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METEOROLOGY

UDC 551.509.32

ARTICLES ON SHORT-RANGE FORECASTING OF METEOROLOGICAL ELEMENTS AND DANGEROUS
WEATHER PHENOMENA

Leningrad TRUDY ORDENA LENINA GIDROMETEOROLOGICHESKOGO NAUCHNO-ISSLEDOVATEL' SKOGO
TSENTRA SSSR: KRATKOSROCHNYY PROGNOZ METEOROLOGICHESKIKH ELEMENTOV I OPASNYKH
YAVLENIY POGODY in Russian No 233, 1981 (signed to press 5 Jun 81) pp 129-135

fAbstracts from collection "Short-Range Forecasting of Meteorological Elements and
Dangerous Weather Phenomena," edited by E. N. Novikova, candidate of geographical
sciences, and B. Ye. Peskov, Gidrometeoizdat, 880 copies, 135 pages]

UDC 551.577.1+551.578.7
CONDITIONS FOR FALLING OF HEAVY SHOWERS AND HAIL

[Article by Glushkova, N. I.]

[Text] The author sets forth the conditions governing the falling of heavy show-
ers and hail. The dependences between the quantity of falling precipitation, macro-
scale vertical movements and mesoscale convective currents in a cloud are determin-
ed. Expressions are also derived for computting a precipitation sum greater than 50
mm and hail, which can inflict losses on agricultural crops over a great area. Ex-
pressions are given which represent the relationship between the product of tne
radar parameters of the cloud Hmlgzm and the maximum velocity of the ascending flow
in the cloud, which make it possible to compute the quantity of precipitation over
a great area on the basis of observational data from the network of meteorological
radars. The results of the investigation can be used in the diagnosis and prediction
of precipitation and heavy hail inflicting great losses on the national economy and
also for evaluating the effect exerted on hail processes. Tables 5, references 8.

UDC 551.515.4

SOME RESULTS OF INVESTIGATION OF SYNOPTIC-DYNAMIC CONDITIONS FOR DEVELOPMENT OF
CONVECTIVE CLOUDS AND PHENOMENA ASSOCIATED WITH THEM OBTAINED DURING MONEX

[Article by Peskov, B. Ye., Zhelnin, A. A., Shupyatskiy, A. B., Khamarina, T. V.
- and Casova, K. I.}

[Text] The authors have found the dependence of convective activity on the con-
vergence of flows in the lower layers of the troposphere under favorable conditions
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of stratification and humidity on the basis of data for the equatorial zone of the
South China Sea. It was possible to ascertain the physical reasons for the influ-
ence of convergence. The article gives the diurnal variation of ccnvergence, the
pressure field, precipitation, altitude of the cloud tops (on the basis of radar
data) at sea at a distance of 100-300 km from major land masses. An analysis is
given of the role of the mesoscale pressure field in determining the divergence
of surface currents in the equatorial zone and its macroscale characteristics in
a forecast of convective activity. The vertical profiles of temperature, humidity,
instability energy, divergence and vertical movements, averaged for different
classes of cases, are given, as well at the mean values of the altitudes of the
"tops" of radioechoes and the quantity of precipitation. Figures 1, tables 4, ref-
erences 17.

UDC 551.588.7

RESULTS OF ROUTINE TESTING OF METHOD FOR SHORT-RANGE FORECASTING OF METEOROLOGICAL
CONDITIONS FOR CONTAMINATION OF SURFACE AIR LAYER

[Article by Neronova, L. M. and Ponomarenko, S. I.]

[Text] The article gives the results of the probable success of experimental
forecasts of the meteorological conditions for the accumulation and scattering of
effluents on the basis of data for 1978 in the Moscow region. It was possible to
determine the critical values of the parameters of the thermodynamic state of the
atmospheric boundary layer and the characteristic metecrological conditions recom-
mended for preparation of forecasts of the meteorological conditions for the con-
tamination of urban air. Tables 5, references 3.

UDC 551.509.323

RECOMMENDATIONS ON REFINING FORECAST OF VERTICAL DISTRIBUTION OF TEMPERATURE IN
ATMOSPHERIC BOUNDARY LAYER

[Article by Novikova, E. N.]

[Text] Pressure pattern maps for the standard isobaric surfaces, situated at a
distance of 150-200 mbar from one another, cannct be used in a reliable analysas
and prediction of the temperature fields in thinner layers of the atmosphere. The
author gives practical recommendations on refining the forecast of the vertical
distribution of temperature in the lower 500-m layer of the atmosphere on the basis
of empirical data obtained from high structures, in the example of use of observa-
tional data from the television tower at Ostankino (Moscow). Tables 3, references
6.

UDC 551.509.5

ME "HOD FOR EVALUATING FORECASTS OF CONVECTIVE WEATHER PHENOMENA AND PROPOSALS FOR
1T. IMPROVEMENT

[Article by Lapcheva, V. F.]

[Text] The article is an analysis of the existing method for evaluating operational
methods for predicting convective weather phenomena, especially forecasts of

2
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precipitation,in specific examples and proposals are given on improvement of the
evaluation method. It is shown that the evaluation principle used in the Imstruc-
tions (involving use of a small number of meteorological stations) applicable to
forecasts of convectlve weather phenomena does not agree with the nature of forma-
tlon of these phenomena and the probability of their detection using the meteoro-
logical network of observations. As a rule, the forecasts are not compared with
the real, but with some artificial weather pattern in the forecast region. The
need for using data obtained using artificial earth satellites and meteorological
radars in the evaluation of forecasts is pointed out. Tables 2, references 12,

UDC 551.501(776+777)

COMPLEX MAPS OF CLOUD COVER AND ATMOSPHERIC PHENOMENA AND THEIR USE IN SYNOPTIC
PRACTICE

[Article by Minakova, N. Ye.]

[Text] The information content of a complex map of cloud cover and atmospheric
phenomena, compiled using data from radar and visual observations, is discussed.
An evaluation of the effectiveness of radar data, making use of the complex maps,
again confirmed the high reliability of information on thunderstorms (82%) and
rains (65%). The complex maps contain a great volume of information (especially
on convective phenomena), more than "microring" charts (by 35%) or "ring" charts
(by 57%). The problem of the use of data from complex maps for determining the na-
ture of an air mass and also the degree of atmospheric instability is examined in
detail. Figures 1, tables 4, references 8.

UDC 551.509.52
QUANTITATIVE ESTIMATE OF WIND VELOCITY WITH ALLOWANCE FOR BREEZE AIR CIRCULATION
[Article by Masterskikh, M. A.]
[Text] A method for computing the pressure gradient governing the wind on the
shores of seas, lakes and large reservoirs in summer during weather with few clouds

is examined. The influence of breeze cirr~ulation cn intensification (weakening) of
the wind in the shore zone is demonstrated. Figures 1, references 4.

UDC 551.524.31

DIURNAL VARIATION OF AIR TEMPERATURE AT MOSCOW AND ITS SUBURBS UNDER DIFFERENT
WEATHER CONDITIONS

- [Article by Gerburt-Geybovich, A. A., Bakhareva, G. M. and Remizov, G. A.]
[Text] The authors computed the diurnal variation of air temperature with dif-
ferent wind directions and during a calm with different cloud cover or precipita-
tion on the basis of data from the suburban meteorological station Nebol'sina and

meteorological station Balchug, situated at the center of the city (observations
made eight times a day during the period 1966-1975). The results can be used in
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short-range weather forecasting for Moscow, and in particular, for separate allow-
ance for the diurnal variation of air temperature in the city and in its suburbs.
Figures 3, tables 3, references 7.

UDC 551.510.522

CHANGE IN METEOROLOGICAL ELEMENTS IN LOWER LAYER OF TROPOSPHERE DURING
THUNDERSTORMS AND SHOWERS

[Article by Klinov, F. Ya.]

[Text] The principal characteristics of mesoscale changes in temperature, wind
velocity and direction in the lower layer of the atmosphere during thunderstorms
and showers are considered. Using samples of measurement data from the meteorolog-
ical mast at Obninsk and the television tower at Moscow, for each of the considered
elements the author gives quantitative estimates of their mesoscale changes. These

. characteristics are indicative for possible deviations of the values of meteorolog-
jcal elements from the diurnal variation. Tables 3, references 1.

UDC 551.524.31

COMPUTATION OF THERMAL TRANSFORMATION FOR MOSCOW DURING CONSIDERAKLE ANOCMALIES OF
MEAN DAILY TEMPERATURE

[Article by Sokolova, N. G.]

[Text] Computations of the thermal transformation were made for cases of con-
siderable anomalies and sharp day—-to~day changes in mean daily temperature at Mos-
cow. The movement of pressure formations was taken into account in constructing an
air particle trajectory. The computed temperatures in the cold half-year, in compar-
ison with the actual temperatures, were exaggerated on the average by 2°C. This val-
ue can be used as an additional correction in the computations. Figures 1, tables 1,
references 2.

UDC 551.584.2

MESOSCALE REGIONALIZATION OF MOSCOW AND ITS SUBURBS WITH RESPECT TO TEMPERATURE AND
WIND

[Article by Gerburt-Geybovich, A. A.]

[Text] On the basis of processing and generalization of mesometeorological ob-
servations for 1975-1978 at 50 points in Moscow and in its suburbs it was possible
to develop a mesoclimatic regionalization of the Moscow metropolitan area and also
validate the desirability of differentiation of the background temperature forecast
for Moscow for 6-8 hours for sectors of the city and suburbs. Figures 1, tables 1,
references 4.
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UDC 551.515.5

INTERTROPICAL CONVERGENCE ZONE ACCORDING TO DATA FROM THE 30th VOYAGE OF THE
SCIENTIFIC RESEARCH SHIP 'YU. M. SHOKAL'SKIY'

[Article by Belinskiy, O. N. and Vaselov, Ye. P.]

[Text] The authors define two intertropical convergence zones (ICZ) in the western
part of the Pacific Ocean -- in the northern and southern hemispheres -- and a zomne
of divergence of wind flows. A study is made of the correlation of thelr migration
with pulsations of the subtropical anticyclones. It was established that ICZ move~
ment occurs in the direction of the resultant pressure gradient (subtropical anti-
cyclone - equator). A scheme of the development of processes in the ICZ is propos-
ed. In the ICZ regions and beyond their limit the authors computed the velocities
of ordered vertical movements, vorticity components and 522, Richardson number,
therrodynamic temperature gradients and other parameters. It is shown that for de-
lineating the ICZ boundaries it is sufficient to use the vertical spatial-temporal
sections of the meridional wind component, ordered vertical movements and dew point
spreads. Figures 2, tables 7, references 10.

UDC 551.509.32

CORRELATION BETWEEN LOWER-LEVEL CLOUD COVER AND DEW POINT SPREAD AND AIR
TEMPERATURE

[Article by Alekseyeva-Obukhov, I. A.]

[Text] On the basis of statistical processing of data from aircraft ascents dur-

ing the spring and autumn seasons of 1948-1951 it was possible to obtain expres-
sions for computing the quantity of low clouds on the basis of the dew point spread
at the 850-mbar level. A checking of the results of computations on the basis of in-
dependent material indicated that the proposed method has a good probable success
(the mean error in computing the quantity of clouds is from 0.8 to 2.0 scale units
(tenths)) for all months of the transitional seasons, except for March and November
—- monthe of the cold half-year, for which the mean error in computations is 3.8-4.9
scale units (tenths) respectively. Tables 2, references 9.

COPYRIGHT: Gidrometeorologicheskiy nauchno-issledovatel'skiy tsentr SSSR (Gidro-
mettsentr SSSR), 1981

5303
Cs0: 1865/76
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OCEANOGRAPHY

UDC 551.46
COLLECTION OF PAPERS ON MARINE HYDROLOGICAL COMPUTATIONS AND FORECASTS

Leningrad TRUDY ORDENA LENINA GIDROMETEOROLCGICHESKOGO NAUCHNO-ISSLEDOVATEL ' SKOGO
TSENTRA SSSR: MORSKIYE GIDROLOGICHESKIYE RASCHETY I PROGNOZY in Russian No 241,
1981 (signed to press 25 May 81) pp 107-112

[Abstracts from collection of articles "Marine Hydrological Computations and Fore-
casts", edited by V. S. Krasyuk, candidate of geographical sciences, and K. M.
Sirotov, candidate of geographical sciences, Gidrometeoizdat, 510 copies, 112
pages]

UDC-551.463.6(261)
MACROSCALE WATER SURFACE TEMPERATURE ANOMALIES IN THE PACIFIC OCEAN
[Article by Karasev, Ye. V. and Ugryumov, A. 1.]

[Text] The article gives a statistical analysis of the field of water surface
temperature anomalies in the northern part of the Pacific Ocean (20-50°N) on the
basis of data for 5° grid squares during the period from 1949 through 1976. Using
the information content index Ip, the spatial correlation and autocorrelation func-
tions it was possible to discriminate four informative regions of the ocean, arbi-
trarily called: northern, central, southwestern and southeastern. It is proposed
that the use of information from the ocean areas of these regions will be most use-
ful for investigating the macroscale interaction between the ocean and atmosphere
for the purposes of long-range weather forecasting. Figures 3, references 17.

UDC 551.526.6:551,465.635
CYCLICITY OF VARIATIONS IN WATER SURFACE TEMPERATURE ANOMALIES IN PACIFIC OCEAN
[Article by Karasev, Ye. V. and Ugryumov, A, 1.}
[Text] The authors analyze the results of computations of the spectral density
functions for water surface temperature anomalies in four informative regions of
the Pacific Ocean: northern, central and two southern (southwestern and southeast-

ern) regions. The basis for the computations was time series Aty for the period
from 1949 through 1962, As a result of the analysis it was demonstrated that along

L 3
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the North Pacific Ocean subtropical circulation there is a predominance of long-
period variations with a period of 4.2 years, coincidiag with the full period of
circulation of water masses. Variations of water temperature anomalies with lesser
periods (about 10 months) are noted in the southwestern part of the Pacific Ocean
in a zone of well-expressed currents. Also examined is an approximate scheme of
the interrelationship of ocean currents and the field of water temperature anomal-
ies in accordance with the scheme proposed by V. G. Kort (1970). Figures 3, refer—
cnces 16.

UDC 551.465.41
PREDICTION OF WATER TEMPERATURE IN OCEAN
[Article by Kalatskiy, V. I. and Nesterov, Ye. S.]

[Text] A statistical method is proposed for taking into account the advection
of heat by currents in hydrothermodynamic models of thermal structure of the ocean.
The influence of advection is characterized by the error in computing water tem-
perature in a two-layer model without advection. It is shown that the maximum errors
are concentrated in zones of strong currents and are stable in time. This served as
a basis for developing the proposed method. The use of this method in forecasts of
the mean monthly distribution of water temperature in the North Atlantic made it
possible to increase the guaranteed probability of forecasts by 5-10%. Figures 1,

- tables 1, references 3.

UDC 551.465.62

POSSIBILITY OF DETECTING FRONTAL ZONES USING DATA ON SURFACE WATER TEMPERATURE
FROM COMMERCIAL AND FISHING VESSELS

[Article by Getman, T. F.]
[Text] On the basis of an analysis of five-day maps of surface water temperature
in the northern part of the Atlantic Ocean it is shown that it is possible to detect

frontal zones. An evaluation of the observation errors is made. The number of
errors is 4% of the number of observations. References 5.

UDC 551.526.6

EVALUATION OF 'THERMAL INERTIA' AND USE OF SUIPBOARD OBSERVATIONS OF OCEAN WATER
TEMPERATURE

[Article by Gavrilyuk, R. V.]
[Text] The fields of water temperature anomalies, given at nine points in the
North Atlantic, are represented in the form of series of expansion in natural

components. For an evaluation of the thermal inertia of the fields of water temper-

ature anomalies the author finds the correlation of each preceding monthly value
of the expansion coefficient with its value after two, three and four months. It

7
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is shown that there is a possibility for predicting water temperature for 3-4
months in advance. For a more complete representation of the fields of water
temperature in the North Atlantic the author also gives an analysis of maps of
the mean monthly water temperature values, averaged by 5° grid squares. Rather
high values of the correlation coefficients between the series of observations
made on the weather ship and the series of observations in the square corres-
ponding to the site of the ship (excepts for weather ships A and B) indicated the
possibility of supplementing the weather ship data with series of observations

in 5° squares. Tables 5, references 3.

UDC 551.521
COMPUTING THE INFLUX OF SOLAR HEAT AT THE SEA SURFACE
[Article by Krasyuk, V. S.]

- [Text] Formulas are proposed making it possible to computé the diurnal values
of the influx of total solar radiation on the water surface of the oceans on the
basis of cloud cover data, taking into account the coefficient of atmospheric
transparency, dependent on geographical latitude. A computation nomogram, con-
structed using the derived formulas, is presented. Figures 1, references 4.

UDC 551.461.25

IXPERIENCE IN USING A HUYDRODYNAMIC MODEL FOR COMPUTING SURGES IN THE NORTHERN
CASPIAN

[Article by Getman, I. F.]

[Text] The computations are based on a numerical solution of hvdrodynamic equa-
tions for shallow water by the fractional intervals method. A peculiarity of this
approach is the stipulation of the condition of an invariable level at the water
boundary between the Northern and Middle Caspian. Computations of the catastrophic
surge in the northwestern part of the Northern Caspian in 1952 are presented. Nomo-
grams are constructed for computing surge level changes as a function of the velo-
city, direction and duration of the wind for several points in the Northern Cas-
pian. The nomograms were checked using a 34-year series of observations. The ratio
of the mean square error to the standard deviation from the mean was equal to 0.614
and 0.648 for the different surges, which is satisfactory for the used series of
observations. Figures 2, tables 1, references 6.

UDC 551.465

TYPHOON EFFECT ON VERTICAL STRUCTURE OF OCEAN WATERS (MATERIALS FROM THE '"TAYFUN-75"
EXPEDITION)

[Article by Makarov, Sergey]

[Text] On the basis of materials from the "Tayfun-75" experiment, carried out
in July-October 1975 in the northwestern part of the Pacific Ocean, the author an-
alyzes the fields of hydrometeorological and hydrophysical characteristics before

8
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and after the passage of a typhoon. On the basis of a classification of vertical
water temperatures it was possible to detect two oceanic formations with horizon-
tal dimensions of some hundreds of miles. It is noted that the trajectory of move-
ment of the typhoon coincided with the zone of separation of the mentioned forma-
tlons. An explanation is given for the two-level nature of the distribution of hy-
drometeorological and hydrophysical characteristics in the polygon after the pas-~
sage of a typhoon. Figures 2, tables 1, references 5.

UDC 551.464.3
ORIGIN OF THE SUBSURFACE SALINITY MAXIMUM IN THE NORTH ATLANTIC
[Article by Chernyavskiy, Ye. B. and Kutalo, A A.]

[Text] A study was made of the degree of correspondence of the localization of
waters of maximum salinity in the North Atlantic to the extrema in the fields of
wind and evaporation-precipitation difference. An evaluation is made of the rela-
tive roles of sources of advective and local origin of the subsurface salinity max-
imum in the Sargasso Sea. It was possible to define regions of advective origin of
the subsurface salinity maximum and the regions of its local formation due to con-
vection during evaporation without disruption of the above-lying waters ("convec—
tive puncture" mechanism). Use was made of survey materials from the 23d voyage of
the scientific research weather ship "Passat" (300 hydrological stations). Figures
3, references 1l.

UDC 551.465.41(520)
SOME RESULTS OF COMPUTATION OF CIRCULATION OF WATERS IN WORLD OCEAN IN 1° GRID

! [Article by Sarkisyan, A. S., Demin, Yu. L., Dzhioyev, T. Z. and Brekhovskikh,
- A, L.

[Text] The article gives some results of diagnostic computations of currents in
the world ocean (that is, computations made from the observed density and wind
fields) for the summer season. The computations were made in a 1° grid at 31 depth
- horizons. The basis for the computations was the fields of mean long-term tempera-
ture and salinity values obtained by Princeton University (United States). The com-
- pututions were made on the basis of the A. S. Sarkisyan quasigeostrophic model.
The equatorial boundary layer was smoothed in the following way. First, use was made
of the procedure of continuous calculations across the equator, and second, the as-
sumption was made that ¢ = const = 2.5° in the zone from 2.5°N-2.5°S. The results
quite precisely reflect the principal peculiarities inherent in circulation of the
waters of the world ocean during summer. This pertains especially to regions of
strong jet currents, for which rather high velocity values were obtained. Refer-
ences 3.
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UDC 551.465.41(520)

NUMERICAL INVESTIGATION OF CIRCULATION OF WATERS IN ANTILLES—GUIANA COUNTERCURRENT
REGION

[Article by Dzhioyev, T. Z.]

[Text] The author gives the results of computations of currents in the region

of the Antilles-Guiana Countercurrent on the basis of data on density and atmo-
spheric pressure at sea level by means of use of a level surface and the total
flows function. The equations for the level surface and the total flows function
are solved by the directed differences method with use of a Gauss-Seidel iteration
process. Specific computations were made for the ocean area 15-30°N, 60-80°W using
a BESM-6 electronic computer. The horizontal interval of the grid region used was
0.5°; the vertical interval was nonuniform. The number of computation horizons was
10. The article gives a comparative characterization of the results obtained by the
two methods. The results of the computations are represented in the form of maps
of topography of the level surface and charts of the velocity vectors at the 50-m
horizon. Figures 2, references 2.

UDC 551.466.2

COMPUTATION OF SPECTRAL CHARACTERISTICS OF WAVE FIELDS OVER GREAT AREAS OF NORTH
ATLANTIC

[Article by Pokhil, A. E.]

