6)
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Additional expressions are introduced to estimate the
contribution of each s-th internal wave to the wave motion. Results show
that the greatest contributionto the wave motion is that of the longest wave

(n-th at v <v< vn). Analysis of the dependence of the wave motion on

n+l
the thickness of the homogeneous layers shows that at h3 x hz > 2.5 the
amplitude of the internal waves is practically independent of h3, but strongly

depends on hl'
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Lo Surlface Effects

Zakharov, V. M., O. K. Kostko, A. I.
German, V. L. Pavlov, and V. Ye. Rokotyan.
Method of measuring the geometric character-

istics of the roughness of water and other
surfaces. Otkr izobr, no. 6, 1974, 111 (Author
Certificate no. 415489).

A Soviet patent whose development was sponsored by the
Central Aerological Observatory has been issued for a method of measuring
the geometric characteristics of the roughness of water and other surfaces.
The mcthod uses optical pulses to sound the surface, with subsequent phase
comparison of the emitted and reflected signal pulses. In order tu improve
accuracy, as well age measurement rﬁdius and reliability from a moving
platform, the transmitted nanosecond optical sounding pulses have a beam
width comrmensurate with the dimensions of roughnesses being measured.
The reflected pulse width is compared with the sounding pulse width and,
depending on the sounding angle, the height or length of the surface roughness

is determined from the increase in duration of the reflected pulse.

Krasyuk, N. P., B. Sh. Lande, I. I.
Megretskaya. Effect of radar resolution on the

spectral width of a microwave signal scattered
by the gea surface. RiE, no, 10, 1972, 2182-2184.

An analysis is made of the effect of the size of the resolution
cross section on the spectral width of r-f waves scattered by a sea surface.
An expression for the spectrum of scattered r-f waves is derived from the
space-time correlation function, assuming a finite spectrum of large sea

waves and a zero shift of the irradiated area center in the incidence plane.
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The spectral width increment at the hali-power level,

derived from the envelope spectrum is determined to have the form

20 = Y288 + 8 / n. (1)

where & is attenuation constant for capillary waves, B =6.4 vzlx2 ag erfc

(0.275 L/ vz) in which v is wind velocity in m/sec, a = sin‘/(f/' = incidence

angle of r-f beam), and L is a linear dimmension of the resolution cross section.

The results of the analysis are shown in Fig. 1. Results

21 H2

y=t0m/sec

1 ] 1 i
I ™ o0 0 L,m

Fig. 1. Dependenc: of the spectral broadening
on the linear dimension L of the resolution cross
section.

Solid line - incidence angle measured from the
horizontal = 10°;

dashed line - = 59;

dot-dash line - = 39,
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indicate that under high resolution conditions the value of 24f increases
with both wind velocity and beam incidonce angle. The minimurm incident

angle under the assumed conditions is given as 3-4°.

Zhivotovskiy, L. A. Polarization state of

signals reflected from a group of independently
fluctuating targets. RiE, no. 10, 1972, 2184-2186.

A geometrical method is presented for determining polarization
characteristics of the reflected superposed signals from a group of independently
fluctuating targets. Noncorrelated, quasimonochromatic and partly polarized

signals reflected from a group of two fluctuating targets are represented by

S S, +8

1

Ip Iu
(1)
SZ = SZp t SZu

where indices p and u denote polarized and unpolarized components. The

components Slp and sz are represented by points Ml and M, on the Poincare'

2
sphere as shown in Fig. 1. It follows from the coherence matrix that the

Fig. 1. Poincare' sphere.

pularized component of the summary wave Sz = Sl s S2 lies on the circle
ZJ MIMZZZ and is represented by point M. The position of S}_‘p as determired

47=




fronmy the coherence matrix is given by

;-W—lrctg[k+w.v] (2)

siny

where k = P’p/Plp is the ratio between power flux densities of polarized
coemponents of S1 and S2 waves. The degree of pularization of the summary

wave is given by

Pia(sina 4 k sin B)
P P+ )+ Piat Pon

(3)

Piots of (k, £) and p(k,¥ ) calculated by the given formulas for

P]u P,u = 0 are shown in Fig. 2.