[Text] A study was made of the possibility of use of the spectral theory of

waves for developing a practical method for predicting wave fields. The wave para-=
meters are computed by a method based on solution of the balance equation for wave
energy written in spectral form. The optimum computation conditions are found for
precomputation of large fields. The possibility of using a BESM-6 computer for com-
puting waves over an ocean area up to 20.106 km2 with an error not exceeding 20%
was demonstrated. A nomogram is given which can be used in computing the time ex—
penditure on a BESM-6 computer when computing wave fields of any extent in comput-
ation periods of any duration. The author estimates the computation errors for
different spatial and temporal computatior: intervals. Figures 2, tables 2, refer-
ences 6.

UDC 551.466.2
SWELL WAVES IN NORTH SEA
[Article by Sett, L. S. and Sirotov, K. M. ]
[Text] For the first time for the North Sea it was possible to classify the
wind fields, compute the fields of wind waves and swell for typical conditions of

their generation and give the values of the parameters of wind waves and swell for
each type of field. The errors in the computation method employed decrease with an
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increase in wave height and increase with an increase in the advance time of the
computations. For wave heights of 2.5-5m and for an advance time of 24 hours the
computation errors do not exceed 15-18%. Figures 1, tables 1, references 4.

UJC 551.467.3

LONG-RANGE FORECAST OF RATE OF WATER COOLING TO FREEZING TEMPERATURE IN THE BARENTS,
WHITE AND BALTIC SEAS

[Article by Sheremetevskaya, O. I.]

[Text] A long-range forecast of the times of first appearance of ice in the

Barents, White and Baltic Seas is prepared on the basis of a forecast of the rate of
water cooling, taking into account the initial temperature and the freezing point.
The mean rates of water cooling during the autumn for the years 1944-1976 were com-
puted. The cooling rate field is represented analytically by expansion into a series
in natural components. The forecast of the cooling rate field is prepared taking in-
to account atmospheric circulotion, water temperature in the Atlantic and position
of the high-altitude frontal zone. Figures 1, tables 2, references 11.

UDC 551.467.3

USE OF ENTROPIC EXPRESSION FOR EVALUATING RELIABILITY OF PREDICTORS OF PROGNOSTIC
EOUATIONS

[Article by Kutsuruba, A. I.]

[Text] A study is made of the possibility of using one of the concepts of infor-
mation theory, an entropic expression, as a criterion for choosing predictors in
writing new prognostic expressions. The entropic expression is a measure of the in-
formation which is acquired when allowance is made for the argumentative factor.

- Fntropic expressions are found for the predictors entering into equations employed
in predicting the clearing of ice from the Sea of Azov, Black and White Seas (for
a number of years —- from 1945 through 1979). Preliminary conclusions are drawn
concerning the reliability of these predictors on the basis of a comparison of the
determined values of the cntropic expression. Tables 1, references 8.

UDC 551.467.03

EXPERIMENT IN ALLOWINC FOR ASTRONOMICAL AND GEOPHYSICAL DATA IN LONG-RANGE
PREPICTION OF ICE CONDITIONS IN BALTIC SEA

[Article by Nikolayev, S. G.]

[Text] Long-range (3 and 7 months in advance) prediction of position of the

edge of floating ice at the times of maximum development of the ice cover in the
Baltic Sea was carried out with allowance for the cosmic and geophysical background.
The prediction errors along the "Leningrad-ice edge" track did not exceed 67 miles
with an admissible error of +90 miles, Figures 1, tables 1, references 7.

COPYRIGHT: Gidrometeorologicheskiy nauchno-issledovatel'skiy tsentr SSSR (Gidro-
mettsentr SSSR), 1981
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UDC 551.465.41
MODEL OF NONSTATIONARY TURBULENT HEAT AND MASS EXCHANGE IN FLUID.WITH HIGHLY
STABLF. STRATIFICATION

Moscow IZVESTIYA AKADEMIT NAUK SSSR: FIZIKA ATMOSFERY T OKEANA in Russian Vol 18,
No 3, Mar 82 (manuscript received 28 Apr 81) pp 262-268

[Article by G. I. Barenblatt, Institute of Oceanology, USSR Academy of Sciences]

[Text] Abstract: A two-phase model of nonstationary
turbulent heat and mass exchange in a highly
stable stratified fluid is proposed. The fluid
is represented in the form of a set of two
mutually penetrating phases: turbulent spots
and laminar layers. Two temperature fields are
accordingly introduced. The heat and mass bal-

s ances are determined separately by phases. The

exchange of heat and matter between phases is
taken into account. The proposed model is ap-
plied to the temperature field and concentra-
tion in the upper thermocline of the ocean.
It is shown that the model explains, in partic-
ular, the development of a temperature jump be-
tween the upper quasihomogeneous layer and the
thermocline.

1. Introduction. The main characteristic of turbulence under conditions of a high-
ly stable stratification is that it does not affect fluid universally. Under such
conditions turbulence is concentrated in sharply defined disklike spots separated
by relatively thin layers in which movement is laminar and transpires in conform-
ity to the molecular mechanism. Such an "insular" structure of turbulence, to use
the graphic expression of A. V. Gaponov-Grekhov, governs the indicative character-
istics of the process of nonstationary turbulent heat and mass exchangé in a high-
ly stable stratified fluid.

The two-phase model of this process proposed in this article in general is as fol-
lows. The fluid is represented in the form of a set of two mutually penetrating
phases: turbulent spots and laminar layers. At each point we therefore introduce
into consideration two temperatures (and (or) concentrations) -- temperature of
spots Ty and temperature of layers (interlayers) Ti. The temperature fields of the
spots Tg and layers T; constitute the result of interpolation of the temperature
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ficld separately for spots and layers. The exchange of heat (or matter) between
phases, that is, between spots and layers, 1s taken into account. The balance of
heat (matter) 1s determined separately by phases, that is, for spots and layers.
Here 1t is taken into account that the spots are isolated from one another and
that the relative volume of the layers is small. With the assumptions made the
very same equation is derived. It differs from the usual thermal conductivity
equation, but at the limit, for slow processes, undergoes transiction into the
ordinary thermal conductivity equation.

The proposed two-phase scheme is tested in a model of the seasonal thermocline of
the ocean in the form of a traveling thermal (diffusional) wave in front of the
submerging lower boundary of the upper quasihomogeneous layer. It appears that
this scheme cannot explain, in particular, the development of a temperature jump
between the quasihomogeneous layer and the thermocline with rapid subsidence of
the lower boundary of the upper quasihomogeneous layer.

2. Physical representations of the model and fundamental equations. A characteris-
tic property of turbulence under conditions of a highly stable stratification is
its high degree of intermittence, spottiness [1~3]. Within the spots the tramsport
of heat and (or) matter is accomplished by turbulence and therefore the conductiv-
ity in spots is much greater than the conductivity in the layers and the tempera-
- ture (concentration) gradient within individual spots can be neglected. Then, as
indicated by the in situ measurements of Woods [1] and others, as well as indirect
evaluations, the relative volume of the laminar layers between spots is small; it
1s about 1/100. The spots have the form of greatly flattened disks (the ratio of
height to diameter for the most part is of the order of 10~2 or less), which has a
theoretrical validation [4]. We will discuss further the matters of temperature and
heat exchange, bearing in mind that everything stated is automatically applicable
to rhe concentration and muss exchange of diffusing matter.

Fig. 1. Two-phase model of turbulence in case of highly stable stratification.

In accordance with what has been stated above, we will represent the model of a
turbulent fluid under conditions of its highly stable stratification in the form

of "brickwork" (Fig. 1): turbulent spots having the form of highly flattened disks
or "bricks," separated by "cement," relatively thin laminar layers. We will intro-
duce two temperature fields into consideration: temperature Tg of spots and temper-
ature of layers T;, by these notations meaning the temperature fields interpolated
and smoothed in space separately for spots and layers. Thus, the turbulent f1luid
under conditions of a highly stable stratification is represented in the form of

a set of two mutually penetrating continuous media: turbulent spots and laminar
layers.
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We will write the heat balance equations separately for turbulent spots and lam-
inar layers. The turbulent spots are isolated from one another and within the
spots the temperature gradient is small. Accordingly, in the heat balance equa-
tion for the spots there is no heat transfer by thermal conductivity and the rate
of change in the heat content in the spots in a unit volume of fluid JyscTsis
equal to the rate of heat loss from the spots to the layers in this volume -g:

discT,=—q. (2.1)

Here s is the relative volume of the spots, ¢ is the heat capacity of the fluid, t
is time, q is the quantity of heat flowing from the spots to the layers in a unit
volume in a unit time.

On the assumption that the fields of both temperatures are horizontally uniform and
change only with time t and in depth z, we obtain an equation for the heat balance
in laminar layers

9,(1=s) cTi=ked 2T 14, (2.2)

where kqgg 1s the effective thermal conductivity coefficient in the medium of the
laminar layers; its determination will be discussed below.

We note that the parameter (1 - s) -- the relative volume of the laminar layers --
is small. The g.cT) parameter has the same order of magnitude as the parameter
atcTs, which, in accordance with (2.1) is close to ¢ since s is close to unity.
Accordingly, the rate of change of the heat content in the layers -— the left-hand
side of equation (2.2) -- is small in comparison with the intensity of heat flow

q entering into the right-hand side and equation (2.2) can be simplified:

kelraxsz(+q=O. ) (2.3)

Finally, it is natural to assume tha: the intensity of heat flow q between the
phases is proportional to the temperature difference of the spots and layers:

g=A(T.—T). (2.4)

Here A is a proportionality factor constant for a particular fluid and a particular
turbulence field in it, whose determination will also be examined below. Expres-
sions (2.1), (2.3), (2.4) make it possible to derive a closed system of equations
for the temperatures Tg and Tj. With the simplest assumption concerning constancy
of the relative volume of turbulent spots this system has the form

(2.5)
A1 A (T, —1)[t=0, :

wd LT+ (To=T1) /x=0. (2.6)

Excluding, we obtain one and the same equation for both temperatures Tg and Ty:
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6.T.=u0,2,T.+1|B.’,,T,;

AT =udnTitn0inT. (2.7)

The coefficients in equations (2.5)-(2.7) are determined in the following way:
w=ken/cs, T=CS|A, N=nT. (2.8)

Thus, X is some compound thermal diffusivity coefficient corresponding to the ef-
fective thermal conductivity of the layers but the heat capacity of the spots.

Then T 1is the characteristic time of thermal relaxation of the spots. The new
coefficient 7 obviously has the dimensionality of area. Equations of the type (2.5)
~(2.7) were examined earlier in relation to other physical problems [5-7].

It can be seen that equation (2.7), which satisfies both temperature fields, dif-
fers from the ordinary thermal conductivity equation. We introduce the character-
istic time of the process ‘EO and the corresponding characteristic spatial scale
L= ()f,fo)l 2 and we will proceed to dimensionless indzpendent variables

d=t/t, C=z/L, (2.9)

then equations (2.7) will assume the form

DT =0T+ (1/70) Dot Ty
(2.10)
- aoj',:‘a:;T"*'(T/To)a:tCTl-

If we examine a slow heat exchange process for which the characteristic time T

is much greater than the characteristic time of the thermal relaxation of spots T,
then the parameter T/ T(, entering into equations (2.10), is small and these equa-
tions are transformed to an ordinary thermal conductivity equation. Thus, a quali-
tative difference in turbulent thermal conductivity under conditions of a strong
stable stratification from ordinarv thermal conductivity must be expected for es-
sentially nonstationary processes, whose characteristic time is comparable to the
time of thermal relaxation of the spots.

3. Boundary and initial conditions. The formulation of boundary-value problems

for system (2.5), (2.6) 1s characterized by a definite singularity because this sys-
tem is degenerate: the derivative JT§ 1is absent in it. Now we will return to the
unsimplified equation (2.2) in which this derivative has been retained and we will
write the full system in the form

3 T=—(T.~T) /%, edTi=xduTH(T.—T)/T (3.1)

Here £ = (1 - s)/s is a small parameter. For system (3.1) it is already necessary
tc stipulate two initial conditions -- for Tg and for T) . We introduce the "fast"
time O = t/¢ . System (3.1) is rewritten in the form

OoT,=—E(T,—‘T,)/T, aeT1=\]f’):;T|+(T.—'Tl)~ (3.2)
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We will take ty> 0 as small as desired. Then with £-0 the value 91 = tl/E, tends
to infinity. According to the first equation (3.2), 39Ts->0, so that T_ remaine
unchanged whereas T; instantaneously at ordinary time scales t tends to solution
of the equation '

N0l +(T,—T1)=0 (3.3)

with corresponding boundary conditions. Thus, with €- 0, that is, for a degenerate
system, it is possible to stipulate arbitrarily only the function Tg(z, 0) -- the
initial distribution of temperature in the spots. The initial temperature distrib-
ution in the layers T (z,0) is obtained as a solution of the equation

N05T (2,00 =T1(2,0) =—T.(2,0).

(3.4)
The solution of equation (3.4) is obviously represented in the form
- - 1 7—
T, (z, 0) _—_-C‘e—'”"+C,e’”“ +— j T.(§, 0)sh (-—_‘E) dt, (3.5)
Vo) n

The function TL(z, 0) is continuous with its first two derivatives. Accordingly,
the constants Cy, C, are determined from the boundary conditions (with t = 0, if
the boundary conditions are dependent on time). On the other hand, the function
Tg(g , 0) can be discontinuous and have discontinuities of the derivative 3sz
(§, 0). Taking into account the order of the singularity of equation (2.7) and
using the known technique of generalized solutions of linear equations with par-
tial derivatives (see [8]), we can obtain

[T'] =[Tl]'—0 exp ("‘t/") ' [a,T.] =[atTc] () BJ;p (—t/‘l') . (3 .6)

Here [¢] 1s the discontinuity of some @ value at the point z at the time t: [¢]
=Pz +0,t) - p(z-0,t), and [P]. = o is the same discontinuity at the
same point with t = 0: [@ ] =g = (z + 0,0) -9 (z - 0,0). Thus, in contrast to
solution of the classical thermal conductivity equation, the temperature jumps in
the spots, satisfying equation (2.7) and its depth derivative, do not disappear

instantaneously but attenuate exponentially.

4. A traveling thermal wave is a model of the upper thermocline in the ocean. The
authors of [9, 10] independently proposed a model of the upper thermocline in the
form of a traveling thermal wave. On the assumption that the exchange processes
transpiring in the upper thermocline are stationary, uniform and microscale, for
the distribution of excess temperature & (z, t) we obtain the ordinary thermal
conductivity equation '

9.8=%0:.6, : (4.1)

where the excess temperature 1is the difference between the temperature and the
mean temperature for the year. The solution of equation (4.1), of the traveling
wave type, has the form O= 6(5),& =12z - ut - hg. Here u is the rate of subsid-
ence of the lower boundary of the upper quasihomogeneous layer of the upper boun-
dary of the thermocline -- a slowly changing function of time, hg is the depth of
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the upper quasihomogencous layer at some arbiltrary moment in time t = 0. Satis-
fying the conditions 8 = 60, O (c0) = 0, where &, 1s the excess tempera-
ture at the upper boundary of the thermocline (a slowly changing function of
time), we obtain a solution of tle traveling wave type :

.2
©6=6, exp (—uk/x). .2)

This model agrees well with data from laboratory measurements and also in situ ob-
servations, averaged over an adequately great time interval, about 10 days. The

: heat exchange processes in the upper thermocline under highly nonstationary condi-
tions, in accordance with the above, must be described by system (2.5), (2.6). In
particular, the temperature of the spots is described by equation (2.7); this same
equation is correct for the excess temperature in the spots:

9,8,=%0:.8,+12.::0.. (4.3)

We will examine the solution of equation (4.3), of the traveling wave type 95 =
QS(S), §= z - ut - hy. Substituting this expression into (4.3), integrating
once and using the boungary condition with £= 90, we obtain
d'0 de,
e — %, = — 10, =0, 4.4)
un pro %
With £ > 0 the solution of equation (4.4) evidently has the form

0,=0, exp (—ak), a==_[(x’+4u’n)"'—u]/2un. (4.5)

However, the constant Qi no longer can be determined from the continuity condition

- with & = 0 since the temperature in the spots must not be a continuous function of
the z-coordinate. On the other hand, the temperature in the layers is a continuous
function of the coordinate, so that 81(0) = @,, where O, 1s the excess tempera-
ture of the upper quasihomogeneous layer. We will take the first equation of sys-
tem (2.5), retaining validity for excess temperatures:

8,0,=—(8,—8y)/t. (4.6)
Substituting into this equation 6s = 85(2), 9_2 = 61(5 ), we have

—ud®,/dg=—(6,—0) /. %.7)
Using (4.5) and assuming % = + 0, we obtain

ua®,=—(0,—06,) /7, (4.8)

hence we find the excess temperature in the spots at the upper boundary of the
thermocline:

e _ eo . 2%80 — 260
S Futa | [Getdem)tx] AR (4.9)
p=duin/n*=4ut/x. (4.10)
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Thus, with not very small p the 91 value is not equal to 90, so that the excess
temperature of the spots at the upper boundary of the thermocline is not equal to
the excess temperature of the quasihomogeneous layer: there is a finite tempera-
ture jump (Fig. 2). This circumstance also explains why the in situ measurements
with low-inertia instruments sometimes reveal an appreciable temperature jump. In
actuality, it is the temperature of the spots which is for the most part measured.
In the case of relatively large instantaneous u the ,Bparameter can have an ap-
preciable value. On the other hand, the rates of subsidence, averaged over a long
time interval, are small; the parameter ,B is small and in a comparison with data
from averaged measurements the jump should not appear. We note that a different
explanation of the nature of the jump was given ir a study by G. I. Shapiro [12].

5. Some evaluations. Summary. We will begin with evaluations of the coefficient
keff. Layers having the molecular thermal conductivity kpo] and the relative volume
1 - s are separated by turbulent spots having the relative volume s and the ther-
mal conductivity kturb' Since the temperature gradient in the spots is neglected,
the temperature drop in a layer of a unit thickness is created by the thermal re-
sistance of layers with the relative thickness 1 ~ s and we obtain

kai=knor] (1—5), (5.1)

so that in order of magnitude keff.«/lozkmol. Then for the characteristic time of
thermal relaxation of spots T we have, obviously

T~lz/nl' . (5'2)

Here Q {s the mean thickness of a turbulent spot for a particular flow, X g is the
effective coefficient of turbulent thermal diffusivity in the spot. Bearing in mind
that turbulence is not strongly developed in the spots, for x it is possible to use
an estimate in rather wide limits %Savlo‘l-lo cm?2/sec. The thicknesses of the tur-
bulent spots also vary in a wide range! from ten to several hundreds of centimeters
Therefore, if for the ¥ coefficient we obtain a relatively stable estimate of }'-10'1
cm2/sec, the characteristic time for thermal relaxation of the spots varies in a
wide range: from 10 to 105 sec. Depending on the T value, prevailing under the con-
ditions of this flow and the characteristic time of the heat exchange process, the
effects considered in this study may be both significant or insignificant. In par-
ticular, depending on T the rate of subsidence u of the quasihomogeneous layer at
which the effects considered here will be significant is

u~ (/1) ""~10~'+10"" cm/sec,
which falls in the region of real rates of subsidence.

There do not seem to be fundamental difficulties in taking horizontal inhomogeneity,
the variability of the relative volume of spots, etc. into account in the described
scheme. However, despite all the importance of these circumstances for practical
computations, allowance for them does not change the qualitative picture of the
phenomenon.

Since the coefficients of molecular thermal diffusivity and diffusion for sea water

differ by two orders of magnitude, the rate of subsidence u of the quasihomogeneous
layer at which the effects considered above become significant is an order of
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magnitude less for the halocline than for the thermocline. Accordingly, it is en-
tirely possible to observe salinity jumps in the absence of temperature jumps.

K

Fig. 2. With high rates of subsidence of the upper boundary of the thermocline the
temperature experiences a discontinuity.

Under definite conditions the relative volume of the layers may not be small and
therefore it is quite impossible to neglect the rate of change in heat content in
the layers in system (3.1) and the equation for temperature in the spots assumes
the form

i S oer o+ APy S TN (5.3)
s s

A similar equation is derived in this case for the temperature of the layers.
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EXPERIMENT IN MACHINE PROCESSING OF SATELLITE OCEANOLOGICAL INFORMATION

Leningrad UCHENYYE ZAPISKI LGU, SERIYA GEOGRAFICHESKIKH NAUK: SPUTNIKOVAYA

OKEANOLOGIYA, CHAST' 2 in Russian No 27(403), 1980 (signed to press 16 Apr 80)
pp 118-119

[Article by V. V. Vinogradov, I. V. Likhachev and D. K. Staritsyn]

[Text] The article examines the results of processing of satellite infrared in-
formation obtained from artificial earth satellites in a direct transmission
regime. In the processing use was made of data from "NOAA-2" artificial earth
satellites during their flight over the polygon of the international tropical
experiment GATE-74.

The results of the processing are presented in the form of profiles and temper-
ature maps of the ocean. We compared the results of processing of artificial
earth satellite data with synchronous data from radiation measurements from an
IL-18 aircraft of the Main Geophysical Observatory imeni A. I. Voyeykov and
subsatellite measurements from sclentific research ships in the GATE-74 poly-
gon. Aboard the aircraft and on the scientific research ship "Akademik Koro-
lev" synchronous measurements were made using identical apparatus: IR radio-—
meters in the spectral range 9—12rpm.

Maps of radiation temperature were obtained which have a greater information
content than the mean long-term maps.

The temperature of the ocean surface is one of the principal physical charac-
teristics determining the intensity of dynamic processes in the ocean and ex-
- erting an influence on formation of atmospheric circulation.

It is entirely obvious that there 1s a need for obtaining mass operational data
concerning the surface of the world ocean in order to meet a whole series of
needs and requirements on the part of the national economy and science. In con-
nection with the development of new technical means for the noncontact measure-
ment of thermal radiation in the IR spectral reglon it is now possible to ob-
tain data on the temperature of the water surface from artificial earth satel-
lites. From each quasipolar orbit, depending on the flight altitude and tech-
nical specificacions of the vehicle, the artificial satellite scans a part of
the ocean with a total breadth up to 3000 km [I. P. Velov, 1967; K. Ya. Kon-
drat'yev and Yu. M. Timofeyev, 1970; U. Bandin, 1975].
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Since In a direct transmission regime an artificial earth satellite glves high-
er-quality information, it was received in the ocean under conditions of an in-
significant cloud cover aboard the scientific research ship "Akademik Korolev."
outfitted for this purpose with special receiving-recording apparatus.

The principal tasks in the reception of temperature data were the checking of
the reliability of information and study of the possibility of its use in
oceanological practice.

The work, for which about 40 scientific research ships, located in the GATE-74
polygon, were used in a comparison of the measured parameters, was carried out
for the first time for oceanological purposes. Such a combination of subsatel-
lite support made possible a better study of the problems related to the tie-
in of the collected information, an evaluation of its reliability and planning
a measurement method and operational use.

The maps of absolute temperature of the ocean surface were plotted without tak-
ing absorption into account on the basis of synchronous reference measurements
in the IR range from the scientific research vessel "Akademik Korolev." .

In an operational analysis the great volume of satellite information requires
the use of high-capacity electronic computers. Experience in the use of digital
computers indicated that using electronic computers outfitted with appropriate
input-output devices it is possible to solve a wide range of problems related
to the collection, registry, transmission and analysis of TV and IR informa-
tion.

Now we will examine the problems involved in the preparation and input of data
obtained from artificial earth satellites using special apparatus -- two-chan-
nel scanning radiometers with the information being represented in the form of
an analog signal in the memory of an M-222 electronic computer for subsequent

analysis -- and constructing maps of temperature distribution in digital form.

The use of two-channel scanning radiometers on "NOAA" artificial earth satel-
lites, operating in the visible and IR spectral regions, on the one hand made
it possible to obtain a line image of the earth during both daytime and night-
time, and on the other hand, created the fundamental possibility of represent-
ing the information in digital form, its coding and input into an electromnic
computer.

An individual scanning line for the ''NOAA-2" artificial earth satellite begins
with a group of synchronizing pulses which can serve as time reference points,
this being followed by useful information from the IR radiometer; then comes
the calibration step (the step interval corresponds to a change in the observed
brightness temperature by 20°K with a temperature interval from 310°K -- black
—— to 180°K -- white); the first half of the line 1s closed with a signal on
the total amplitude value (indicator of system operating stability). The sec~
ond half of the line also begins with a group of synchronizing pulses, follow-
ed by useful information in the visible part of the spectrum, ''calibration
wedge" and total signal (100%) (Fig. 1).
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Fig. 1. Positioning of information sectors on scanning line of IR radiometer
of United States artificial earth satellite '"NOAA-2."

KEY:
A) Underlying ocean surface
B) Space
C) Calibration levels (telemetric window)
D) Rear area (level 100%)
E) Reproduction synchronizing pulse (level 47%)
F) Front area (level 100%)
G) Synchronizing pulse
H) IR channel
I) Visible channel

Information from the IR channel is transmitted with the corresponding synchron-
ization and calibration signals during the time of rotation of the radiometer
dish by 180° (0.625 sec). Another kind of information is transmitted during the
next 0.625 sec. Such a scanning radiometer makes it possible to scan the earth's
surface with a resolution of about 7.4 km at the subsatellite point.

In the experiment, from among the best—quality records on the magnetic tape of
the facsimile magnetic recorder we selected the record for 31 August 1974,
which was used as the object for detailed and thorough processing.

Automated machine processing of satellite information was divided into two

stages:
1) signal detection, filtering and transformation of an analog signal into a

binary code; .
2) extraction of information from the computer, forming a frame, geographic

tie-in and construction of a map of radiation temperatures.
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Figure 2 1s a block diagram of the system for the input and machine processing
of data, consisting of an information source (receiving station or magnetic re-
corder), analog signal amplifier, signal envelope detector, analog~discrete
converter, group of amplifiers-shapers and the input circuits of an M-222 elec-
tronic computer. The results of processing of satellite data were fed out to
the alphabetical-digital unit.

baox
Npuemnas MarnuTogon AUNC |-~ popmupo-f—> M-222
CTanyus savened

A) B) c) D) E) B )]
MTA Jaaetoumi
LHesa"{ H) reneparop | I)

Fig. 2. Block diagram of apparatus for input of telemetric satellite informa-
tion into electronic computer. Explanation in text.

KEY:
A) Receiving station
B) Magnetic recorder
C) Analog signal amplifier
D) Signal envelope detector
E) Analog-discrete converter
- F) Group of amplifiers-shapers
G) M-222 computer
H) "Neva" phototelegraphic apparatus
I) Master oscillator

The analog signal, filled by the carrier frequency arriving from the informa-
tion source, is amplified by a linear amplifier to the level necessary for
creating a normal operating range of the converter (about 10 V), and through
the envelope detector, discriminating the envelope of the high-frequency sig-
nal, is fed to the input of the analog-discrete converter of the type F-722/2,
whose triggering is accomplished by a special oscillator with a frequency 1
KHz. The converter transforms the analog signal into a series of eight-digit
binary-decimal numbers. The value of each number is proportional to the level
of the input signal at the time of reading. The entire continuous series of
discrete readings is fed through the group of shapers to the memory unit of
the M-222 electronic computer. The discretization frequency is selected from
the condition of a minimum loss of information and is equal to 1000 readings
in the entire scanning line.

Machine processing included the selection of the type of information, its nor-
malization, geographic and temperature tie-in of satellite data and output of
the results in the form of a matrix, each of whose elements represents the
radiation temperature at a particular spatial point.

On the basis of this entire mass of data we constructed a map of radiation tem-
peratures without the averaging of data. The map was constructed by gluing on

a blank the numerical values in arbitrary units at a stipulated scale and tie-
in of the lines to geographic coordinates. The geographic tie-in was accomplish-
ed on the basis of a precise knowledge of the time of beginning and end of the
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survey and the precise registry of the time of transit of the artificial earth
satellite across the equator. The number of discrete points in the line was
selected in such a way as to obtain the least distorted temperatures due to
the nadir angle, which at the scale of the photograph was about 1600-2000 km.
In order to exclude the influence of cloud cover on temperature we used syn-
chronous photographs of cloud cover obtained using the "Neva" phototelegraphic
apparatus.

In constructing the map of radiation temperatures atmospheric absorption was
not taken into account since the tie-in to absolute temperature values was ac-
complished on the basis of shipboard measurements in the IR spectral region;

the correction was assumed to be identical for the entire region of coverage
by the satellite radiometer.
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Fig. 3. Temperature of surface of Atlantic Ocean according to data from ship-
board measurements on 1 September 1974 in GATE-74 polygon.

This is correct for homogeneous atmospheric conditions. With the presence of
different air masses over the studied ocean area the absorption may be nonuni-
form and accordingly distortions will be introduced into the kinematic maps of
temperature of the ocean surface. The effect of influence on the accuracy of
measurement by different temperature profiles characteristic for different
latitudes is given in a number of studies [W. L. Smith, et al., 1970; G. A.
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Maul and M. Sidran, 1973]. Due to the presence of an IR radiometer aboard the
ship and synchronous radiation measurements from an IL-18 aircraft it was pos-
sible to determine the absorption in the tropical zone of the ocean, equal to

10.5°C.
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Fig. 4. Map of radiation temperature of ocean surface obtained in a direct
transmission regime aboard the scientific research ship "Akademik Korslev" on
31 August 1974.

It should be noted that in regions with a well-developed Trades circulation
there 1s an increased concentration of aerosol of continental origin. For ex-
ample, the tropical zone of the Atlantic Ocean, in which the scientific re-
search ship "Akademik Korolev" was situated, was subjected to the influence of
Trade winds of a northeasterly direction with transport of aerosol of African
origin.. Tn accordance with computacions and measurements of temperature at al-
titudes 300 and 6000 m, it was possible to determine the contribution of ab-
sorption by aerosol, which was 3.3°C. According to investigations from an IL-18
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aircraft-laboratory, in the composition of aerosol particles there was a prec
dominance of metals (Fe, Al, Zn) with a content of aerosol particles 10}»g/m3.

If it is taken into account that the horizontal temperature gradients of the
surface change insignificantly with time, we can make a comparison of data from
artificial earth satellites and shipboard observations collected in the polygon
GCATE-74 during numerous scientific and route investigations.

The experimental region was situated in the tropical zone of the Atlantic Ocean
and covered its central and eastern parts where the atmospheric ICZ is situated
most frequently.

The principal elements of water circulation in the tropical zone of the Atlan-
tic Ocean at the surface are the North and South Trade Currents, Intertrades
Countercurrent, Bengal, Brazilian, Guinea and Antilles Currents. The dynamic
activity of these systems to a considerable degree favors the formation of the
surface temperature field and horizontal inhomogeneities.

Figure 3 gives the distribution of surface temperature prepared using an objec-
tive analysis scheme on the basis of data from shipboard observations for 1
September 1974.

In the region between 6 and 10°N there is a region of high temperatures, the
so-called thermal equator. Its axis runs from the southwest to the northeast.
The huge region delineated by the isotherm 27°C 1s occupied by water whose tem-
perature virtually does not change and falls in the range 27-27.5°C.

The horizontal gradients of this zone are exceedingly small. In the southeast-
ern part there ls some increase in the horizontal gradients, evidently asso-
ciated with the existence of an upwelling in the region of the Guinea Current.
This is also indicated by a decrease in temperature to 22°C in the southeast-
ern part of the reglon. The temperature of the water surface in the western
part is somewhat higher than the temperature of the eastern part, which is evi-
dently associated with the transport of warm shore waters and the equatorial
circulation.

The map of the radiation temperature of the Atlantic Ocean surface is repre-
sented in Fig. 4. In a comparison of this map with shipboard observations it
can be noted that the temperature field constructed on the basis of data from

a space survey differs from the field constructed on the basis of shipboard
observations. For example, instead of a well-expressed zonality of isotherms

as indicated by shipboard data, the field of radiation temperature has a rath-
or complex configuration, evidently associated with the presence of eddy form-
ations. The complex structure of the temperature field in a region of the ocean
with strongly developed convective cloud cover, variable in time and space, cre-
ates a nonuniform heating of the upper layers of the ocean. The nonuniform
heating occurs due to the screening of direct solar radiation. Prolonged anom-—
allies in the quantity of cloud cover over any part of the ocean make a contrib-
ution to the formation of anomalies in the heat content of the upper layer in
the ocean in this ocean area. Their values are cited in a study by V. V., Vino-
gradov and N. I. Radayev [1971].
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Nevertheless, together with some differences, it is possible to note the com-
mon features in the distribution of temperature. For example, on both maps the
maximum temperatures are situated to the north of the equator (tropical equa-
tor). To the north and south of the thermal equator the temperatures decrease.

Without question, the temperature maps of great expanses, constructed on the
basis of data from shipboard observations, do not.in their entirety reflect the
complex structure of the temperature field. The lowest information content 1s
in the atlases of mean climatic monthly maps which cannot be used for compar-
ison with satellite measurements; the climatic data can be used only for rough
evaluations of the temperature background.

Unfortunately, it is impossible to carry out a more precise checking of the re-
liability of satellite information since the sole means for this purpose is
synchronous flights of an aircraft-laboratory in the regilon of the polygon.

An IL-18 aircraft operated for the most part under an international program for
investigating the ICZ and under our program its flights had a purely random
character.

As an additional check on the correctness of the spatial distribution of tem-
perature we used the statistical processing of observational data in the IR
region obtained from a ship, aircraft and artificial satellite. Since the
shipboard observations characterize the temporal variability of thermal pro-
cesses at one point (the scientific research ship "Akademik Korolev' was sit-
uated at a constant point in a polygon with the coordinates 12°N, 23°3'W), as
a comparison we used a number of observations for 20 days. This series was
selected on the basis of the work of P. M. Saunders (1972) in which it is in-
dicated that for the appearance of characteristic temperature features over

a distance up to 100 km a period of 8-16 days is adequate. The computations
of the statistical inhomogeneities of surface temperature on the basis of
shipboard, aircraft and satellite measurements and employing normalized struc-
tural functions indicated a close correspondence (1.5, 2.0, 1.5°C).

At the same time, comparison with data from "Meteor-18" indicated a discrepancy
in temperature variability by an order of magnitude, evidence either of gaps in
transmission through the radio channel or imperfection in machine processing.
The data which we used from the "Meteor-17" artificial earth satellite (with
reception of IR information at Moscow), for example, for the GATE-74 polygon,
gave rather good results and are entirely comparable with the shipboard observ-
ations.

It follows from the materials presented above that for a study of the character
of variability of the temperature field on a global scale it is better to employ
space methods which can be used for both operational and scientific oceanolog-
ical purposes. The proposed and applied method for constructing maps indicated
the possibility of obtaining oceanological information directly aboard a sci-
entific research ship (weather ship or other ship outfitted with receiving ap-
paratus and an electronic computer), the possibility of constructing maps of
temperature of the ocean surface and thelr use for discriminating zones of
well-developed currents and temperature gradients, frontal zones, upwelling of
deep waters, eddy formations and other phenomena.
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It must be remembered that satellite apparatus with scanning of the water sur-
face recelves the radiation of the uppermost (bounding the atmosphere) water
layer whose thickness in the optical measurement range is about 0.02 mm.

In connection with the presence of vertical temperature gradients in the water
in the layer 0-0.5 m from 0.2 to 3°C the tie-in of the satellite measurements
must be accompiished solely on the basis of measurements with an IR radiometer
or computed on the basis of the mentioned studies [P. M. Saunders, 1967; E. D.
McAlister, W. L. McLeish, 1969; L. Hasse, 1971; C. A. Paulson, T. W. Parker,
1971].
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UDC 551.46
COLLECTION OF ARTICLES OW OPTICS OF OCEAN AND ATMOSPHERE

Moscow OPTIKA OKEANA I ATMOSFERY in Russian 1981 (signed to press l§ Aug 81)
pp 2, 231

[Annotation and abstracts from collection "Optics of the Ocean and Atmosphere",
edited by K. S. Shifrin, doctor of physical and mathematical sciences, Institut
okeanologii imeni P. P. Shirshov, Izdatel'stvo '"Nauka", 1200 copies, 232 pages]

[Text] Annotation. This collection of articles deals with the most timely problems
in oceanic optics: modern concepts concerning the optical properties of sea water;
optical methods for investigating the ocean and atmosphere over the ocean, includ-
ing remote methods (satellite oceanology); also considered are the conditions for

the formation of light fields in the ocean, hydrooptical characteristics, etc. The
book is intended for physicists specializing in the field of optics and oceanolog-
ists.

Abstracts

UDC 551.46
MODERN CONCEPTS CONCERNING OPTICAL PROPERTIES OF SEA WATER
[Article by Kopelevich, O. V. and Shifrin, K. S.]

[Text] The article gives generalized concepts concerning the optical properties
of sea water and their dependence on the governing factors. Also considered are the
principal optically active components of sea water: pure water, inorganic salts,
yellow matter, suspended particles and phytoplankton pigments. The authors analyze
the characteristics of the spectral absorption of light by sea water and its light-
scattering properties. Information is given on the statistical characteristics of
absorption and scattering. A model with few parameters is proposed for the absorb-
ing and scattering properties which with a satisfactory accuracy describes both
these properties themselves and the characteristics of their variability. Figures

_ 17, tables .3, references 142.
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. UDC 551.46

LIGHT FIELD FROM PULSED SOURCE IN SEA WATER
[Article by Gol'din, Yu. A., Pelevin, V. N. and Shifrin, K. S.]

[Text] The results of an experimental study of the processes of propagation of
signals of short-pulse lasers in the sea are presented. A study was made of distor-
tion of the shape of light pulses (time blurring) during their propagation in sea
water for different distances and relative orientations of the source and receiver.
The authors analyze the influence of the absorption and scattering of light by the
medium on the pulsed transfer function of the process. Also examined are the charac-
teristics of the nonstationary light field near the axis of the beam and outside

the axial region. Data are given on polarization of the nonstationary light field

in the sea and the computed Green functions for the nonstationary light field. Fig-
ures 18, references 47,

UDC 551.46.05

FUNDAMENTAL PRINCIPLES OF OPTICAL MEASUREMENTS IN SEA AND SOME HYDROPHOTOMETRIC
COMPUTATIONS

[Article by Kozlyaninov, M. V.]

[Text] A study was made of the principal parameters of the field of optical ra-
diation in the sea and hydrooptical characteristics, both primary and secondary, as
well as the effective characteristics. The author gives the principles of the method
for sea hydrophotometric measurements. Some approximate‘solutions are given for the
radiation transfer equation, primarily in its differential form. The relationships
of different hydrooptical characteristics are analyzed in detail. Some hydrophoto-
metric computations are given. In these computations an evaluation is made of the
accuracy in solving the transfer equation in a two-flow approximation and the de-
pendence of the depth of visibility of a white standard disk on the optical proper-
ties of water and observation conditions is considered. Figures 10, tables 3, ref-
erences 94.

UDC 551.46.06

HYDROOPTICAL INVESTIGATIONS IN PACIFIC, INDIAN AND ATLANTIC OCEANS
[Article by Voytov, V. I.]

[Text] Information on Soviet and foreign expeditionary investigations in the

oceans carried out up to 1980 is examined and systematized. It is shown that there
is a correlation between hydrooptical investigations and the general development
of oceanology, and also with practical needs and the increase in the level of tech-
nology. The author defines regions of the oceans which are well covered by hydro-
optical observations and regions where observations have nqt been made. Figures 1,
tables 3, references 54. '
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UDC 551.46

STATISTICAL CHARACTERISTICS CF TOTAL RADIATION FLUX OVER DIFFERENT REGIONS OF WORLD
OCEAN '

[Article by Avaste, O, A., Karner, O. Yu., Lamden, K. S. and Shifrin, K. S.]

[Text] This article is devoted to the theoretical computation of radiation in-
fluxes at the ocean surface in the presence of cloud cover. The basis for the study
is artificial earth satellite data on the seasonal-geographical distribution of
cloud cover over the oceans and the results of alrcraft sounding for determining
the optical thickness of clouds. The computations were made for different regions
of the world ocean (from 60°N to 60°S) for clouds of different morphology and a set
of solar altitude values. The results with solar altitudes greater than 30° agree
well with the experimental data of other authors. Possible reasons for the discrep-
ancies in the case of a low sun are discussed at the end of the article. Figures
14, tables 9, references 56.

COPYRIGHT: Izdatel'stvo "Nauka", 1981
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UDC 551.463.5:535.31
SOME OPTICAL METHODS FOR INVESTIGATING WAVE-COVERED WATER SURFACE

Moscow IZVESTIYA AKADEMII NAUK SSSR: FIZIKA ATMOSFERY I OKEANA in Russian Vol 18, .
No 3, Mar 82 (manuscript received 25 Nov 80, after revision 10 Feb 81) pp 286-295

[Article by V. L. Veber, Institute of Applied Physics, USSR Academy of Sciences]

[Text] Abstract: The authors give principles for de- -
termining the statistical characteristics of
a wave-covered water surface from the images
of luminescent test objects observed through
this surface in reflected or refracted light.

Optical methods are being used more and more extensively at the present time, to-
gether with contact, acoustic and radar methods, in solving problems in the "diag-
nosis" of the wave-covered water surface. Due to high resolution -and low inertia
optical systems make it possible in principle to obtain extremely detailed informa-
tion on waves. An interesting direction within the framework of development of
optical methods for investigating waves is the development of special procedures
for the extraction of information on the spatial structure and temporal variabil-
ity of the wave-covered water surface from its optical images obtained with a cer-
tain illumination. Definite positive results have already been attained in this
direction. For example, in [1], on the basis of images of the "sun glitter," an
experimental determination was made of the distribution function for the slopes of
sea waves [1]. In [2, 3] a study was made of the possibility of determining some
"i{nstantaneous" and correlation characteristics of waves on the basis of images of
the sea surface in scattered skylight. A distinguishing characteristic of these
methods is that they operate with images of the wave-covered surface, obtained, as
a rule, under definite natural illumination conditions. This circumstance to a cer-—
tain degree limits the field of their use.

The content of this article is a formulation of the theoretical principles for de-
termining some statistical characteristics of the wave-covered water surface by op-
tical methods with the use of luminescent test objects (artificial light sources).

1. For solving the problem we will use the model proposed in [4]. In a geometrical
approximation it describes the process of transfer of an image through the interface
of media with different refractive indices. Figure 1 is a diagram of the observa-
tions. The object of observation -- a diffusely luminescent surface with distribut-
ed luminosity Bg(rg) ~-- is situated in the plane z}.
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Fig. 1. Observation diagram.

The observation process essentially involves measurement (in the plane z3) of the
brightness Bi(r) =By(r, zg) in the direction of a unit fixed vector zg". The object
is situated in a medium with the refractive index n>1 and the "observer" is situ-
ated in the air (nO = 1). The image formation process is considered taking into ac-
count ‘the variation in slopes of the interface, stipulated in the plane z; of the
vector-function q(r, t) -~ the projection of the unit vector of the normal to the
surface onto the plane z = 0.