Fig. 2. £ and P as functions of k and y.

The polarization characteristic of the summary wave for the
case where n > 2 can be determined by analogous geometrical constructions

on the Poincare! sphere, as illustrated in Fig. 3forn=3andn = 6.

-48-




Fig. 3. Polarization of the summary wave for
n = 3(a) and n = 6(b).

It thus follows that the position of any number f points n
may be found from (2), and the net polarization is obtained by simple

construction on the Poincare' sphere.

Babayev, A. B., I. A, Pavlova, and V. P.

Prakhov., Patternz of reflection from a sea

surface. IN: Tr. M_.sk. energ. in-ta.
Radiopriyemnyye ustroystva, no. 110, 1972,
77-79.

Patterns of backscatter from a sea surface were measured
in different directions relative to sea wave crest line, at irradiation angles
varying from o= 90° to & = 100, measured from the horizontal. A block
diagram of the experiment is shown in Fig. 1. The parameters of the
test equipment were: wavelength Al =7cm, A g 15 em; frequency deviation
24f) = 100 MHz, Zéfz = 8 MHz; directional pattern width in both planes
&y, = 88, = 6.5°, Ly, = BB, = 10°. Both vertically and horizontally

polarized incident waves were used.
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Fig. 1. Backscatter experiment

1- UHF generator; 2- modulator; 3- mixer;

4- amplifier; 5- voltmeter; 6- frequency
meter; 7- tape recorder; 8- loop oscillograph;
9- wave meter.

The backscatter patterns at horizontal (A= 15 cm) and

vertical ( A= 7 ¢m) polarization are shown in Fig. 2 and Fig. 3 respectively.

[db] &) [db]
P % 10 oL’ 26'0" T o'
S |- —_1; ¥0°— -4 |
- 12 v-90°] il £
¥ 3, a0 o0
. S— | I
; Ause® Ten:
-0 - | — -
A 5e : S |- Sine
~24 bl 5 0 5
-2, \,“'pﬁ‘-*ﬂ"‘u.ﬁ'lrl ==
" - - - S 1
-2 \,»7-8m/s 5 I‘n"?:h il
St Vo m A1 m/sec. - e U S "",I",'?g"
i s Vwe_-ivl ["/ch; | > _ 1" =
!
Fig. 2. Fig. 3. :
Backscatter pattern, Backscatter pattern,
A=15cm A=7cm
O = 000- measuring planc perpendicular to the sea wave crestlive:
0 = 907 - parallel.
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i As seen in Figs. 1 and 2, the main lobes broaden with
increase in wind velocity Vw.

It is concluded that backscatter patterns at the sea surface
depend on the sea state and the direction of radiation relative to the sea

wave propagation; however they have only a weak dep:ndence on the

transmitted wavelength.

Nedelyayev, A. M., V. P. Prakhov, and T. A.

Osetrova. Determination of geometrical

characteristics of the sea surface from a signal

scattered by it. IN: Trudy Moskovskogo ordena

Lenina energeticheskogo instituta. Radiopriyemnyye
ustroystva, no, 110, 1972, 80-83,

The geometrical characteristics of a rough sea surface were
determined using experimental data on radio waves scattered by it (Babayev
et al., foregoing article) in two ways: a) by the Kirchhoff method applied to
a composite rough surface (Beckman, 1965); and b) by the Kirchhoff method
combined with perturbation theory (Fuks, IVUZ Radiofiz, no. 5. 1966).

Assuming that the distribution law and spatial autocorrelation

function for heights of a rough sea are known, the authors describe scattering by

Py(©) =10, a, b, c, d) (1) i

PKP(O, = fz(g » 2, b, c, d) (2)

where PK(O) is power scattered by a rough surface derived by the Kirchhoff
method, PKP(O) is the same derived by the Kirchhoff plus perturbation method,

¢ is irradiation angle measured from the vertical, a = 6hl and b= 6h2 are rms

heights of large and small roughness (waves and ripples); and c = ¥ hl and

<8 <




d = th are rms slope angles of large and small roughness states.