As indicated in [4], the expression determining the relationship between the bright-
ness distribution By in the image and the brightness distribution Bg in the object
has the following form:

Bi(r; t)=Bs[r=r+aq(r; t)]i )

where a = h(n - 1)/n, h is the distance from the object plane to the interface. This
expression is also correct in a case when the "observer' and the test object are in
the air. In this case the image is formed by light rays reflected from the wave-
covered surface; the a coefficient has the form a = -2h. We note that in the deriv-
ation of formula (1) no allowance was made for the scattering properties of water
and air and it was also assumed that the surface slopes are small, that.is, q2&<1.

The author of [4], within the framework of the already described image transfer mod-
el, derived expressions for the first (m;) and the second (M;) statistical distribu-
tion moments for brightness in the image Bi(r; t) of a test object with a determined
luminosity distribution function B(r). We will cite these expressions here:

1 Y ixe .
() =B (55 )= j j Fu(k) 0, (ak) e™ dk; )
Mi(ry; 135 T)=<(B:i(ry; tl)Bi(l’z; t,))=
(3)

1 . o
=Tzn—)‘J _[ Fo(ky) Fo (ko) 0, (ak,; aky; p, T) e+ dk,dk,,

* Such an idealization is correct for image detectors with a high resolution and a
small angular field of view.
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o =- Bo(r)e~"*dr;
Fo(k) _j.j r) e dr o

whete 9, (k) =ﬂ' w, (q)e-*dq

is a single-point characteristic function of surface slopes; wi(-) is a single-
point distribution function of the probabilities of slopes;

0 (ks Koy 93 0= { ... wa(@i; @ 5 T Mt dg, du,
is a two-point characteristic function of slopes; wy(+) 1s a two-point distribution
function of the probabilities of slopes (the surface is assumed to be statistical-
1y homogeneous and stationary); Q= rp - ry; 1=ty - t;. For a normal (Gaussian)
water—air interface (the "traditional" model of well-developed wind waves [5]1) the
expressions for 61(-) and 92(-) have the following form [4]:

0, (k) =exp[—0,5 {0’k +0,°k,}) ] ; %)
0: (ki; ky; p; T)=exp{—0,5[0¢ (ki +has’) +
0.2 (ke k) +2M (p; T) kraloo2M (0, ) Boyleayt
F2My(p; ) (kiR 1), )

where Mg , Mn are the autocorrelation functions of slopes in two mutually perpen-—
dicular directions; 0'52, O’nz are the corresponding dispersions; Mﬁ'l is the cross-
correlation function of slopes of the wave-covered water surface.

2. The simplest test object by means of which it is possible to have direct registry
of a series of slopes of the wave-covered sea is an optical wedge, a test-object
with a linear luminosity distribution function:

B, (r)=A4(1+Az). : (6)

The brightness distribution in the image Bj contains a component proportional to
the surface slopes in the direction of the x-axis:

B (r; t)=A[1+M+haq,(r; 1. (7

Information on the spatial structure of the random field of slopes qu(r) can be ob-
tained, for examplée, by photographing the test obiect (6) with a small exposure and
subsequent analysis (photometric measurements) of the photograph. In actual practice
it is far simpler to measure the function qx(t). Information on the temporal vari-
ability of slopes at a fixed point in space can be obtained using a lucimeter or-
jented at the nadir (downwards). The constant component present in the signal

By (t) can be easily filtered out.

In actuality the same principle of use of a test object of the type (6) for the pur-
pose of "diagnosis" of the wave-covered surface lies at the basis of the method for
determining the slopes of the sea surface on the basis of the characteristics of

36
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the scattered light field under natural illumination conditions [2].

3. We will examine a test object with a brightness distribution in the form:

Bo(r)=Bot+B, cos(kez+). (8)

Substituting the expression for the spatial spectrum of the test object (8) into
formula (2) and taking (4) into account, we will compute the first moment of the
image Bi: '

m(x)=Byt+Be™* cos (koxt), 9)
where P= a20’$ 2k02 is a parameter -characterizing the degree of image distortions.

On the basis of the contrast of the averaged image (9)
b

Q= (mi max ~ T4 min)/(mi max + mj min) =

QOe— ﬂ/Z(QO = B1/Bg)
it 1s possible to judge the dispersion of slopes of the wave-covered surface.
The expression for the second moment® of the image Bj can be obtained using for-

mulas (3) and (8): 1
Mi(r )= —2—B|z{92’ (B; p; 7) cos ko0, (B; 05 T) cos ko (i) +

. (10)
+2¢1} +B.*+B,8.8, () [cos (kozi 1) +cos (ko +0) 1,
()= 0/ () =M E

1
0, ( _)=e—nu+ut(p;x)l; R: (p; T)=—&—2M;(P; 1).
t

here

The expression for the second time moment of the "{mage" Bi(t) is obtained from (10)
wilith IO = 0: 1
M(z; r)=?Blz[0,’(§; 1) +0,” (p; ) cos 2(kz+1) +C

(all the terms in (10) not dependent on time are denoted by Cj. This expression as-
sumes a particularly simple form when x = O, Y=1/2:
Mi(x)=B.e~* sh[pRy (7)1 +Co
where CO = BOZ = M;(T—+w).
Hence it is already simple to express the normalized correlation function of slopes:

M) ] o an

1
R (1)= —E—ArSh[—__—_————M((O) H ()

We emphasize that all the described operations over the "image' Bj(t) are technic-
ally relatively easy to carry out.

*
In this article in all cases we examine the second moments, not the correlation

functions, since the measurement of the latter in actual practice is more difficult.
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A somewhat different approach to the problem of studying the statistical properties
of the wave-covered surface involves an examination of the spectral characteristics
of the test object image.

We will examine the time energy spectrum of the function Bj(t):

() =B/t~ | sh{pR.(x) Je= dr+2nCid (0). .

We will investigate this expression in two limiting cases.
a) Case of weak distortions ﬁ<l; in this case e B sh (BRg )::PRg

D.(0) ~a*k,*B,* 0y (0) +272B26 (0),
where =
0 (0)= j M (x)e~" dr
is the time energy spectrum of the slopes qy(t). As indicated by the derived expres-
sion, the spectrum of the "image" Bj(t) is simply proportional to the spectrum of
slopes.

b) Case of strong distortions B> 1; in this case:

Y 2 ()
(Di ((,0)~-§—B‘i l/‘me + zﬂBo 6(0)),

where Rg" = —dzRg (1:)/d1:2[.5= >0. It follows from this expression that the image
spectrum is described by a Gausslan function, on the basis of whose characteristic
width it is possible to determine the parameter R " and accordingly the time cor-
relation interval of slopes ’55= /Z—/R;".

Now we will proceed to an examination of the spatial characteristics of images of
the "sinusoid." The expression for the second space moment of the B;(r) image can
be obtained using formula (10) with T = 0. Averaging expression (10) for ¥ (in

practice this operation may not be so simple), we obtain the following dependence

fM Res :
oF L on Te M(p) =Bs+0,5B,%0,’ (B; p) cos kups.

We will examine the space energy spectrum of the Bj(r) image averaged for Y 4]
1 N '
O (k)= -Z—B.’H' e~PU=M(M] cog kop.e~*P dp+4n?B,26 (k).

In the case of weak distortions (ﬂ? 1) we obtain:
O, (k)= %—B"a’ko’[d); (k—ko) +®; (k+k,) +
+n2B,* (1—-p) [6 (k—k,) +8 (k+k,) ] +4n*Bs*8 (k),

where

0, (k)= | Me(p)e= dp.

As indicated by the derived expression, the energy spectrum of the image Bi(r) in
the neighborhood of the frequencies tky with an accuracy to the factor coincides
with the space spectrum of slopes of an uneven *nterface®.

This is correct in a case when the @g spectra, spaced by kg, do not overlap one
another.

0%8
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In the case of strong distortions (P}l) the image spectrum is written in the fol-
lowing way:

0,(k) =0 (k—k,) + 0 (k+k,) +4n*B,*6 (k),
nB‘z { B Ru//kvz +R yy”kxz—ZRx,,”kzky }

—————————eXp
ZﬁVRs”Ryy”—R:ym 23 (R::”Rw”""R,,,l n) )
Ry" =—8'R(p)/8p:8p; om0 (I j~Z, Y).

where

OO (k)= (12)

The coefficients Ri‘" are related to the dispersions of the second space derivatives
of the rises Z (r) of an uneven interface in the following way:

Rt = () V=2 mar= L ((2R)) -2
o’ dz* o ' Y g \\dz dy o '
02 2 .
AL W AN
Of Jz* dx dy
Accordingly, expression (12) can be transformed to the form:

.TIB 12 '1 kxz kllz
m‘u (k)= 2d2k020zx0xv oxp [_ 2a*ky’ ( Oxs’ * o"‘.l/2 )] .

It follows from this expression that by measuring (in the case of strong distor-
tions) the width of the energy spectrum of the image of the '"sinusoid" in the form
of two sections k, = 0 and k, = 0, it is possible to compute the values of the dis-
persions of the curvature of the wave-covered surface Oxy? and nyz-

4, The principal shortcoming of the methods for measuring the characteristics of
waves from the practical point of view is the need for fabricating, and most im-
portantly, the placement of light sources having large (2> aog x aody) dimensions
under or over the water. This circumstance is not particularly important when carry-
ing out a model experiment; 1t is a different matter when making in situ measure-
ments. Here it is desirable to employ test objects of the smallest area possible.

This requirement 1s met by a test object with a brightness distribution of the fol-
lowing form: - . "

Bo(r)=B,6(x). (13)

The task of determining the statistical characteristics of images of a test object
(13) for a random interface, not changing in time, was examined in [4]. We will
cite an expression for the second statistical moment of an image, also taking into
account the "dynamics" of the surface [4]:

B2 z2 2 —2R 2,
M(rry;1)= — GXP[———————, " " ]
= 2na’oy V1R, 2a’c* (1—R*)
where Ry= Rg(/O sT).

(14)

The second time moment of the "image" B;(t) is obtained from (14) with r; = Ty = O

39
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Mi(x) =B,’/2na'o;’l’1—H;'('r). (15)

The expression for the second space moment of the image Bi(r) 1is obrained by assum-
ing in (14) that 7= 0, T, = 0 (r2 EP):

By 1 exp{-___'__&:__.}, (16)
Jnaied V1-R (p) 2¢’0 (1R (p) ]

M((P)=

It is easy to confirm that in the reglon of values Px \</°£x, Py< Ly (Fex and Pgy
—— are the characteristic correlation intervals of the slopes along the x- and

y-axes respectively) with satisfaction of the inequality Prx<y20%sa the exponential
factor in (16) is equal to approximately 1. In this case expression (1L6) is reduced
to a form similar to (15): .
M(p) 2By 2na’0*V1—Re* (p) (p=<pter Py<Pry)-

5. The relationship between the moments of the images of the test object (13) to
the correlation function of surface slopes is rather complex (in particular, with

P >0 My~ 00). A simpler relationship is observed when using a test object with a
brightness distribution of a "stepped” type:

B,(r)=B,1(z), where 1(x) - {1 Wi.th xZ0, a7
0 with x<0.

As follows from (3) and (5), the expression for the second statistical moment of
the image of a one-;dimensional test object Bo(x) is written in the following way:

1 R
M(rir; T)=Wj [ Fo(ki) Fo (k) exp {~0,5etai e+t 2Ri(p; 1) kkal+ i (s, tzs) Y dk, dba

We will differentiate this expression for Rg and, using the relationship

o

1 o dB
ko (k)= — j —&l’x(i)e-m dz,

-

as a result we obtain:

(ll'”‘ _ llz(!;z ® dB, ’ dBO ” _ 2. 2 24 )2 X
R, (%)J [ @) @ exp (-050 e (kR AR AE))

X oxp{ilk, (zi—") + I (z,—2") 1} dk, dky da’ dz”.

Here we will substitute the expression (17), and carrying out integration for all
the variables, we derive the differential equation

aMm, By f_ z 2tz 2R (p; T) 222 |

. exXn

dR; T onll—Ri(eir) |\ 22%R[1-Ré(p;v)] ~

The time correlation function of the "image" B;(t) is obtained from the differential
equation (18) with ry =1y =03 the expression for it has the following form:

(18)

M.(1)=(B,%/2m) aresin Ry(t). , 19)

A similar solution of the differential equation (18) can be obtained for the space
correlation function of the image Bj(r), if the condition [} y</2a0g is satisfied
- (see preceding problem). The solution for this case 1s written in the following way:

o)
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M.(p) = (B:*/2rn) arcsin Ry(p) (ri=0; r=p; p:<pi PySPw)- (20)

We note that in the practical realization of this method there is no need to use a
test object of the type (17). An image of an object in the form (13) can be subject-
ed to correlation analysis if we first carry out the operation of "filling" of the
intervals between contour lines "alternately" with black and white colors (Fig. 2)
on this image. The result of the analysis of the images "processed" in this way

is described by formulas (19) and (20).

. G-

2
|
I 0 yl ‘ /’r'“’; z
! T

8 | g tq

gl
i x=0
a Fig. 2. Fig. 3.

Fig. 2. Images: a) "linear' and b) 'stepp- Fig. 3. Diagram of reflection of waves
ed" test objects obtained with observation from fixed rigid screen.
through uneven surface.

A further modification of this method involves the following. We will assume that a
light source with a distribution of luminosity in the form

B, (r)=B, exp(—|r|*/r*)

moves over (or under) a water surface with the velocity v relative to some observa-
tion system. We will also assume that the image of this source is integrated over a
long time interval. The brightness distribution in the image, "fixed" in such a way,
1s described by the following expression:

c 21
B.(r)= _[ By[r+vttaq(r; t) 1dt. (21)
We will determine the second statistical moment of this image. Substituting (21)
into formula (3) and assuming v = ygv, we obtain the expression:

Mi(rir)= [ Folls =) FoCkas; ki) X

1
)

(22)
X

! 0. (ak,y; kg ak,; —ak,; p; T) exp{il kot Hhoetatky (p,HoT) 11X
v

X dk,, dk,. dk, dr.

With a great velocity of motion of the source the time variability of the waves can
be neglected, that is, the interface can be considered "frozen-in." In this case
expression (22) (with ry—=>0) is identical to expression (16).

L1
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An analysis of the conditions under which it is possible to adopt the hypothesis
of a "frozen—-in" character of the surface directly on the basis of expression (22)
is difficult primarily due to a jack of knowledge concerning the precise form of
the functions Mg (P 1 T), Mn (P T), Msn(p s € ). However, such an analysis can be
carried outby examining the expression for dispersion following from (22) with

rp =1y = 0. Carrying out integration for the variables kjx, Koy, ky’ as a result
we obtain the expression: :

af =BHO) ~ [ L(Wh(f(x)dr,

where
fi(1)=(a—1)** [@’—Re* (1) ] ",

fa(t)=(a—1)**[a—Ra(7)] 7%,

fo(t) =exp{—p7*/[a—Ru(7) ]},

=1+ r02/2a20’ 2 p= v2/4a20°q2 (as a simplification we will assume that the
waves are 1sotropic: 022 = o;,Z = ¢ _2). The functions f (T ), entering into this ex-
pression, have a monitonically decgeasing character; the integration region is de-
termined by the function fo(f). The characteristic scales of change in the func-
tions fq, determined using the formula

,.———'72 n”a "2 2

Tw=Y2/f hepe =@ el e,
have the following values:

v _n -
Ty=T2="Tgro/a0q, To="Y2 — = Y2/R,".

When there is satisfaction of the condition ’EO<1:1 (the function fg is 'narrow"
in comparison with fj and fy), the integration region ~rolv& Tq and the depend-
ence of the functions Rg and Rp under the integral on T can be neglected, which
is equivalent to the nondependence of the function ¢, in expression (22) on T.
Thus, the hypothesis of a "frozen-in" character of the wave-covered surface is
correct with satisfaction of the condition:

> V200,

6. The single-point characteristics of waves are measured most simply by optical
(as, however, by other) methods. In this section we will examine a method for de-
termining the space correlation function of rises or slopes of the wave-covered
surface on the basis of the results of measurements of the corresponding disper-
sions.

Assume that the random water-air interface is described by the function of rises

£,(r: t). This function can be represented in the form of a linear copbination of
elementary monochromatic plane waves with a random complex amplitude dAy, propagatr-
ing in different directions with the wave vectors k and the frequencies wy =a) (k)

()= Re 5 dAhel(kr—‘wkl).
k

We will assume that a rigid screen (a wall reflecting waves) has been placed in the
water. The orientation of the screen is stipulated by the vector xg' -- the normal
to its plane (Fig. 3). The function of rises of the "disturbed" interface is repre-
sented in the form of the sum of the functions 4+ and g —, describing the random

2
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wave fields of the "incident" and "reflected" systems of waves respectively:

b ) =8 (i ) +E-(r50); - (r t)=Rej dB,e' oA,

The condition for the reflection of an elementary plane wave from a rigid wall is
written in the following way:

dBu=dA, with n="x (k) =k—2 (kxo’)x.,’.

The expression for the correlation function of surface rises 4

M (x5 va; b ) =<E (x5 2) G (rei 1))
has the following form:

1
M,()=-5Re [f €andi> +<4,B> + (B AW + BB +
(23)
+ (AL AL + BB + (B + <A B,

where

AT Ty . 0 ),
Ay, =dAye (kiri=or ). B,,i=dl?,¢ie”""‘ Oulid j—1,2,

Using the assumption of a delta correlation of the spectral amplitudes of element-
ary waves, it is possible to write the following expressions:

(dAk.dAh) = (dAude) = (dBu,ng) =0;

0,5¢d A a4, = D¢, (k) 6 (k:—k,) dk,dk,;
0,5¢dB,,dBx"Y =00, (%,) 8 (%2—%,) d%,d%,
0,5¢d4ndB."> =0,5(dBd4)"> =004 (k) 8 [#,—% (k,)1dk,dxn.;
here @;_’_ is the energy spectrum of rises of the undisturbed surface £+(r; t).

Carrying out integration in (23), we obtain:
M, (xy; vs; ©) =2Mei (p, ©) Mo () +Mci (p2), (24)

where M; + is the correlation function of surface rises £+;
p=r—r,; T=Il—1,;
_ Pu=Z, 2, cos 20+y, sin 20;
o1 {pw=y.—y2 cos 20+z, sin 20;
- _ [ pr=—2—2, 08 20—y, sin 20;
' o2 {pzy=—yz+y. cos 20—z, sin 20.

- The dispersion of rises of a random surface § is:

' (25)
ol (r)=M(r; 7; 0) =20+ +2M¢ 4 (00),
where
0 {po==2(:c cos 0+y sinB8)cos 0;
o~

poy=2(z cos 0-+y sin §)sin 6.

FOR oma}\‘?, USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500070002-7



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500070002-7

FOR OFFICIAL USE ONLY

As indicated by (25), the space correlation function of the "undisturbed" surface
is represented in the dispersion 0% 2(r) by its section along the straight line
IDOy = Pox tg 6. By measuring the position of the screen (angle £ ) and measur-
ing the dispersion O';?- it is possible to obtain complete information on the form
of the correlation function Mg ,(P).

In most cases when reference is to optical methods for investigating waves it is

h simpler to make measurements of the dispersion of slopes, not water surface rises.
The expression for the dispersion of slopes and the direction of the x-axis can be
obtained from (24) using the formula

az
2 = —_— 3 T2 Pyemrymere
0.’ (r)= 3z 0z M (r; x5, 0) |

It has the following form:

02 (r) =20y, —2My+ (po) c0s 20—2Mzqs (po) sin 26, (26)

where M£+, Mg, are the correlation functions of slopes of the "undisturbed"
interface.

The expression for the dispersion of slopes in the direction of the y-axis is deter-
mined similarly and has the form:

0:2(r) =205, *+2M,, (Po) c05 20—2M¢ry (po) sin 26. (27)

1t follows from expressions (26) and (27) that a "pure" measurement of the functions
M5,+ and M4 can be carried out only for the sections O=0 and &= 71 /2, whereas
"pure" measurement of the function Mg, can be accomplished only for the sections
6= +m/4. For measuring the dispersions of slopes 0% or 05 it is possible to use
the optical methods described in sections 2, 3, 4 of this work.

We note in conclusion that for practical purposes this method for determining the
space correlation functions of waves can be convenient in measurements made from

aboard a ship or from stationary structures in the sea.

The author expresses appreciation to L. S. Dolin and T. G. Talipova for an extreme-
ly useful discussion of the results of this study.
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UDC 551.466.81

PROPAGATTON OF PACKET OF SLIGHTLY NONLINEAR INTERNAL WAVES IN MEDIUM WITH CONSTANT
VAISALA FREQUENCY

Moscow IZVESTIYA AKADEMII NAUK SSSR: FIZIKA ATMOSFERY I OKEANA in Russian Vol 18,
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[Article by A. G. Voronovich, Institute of Oceanology, USSR Academy of Sciences]

[Text] It was demonstrated in [1] that during the propagation of a packet of
slightly nonlinear internal waves (IW) belonging to a mode with some fixed number
the evolution of the packet envelope is described by a nonlinear Schrddinger equa-
tion. The packet generates some mean flows and corrections to density not disap-
pearing with averaging for the wave period. It is not impossible that these cor-
rections are related to the fine structure of hydrophysical fields in the ocean

[2, 3]. It is of interest to examine this problem applicable to a three-dimensional
packet of IW not having a modal structure. A similar problem for a compressible
medium was examined in [4], where, in particular, it was demonstrated that a packet
of powerful acoustic waves generates internal waves during its propagation (Cheren-
kov radiation). ‘

Thus, assume that there is an unbounded fluid with a constant Vaisala frequency Ny
= const and a packet of internal waves of a small but finite amplitude is propa-
gated in it. An examination of the corresponding slightly nonlinear effects 1s con-
veniently carried out using Hamiltonian formalism proposed in [5]. We will solve
the problem using the Boussinesq approximation. Applicable to a medium with a con-
stant VAisild frequency Np the results in [6] give the following. In the equations
of hydrodynamics we will convert from the/D, v values to the variable by such that

ve=VO+AV (pot
(po*p), (1a)
Q===A-1{AV(po+p)},
(1b)
p= -pNL (2;0-"-]1/ %‘—‘-bke‘“ dk+k.c., complex (1)
‘° . conjugate
4
A= — (2n)-" bye'tr dlctx.c.
e jﬁ«ﬁ vt dk+xe (1d)
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Here NOZ = —g(PO'. Wy = NO!JL I/ik ' is the frequency of a linear internal wave
with the wave vector k = (% ,v ), where ¥ and v are the projections of the vector
k onto the horizontal plane and vertical respectively; the prime here and in the
presentation which follows denotes J/3dz. Then in the new variables by the equa-
tions of motion are Hamiltoniansb, + idH/d bk* = 0, vhere

H= Iwkbgbk' dk + I’ka.hbk'bk.bk,sk-h—h dk dk, dk, + x.c.+

+ TI Ukkykybibi, brOx + x4k, dk dk;y dk, + K.C. + )

1
+ Y j. Wik,kakabie* b, by bk, Or 4 k=31, dk dky dks dky

(here only the "significant" term [5] has been left from the fourth-order terms).
The by values are simply related to the vertical displacement Z (r):

ey ral v
§=(2n) “"'N— j V —2~k bretkr dk + x.c.
0

3)
The full expressions for the coefficients V, U and W have the form
v i 1 s Wk / RNy HR2
==F——(2u)-"-(—mmu.o)k,) {v[—(—+——) +
U | sk 4N, 2 »? [N WOk,
EOPEL PRI 1Y Ok, [ H1%2 H% EJOPE P 'Y (43)
e (5 -
(0173 %42 Wiy Wy Wk,

Wk, K% HaXy T Wgr— Wk~ W0k,
Fvp | — (—+ +
[ %22 ( Ox Wk, ) Ok, ]}
(the upper and lower signs in this formula relate to V and U respectively) and

| .
Wikiox, = - (27) =2 (fxskkaki+ Frak < xika + f-ki—kakak + : (4b)
{3

+ frkokks=fks=ks=kky— f—kikks=k1)»

(W, 'z kk,) (kk
fhhhh = ( P ) [ (klkz)— S.O—(zz)—.] .

Wk, Wk, k

where

k=k,+ks=kz+k«.

We will examine the propagation of a spectrally narrow packet of IW with the char-
acteristic wave vector kg such that by is substantially different from zero in a
linear approximation only when lk - k <k0 (here and in the text which follows ko
= | kn|). It 1s convenient to make a standard canonical replacement of the vari-
ables [7, 8], excluding third-order terms in the Hamiltonian H:

Vikiaax,ax,0k k- k Vieskk @, ax,Ox,
be=a - ST di dly + 2 [ SR g g, (5)
k= Ok— Wy, Wky—Ok— Wk,

Uu.k,a;.d; Ox
- j el dk, dk; + O(a?).

W+ Ok, + Wi,
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In this case additional fourth-order terms appear in H and the value of the W co-
efficient changes. The general formula for the coefficient obtained as a result,

denoted T, 1s also given in [7]. In the variables ajp the equation of motion &, +

i§H/8 ak* = 0 assumes the form

dx+ioax+i jT kluiaka“k:ahah'sk+k.—h—k. dky dk, dks = 0. (6)

The unwieldy expression for the T coefficient is substantially simplified if we ex-

amine the following situation. Assume that the wave is modulated only in the direc-

tion of the unit vector e (Fig. 1) Z (r) = & (er). Then ay will contain the § -

functions for the k components perpendicular to e and in formula (6) in actuality

only a single integration for the k component parallel to e remains. It is easy to
- confirm that in this case

T

271) T kst ™ To = e
(2n) Kkik 3 PR

(N

To==lto?~ (ko) 2=ko?(1— (sin « sin O cos @+cos  cos 0)?),
Ty=Ny2ko? (cos & sin 0 —sin & cos O cos P)3,

where "'Je = Ng sin O is the frequency of the IW traveling in the direction of the
2 vector; C. is the group velocity (the sense of the angles o, © and ¥ is clear
from the figure). Using the approximate expression (7), it is convenient to re-
write equation (6) in a different form. We will assume that

z,f(r, t) = (2:!1)_3/2J.ei(k"k0)rak dk.

With an accuracy to terms quadratic in wave amplitude Y is simply related to the
complex amplitude of the wave of vertical displacements g:
1 9/ on
= | —— e—tikon
4 o P .

In addition, the value Poa-’ko [’lf"lz is the energy demsity in the packet of IW.
Carrying out the Fourier transform in (6), we rewrite it, taking (7) into account,
in the following form:

. S
P+iwep+Coby — - m"\PuﬂTol\H’ib—iTaQ\FO, (8a)

CoQu+0.2Q=| P[> (8b)

Here £ 1s the coordinate in the direction of the e vector: & = er, kg is the pro-
jection of k o?to this same direction,

_ C.=C‘.e = %cos ¢ (cos c sin 0 cos ¢—sin o €08 9), ©)
@200t =Cetke® (kee) c
o"=00[dkd =——'_(;°—k;’_—— 4 e .
A __-————e‘m—m 12 dE’ dk.
0@ =5 [ oo V!
18
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Transforming in equations (8a), (8b) into a coordinate system related to the pack-
et: x =& -C.t and substituting yf—ﬂ}fe"i“)ot, we obtain

e + —:— " pamTol |79+ TQP=0, (10a)
CQut,Qm | |2 (lOb)

The Q parameter is related to the low~frequency IW generated by the packet. In ac-
tuality, 1f formulas (5) and (lc) are used in transforming from the new variable

a;, to the initial parameter £, we obtain the following quadratic correction to O :
g" _ / , C.Tg"’ aQ
low frequency = P/po No oz

(% 10w frequency Obviously has the sense of a vertical displacement of fluid par-
ticles in the generated low-frequency IW). If it is assumed that the packet is
finite in the £ coordinate and it is assumed that Q = 0 with &-++c , from equa-
téo: (];(,)l.)) it is easy to find the Q value and accordingly & 1., frequency with

. . [ De T W,

L 1ow frequency = CXP{‘ (Ee’_“’" )}'—20.”0] I\P(E')l’exp{ - lz:-g'} dg’+x.c. (11)
Thus, during its propagation the packet leaves behind itself a wake of low-fre-
quency IW. It is clear that an appreciable amplitude of the generated waves will

- be observed only under the condition (&/./Ce)LE 2m, where L 1s thée dimension of
the packet in the direction e. It therefore follows that generation occurs when
QS(O’lkOL)sin 2« , that is, the vector e must be directed almost vertically; in
this case

£ 10w frequency ~kilat cosq, 12)

where

- ml (]
§o'=—c':j|Co(§)|zexP{"i%§}dg'
4k,

is some mean square amplitude of a wave in the packet. Assuming, for example, that
§0~5 m, 25 /kg~ 100 m, cosp~1, we find L 1ow fre uency“’l m. We note that the
total amplitude of displacement of the fluid particles in the low-frequency IW
will be 1/sin @ times greater (and can considerably exceed the amplitude of the
initial wave since this examination is suitable only if there is no violation of
the requirements: k0£<1, kgL>1). It can be seen from formula (12) that if the
packet envelope has a cylindical symmetry relative to the vertical the generation
has a dipole character in the horizontal plane (relative to the direction defined
by the wave vector kg of filling of the packet).

We also note that in contrast to the effect described in [2], the generated "flows'
do not have a rapidly oscillating character in the vertical coordinate. This cir-
cumstance is obviously related to the fact that in the considered problem it was
assumed that NO = const and accordingly the interaction transpires only for the

L9
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500070002-7



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500070002-7

FOR OFFICIAL USE ONLY

- difference components of the wave vectors, and this means that a packet with a
narrow spectrum can generate only waves with small projections of the wave vector
along all the directionms. Thus, with N. = const in the Boussinesq approximation
the three-dimensional wave packet, like the mode [2], does not create a fine
structure. However, in comparison with the case of propagation of the mode, when
the generation of the "flows" was completely reversible [1], in this situation
there is an irreversible radiation of packet energy into low-frequency waves.
Physically this is related to the fact that in a modal case there was an almost
resonance interaction [6], whereas in this case the radiated waves are in precise
synchronism with the spectral components of the packet.

1f small & (8> sinzoé/kOL) are not considered, then, as it can be seen, C(,_Z/L"Z<€’e2
and in (10b) it can be assumed that Q =|qf|2/ode2_ In this case (10) is evidently
reduced to a nonlinear Schrédinger equation: . 1
ipe + —Z‘m"‘Pu"Tl‘Plz‘P“o' '

where T = Tg = T /aJez = koz sin? & sin2 ¢>0. In a plane case (¥ = 0) there are
no nonlinear effects. The stationary solution of this equation

¥= Wy exp(-1iT [¥g [20)

is stable relative to a harmonic perturbation with the wave number ¥ if &'"T>0,
and unstable if @ "T<O0. The maximum instability gradient :

S max = Tlto|?=200 sin? Qke?| Lo

is attained with Xy = |1P'0|(-2T/¢J")1/2. Accordingly, this type of instability
can be significant only for extremely short IW. As a simplification we will exam-
ine the case P=31/2, when 3 )

- " No [cos’a-— (1———4—sin22a) coszB] .

0= -
ko?sinow

In this case the instability of the packet can occur only for high-frequency waves:
L'JO> (2/3)]—/21‘107\‘-’ 0.82N, and the packet must be modulated in a direction adequately
close to the vertical: cos2@> cos2 &/1 — 3/4 sinZ 2e¢).

We will examine a packet modulated in an arbitrary way so that its spectrum no long-
er has a one-dimensional character. If the modulation effects in an almost vertical
direction., considered above, are neglected, in formula (7) we can assume that

(27) Txcicyscates = To—T'y /g =ko? (0%/No?) sin? @.

In this case, as is easy to confirm by direct computation

02

1i
Ilﬂj\p' (mo+i(C,V)——E-mq” ) Pdr+

ETE]

1Azm°z 1) H‘A 11p13 d)
4 — kot — —An~ Y
e ATt L
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where Ay = 323x%+ 3 Z/a y2 and aJin = aZaJ/a kia k:. The equations of
motion after transformation to a coordinate system related to the packet acquires
the form of Davey-Stewartson equations [9]

92

" 1 K wo?
i, + — 04" —_ — =()
! 2 Y 0z Bz A 0 N e=0,

For the considered problem these equations were derived in [10] by the multiscale
expansions method.
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UDC 551.463.5:535.31
SOME PROPERTIES OF OPTICAL TRANSFER FUNCTION OF WAVE-COVERED SEA SURFACE

Moscow IZVESTIYA AKADEMII NAUK SSSR: FIZIKA ATMOSFERY I OKEANA in Russian Vol 18,
No 3, Mar 82 (manuscript received 18 Nov 80) pp 330~333

[Article by A. G. Luchinin, Institute of Applied Physics, USSR Academy of Sciences]

[Text] The influence of waves on the properties of an image formed by an optical
system was investigated in [1-4]. Depending on the purpose of the investigation,
the authors have neglected different factors whose importance to a considerable
degree is determined by the observation conditions. In this article it will be
demonstrated how it is possible to modify the optical transfer function (OTF) of
the wave-covered discontinuity in dependence on the difference in angles between
the radiation incident on the surface and the direction of sighting. In order to
simplify the problem we will neglect the effects of scattering in water, assuming
that the object plane 1s situated at a small optical depth.

If the sea surface is illuminated by an infinitely wide beam of parallel rays and
the image is formed by scanning with a narrow receilving diagram, the following ex-
pression [4] 1s correct for the optical transfer function in a small-angle approx-
imation:

\ kL L
F —_ —k . —i (h-k) (p+4p)
Fre = Freci SSES u(h.hzu4- T )Oﬂh K) gL, kqL) =i (W=K) (P+80) g g

- DM = Dpaq3 K (h)= = , - Q)
Or = Ngight’ SSSS Fy (0. k%—)O(— kgL, kqL) ¢'® ©+40) go g
2 = Zrec —o

where Fro.(h, h(zrec + L/m)) 1is the frequency-contrast characteristic of the re-
ceiving system; (3 is a two-point characteristic function of the surface slopes;
AP= (npaq - nsight)L/m’ n,.,q and Ngight are the projections of unit vectors de-
scribing the direction of the incident radiation and the direction of sighting
onto the horizontal plane; m is the refractive index of water; q = (m - 1)}/m, zZpec
is the height of the receiver above the surface.

As 1s well known, the function K(h) characterizes the contrast transfer coefficient
when making observations of an infinite sinusoidal mire with a period and direction
described by the vector h and represents the normalized complex spectrum for the
point scattering function. Our objective is a study of the behavior of this func-
tion (its modulus and phase) with different values of theA)oparamet:er. The value
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of this parameter gives some idea of how close to one another the rays incident
and scattered on the plane at the depth L, participating in image formation,

are refracted at the surface. Thus, reference is to that influence which 1is exert-
ed on the OTF by the statistical dependence of the incident radiation and the ra-
diation emanating from beneath the surface.

We will stipulate the function Fp,. in the form Froo = exp[-(hzpge + kL/m)z/Z[gz].

With respect to the surface properties, we will assume that the waves are normal
and uniform and that the correlation function of the surface rises has the form
By(ps) =0y exp (—aps?) o8 kops.

Omitting below the subscript indicating the one-dimensionality of the problem,
in this case we write an expression for the OTF following from (1):

< hp—i(p+Ap))?
f emorn{ M} é
- /‘g

K(hy=

' (2)

: +Ap)?
j g-"" exp { - ————(p P } dp
4g

where

g=gL2(04*= B (p)) +L7p/2m%,
p=eg+L2p2/2m2+2 L%/ m,
Be(p) -—d’B;/dp’, 00'=Bo (0).

The denominator in (2) is proportional to P(Ap ) -- the mean power scattered by an
infinite plane with a uniform reflection coefficient. As indicated in [5], this
parameter, depending on the observation conditions, may be greater than or less
than the corresponding value in the case of a smooth discontinuity. In essence
this means that the wave-covered surface on the average plays the role of a col-
lecting or scattering lens and our task is an investigation of its resolution.

Here we will introduce three cases differing qualitatively from one another.
I. TheApparameter 1is much greater than the correlation radius of the waves, so
that Be(Ap) is close to zero. Then it 1s easy to see that in the region signif-

icant for integration in (2) the g function can be considered constant, the OTF is
real and is described by the formula

(k) ~exp (~0,5h?0e?g*L?),
derived in [1]. .

IT. AP= 0. In this case the OTF is also purely real (the imaginary part is rigor-
ously equal to zero), but, as will be demonstrated, its form differs substantial-
ly from case I.

L
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III.APis finite, the imaginary part, and accordingly the phase of the OTF is dif-
ferent from zero.

S
53
T

va

Fig. 1. Fig. 2.

Fig. 1. Modulus of function Q(h) with Ap= 0; 9% 2 = 3,5.10°4 m2; a=17.6 m‘z; kg
= 1.8 m~1; B =2.5:1073; zpee = 100 m: 1) L =5, 2) 10, 3) 20 m. :

Fig. 2. Phase of optical transfer function withz”h/; = 1. For the remaining para-
meters see Fig. 1.

We will examine cases II and III in greater detail. In order to emphasize the ef-
fect of cross-correlation of fluctuations of incident and emerging radiation we
will compute the function- :

Q(h)=K(R)[P(Ap)/P (Ap~=)] exp (0,5r%00*¢*L?),

which reveals the difference, first of all, of the mean transfer coefficient (with
h = 0) and, second, the optical transfer function proper from case I. This function

has the form: o
1 ¢ (hp—=i(p+4p))?
Q(h)=—— j'g—'/a exp {M }dp.
2¥n 4g

The results of the computations for case II are given in Fig. 1. We note the fol-
lowing significant properties of this function. In some regions (in Fig. 1 they
are bounded by curves with a dashed line) it is negative, which corresponds to a
change in the sign of contrast for the observed mire. This makes it possible to
conclude that the scattering function in this case has a multimode character. The
fart that a change in the contrast sign with an increase in the depth of the object
plane occurs with lesser values of spatial frequency seems rather natural, as the
scattering function in this case has a general tendency to broadening. The second
peculiarity of the Q(h) function is an increase in the envelope of its extrema
with an increase in h; that is, the presence of the correlation,which was mention-
ed above, leads to some contrast increase in comparison with case I. The true value
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of the determined contrast can be judged by dividing the value Q(h)/Q(0) by
exp(O.Shzcrezquz) (the dashed curves in Fig. 1 represent the value of this ex-
ponent at a logarithmic scale).

ylal
J

Ei

1
15 hva

Fig. 3. Fig. 4.

Fig. 3. Modulus of function Q(h) with AﬂPv/; =1.
Fig. 4. Modulus of function Q(h) with L = 20 m; 052 =1.1:10-2 n?; a = 0.4 m%;
ko = 0.46 m~l: 1)Ap Ja =0, 2) 1, 3) 2.5.

Now we will turn to case III. As already mentioned above, its most important cri-
terion is a complexity of Q(h). Figure 2 shows the dependence of its phase value,
which is identically equal to the phase of the OTF, on the spatial frequency for
different depths with a fixed value of the 4p parameter. In the case of a small
depth (L = 5 m) the phase increases monotonically in the region of spatial fre-
quencies shown in Fig. 2. In the case of greater depths its increase is accompan-
jied by oscillations whose depth increases with an increase in the depth of the
object plane L. With respect to the modulus of this function, it also increases
with an increase in frequency; its value virtually coincides with the envelope of
the extrema Q(h) in case II with the exception of the region of small spatial fre-
quencies where it 1s close to unity (Fig. 3). With an increase in the Ap parameter
this region expands and the described effects become appreciable only for large
spatial frequencies for which, however, the absolute value of the contrast is
very small (see Fig. 4, whose curves were computed for larger-scale waves).

We emphasize in conclusion that the results cited here to a certain degree are of
an illustrative character since the number of combinations of parameters exerting
an influence on the magnitude of the effects is extremely great. For a quantita-
tive description of their values under real conditions it is necessary, first of
all, to have information on the form of the correlation functions of slopes for
nonuniform waves for different wind velocitles over the surface. It is also neces-—
sary to clarify the role of scattering in the water and to evaluate its influence

C?é
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with different relationships of the length of the free path of protons and the cor-
relation radii for surface waves.

The author expresses appreciation to I. M. Nefedov for assistance in carrying out
the numerical computations and L. S. Dolin for useful discussions.
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UDC 551.463.7
ONE MECHANISM FOR FORMING OF OCEANIC ELECTRIC FIELDS

Moscow IZVESTIYA AKADEMII NAUK SSSR: FIZIKA ATMOSFERY I OKEANA in Russian Vol 18,
No 3, Mar 82 (manuscript received 30 Dec 80) pp 333-335

[Article by A. L. Virovlyanskiy and A. N. Malakhov, Gor'kiy State University]

[Text] In this communication we bring the attention of researchers to one possibil-
ity of the appearance of an electric field in a solution of electrolyte, specific-
ally, sea water. The mechanism of field development, which is under discussion, is
governed by the separation of charges due to different displacements of cations

2nd anions during accelerated hydrodynamic motion of the solution. This effect
applicable to the propagation of acoustic waves in an electrolyte solution was for
the first time predicted theoretically by Debye [1] and then was confirmed repeat-
edly experimentally [2]. For this reason the electric field developing in the solu-
tion will henceforth be called a Debye field.

Another mechanism of the development of a field during the motion of sea water,
caused by the movement of a conducting fluid in the earth's magnetic field (EMF),
is well known [3—5]*. It is understandable that one and the same hydrodynamic mo-
tion is responsible for both of the mentioned effects. Below we will compare the
contributions to the electric field from both effects for the simplest models of
fluid motion. In these examples we will strive to understand in what cases it makes
sense to take the Debye field into account and when it is masked by a field induced
by motion in the EMF. In the computations we will neglect the influence of electric
forces on macroscopic motion of the solution.

It was demonstrated in [7] that a Debye field develops with any accelerated motion
of the solution. In [7] a formula was derived which makes it possible to find the
strength of this field for arbitrary hydrodynamic motion:

t ’
E(r, t)=§ jc-“(‘—‘ﬂu.,(l‘, ty)dey. (1)

—c0

*

In addition, there are a number of reasons for the appearance of an electric
field in the ocean associated with the presence of foreign bodies in the water,
influence of the bottom, etc. [3-6]. These will not be considered here.
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Here E(r, t) is the strength of the Debye field at the point r at the time t;

~ N
o= (1/e€0) Zc,,’v,,by; B=(1/eeo) Zcpvpmpbpi

pe=i peat

e , m,, b_are the charge, mass and mobility of an ion of the p~th species; 4

1B the mean number of ions of the p~th species in a unit volume; EEj is the diel-
ectric constant of the solventj N is the number of species of ions in the solu-
tion; & (r, t1) is the eddy-free component of the vector field of accelerations in
the flu%d, taken at the point r at a moment in fime t1< t. In the examples consid-
ered below reference will be to the eddy-free motions of a fluid and therefore
there 0 = & = du/ 3t + (uV)u is the total acceleration of the solution.

As indicated in [7], the numerical values of & and B can be computed theoretically

- only with a great error which it is difficult even to estimate. This is attributable
to the fact that in determining m, and bp it is necessary to take into account the
phenomenon of hydration of ioms, the theory of which at the present time has not
been adequately developed*. Accordingly, o and B, strictly speaking, must be de-
termined experimentally.