The unknown parameters a, b, c, d are determined by the

least-squares mnethod from the experimental curve PE(O) as

£ [R8)-4,(8,,006,d ' m' =, 3)
and Z(RO)- 1,8, 0.46.d)"=mia. (4)

PK(O) and PKP(’)), calculated using parameters a, b, ¢, d

(i. e. “h1’ T ho Yh1 th) determined by (3) and (4), are shown in Figs. 1-3
together with the experimental curve PE(O) of Babayev et al.

A® 8
ol A

18, #,-3%
0"" -J'”" - Q‘-|5
Oty dne~02
Gaegm =3l

L

Car Ire 388
__|G#:dn, =033
60'4 'lll =q:3
Lo AL

Fig. 2,

Fig. '3,

Fig. 1-3. Power scattering vs. angle.

1 !
1- PK(O) calculated from"a’hl’2 and yhl, 2 2- PK(O) from

1 [} .
%h1, 2 374 Yy, 2
3- PKP(O) from Oi;i' 2 and)’};'l',z; 4- experimental curve.
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It is seen from the figures that curves 3 calculated by (2) are
in good agreement with experimental dependence an irradiation angles of
r-f power scattered by a2 sea surface. In addition, parameters ahl and ¥ h2
(see Figs. 1-3) measured by string wavegraph, agree well with those

determined from Eq. (4).

The authors conclude that the Kirchhoff plus perturbation
method is more acceptable than the Kirchhoff method alone, as applied to

a composite rough surface for the description of r-f scattering by it.

Kalmykov, A. I., A. S. Kurekin, V. Yu. Levantov-
skiy, I. Ye. Ostrovskiy, and V. V. Pustovoytenko.

Characteristics of radio signals, scattered by the

sea surface in directions close to that of a mirror
reflection. IVUZ Radiofiz, no. 10, 1973, 1498-1503.

Results are described of measurements of polarization,
energy and spectral characteristics of r-f signals scattered by a sea surface.
The experiments were carried out over two paths using linearly polarized
waves at A = 3.2 and 10 cm and highly directional antennas. The paths were
parallel to the wave crestline. The geometry of the experiments are specified
in Fig. 1 and Table 1.

Fig. 1. Test configuration.




1
i
]
.'
l
]

-

Table 1}

% . Y ’ YAn Aes 32 o)
[ ayaoul hy, ™ h.. MR, Kkux = ' ¢' s e ' Lk i

YAIB (A= 10 cu),

I N N 2 6

| 8 18 |04 |35 1.5 10 ///‘\/

' . 2 - 3 :

] 560 | 120 ] 16,5] 2.5 2.0 20,8 - /
/

llote: R is path length; €p and ®p are pattern widths at the

half power points.

The dependences on glancing angle of the average level of

scattered signals, normalized to the level of a direct signal, are shown in

Fig. 2 and Fig. 3.

Aty {;

P—

VWV - 'rm: “Wem Hwe ~&nm¥-Jem
)

u..m e
I
I

SRR % b1 I

Fig. 2. The dependence on glancing angles
of the normalized levels of mirror reflections

and scattered signals.

VV - vertical polarization of emitted and detected
waves; HV- horizontal polarization of emitted,
vertical of detected waves. Open symbols indicate

a smooth sea; solid - 1-2 ball,
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Fig. 3. Same as in Fig. 2, for path 2.

VV- bath emitted and detected signals vertically
polarized; HH- horizontally; VH and HV - emitted
and detected signals have different polarization.

An analysis of the results obtained for path 1 shows that the
level of mirror reflections is lower than that of direct signals by 5-7 db in
the casc of a matched polarization of emitted and detccted signals (VV), and by
rmore than 20 db in the case of unmatched polarization (HV). The level of
scattered signals drops rapidly with an increase in angle d*z. The results
obtained for path 2 show that the levels of mirror reflections with both
vertical and horizontal matched polarizations (VV and HH) are (-)15 db at
A-3.2cmand (-) 7dbat A=10 cm. The dependences on wz of scattered

signals with matched polarizations are similar at A = 3.2 ¢cm and A = 10 cm.