In the evaluation we will use the values of these parameters, computed on the as-
sumption that sea water is a 0.5-molar NaCl solution. In order to determine mp we
will reckon the Nat and C1~ hydration numbers to be equal to 6 and 8 respectively
[8]. In determining the mobilities we will employ the values of the equivalent 4
conductivities of these ions [9]. Thus, we obtain & = 0.9-1010 1/sec, ﬁ = 0.7-10

kg/A-sec?.

The principal contribution to the integral (1) is from acceleration values in the
time interval (t - 1/o¢, t). Since lﬁx~'10f10 sec, which is known to be much less
than any time scales of hydrodynamic motion, the factor ﬁg(r, t) can be removed
from beneath the integral. Formula (1) in this case is transformed into

E(r, t)=(B/a)uy(r, 8) (B/a=0810-* kg/A-sec). (1a)

As we see, computation of the Debye field for any stipulated motion of sea water
presents no difficulties. The situation is different with computation of the el-
ectric field induced by motion in the EMF. However, there are also no fundamental
difficulties here: it is necessary to solve the Maxwell equations in a moving con-
ducting fluid with corresponding boundary conditions at the water-air and water-
bottom interfaces. However, it is possible to obtain a solution of such a system
of equations in partial (although linear) derivatives in analytical form only for
the simplest motions of a fluid; the corresponding formulas usually have a rather
unwieldy form [5]. Precisely for this reason as examples we selected very simple
models of hydrodynamic motions, especially since we are interested primarily in
an evaluation in order of magnitude.

*

(] Debye [1] proposed that the mass of a hydrate shell be determined on the basis

i of measurements of the electric field arising during the propagation of an acous-
tic wave in the electrolyte solution.

59
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500070002-7



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500070002-7

FOR OFFICIAL USE ONLY

As the first example we will examine a monochromatic surface gravitational wave
propagating in a fluid of infinite depth. Assume that the undisturbed surface co-
incides with the xy-plane and the z-axis is directed vertically dowanward. The
wave travels along the x-axis and its amplitude is sufficiently small so that in
the computations it is possible to use the linearized equations of hydrodynamics.
Using the known formulas for the field of velocities in such a wave (see, for ex-
ample [10]) and formula (la), we obtain an expression for the components of
strength of the Debye field

Ex=—iovp/x, E,=0, E,=-iov,f/a, ‘ (2)

where v, (r, t), vy{r, t) are the projections of velocity onto the x- and z-axes,
o) is the angular frequency of the wave.

The strength of the electric field of the surface wave induced by motion in the
EMF has been computed in many studies (see [5] and the citations given there).
For this case

Ed=ppollyvs,  Ed'=—ppovslly,  Ey'=Rprowlls=v:H:), 3

where Ex,y’z(r, t) are the projections of the electric field onto the coordinate
axes, pp, is the permeability of sea water (usually p is very close to 1), Hx y, 2
are the projections of EMF strength onto the x-, y- and z-axes.

It is easy to show that Ex and E;' (and in exactly the same way, Ez and Ez') are
shifted in phase by m/2 relative to one another.

Since vx and v, differ from one another only in phase, it follows from (2) and (3)
that:

|Eo/Ed | = | Eo/Ex'| = (@[} [1o] Hy|. )

This ratio is highly dependent on the projection of the EMF onto the y-axis, that
is, on the direction of wave propagation. In evaluating the minimum value of this
ratio we will assume Hy = 0.5 oe. Then

IE:/E;"=IE:/E“'|xm.io—z' ' 59

where W is measured in degrees/sec. The waves really existing in the ocean usual -
1y have wg1 degree/sec. Thus, it follows from (5) that in this case the Debye
field is greatly masked by a field caused by motion in the EMF. Formally the ratio
(4) Increases to infinity with Hy_+0, that is, if the direction of wave propaga-
tion coincides with the projection of the EMF onto the xy-plane, but scarcely
never does the Debye field become "predominant," since, to be sure, there are no
plane surface waves in the ocean.

It can be seen from (2) and (3) that for the given example of fluid motion the
fields caused by the two considered mechanisms differ in directions. This circum-
stance is characteristic for many fluid motions. Its cause can be seen particular-
ly graphically from an examination of the following very simple model of a current
[3, 5]. Assume that in a fluid (the positioning of the axes is the same as in the
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preceding example) there is a moving layer of the thickness h. The motion occurs
along the y-axis; the velocity in the layer varies in conformity to the law vy =
vo(x)ei“’t. In this case the velocity and acceleration vectors are collinear and
therefore the Debye field is also directed along the y-axis. The field induced by
motion in the EMF is perpendicular to this axis since the Lorenz force perpendic~
ular to velocity does not create separations of charges in the y-direction. Thus,
for this hydrodynamic motion the developing electrical fields are orthogonal to
one another.

In conclusion we will examine the propagation of longitudinal compressional-dila-
tational (acoustic and shock) waves in sea water. As in the preceding example,
acceleration and velocity here are directed in the same direction. Accordingly,
the Debye electric field and the electric field induced by motion in the EMF

in this case are also orthogonal to one another.

Assume that a plane acoustic wave, the velocity of the fluid in which changes in
conformity to the law v(r, t) = uoei(kr"“t),travels in the water; the vectors ug
and k are collinear. From (la) we obtain the value of strength of the Debye field

E(r, £)=—i(p/a)uow exp [i(kr=0D)]. (6)

In the evaluation we take «w = 103 rad/sec, ug = 1072 m/sec. In this case [E|~10'3
V/m.

For computing the field induced by motion in the EMF, we use the general method in
[5]. Omitting the elementary computations, we immediately cite the result:

E'(r, 1) = (iopsto[ueXH]/ (k*=iope0)) expli(kr-o) ], (7

o 1is the conductivity of sea water. In the evaluations we assume o= 4.5 cm/m. The
ratio of the amplitudes (6) and (7) is equal to (& = 107 rad/sec): [E/E'[=
1.2-107. In this case |E » E' |

Since the Debye field is proportional to the acceleration of the fluid, it can at-
tain especially high values at the front of an explosive wave. It is easy to vis-
ualize that the amplitude of this field at the shock wave front can be evaluated
using the formula

E~ (B/a) Mco?/l, (8)

where M is the Mach number of the wave, co is the speed of sound, Q is front
width. In the evaluation taking the real characteristics of the explosive wave:
M= 10'2, cg = 1.5-10'2, § = 1.5 cm, from (8) we find that Ex 1.2 YV/m.

On the basis of the considered examples some conclusions can be drawn concerning
the role which the Debye effect plays in the general pattern of formation of the
electric field in the ocean. First of all, we note that the Debye field, in ac-
cordance with (la), is directly proportional to the eddy-free part of fluid ac-
celeration. For the natural movements of water in the ocean the acceleration will
rarely be more than 1 m/secz, which corresponds to an amplitude of the Debye field
of I}LV/m. The experimentally measured electric fields of natural origin in
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the ocean usually have a strength from tenths to tens of pV/m [3-5]. Thus, it can
be said qualitatively that the Debye field introduces a real, although a small con-
tribution to the creation of the general pattern of the natural electromagnetic
field in the ocean. This can also be seen in the considered examples. In addition,
it can be concluded from these examples that the Debye field usually differs from
the field induced by movement in the EMF either in phase or in direction.

Hydrodynamic movements with an acceleration substantially greater than 1 m/sec2
are usually related to man's activity. As indicated by the third example, for such
movements the Debye field in its amplitude considerably exceeds the field induced
by movement in the EMF.
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UDC 551.466.4

GENERATION OF INTERNAL WAVES BY BOTTOM IRREGULARITY AT DISCONTINUITY OF TWO FLUIDS
FLOWING AT ANGLE TO ONE ANOTHER

Novosibirsk ZHURNAL PRIKLADNOY MEKHANIKI I TEKHNICHESKOY FIZIKI in Russian
No 6, Nov-Dec 81 (manuscript received 12 Sep 80) pp 41-47

[Article by I. V. Sturova, Novosibirsk]

[Text] Abstract: The simplest example of three-dimen-
sional internal waves in a flow whose velocity
changes with depth both in intensity and direc-
tion are waves at the discontinuity of two flulds
flowing at an angle to one another. The investiga-
tion of the kinematic characteristics of wave move-
ment in such a fluid under the condition that the
depth of the lower layer 1s infinite was made in
[1]. The asymptotic behavior of the waves at the
discontinuity arising during flow around a body
for the case of infinitely deep layers and an ob-
stacle at the bottom under the condition of an
infinite thickness of the upper layer was examin-
ed in [2]. The stability of waves arising at the
discontinuity of two unlimited flows flowing at
an angle to one another was investigated in [3].

We will examine flow around a rise described by the function f£(x, z), unbounded
in horizontal directions by a flow, in whose upper layer of the thickness Hj the
density of the fluid is equal to L7, in che lower layer of the thickness Hy --
PZ = Pl(l +€)(& > 0). The velocity of the lower flow 1s equal to U, and is di-
rected along the x-axis, the velocity of the upper flow is U; and forms the angle
of with the x-axis. The x- and z-axes are situated at the undisturbed discontin-
uity, the y-axis is directed vertically upward, the axis of symmetry of the ob-
stacle passes through the origin of coordinates.

Assuming the motion of the fluid within each layer to be eddy-free and the disturb-
ances at the free surface and the discontinuity are small, the equations for the
velocity potentials of disturbed motion in each layer are written in the form

Apy =0 with 0<y<<H, By =0 with I, <y <0 1)
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with the boundary conditions at the free surface (y = Hl)

aplay -+ Lig =0, Lo, = g (2)
at the discontinuity (y = 0)
ap,/dy + L =: 0, dp/dy + Loy = 0, paLlo®y — p1Lyo; = 3)
== g(ps — p2M;

at the bottom (y = -HZ)
89,/0y + Laf = 0, ¢1 @2 0 Lith @+ 2 >0,

where L, = U,{cos - 8/0z 4 sin a-8/82), Ly = U,0/dz.

Here the functions g(x, z) and M (x, z) describe the vertical displacements of
the free surface and discontinuity respectively, g is the acceleration of gravity.
In the investigation of internal waves in many cases at the free surface instead

of condition (2) use is made of the simpler '"solid 1id" condition, for which 39?1/'
dy = 0 with y = Hy.

We introduce dimensionless variables, as the scale units for length and velocity
using the values h = £(0, 0) (height of rise) and U, and employing the Fourier
transform

Qu (1,4, V)= S o~iwxdz S o=tV (z, ¥, 2) 4z

for real i and vV, from equation (1) we obtain a system of ordinary differential
equations whose solution gives the following representations for the functions
;*(}i, V) and )7*(;4, v ), being the Fourier transform of the functiomns [ and n:

2 .0 10 — (41T
a1+ ee U

Gy = (1 n c_%"’) (1 + c—z/:uz) S
—hHg *
2dife(+e)e P e :

D = AD, — kdDy;

D, (k,0) = [eA th kHy — (1 + &) kd3] th kH, — kd} th kH,;
D, (k,0) = (eA — kd} th kH,) th kHy — (1 + &) kdy;
d,=Vsin(0 +a); dy=sind; A= gh/U} V=UlUg

f, 1s the Fourier transform f(x, z) and the following substitution is made
p=Fksin0, v=kcos®.

Wwith use of the "solid 11d" condition at the free surface 7, assumes the form

6L
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500070002-7



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500070002-7

FOR OFFICIAL USE ONLY

e (oo Mt
He (l + e'—nﬂ’) D,

Performing inverse Fourier transforms, we obtain

-] oo n 00
4)
n(z,2) = 4%2 SI efrdy j etven,dv = 2—1—-“2 Re y dejlke“‘"'n“’ﬂﬂn.dk,
-00 -00 4] 0

where the substitution x = r cos $, z = r sin ¢ is made. A similar expression ex-
ists for the function & (x, z) as well.

The functions g and ), have simple poles being roots of the equation D(k, é)
= 0 or Dl(k 8) ="0. It can be confirmed that with

AH H,
A[V2H,sin?(0 4 &) 4 H, smﬁ()]—V‘snnz()sm?(()+ca)<sH_s
the equation D(k,_@) = 0 has the two positive roots k1 (kl< kz), otherwise there

is only - 2 root k,. The equation Dl(k,ﬁ) = 0 has no mow than one positive root
kl and only under the condition

V2H, sin® (0 4+ a) + (1 + €)H, sin® 8 < eAHH,.

In selecting the integration contour in the k-plane in (4) we will use the Rayleigh

- method for introducing small dissipative forces [1] proportional to the velocities
of fluid particles. In the initial problem (1)-(3) changes are experienced only by
the dynamic conditions at the free surface in (2) and at the discontinuity in (3),
which now will have thL.: form

Ly + By = g8, paLla®s — p1L1®1 + B(Pa®: — p191) =
= g(ps — p)M,

where B> 0 is a dissipation coefficient which is small in value. The solution of
problem (1) with these boundary conditions shows that the poles of the integrand
in (4) with B0 have the form k = X + 1/3')’, where, for example, under the '"solid

. " _‘ 3
_ 1id" condition %, [Vsm(c +ayeth & M, + (1 4e)sin0cthk, ]

V= A— T [(1 F o) H, sin? 0/sh® iy, + V*H, sia® 8 +a)/ah’k ]

Accordingly, in (4) the integration contour is selected in quadrant I or quadrant
IV as a function of the sign on sin (& + ¥ ); all its real poles are '"bypassed"
by semicircles on which with ¥< 0 Im k<0, with Y'<0 Im k>0. In [2] this circum-
stance was not taken into account and all the poles were "bypassed' from below.

As a result, the integral representations for the sought-for functions can be writ-
ten in the form of the sum of single integrals governed by the presence of the
poles and the double integrals arising as a result of integration along the imag-
inary axis, which henceforth will be discarded from consideration since they de-
scribe local effects in the neighborhood of the rise and rapldly decrease with an
increase in r.

The final expression for the function N(r, ) (and similarly for g (r, ¥ )) has
the form

n(r, )= — ——>_‘ flc,sm (%3 sin(® + @))Resn,, (k;,6) db,

::-_10
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where k, is the root of the equation D(k, &) = 0 or D,(k, &) = 0 and integration
1s carrled out using those intervals of the 4 values }.n which sgn (sin(@+¢P)) =

sgn (7).

With satisfaction of the specific computations the form of the axisymmetric rise
on the bottom was stipulated Iin two types:

f(r) = 1 — rz/d"! with 0 < r < dr f(r) = 0 with d <r <.°°,' (5)
Ta (k) = 4nl, (kd)/k?,
where J, is a second-order Bessel function of the first kind,
fir) = d¥(d* + 2r%)3?
[+ (k) = nd®oxp (— dk/2)/2,
wlth which the volumes of both rises colncide and are equal to S = 7 d2/2. As a
comparison we also investigated the case of flow around a dipole situated at the
bottom at the point x = 0, z = 0 with the axis directed along the x-axis and a
moment equal to S. In this case fx = S. As is well known (see, for example, [4]),

such an approximation 1s used when investigating internal waves generated by a
- moving body.

with ¢ <L r<< oo, (6)

Numerical computations of the function

0 40 & n (x, z) were made for two V and & val-
20 N7 uves with A = 100, € = 10~2, H;/h = 2,
z/n /]0//‘ Hy/h = 5. Figures 1-4 represent isolines

Ay of the function M(x, z)/h with V =1,
o -0,03 oc= 0.45° (Figures 1, 2) and V = 0.5,
0L = 0.45° (Figures 3, 4) for an obstacle
! mu 0,01 described by function (5) with d = 5; the
o1 dashed lines represent the boundaries of
30 A wave zones determined by the stationary
oorb phase method like in [2]. The circle
20,01 with its center at the origin of coord-
—_— 20r =0 inates corresponds to the boundary of
,-\ogrQ the rise. With & = 0 the pattern of the
%\ S ’ current is symmetric relative to the x-~
AN “por 0~ axis. In Figures 1, 2 the isolines are
80 Nw defined with the following levels: O,
28%54" +10-2, +3-.10~2, +10~1, +3-10-1; in Fig-
ures 3, 4 -- 0, +10~3, +3-10-3, +6-.1073,
Fig. 1. +1072, +3.10-2,

It should be noted that with these values of the initial parameters the difference
between the solutions obtained with use of the full conditions at the free boundary
and the "solid 1id" condition does not exceed 1%. The vertical displacements at the
free surface are several orders of magnitude less than at the discontinuity.

An investigation of the influence of the form of an obstacle on the amplitude of
internal waves indicated that a dipole approximation gives exaggerated values.
Figure 5 represents the function Y} (x, z)/h as a function of x with z/h = 20 and
the mentioned A, €, Hy, H) values for V - 1(a - % =0, b -o¢ = 45°). Curves 1-
3 correspond to the rises stipulated by expressions (5), (6) and the dipole
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approximation. With V = 0.5 and different & the amplitudes of the waves for both
types of rises become very close, but their discrepancy with the dipole approxim-
ation is still more substantial than with V = 1.

The author of [3] investigated the stability of waves developing at the discontin-
uity of two unbounded flows directed at an angle to one another. The results in
that study are easily applied to the case of flows of finite depth when the "solid
11d" conditions are satisfied at the free surface. Waves with a wave number k will
- be stable 1if k <
AT ey th kil - thikll,
Ae .
<(1+tz)[Vsin(0+‘7‘)"'5’»“10]2
For the stationary problem considered above the resulting wave movement is always
stable.
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ASSOCTIATED INTERNAL WAVES IN FLUID WITH EXPONENTIAL DENSITY DISTRIBUTION

Novosibirsk ZHURNAL PRIKLADNOY MEKHANIKI I TEKHNICHESKOY FIZIKI in Russian No 6,
Nov-Dec 81 (manuscript received 13 Oct 80) pp 47-54

[Article by S. A. Makarov and Yu. D. Chashechkin, Moscow]

[Text} Abstract: On the basis of the modified stationary
phase method proposed in [1, 2], the authors of [3]
in a plane and a three-dimensional case determined
surfaces of a constant phase of internal waves ex-
cited by a body moving at an arbitrary angle to the
horizon, satisfactorily coinciding with the experi-
mentally observed waves. With allowance for the in-
tegral transforms in [4, 5], the author of [6] used
numerical methods for examining, in a linear formul-
ation, the plane and spatlal problem of wave movements

- arising during flow around submerged "inflow" and
"outflow'" of identical intensity by a uniform flow
of a density-stratified fluid. The asymptotic solu-
tion for the wave field excited by the "inflow"-
"outflow'" system, moving in an exponentially strat-
ified fluid, was obtained in [7, 8]. These solutions
describe the wave pattern arising during the movement
of a body at high velocities. The objective of this
study is a determination of the amplitude-phase char-
acteristics of associlated internal waves in a fluid
with an exponential density distribution with a uni-
form horizontal motion of the body in a wide range
of motion regimes (including movements at low veloc-
ities) with their subsequent comparison with the re-
sults of laboratory experiments. In the solution no
allowance is made for dissipative and diffusional
effects (that is, the change in the density of par-
ticles during their motion is not taken into ac-
count) or the influence of the free surface. It is
assumed that the fluid is of infinite depth.
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The system of hydrodynamic equations determining the field of velocities v has
the form

@/at + vy)pv = —vp + pg, (9t +vylp =0, yv =m, . W

where t is time; p is density; p is pressure; g is the acceleration of gravity;
m(x, y, z, t) is the distribution of inflows and outflows in the fluid; V= Q_Qlax
+md/dy +ndldz.

The examination is made in the laboratory coordinate system OXYZ (the X-axis is
directed along the line of movement of the body, the Z-axis is directed vertical-
ly upward) and the coordinate system ox*vz(x* = x - Ut) 1is related to the body.

The problem is solved in the Boussinesq approximation. The dimensional parameters
of the problem are: P 4(z) = L,(0) exp [-z/A ] is the density of the fluid; the
stratification scale is A = [d ?n ,Oo(z)/dz]‘l; the period T and the frequency of
free internal oscillations in the fluid is N = /g/A, T = 27 /N; d is the vertical
dimension and L is the horizontal dimension of the body and U is the velocity of
its motion; ’?0 is the amplitude and A is the phase of the internal wave.

The dimensionless parameters: Fr = UZ/NZd2 is the internal Froude number; C = -A-/d
is the ratio of scales; ‘L_{f= L/d is the lengthening of the body; x0 = x*N/AU, yO =
yN/AU, 20 = zN/AU are dimensionless coordinates.

Eddy-free flow around a body by a current of a uniform ideal fluid is equivalent
to flow around a combination of inflows and outflows [9]. This result can also
be applied to a stratified fluid in the case of small gradients when the density
of the fluid changes insignificantly at distances of the order of the dimension
of the body [6].

The motion of a dipole and a system consisting of an inflow of equal intensity sit-
uated at the distance 2a is considered.

The linearized system (1), with allowance for the correlation between the vertical
deviation of a surface of constant density from an equilibrium position N (x, y, 2,
t) and the vertical velocity component [7],is reduced to the following equation:

3% [ a® 9  a° P o
. {a?(a?“i"@'ﬁ-a—zi)+N’(b;a-i-a—y,)}lpo(z)ﬂ(z.y,z.i)]=

(2)
=7?? Bix [po (2) m (2, y, 2, ).

The values m(x, y, z, t) for the movement of plane and three-dimensional bodies
are given in [6, 7].

We will seek a solution of equation (2) with zero boundary conditions at infinity.
Steady wave motion is examined.

The internal waves forming during the uniform motion of a body in a stratified flu-
id are called "associated" because the wave pattern is stationary in the coordinate
system related to the body. *
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The usi/mptotlc solution of equation (2), taking into account that with uniform hor-
{zontal motion of the body «w = -oU, has the form [1

| _ 4n® Y BF (@, B voxpli(ax +By+ v | (4
n(x‘lytz) re 2 IVI;GIV’-R_I + (;:f)

with r*> along any radius~vector q; summation is carried out for all points k =
{M, ﬁ,Y} on the wave number surface determined by the dispersion expression

(3)

" G(a, B, ) = (@U)Me® + B + ¥ — N¥a® + %) = 0, (4)
at which the normal to the surface is parallel to q and
r*.v,G 8 4 9
‘LT>°(VR“'H*‘“W+"?¥) (5)
ow

under the condition that the surface (4) has a nonzero Gaussian curvature K at
each of these points [1]. The coefficient B is dependent on the sign of the cur-
vature and the configuration of the wave number surface (4), F(el, ﬁ y V) is a
Fourier transform of the right-hand side of equation (2).

By analogy with [1], in a plane case (coordinates {x, z}) the asymptotic solution
(2) is
BF (2, 7) exp [t(m‘ +7x+—2-‘-sgn K)]
I

8
n(z*2) = - z IvaIT/m .+0(.r1..) (6)

where r*—o0 along any radius-vector q; summation is carried out for all points k
=[0¢, Y} by the curve
G(e, 7) = (@U)(&? + ¥°) — N%a* =0,

where the normal to the curve is parallel to q and (5) is satisfied.

As indicated by formulas (3), (6), the constant-phase surfaces have the form k-c*
= A. Since the r* vector is parallel to the normal of the surface G = O at the
point k, then

" A G.
r r—_vhg' Vh . (7)

It follows from solution of system (7) with (4) taken into account that the con-
stant-phase surfaces in a three-dimensional case are described by the equation

(@ = 1 + 0 [ — 1) ()
which coincides with [3, 10]. In a plane case

@) + @) = 1. )]

Formulas (8), (9) were derived for a point source when there is no interference of
the waves excited by its different parts, which can change the resultant patterns
of the constant-phase surface.
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The 1nequality (5) 1s the radiation condition, according to which all the waves
are generated by a source and do not arrive from infinity. It follows from this
that wave formation occurs only behind the moving body, that 13* with x*<0, where-
as 1in spherical coordinates {r , P, 6}, related to the body, x" = r*cosb, y-=

* _ =

r"cos @, y=r"sinOcosgp, z = * sin @sin @ with Q>p/2.

The points k = {04 , ﬁ, Y} of the wave number surfage (4);‘ at which the normal to
the surface coincides with the selected direction r” = (x", y, z), is found from
the system

(@U)(a? + B* + ¥ — N(a? + §9) = 0, [y,G-r*] = 0. ' (10)

The vector equation of system (10) contains two linearly independent equations.
Taking into account ot, [:} and )/ determined from (10):

N ] N 1—cos®sin?
t-sm‘PWSe P gy singcosy, y= - LEERICE
the wavelength 1is .
_ 2n ur - UT sin 0
]/c:2+f32-}-'\v2 + 2*%* V 1 —sin® ¢ cos? 8 an
l/ * +zz)z

In the plane y = O the wavelength is everywhere identical and equal to )‘0 = UT;
outside this plane )\ tends to zero with approach to the X-axis.

In the case of uniform horizontal motion of the dipole in a deep fluid with a weak
stratification the vertical displacement 1, determined from (3), coincides with
the solution in [7]. With small U (accordingly large k) in the solution in [7]
there is a singularity in the form 1/U.

In the case of movement of the inflow-outflow system it follows from (3) that
R V o? +R® V1 —sin® @ cos 6

m(*0,9)= . sio_§
7 7 (12)
sm(—U— sm(pcose) cos(—U— Sm(p) _|.0( ‘2)
¥ >o00, /2 << (with 8 =5, K = 0).

The vertical displacement (12) does not become equal to zero when U—0. With trans-
formation to a laboratory coordinate system L3 (x, ¥, 2z, t) at a fixed point x, vy,
z (y 5= 0) does not tend to zero when t- 00, the same as the solution in [7].

In a plane case with flow around a dipole it follows from (6) that

1. (z*, )—<]/ R’—Z—V—-cos(ﬁg ——)+0( )

r*— 00, 2* <0,

(13)

with flow around the inflow-outflow system
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2n n z T
o=V E 2V E "

arctg (—R_
* *
X sin (——A[’; —:7) cos (——NJ — —’,:—) +0 (.ri_.),

r*-» o0, 2% <0.

Both "'lz(x, z, t) and Yl3(x, z, t) tend to zero when t-»oc0, but only (1l4) becomes
equal to zero when U->0.

The above-mentioned singularities of the solutions for point disturbances -- of &
dipole [7], and of an inflow-outflow pair (12) -- are indicative of the non-
equivalence of substitution of the motion of a three-dimensional body in a non-
viscous fluid to motion of point disturbances not only with low velocities [7], bat
with high velocities, when Frjil, and can be eliminated by substitution of the
delta functions in system (1) by a series of classical functions of the type

exp|— r2i®) (15)

(tVa)?

The considered case of flow around distributed inflow and outflow at the distances
b) <r < A(b>1) is equivalent to flow around point inflow and outflow of equal
intensity M; = Mg erf3(b), which corresponds to flow around an ovoid, where My is
the intensity of the point sources [9].

—+68(r), 1—0.

Then, from (3), with (15) taken into account, it follows that in the Boussinesq
approximation (g = UTEAN)

nl )2]_12_’ VASEW S Vi—sin’:pcoszl)x

o0 I

nt(r¥, ’w)fell’[ ant |OXP _(T r* @ sin( (16)
. . ' Nrt . 1*%¥ 1—sin®gcos®

X sin (—%a— smcpcos,O) cos (_(_]r_ sin @ -}- sgn (sin ¢) ZAIU “s[,lin%c—“'os 0) +

1 n
+0<;;—2): >0, <0<
The second exponential factor leads to a rapid attenuation of (16) with U— 0 and
exerts a small influence with large U. In the case of high velocities n‘*‘Ml/U

with a decrease in velocity the amplitudelr('(’)' lof the vertical displacement (16)
has maxima at the points U,, determined with J4Ap/n from the condition

N .
—U—;‘:—|smcpcosﬂ|=—’2‘+nn, r=0,1,2,... an

With an increase in D, the maxima of amplitude are displaced insignificantly in the
direction of greater U.
The dependence of the amplitude of internal waves on the flow-around velocity in

the case of small U, such that Fr, = U2/ (N2a2)<1, 1s attributable to the interfer-
ence of waves from coherent sources (inflow and outflow), situated at the distance
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2a. In the XZ-plane the maxima of the amplitude are observed with U = Up, deter-
mined from

a = = oo .
—Ur—‘-lcosel— (@n+1), n 0,1, 2, a8y

it therefore follows that
2alcos 6] = nh, + An/2, A, = U, T,

which is the interference condition. The appearance of )n/Z is related to the op-
posite effect of inflow and outflow.

It follows from (18) that in the case of low wvelocities (Fr <1) there are several
maxima of amplitude at different 9 angles

lcostn| = —=F-(@n+1), n=0,1,2,... a9

With an increase in velocity the maxima are displaced toward the wake axis.

With motion of an elongated body with the lengthening ¢ = a/R the amplitude of the
internal wave is Y)'é'| ~1+5 2 with Fra>l which coincides with [6]; with Fr,<1
! +!~/1 + 1/% ¢ and decreases with an increase in lengthening.

With motion of distributed inflow-outflow the form of the constant-phase surface
differs somewhat from (8), since the phase "additive"

: 12N 1 —sin® pcos?
sgn (sin ) g7 e,

enters into (16), whose value increases with approach to the X-axis.

From (16), with transformation to a laboratory coordinate system.O0XYZ, it follows

that
_ 12 NS Uiy yt
17 (0,y,2,t)= ——exp[m] exp | — WUt (1 + (1(124)_1”2)2)} X
« Vatrnr I ‘/ (= (Ur)?
a Vs R

Na z Ut N —_— e
X 8 T cos{— V(Ut)? + y* + z*
m( Vi+2 Vun+s +2° ) OS{U VOO + ¥+ 2% x

« : 2 sen(s) (g _ 2 (uy)? n
Vyz—l-zz 2A ]"yz-i-z’ vzt Uyt st

VOO y* - 22— o0, t>0.

(20)

+ 0((!/:)2 +1y”+zf)’

Expression (20) becomes equal to zero for t—+oowhen y = 0 due to a decrease in the

rerm l/ iz )’
PN CORE R
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with y =& 0 due to a decrease in the second exponential factor. The frequency
of oscillations with an increase in time tends to

y2+='l 2A y2+z, l/ y2+22
The first oscillations have a period which is somewhat greater than T(y y2 + z2)/z.

The asymptotic solution is applicable at great (in comparison with the wavelength)
distances from the source:

r* » )uo.
(21)
The linearity criterion is the inequality
[nol < A.
1f A<nl, the linear solution (16) is correct when there is satisfaction of the
condition
2 S, ’
> AOR_ Mlsin(ﬁg—sinwcose)l,
e (nl)? a (22)
which with Fr &1 is equivalent to . R, VIALR
*>— 7
N
2 2 2
and with Fr_>1 s 2R V;: T2 | g cost).

here e 1s the base of natural logarithms.

If >\>ni, the linear solution (16) 1s correct when there is satisfaction of the
inequality
R%, 1/ T gt N
> — - sin |-~ sin @ cosf |, (23)

which with Fr,<1i 1s equivalent to

},OR“‘ Vaa_*_nz.
e (nl)? a

2RV &+ R

) | sin @ cos 6],

>

and with Fra>l

r¢»

It follows from (22), (23) that there is a region near the X-axis where a linear
solution is incorrect.
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An experimental investigation of associated internal waves was carriled out in a
laboratory basin measuring 1.5 x 0.4 x 0.4 m filled with an aqueous solution of
common salt with a uniform concentration (density) gradient, A = 4.4 m, N=1.5
sec=}, T = 4.2 sec. The phase patterns were registered using an IAB-451 shadow in-
strument; amplitudes were registered with a '"single-point" conductivity contact
converter [11]. The boundaries of the dark and light bands on the shadow photo-
grams are the wave crests and troughs, the blackening density is proportional to
the wave amplitude. Our experiments indicated that as a result of the entrainment
effect in the stratified fluid (blocking effect) the velocity and density pro-
files of the fluid change at distances of the order of the diameter ahead of and
behind the body. It can therefore be assumed that internal waves are generated by
the entire system consisting of the body and the fluid entrained by it. Due to the
presence of viscosity the entrained fluid has the form of an ovoid.

Figure 1 shows the wave pattern in the plane XZ arising during the horizontal motion
of an elongated body d = 1 cm, L = 8 cm with the velocity U = 1 cm/sec, T = 4.2 sec.
The bend in the wave surfaces observed on the cited kinogram is attributable to a
phase jump by I with a change in the sign on sin((Na/U) cos &). The 9 angles at
which the bend occurs are determined from the condition

(Na/U) |C053p|= Jdnp, P = 1: 29 3,"' (24)

In this case (8, = 56°, p = 1) it follows from (24) that 2a = 7.6 cm; this approx-—
imately coincides with L.

As a result of the blocking effect a similar pattern can be observed during the
motion of a sphere (Fig. 2, y =0, d = 2 cm, U =1.02 cm/sec, T = 4.2 sec, Fr =
0.11, @1 = 20°). The a value determined from (24) is 2.25 cm.

Fig. 3 shows the wave pactern in the plane XZ arising during horizontal motion of
a sphere d = 2 cm with a velocity U = 0.64 cm/sec, T = 4.2 sec, Fr = 0.044. With a
decrease in velocity there is an increase in the effective horizontal dimension of
the region of excitation of internal waves. On the shadow kinogram there is a bend
of the phase surface at the angle 9 = 39° (p = 2) and the interference maximum
of the amplitude at an angle @, = 22° (n = 2) to the axis of motion. The substit-
ution of the indicated Gn and 9 values into formulas (18), (24) gives close
values for the half-distance between the centers of the sources aj; = 3.6 cm, ap =
3.45 cm.

The resulting solutions (13), (14), (16) are antisymmetric relative to the plane
(line) z = 0 in a three-dimensional (plane) case. Mathematically this is associat-
ed with a change in the sign on sin @ or (z) with transition from the upper half-
space (half-plane) into the lower, and physically -- with opposite initial dis-
placements in these half-spaces (half-planes). Figures 1-3 show that the wave
crest in the upper half-plane corresponds to a trough in the lower. [Figures 1-3
are not reproduced here.]

Figure 4 is a trace showing measurement of the vertical displacement of fluid par-
ticles N (0, y, z, t) in the case of horizontal motion of the sphere d = 2.5 cm
with the velocity U = 1.65 cm/sec, T = 4.2 sec, Fr = 0.19 at the point y = 0, 2z =
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5 cm. The points 1, 3, 5 represent troughs and the points 2, 4, 6 represent wave
crests. The arrival times of the wave crests and depressions computed on the ba-

sis of (16) at the measurement points t, = 2.9, 5.5, 7.8, 10, 12.1, 14.2 sec (n =

1, 2,...,6) coincide well with the experimentally observed values even for the first
waves. For this case the solution (16) agrees with the experimental data with the
choice a = 2.5 cm, Rﬁil cm; then the computed ratios of amplitudes of oscillations

[ Mo lasr +1 Mg |n
(n =1, 2, 3, 4) are equal to 1.4, 1.38, 1.25, 1.2. It follows from the trace that
these ratios are 0.88, 1.56, 1.24 and 1.14. With an increase in distance to the
source there is a decrease in the difference between the computed and observed

values.
zwl;; Fm " 5
0! [
la

sl

A 4

FY {
804} 5 ]
03
8 02 1 ] F

Fig. 4. Fig. 5.

Figure 5 shows the dependence of the maximum displacement of particles in an in-

ternal wave in the case of horizontal motion of a sphere of the diameter d =1

cem in a fluid with AL = 4.2 m (points 1) and A= 17 m (points 2) at the point y =
0, z = 12 cm. The slope of the straight line on the graph corresponds to the de-

pendence Fr‘1/2, which coincides with the law of decrease in amplitude 77 ~ 1/U0

with Fr>1; with Fr< 0.8 L= 1.3 cm.

In the case of motion of a sphere at great velocities (Fr>l)’l< d/4, a<d and de-
creases with an increase in velocity.

The resulting solution (16) agrees satisfactorily with the data from laboratory ex-
periments already at distances of the order of 2Ap-

Since with Fr<€1 the wavelength is less than or of the order of the dimensions of
the body. in determining the amplitude characteristics of internal waves it is
necessary to take the influence of viscosity into account.
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PARAMETRIC RESONANCE IN STRATIFIED FLUID

Novosibirsk ZHURNAL PRIKLADNOY MEKHANIKI I TEKHNICHESKOY FIZIKI in Russian No 6,
Nov-Dec 81 (manuscript received 6 Mar 81) pp 168-174
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[Text] Abstract: Parametric resonance 1s one of the widespread
types of instability of mechanical systems. Parametric-
ally excited oscillations constitute a somewhat broader
class of phenomena. A mathematical determination of this
class of oscillations is usually given [1] for systems
whose equations of motion are reduced to ordinary dif-
ferential equations in time. The parametric oscillations
are related to the coefficients (parameters) of these
equations by a periodic dependence on time. Such oscil-
lations differ from forced oscillations, for which the
explicit dependence on time is contained in the equations
only additively, in the form of periodic forces. A stan-
dard example of the equations of parametric oscillations
is the Mathieu equation and its generalizations. The
first investigation of parametric oscillations was an ex-
perimental study by Faraday [2] in which a study was made
of the oscillations of the free surface of a fluid in a.
vessel. However, later it was for the most part the ap-
plications to the mechanics of solid and elastic bodies
which were developed [1l, 3, 4]. An exception is the prob-
lem of oscillations of the free surface of a fluid in a
vertically oscillating vessel. It was demonstrated in
[5-7] that the displacement of the free surface in a lin-
ear approximation is reduced to the Mathieu equation and
accordingly there are resonance frequencies at which the
surface 1is unstable. Allowance for viscosity in this prob-
lem was introduced in [8]. It is only during the last
decade that studies have begun on the parametric instab-
ility of more complex flows. The authors of [9, 10] made
a study of parametric resonance in convection problems.
The instability of Rossby wavas was investigated in [11,
147. Studies [15, 16] were devoted to the instability of
internal, waves in a stratified fluid. Source [15] gives
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a number of considerations on the possibility of an in-
crease in microscale disturbances against a background

of an internal wave. A theoretical investigation of:

the parametric instability of a plane internal wave in
the Boussinesq approximation 1s given in [16]. It is
shown that a wave of a finite amplitude can be unstable.
Within the range of small amplitudes parametric instabil-
ity undergoes transition into known [17] resonance inter-
accions of waves.

In this article a study is made of parametric resonance
in a stratified fluid. In the cases of vertically oscil-
lating vessels with a fluid and a horizontal plane-parallel
flow it was possible to obtain the instability conditions
and 1t is shown that instability of the same kind is ob-
served in internal waves. Here the idea of the similarity
of the physical conditions of the motion of a fluid in
an oscillating vessel and in a wave is important. The dif-
ferences are that the oscillations are not solid-body os-
cillations and their frequencies are not stipulated ar-
bitrarily. However, if a long internal wave is examined,
then locally (for short-wave disturbances) the conditions
are close to those of a solid oscillating fluid. The stud-
ied type of instability of internal waves was omitted from
consideration in [16]. An investigation of the mechanisms
by which the destruction of internal waves can occur is of
great interest in relation to the applications in . oceanol-
ogv [15-18]. Parametric resonance possibly can compete

- with the mechanism proposed in [18]. The latter essential-
ly involves the appearance of zones in a wave in which the
density increases upward. We also note the interesting hy-
pothesis [11, 12, 15, 16] that the parametric instability
of wave movements can be the mechanism of a "loss of pre-
dictability" of the current and the generation of turbu-
lence.

1. We will examine a rectangular vessel filled with an ideal incompressible fluid.
At the initial moment in time (t = O) the fluid occupies the volume 0<x<a, 0<
y< b, 0< z< c. The density of the fluid is P, = Ae~BY (A>0, B are constants).
The uniform gravity field has only a y-component (0, -g, 0). The buoyancy (Brunt-~
Vﬁisﬁlg) frequency is N* = ﬁ3g = const. The vessel moves in the y-direction with
the velocity Y(t) =s d¥/dt; Y(t) is a periodic function (oscillations of a finite
amplitude). "Non-flowthrough" conditions are satisfied at the boundaries of the
vessal. The state of rest of the fluid relative to the vessel is a solution of

the equations of motion. Its stability must be investigated.

We will transform to a coordinate system related to the vessél:

T=z,y=y—YW), z=121=¢t
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In these coordinates the equations of motion of the fluid have the same form as
in the initial coordinates; only the gravity field g is replaced by G=g + Y.
The linearized system of equations for the disturbances has the form

Polty = =Pz Pt = —Dys )
Py = —Py — pG, pr+ P;U =0, Us - vy + w; =0,
the line over x, y, Z, t has been omitted. The notations u, v, w are used to des-
ignate the x, y, z components of velocity disturbances; £, p are density and
pressure disturbances. The subscripts denote the partial derivatives, p©'p= dp o/

dy. The substitution & = p/Pg, T = PP g reduces (1.1) to a system of equations
with coefficients not dependent on X, y, 2 '

1.1)

Uy = —0Oy, Wy = —0z
v, = —oy + po — Gr, r, — pv =0, uy -+ vy + w, =0, (1.2)
allowing a separation of variables. For r, the equation
Drll -+ BG("a‘x + rzz) = Ol (1.3)

follows from (1.2), where D = A- ﬁalay; A is a triangular Laplace operator.
The substitution r = ¢ eBY/2 transforms (1.3) into

(A — BY4)Py + BG(Pxx + @2a) = 0. (1.4)
The eigenfunction of the problem is

@ = R(t)lek cos kyz sin kyy cos ksz, 1.5)

where kq, ko, k3 = (nl/a, n,/b, ng/c); np, my, n3 are arbitrary whole numbers.
The components u, v, W, computed from 1.2), %1.5), satisfy the boundary condi-
tions. It follows from (1.4), (1.5) that

) ) (1.6)
Rt + BUVE + BY)R = O,

B= (& + K3)/(k* + p*14); k*= J - ey 4 I3 -

vhere

Equation (1.6), as a result of the periodicity of Y(t), is the Hill equation [19].
With ¥ = C coswt it is reduced to the Mathieu equation:

R + B(N?® — Bw*C cos ot)R =0,

whose canonical form is

Ree + (@ — 2gcos 2R = 0, 1.7)

where T= 0Jt/2; a = 4BN% /e 2; q = 2BC. The stability of the solutions (1.7) was
studied in detail in [19, 20]. On the plane a, q (with a> 0) the unstable regions
constitute "tongues" emanating from the points a = m2, m=1, 2, 3,... With small
amplitudes C of vessel oscillations the solutioms (1.7) are unstable in narrow
zones around the points:
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© = 2NB2|m,
(1.8)

Such an instability i1s called parametric resomance [1, 3, 4], the number m is the
order of resonance. Since B 1, for the existence of resonance of the order m it
is necessary that « < 2N/m. For these dimensions of the vessel a, b, c and the
buoyancy frequency N there is a four-parameter (with respect to nj, np, ng, m)
set of frequencies « of oscillations of the vessel (1.8) in which there is reson-
ance. In all cases here and in the text which follows by the term "instability"
is meant an exponential increase in the solutions with t —coO.