The depolarization for mirror reflections and scattered

signals is shown in Fig. 4. As seen from Fig. 4, at horizontal polarization
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Fig. 4. The dependence on glancing angles
of the degrece of depolarization of scattered
signals at vertical (V) and horizontal (H)
polarization of emitted signals.

of emitted signals the scattered signals show a weak depolarization which

dccreases with an increase in ¥ ,. However, the depolarization of scattered
2

signals at vertical polarization of einitted signals increases significantly

with increase in § 2

The amplitude spectra of mirror reflections and scattered
signais are given in Fig. 5.
%

]

. { 2 J 4 5 6 7?2 Fw
Fig. 5. Amplitude spectra of mirror reflectiun

and scatter signal at horizontal polarization of
emitted and detected signals. (Path 1)

o- mirror reflection, x- scattered signal.
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The ratio of spectral widths for both mirror reflections and

scattered signals with matched polarization is

_A_Fx u-<3.2_ (L ~ 3
AFlnlOru ’l)

The spectra of depolarized signals are similar to those of signals with
matched polarizations. The correlation coefficient for Evv and EVH as
well as for EHH and EHV’ isp <0.1.

The effect of the secondary structure of sea waves was
suggested as an explanation for the higher level of mirror reflections at
A - 10 ¢cm, the depolarization of scattered signals, and broadening of

scattered signal spectra.

Garnaker'yan, A. A., K. L. Afanas'yev,

V. J. Lobach, and V. V., Timonov. Measuring
parameters of sea waves by an airborne r-f
method. Metr. i gidrol., no. 12, 1973, 102-103.

A method is described for determining ocean wave height
from an aircraft, based on measurement of the ratio between coherent and
incoherent components of reflected radio signals. The results of the height
measurements are comgared to those obtained simultaneously by the GM-16
wavegraph. The possibility is also demonstrated for the determination of
wavelength and propagation direction of sea waves from the spectral width

of reflected r-f signals. ’

The meter-band radar used in the experiment is shown in
Fig. 1.

s
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Fig. 1. Radar block diagram for measuring
wave height

T-R - T-R switch; T - transmitter: DL - delay

line; GG - gate generator; HFA - high-frequency
amplifier: AGC - automatic gain control; LD -

linear detector; VA - video amplifier; PD - peak
detector; SC - subtraction circuit; QC - squaring circuit:
LFF 1, 2 - low-frequency filters; m_G - mge meter;
H3%G - H3% meter; O - loop oscilfograph.

The radar specifications are as follows: tronsmitted wave-
length A = 10 m; pulse power P = 50 w; pulse duration 7 = 1y sec; r:petition

rate F = 1kHz; detector threshold B i ™ 300uv; measured height renge
I-] " = 0'3 m,

Experiments were carried out during 1970-71 with flight altitudes

of 300-3000 m, flight speeds 300-500 km/h, and various flight directions

relative to the sea wave propagation line. The distance to shore was 15-20 km,

water depth = 150-200 m, The experiments included direct measurements of

the wave height by H3%-meter (H3%G in Fig. 1), recording envelope of

reflected s.ignal at the output of peak detector (PD in Fig. 1) and average
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value of signal at the output of low-frequency filter (LFFIin Fig. 1). An
example of a recording is shown, but with no coordinate values. Some

results are shown in Table 1.

Table 1
Date Wave height Wave height
by radar, cm by wavegraph, cm
6/16/71 94 84
6/21/71 182 198
6/29/71 26 29
7/2/71 48 53
7/14/71 62 67
7/15/71 37 4C
7/21/71 79 73
8/27/71 131 142

I'he accuracy of height measurements by the method considered depends

slightly on the flight altitude, but is independent of flight speed and direction.

The calculated spectral width of reflected signals is given in
Table 2.

The relation between deduced «f and the wavelength of sea
waves measurcd by the GM-16 wavegraph is shown in Fig. 2. The indicated
dependence was suggested to he used for determining the wavelength of sea
waves. For that purpose, an attachment to the peak detector measuring
the average number of overshoots of the reflected signal envelope can be

used (Fig. 3).
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Table 2

Flight direction relative Spectral
to wave propagation width &f, Hz

10/6/1970
10/8/1970
6/16/1971
7/15/1971

8/26/1971

8/27/197

4
I

Y

o

— N0V W

4
2
6
4
6.
B
8.
3
5
3
6
3

W

Fig. 2. A vs. sea wavelength,

p —
onm_f& T PC I-—]

Fig. 3. Attachment to the system of Fig. 1.

PD- peak detector; T- threshold unit: PC- over-
shoot counter; I- indicator.
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Batrakov, Yu. G. On blanking of a PPl

display by r-f waves reflected from an

underlying (water) surface. IN: Tr.

Mosk. inta inzh. zemleustroystva. No. 63,
1973, 100-105 (RZhF, 9/73, no. 9Zh206).

(Translation).

The reason is explained for occasional blanking of a 10 cm
wavelength radar display during operation above a water surface. The
cause of blanking is the attenuation of return signal owing to incident wav:
interference with the surface-reflected wave. The frequency range of
blanking is evaluated at a given sensitivity of the receiver. Numerical
evaluation snows that under operational conditions, this range may attain

hundreds of MHz.

Timofeyev, N. A., and Ye. N. Shutova.

Angular structure of the outgoing shortwave

radiation field over oceans. IN: Sb. Morsk.
gidrofiz. issled, no. 2(61), 1973, 132 -141,
(RZhGeofiz, 12/73, no. 12B234). (Translation)

The angular structure of the ocean-atmosphere brightness
field is studied from data of actinometric mecasurements and cloud observations
made during October 1969 from the '"Meteor-1" and "Meteor -2' meteoro-
lopical satellites. A method is introduced for converting the measured
intensity of 0.3-3,0 g radiation reflected into space to the equivalent radiation

flux into a half-sphere with arbitrary atmospheric upper bound. !
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Babkov, A. I. An experiment in deciphering

l internal waves from vertical aerial photographs.

IN: Aerofotos'yemka-metod izucheniya prirodnoy

’ sredy. Izd. Nauka, Leningrad, 1973, 60-64.

‘ A procedure is considered for identification of internal
waves originating in the adjoining zone between two sea water bodjes from
vertical aerial photographs. The vertical aerial photograph used as an

{ illustration (Fig. 1) was taken 4 km offshore in the Tartar Strait on

September 22, 1965, at a water depth of 20 m and moderate wind wave
: conditions (2 ball).

L4 Thrato

S T 4
Fig. . Vertical aerial photograph of the boundary between

different water masses, with the image of a system of internal
waves,

{ Scale 1:5000




The following procedure was suggested:

l. Discrimination of mapped waves taking hydrometeorological
conditions into account. For example, in Fig. 1 two types of waves ~an be
discriminated: a) surface wind waves with wavelength of 4 m and propagation
azimuth of 8700; b) within the region of more turbid water (lighter region in
Fig. 1), waves with wavelength of 25-65 m and crests almost parallel to the

boundary. The latter cannot be identified as surf.ce wind waves.

2. Establishing that the latter waves are not caused by under-

water accumulative structures. In Fig. 1 this wavelike structure is visible

on only one side of the boundary. This fact, together with the shallow water
depth (20 m) excludes underwater accumulative structures as a possible

cause of the wavelike structure in question.

3. Analysis of the change in wavelength of the observed waves.
The wavelength seen in Fig. 1 increases in the direction of the boundary,
which is in agreement with Shand's data on internal waves ( Shand, Trans.
Amer. Geophys. Un., 34, 6, 1953),

4. Establishing differences in physical-chemical characteristics
between two adjoining water masses. Inthe case considered, differences are
indicated by the color boundary, a foam band, and by accumulation of algae

and active films.

The wavelengths of the thus identified internal waves (see
Table 1) were measured by the same method used for determination of

surface wind waves (Sharikov, Cherkasov, 1959).

The propagation azimuth of internal waves is determined
either from the aircraft course or from solar azimuth., The propagation

azimuths of the internal waves shown in Fig. 1 were determined to be 302°,
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Table 1

Wavelength of internal waves (in meters)
along three piofiles

— e 55 e+ S - —————

No. ofl

Waves  Profiles

in Fig. I n ! i

LR ] .
1 ne g 62.0 WL
2 A 305 iy ;
3 200 3.7 R {
4 LI 8.4 we L
X 210 4 Tk
I3 ) REIR] 43
7 2.1 44,7

309" and 327" for profiles I, 1l and IlI, respectively. The corresponding

wavefront azimuths are 320, 39° and 57°.

The phase velocity of the internal waves was determined by
assuming a quasistationary boundary from two overlapping photographs. The
average phase velocity was thus determined to be 52 cm/sec, which agrees
well with the theoretical data of Shuleykin (Fizika morya. Moskva, lzd-vo
AN SSSR, 1953).

It was concluded that internal waves in a zone hetween two
different water masses can be identified both fromm airborne visual observations
and by using oblique and vertical aerial photographs, taking into account the

hydrological characterietics of the region and photographic conditions.
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Zagorodnikov, A. A, Obtaining the radar back -

scatter characteristic of an underlying surface

from one -dimensional DME return image,
RiE, no. 2, 1974, 289-293,

The possibility is shown of reconstructing the two-dimensional

radar backscatter characteristic P (%, y) of an underlying surface from one-

dirnensional radar return images obtained at different angles by means of

a surveillance radar. This is possible with a high range-low azirmuth-resolution

radar, because the spatial spectrum Sp (u) of the one-~dimensional image is

@ constant multiple of the spectral cross-section of P (x, y) for the

> surveyed
area I (see Fig. 1). In practice, any number of one-dimensional images, and

Fig. 1. Schematical one-dimensional image,
hence spectral cross-sections of P (x, y), at different angles in the
-1/2 <8 <m/2 range can be obtained by shifting the radar along M, --MH_]
Iine in Fig. 1. Thus the Fourier transform F[P(x, y)] can be plotted.

The function P (x, y) of the area F is tk/zn calculated by the two-dimensional
inverse transform '

!

§ (S0 (u, v)] "5?"{8[11) Ly} =P(z, p). (1)
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In the case of a statistically rough surface, the cited method
1s siniplified by substituting various averaged statistical characteristics, e, 8.
a two-dimensional energy spectrum, Sz (u, v) for the complex spectrum,
A correlation analogous to that for the complex spectrum is derived between
a cross-section of Sz (u, v) and the énergy spectrum of the one-dimeunsional
image Sz (u). The necessary number of Sz (u, v) cross-sections is thus
determined, e.g., for a rough sea surface, by the sea's anisotropy which
is evaluated from the one-dimensional angular sea spectrun. SZO(O) in the polar
conrdinate system (0, K), where KZ = u2 + vZ. Measurements of the sea
states and the average size of ice fields are cited as some examples of applying
the described niethod to statistically rough surfaces. In the first example,
the extent of the return image would be 5-10 km, if a sea wavelength < 100 m
is to be measured. With a shipborne radar, cross-sections of a two -
dimensional sea spectrum at different @ can be obtained by turning the
antenna at A9 = /2 m intervals, where m is a characteristic of sea surface
anisotropy. In the case of an ice floe, the average size of ice fields can
be evaluated from a single spatial energy spectrum of a one-dimensional
return image, obtained at an arbitrary angle. The cited examples show the
simplicity and efficiency of the described method in application to

statistically rough surfaces.

Zagorodnikov, A, A, Components of the spatial

spectrum of a DME signal backscatter from a sea
surface. RiE, no. 2, 1974, 419-421,

The power spectrum of a side-looking radar signal received
from an nnderlying sea surface is analyzed statistically, to evaluate different
components of the spectrum and their role in determining sea structure,

The author considers a resolution area with center at 0 (x, y), subdivided

into the elemental areas AS containing no more than one elemental backscatterer
(Fig. 1),
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Fig. 1. Diagram of irradiated sea surface:

£, M - coordinates of AS; Yo = glancing angle with
respect to a horizontal surface: dZ (£, n)/d¢ =
A} is the derivative of wave configuration in the
line of sight, equal to the AS slope in radiation
direction relative to the horizon.

/

The functions E (x, vy, n)mIl 2 (x, y, n) of the amplitude

and intensity of the target envelope for an image n are expressed in terms

of the AS size G, the slope F of irradiated wave elements, and signal phase
matching. The signal I (x, y, n) which defines spatial characteristics of

the sea is obtained by statistical averaging of independent images under
condition of "freezing'' a sea configuration, since E and I are random quantities.
Hence I (x, y, n) is approximated by the sum of four components: the constant
I,, the effective IC which is determined by the wave profile; the noise In’ and
the multiplicative component Irn ~ ICIn. For the case of a rippled sea surface
I, y, n) ~qi(x, vy, n),the spatial spectrum of the function q (x, y), where ¢

is a random quantity.

It is concluded that q (x, y, n) is equivalent to the three-
dimensional white noise spectrum of a two-dimensional filter £S, and hence
the effective and noise signal spectra always overlap in a single image. Under

most favorable conditions

%%
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where MZ is the dispersion and m
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Thus powers of the spatial noise and the effective signal are of the same
magnitude. It follows from mathernatical statistics that the 1vcan arithmetic
dispersion of n indepenaent images is lower by a factor n than dis persion

of a single image. Noise can be neglected by averaging 30-50 unages.

Melent'yev, V, V., and Yu. 1. Rabinovich,

Mcasuring r-{ radiation from a water surface

in 4 bagin with wave geuerator. IN: Trudy

Glavnoy geafizicheskoy observatorii, no. 295,
1973, 79-88.

This article describes multichannel measurements of r-f
radiation from an agitated water surface in an artificial tank. Experiments
were conducted in the wavestand shown in Fig. 1, equipped with a wave

generator which could generate waves up to 220 ¢m high, Specificaticns of

the stand are as follows: 1) wave basin dimensions: length - 115 1,
width-r m, height - 7.5 m; water depth to 6.5 m; 2) wave paramecters:

height 0.5-2.2 m, length 5-40 m and period 1. 8-5. 8 sec.

Measurements of height, length and perind of the waves
were taken with two types of wave recorders, or a contact type with a

spacing of 10 cm between two successive contacts, and a capacitive type.




Fig. 1. Wave stand. !

|
1 - wave generator; 2- radiometer;
3 - wave recorder 4 - wave slope; 4
5 - recseding instruments. !

The 4-channel radiometer was located on a platform, constructed over the
basin at about 30 m from the wave generator. The platform could be rotated
such that r-f radiation from the water surface could be measured at different
viewing angles from 0 to 70°. Measurements were conducted for a smooth
water surface and for wave heights of 0. 3, 0.6, 1.0, 1.5 and 2 m; the length
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of waves equalled 15, 20, and 25 for a fixed wave height.

tempe

R-f brightness

ratures were measured for srnooth and agitated water surface at
horizountal and vertical polarization,

and their contrasts were calculated.

Curves were drawn for r-f brightness temperatures ag a function of the

angle ol incidence, as shown in Fig. 2
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Fig. 2. R-f brigntness temperature

(a) and its increment due to agitation (b)

as a function of viewing angie. (A = 3.2
"cm, h=1.,5m)

a) 1- smooth surface; 2- wavey surface;

b) 1- horizontal polarization: 2. vertical
polarization,
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at both polarization in the basin was found to have positive values of

incident angles from 10° 0 35°; at large angles the brightness temperature

At N,

difference between vertical and horizontal polarizations reached 14° K
(Fig. 2). Experiments were conducted at r-f wavelengths of 3.2 and 0. 8 cm.
Comparaiive results showed that for the same parameters of the surface

wave in the basin (height 1.5 m, wave length 30 m), the characteristic |

change in brightness temperature as a function of incident angle was }

different for different r-f wavelengths.

The authors note that r-f radiation from the water surface
is affected by the noise radiation from the concrete basin walls. To avoid
this effect, they suggest that the basin be covered by sheet metal and that

the measurements should be conducted at maximum water level in the basin.
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