The preceding results were obtained for equilibrium density stratification N2 E/Bg
> 0. At rhe same time it follows from (1.7) that with satisfaction of the condi-
tions

the oscillations of the vessel make stable a state with an increase in density
upward (N2< 0). If the amplitude of the oscillations C is small, the right-hand
side of (1.9) is always satisfied. The left-hand side gives the condition

-3y oC > (2¢/1B1B)*". (1.10)

The discussed property of stabilization of a nonequilibrium state is an analogue of
- the known result for a pendulum for which the upper position becomes stable with
oscillations of the suspension point [21]. Still closer analogues are stabiliza-
tion of Rayleigh-Taylor instability oscillations [22] and convection [23]. How-
ever, in contrast to these stablization cases it is impossible to achieve a non-
equilibrium stratified fluid. In (1.10) this corresponds to an impairment of the
inequality when B—0. Small B values are attained either with k2 + k2 or when ko
+00, Due to the limited dimensions of the vessel the first case is ekXcluded. Ac-
cordingly, waves which are short in a vertical direction are dangerous. It is pos-
sible that here the stabllization can be achieved by the introduction of viscosity.

Another interesting corollary (1.7) is the instability of a flow in the absence of
a gravity field g = 0. The instability condition (approximate [20]) is:

IC1=> (218)-1.

Such an instability can be important for predicting the behavior of a stratified
fluid under weightlessness conditions.

Allowance for the viscosity of a fluid leads to a replacement of the operator J/dt
before the velocity components in (1.1) by 4/ 9t - vA. Under the condition of a
constancy of the coefficient of kinematic viscosity V= const in place of (1.4) we
obtain the equation

(A — BH4) gy — V(A + B4 + Bo/OY)p] & BG(Pzx + @za) = 0.

The solution of the problem with satisfaction of the attachment conditions at the
boundaries of the vessel is extremely complex and can be considered as a general-
ization of [8, 10]. We will examine an infinite vessel. After separation of the
varlables
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9= R (t) ei(klx+hzv+h3:)

we obtain the equation
B + A + B(N* + BY)R =0, (2.1)

being a generalization of (1.6). This equation is the Hill equation (or Mathieu
equation with Y = C cos ) t) with friction. The form of the friction coefficient
is unusual:

A = v(i — PY4 — ilP).

For example, with N2 + }3§ = 0 from (2.1) for different k it is possible to obtain
both attenuation and growth. Such a behavior of R(t) is related to the unlimited
character of the selected solutions (1.1) with any fixed t. In the Boussinesq ap-
proximation (see below) the solutions are limited and A= sz, which always cor-
responds to attenuation.

3. A direct generalization of the considered problem is the problem of the vertical
oscillations of a horizontal plane-parallel flow of an ideal incompressible strat-
1fied fluid. The flow is directed along the x-axis; the velocity value is U = U(y).
Retaining the notations in section 1, we obtain a system of equations for linear
disturbances:

po(Lu + U'v) = —py, polv = —p, — pG, polw = —p,,

, (3.1)
Lp+pv=0, uz+v,+w,=0,

where L=0/dt + U3/ dx. It follows from (3.1) that (A +Ba/ 3y)L2p+BG(Pxx +

P zz) - 2(U'LP )y = 0. The investigation of stability of solutions of this equa-

tion is extremely complex. However, for disturbances not dependent on the x—-coor-

dinate, we again obtain an equation of the type (1.3):

(0%/02* + d*/6y* + Paldy)py + BGp., =0,

which 1s solved by the substitution P= 9;e-ﬂy/2 with subsequent separation of
variables. The results obtained are the same as in sections 1 and 2 with the sole
difference that ki = O.

4. In the preceding examples it was demonstrated that fluctuations of the volume
of a stratified fluid as a whole can lead to an instability in accordance with the
parametric resonance mechanism. It is natural to expect that non-solid (differen-
tial) oscillations of the medium and especially internal waves (see introduction)
also have similar properties. The principal difficulties in Investigating the
stability of internal movements in a stratified fluid involve a complexity of the
initial equations even in the absence of their adequately simple partial solutions.
The solution involves a changeover to approximations either in the solutions or
directly in the equations. By "approximation" in the solutions it is understood
that the main wave movement investigated for stability is stipulated approximately
(for example, in the form of a finite number of amplitude terms in the series).
Mathematically this operation has the sense of a replacement of the coefficients
in the equations investigated for stability by their approximate (analytically
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slumpler) values. Examples of the direct simplification of the equations of motion
are the Boussinesq approximation [17] or the B -plane approximation [11, 13, 24].
The problem of the mathematical correctness of this sort of examination is ex-
ceedingly complex. However, the scientific and practical importance of the prob-
lem is a justification of activity at the "physical level of rigor." Below we ‘will
give two examples of approximations in solutions and in the equations for the
problem of stability of internal waves.

Assume that there is an ideal incompressible stratified fluid filling the entire
space. The uniform gravity field g is directed along the y-axis. The undisturbed
density of the fluid is PO = Ae~BY; the buoyancy frequency 1s N2 = ,Bg = const
(the notations are the same as in section 1). We will examine the problem of the
stability of an internal wave of a special form; in its stipulation we will limit
ourselves to expressions which are linear with respect to amplitude. The form of
such a wave is stipulated by the representation

u=0,v=7Y(z t) = oY/t

where u and v are the x- and y-velocity components.

The Y(x, t) function represents a traveling or standing wave in the form cos (kx -
Nt) or cos kx cos Nt, etc. The frequency of this wave coincides with the buoyancy
frequency N. By analogy with section 1 we will perform transformation of coordin-
ates

T=z,y=y—Y t),1=31=t

which corresponds to transformation to coordinates "oscillating" together with the
fluid. Thus, density in an internal wave is not dependent on time P=P0(y). For
the vertical component v we introduce v = v - Y;, so that the main state 1s rest

u =0, v=0. The linearized system of equations, being an analogue of (1.1), has
the form

CPely = —Px + szv: Pl = —Pz
polvy - Yu) = —py — o(g + Yi (4.1)
pt - p;'(v —Yu)=0, u—Yau,+vytw:= 0.
The line over the notations has been omitted. We will examine a disturbance of the
special form:
vz, t), r=r t), u=w=p=0.

For r = /-)/PO we have
re R (VP Yy)r = 0. ‘ (4.2)

This equation is an analogue of (1.6). With Y = @(x) cos Nt (4.2) 1s reduced to
the Mathicu equation in which x plays the role of a parameter. Since the forcing
frequency is equal to the main frequency there is a second resonance [3, 20] and
the wave 1s unstable even for small amplitudes @ For a traveling wave Y = C cos
(kx - Nt) and (4.2) is also reduced to the Mathieu equation, but only at the points
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sin kx = O. Hence it follows that there is also instability in this case. We
note further that terms with Y enter differently into system (4.1). The deriva-
tives are Y,~C/A , where C is amplitude, ) is wavelength. If this ratio is as-
sumed to be small and it is neglected, then (4.1) is reduced to (1.1) with the
single difference that the Y value is dependent on the x-coordinate. For dis-
turbances which are short-wave relative to x this system of equations in the
“irst approximation coincides with (1.1).

Now we will examine the approach through approximations in the equations. The
Boussinesq approximation [17] is a known simplification of the equations of motion
for a stratified fluid:

duldt = —yply — Og, d0/dt — Bv = 0, divu = 0, (4.3)

where u is the velocity vector; QE(P—F)ﬁiP is the total density, differing

litile from P = const; B=P(y) = —/o'o(y)/p. with B>0 the system (4.3) has pre-
cise solutions -- plane waves:

(, v, 0, p) = (=lk 1, iplo, —ol/k?)Cet?, (4.4)
where &) = +kN//k% + )45 C= const, ¥= kx + QY - dt.

It was demonstrated in [16] that these solutions may be unstable. At the same time
it appears that some of the terms in the equations of motion discarded in the
derivation of (4.3) can also give parametric instability. For a demonstration of
this assertion it is adequate to note that in the problem of an oscillating vessel
(see section 1) the use of equations (4.3) does not lead to instability. It is
clear that such an approach is incorrect: the small discarded terms of the equa-
tions give an effect accumulating in a resonance fashion. In order to retain in
the equations the instability discussed in section 1, in the first equation (4.3)
it is necessary to return the earlier discarded term @du/dt. This operation is
equivalent to a transformation to the Boussinesq approximation in a coordinate
system related to the vessel. After this, a linearized system of equations of the
stability problem follows from (4.3):

v, = —p,lp — 0@ +Y), u = —pilp, w= —plp, 6 —pv=0, (4.4)
u, + vy, +w, =0.

Comparison with system (1.1) shows that (4.4) is its simplified variant. It fol-
lows from (4.4) that

ACL“ + ﬂc(axr + a‘u)-= O’ (4_5)

where =) _ﬁ; G= g+ Y. Then the problem is solved by the separation of vari~
ables (see section 1). With [5 = const equation (4.5) is a simplification of (1.4).
Allowance for viscosity leads, as already mentioned above, to the appearance in
(4.5) of a dissipative term in the simplest form

Aoy — vBay) + BG(ozx + @z) = 0.
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In exactly the same way, allowance for the above-mentioned term of the equations
leads to the appearance of an additional (in comparison with [16]) instability

of the solutions (4.4). We will write the equations of motion in a coordinate sys-
tem with the x-axis directed along the wave vector k and the y-axis directed along
the velocity vector in the wave. The velocity and density fields assume the form

(U, V, 8) = (0, 1, ip/w)Ceitsx—ot)

where &= N cos ¥; ¥ is the angle between the x-axis and the horizontal plane;

X2=%2 + P2, The linearized system of equations of the problem for stability
has the form

Lu = —p, — gf sin ¢, Lv+ Vi = —py, — O(g cos ¢ + V),
Lw = —p,, uy + v, +w, =0, L0 + 6,u — pv =0, (4.6)

where L= J/2t + V4 /Jy. We will examine disturbances of the special form:
v=uz, t), 0 =00z 1t), p =j7(x, t)y u=w=20.

It follows from (4.6) that
0y + (N cos® @ 4 BV, cos )6 = 0.

Since the frequency of the change in V is equal to «J = N cos &, for V = C cos
(xx - «t) there is second resonance. We emphasize that the results in this sec-
tion are of an illustrative character and constitute no proofs. :

In conclusion we note the following. The problem of investigation of stability in
the linear approximation of equilibrium of an ideal stratified fluid in a vertical-
ly oscillating vessel is reduced to solution of the Mathieu equation (1.7). For an
equilibrium density stratification there can be an instability of the parametric
resonance type. Stabilization by oscillations of nonequilibrium stratification is
possible only for part of the spectrum.

In a horizontal plane-parallel flow of a stratified fluid subjected to vertical
oscillations there are disturbances of a special form for which the same results
as for an oscillating vessel are correct.

An approximate investigation for the stability of internal waves in an unbounded
stratified fluid shows that for them there is an instability in accordance with
the parametric resonance mechanism close in type to instability in an oscillating
vessel.

As a development of our general concepts concerning the mechanisms of instability
in a stratified fluid we will formulate the following. If the oscillations of the
fluld are such that the mass velocity has a normal component toward surfaces of
constant density, there can be an exponential increase in linear disturbances in
accordance with the parametric resonance mechanism.
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SPECTRA OF CURRENT FIELDS IN OCEAN DETERMINED ALONG TRAJECTORIES OF FREELY
DRIFTING SOFAR SYSTEM BUOYS

Moscow DOKLADY AKADEMII NAUK SSSR in Russian Vol 263, No 4, Apr 82
(manuscript received 10 Jul 81) pp 993-996

[Article by K. V. Konyayev and G. I. Merinova, Acoustics Institute imeni N. N.
Andreyev, Moscow]

[Text] Within the framework of the Soviet-American POLYMODE experiment for
studying the synoptic variability of currents in the ocean the Local Dynamic
Experiment was carried out by the American side. About 40 neutral-buoyancy
buoys of the SOFAR (Sound Fixing and Ranging) system were released in May
1978 in a square measuring 150 x 150 km with its center at about 31°N and
69°W and were set at equilibrium at the horizons 700 and 1300 m; their posi-
tion was registered by on-shore and self~contained acoustic stations each 8
hours for a period of 6 months. An analysis of the trajectories of these and
earlier released buoys made it possible to determine a number of characteris-
tics of synoptic movements [1, 2]. Among the spectral characteristics of the
field of currents computations were made only of the so-called time spectrum
Lagrangians —— the spectrum of a number of velocity readings without allowance
for the spatial location of these readings.

In December 1980 the data on buoy trajectcries were transmitted to the Soviet
side and it became possible to carry out their complete spatial-temporal spec-
tral analysis. The potential possibility of such an analysis is quite obvious:
in physical space and time the trajectories of the buoys relatively densely
£fi11 some volume, creating a quite full idea concerning the three-dimensional
realization of the field.

Representing the three-dimensional realization in the form of a set of time
functions. determined on the buoy trajectories, the three-dimensional ampli-
tude spectrum of the realization can be written in the form of time integrals
(written for the u-component of the velocity vector):

Sulk, 1,7)=Z fuj(fexp | —i2nfkx;(t) + ly;(e) + f1}}dr,
F
where x, y, t are the horizontal space coordinates and time, the x-axis is di-
rected to the east, the y-axls -~ to the north; k,f,, f are the space and time

frequencies; j is the number of the buoy; u (t) is the u-component of the velo-
city vector; Xj(t), yj(t) are the coordinates of the j-th buoy; integration is
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carried out during the entire observation time only for negative time frequen-
cies. The three-dimensional spectrum of kinetic energy of horizontal movements

is equal to (4 degrees of freedom)
gk, 1,1)= (S, Sy + SySy )BT,

where /A is the mean area covered by one float (determined as the first part of
the ratio of the maximum of the space spectral window to the volume under this
window); I 1is the number of buoys; T is the equivalent observation time. With
change to the time spectrum the integration is carried out by areas (10 x 16)-
10-3 cycle/km separately for the western and eastern half-planes of space fre-
quencies (about 25 degrees of freedom for the background part of the spectrum).

glf], [xm [eym) z/(l‘unm/a:ym} '
(km/day)z/ n.ﬂﬁ (cycles/day)

1
|
|
|
v

|
|
|
]
|
|
|
|
|
|
!

0,04 fuuxnfeym  cycles/day

Fig. 1. Western (at left) and eastern (at right) time spectra of kinetic energy
of horizontal movements at horizons 700 (1, peaks B, C, D) and 1300 m (2, peak
A) and spectral windows OB and OH for these same horizons (3), 4 -- western

spectrum at horizon 1300 m during first 60 days; vertical lines -- 80% confid-

ence intervals for background part of spectrum.

Rossby waves can make a contribution only to the western time spectrum. The
spectral window is computed as the response to identical readings of the velo-
city components, equal to 3 km/day and arranged on the existing trajectories
(in order not to overburden the diagrams the windows on them have been dis-
placed from the zero frequency). Due to movement of the buoys together with
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and the boundaries of the corridors of the possible parameters of Rossby waves

can be determined directly from the dispersion expressions [3].
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mean flow the observed time frequencies coincide with the true frequencies
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Fig. 2. Space spectra corresponding to the principal peaks of the time spectra
(isolines 95, 80, 60, 40, 20% of maximum). The dashed lines correspond to the
space spectral windows OB and OH; the horizontal and vertical dashed curves

represent the corridors of possible parameters of Rossby waves of the zero and

first modes respectively.

In the analysis we used series of coordinates following with an interval of

1 day from 12 May through 13 November 1978. For the horizons 700 and 1300 m
the normalizing values are: A= 10.5 and 4.6-103 km2, T = 111 and 130 days, I
= 20 and 22; the mean velocities and velocity dispersions for these horizons
are (separately for the u- and v-components) ~0.6 and 0.4 km/day, 101 and 86
(km/day)2, -1.6 and O km/day, 25 and 30 (km/day)2.

The nature of the dropoff of the time spectra is determined to a great extent

by the shape of the side lobes of the spectral window so that the true spectrum
drops off appreciably more rapidly than the measured spectrum (Fig. 1). The

92
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500070002-7



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500070002-7

FOR OFFICIAL USE ONLY

western spectra contain narrow peaks which correspond to the most compact

space spectra peaks (Fig. 2). Peak A was formed for the most part by the os-
cillations observed during the first 60 days: the area under the peak during
the entire time was 12 (km/day)z, and during the first 60 days -- 28 (km/day)z.
Peaks A2 and B2 fall in the corridor of the parameters of barotropic Rossby
waves (frequencies for the boundaries of the corridors £10.005 cycle/day) and
the peaks Al and Bl do not fall far from this corridor and from the dispersion
surface of the baroclinic waves approaching close to this section of the spec-
trum near the point K = -4 103 cycle/km. It is more probable that these oscil-
lations are barotropic waves since their intensities differ little at the two
horizons. The B peak lies in the corridor of the barotropic waves and not far
from the circular corridor of the baroclinic waves. It is more probable that
these are baroclinic oscillations since they are not traced at the horizon

1300 m. The peaks [1, [2, [3 correspond to oscillations with periods great-
er than 200 days. The group velocity of the waves (peaks A, B, C) 1is directed
to the southeast [4]. The space spectrum of the oscillations with frequencies
0-0.06 cycle/day at the 700-m horizon occupies a relatively broad angular spec-
trum with a maximum in the northwest quadrant, and at the horizon 1300 m almost
does not differ from the space spectrum at a frequency of 0.02 cycle/day (peaks
Al, A2). The space spectrum of oscillations with frequencies 0.10-0.14 cycle/

/ day in the western sector at the 700-m horizon is virtually uniform, but at
the horizon 1300 m is close to zero around the zero space frequency (the 207
spectral isoline is (6-11)x10"3 cycle/km distant from the zero frequency). The
elimination of low space frequencies from the spectrum is evidence of a predom-
inance of nearly immobile turbulence transported by orbital motion in the
waves.

Table 1

Parameter Al A2 Bl B2 B Gl G2 G3

Number of mode . 0? 0 0? 0 1 0 0 0
Period, days 50 50 50 50 100 200 200 200
Length, km 210 500 270 550 310 320 270 1000
Direction, °N 300 285 290 260 315 350 200 270
Kinetic energy (apgrox— 6 4 6 4 10 4 4 4

imate), (km/day)
The parameters of the principal waves are given in Table 1.

According to data from anchored measurement instruments operating from 6 Sep-
tember 1977 through 30 August 1978 in the region 29°N and 70°W at the horizons
700 and 1400 m (Soviet part of POLYMODE), the pattern of the space-time spec-
trum is close to that considered on the basis of total intensity, period and
length of the predominant waves; the clearest spectral peaks correspond to os-
cillations with the observed periods 50 and 85 days (true periods 60 and 130
days); the 50-day waves are also propagated to the northwest sector; however, in
general, in contrast to this case, there is a predominance of waves moving to
the southwest.

Tt follows from this analysis that about one-third of the kinetic energy of

horizontal movements in this region of the ocean was carried by narrow-band
Rossby waves of the lower modes, moving for the most part to the west and
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northwest. At the 700-m horizon the oscillations were created for the most
part by 5-6 different waves, and at the 1300-m horizon -- by two waves; most
of the kinetic energy of these two waves was concentrated in the first third
of the observation time.

BIBLIOGRAPHY

1. Rossby, T, Voorhis, A. D. and Webb, D., J. MARINE RES., Vol 33, No 3,
p 355, 1975.

2. Freeland, H. J., Rhines, R. B. and Rossby, T., IBID., Vol 33, No 3, p 383,
1975.

3. 'Koﬂyayev, K. V. and Sabinin, K. L., DAN (Reports of the USSR Academy of Sci-
ences), Vol 253, No 4, p 970, 1980.

4. Longuet-Higgins, M. S., PROC. ROY. SOC., Vol A-279, No 1379, p 446, 1964.
COPYRIGHT: Izdatel'stvo "Nauka', "Doklady Akademii nauk SSSR", 1982

5303
Cs0: 1865/142

FOR OFFICB&. USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500070002-7



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500070002-7

FOR OFFICIAL USE ONLY

TERRESTRIAL GEOPHYSICS

UDC 534.222.2
RADTATION OF ELASTIC WAVES IN UNVENTED EXPLOSION

Moscow IZVESTIYA AKADEMII NAUK SSSR: FIZIKA ZEMLI in Russian No 2, Feb 82
/(manuscript received 8 Jan 81) pp 23-29

i[Article by S. Z. Dunin, 0. V. Nagornov and Ye. A. Popov, Moscow Engineering Phys-
dcs Institute] '

[Text] Abstract: A study was made of the radiation of
elastic waves during an explosion in a porous
medium with the dilatancy effect taken into ac-
count. The character of radiation of elastic
energy at different moments in time was inves-
tigated. The spectral composition of the radi-

. ated seismic signal, the influence of the
strength parameters of the medium, porosity and
dilatancy coefficient on the elastic energy
radiated during an explosion were analyzed.

In connection with the use of explosions there has been a great increase in inter-
est in the problem of radiation of elastic waves in ground and rocks. This is at-
tribut+ble primarily to the problems involved in the seismic safety of shots and
seismic prospecting [1, 2].

A number of models have been proposed for computing seismic waves forming during an
explosion; a review of these was given in [3]. In these studies it is assumed that
elastic waves are radiated by some spherical source whose radius is known as the
.elastic radius. The elastic radius is assumed equal to the radius of the destruc-
tion zone. As indicated by experimental data (such as [4]), the radiation of elas-
tic waves already begins during the movement of the destruction wave front. The
author of [5] gave an approximate estimate of the elastic energy radiated prior to
the time of stopping of the plasticity wave front. The author of [6] examined the
influence cf an elastic precursor on motion in the near zone of an explosion for
s0lid rock on the assumption that behind the shock wave front the medium becomes
fluid, the shear destruction condition is satisfied at the wave front and the vel-
;ocity of the wave front is linearly related to mass velocity behind it.

- Source [1] gave a schematic representation of the powerful explosion phenomenon. Ac-
cording to [1], as a result of the evaporation of rock a spherical cavity is formed
(as indicated by the experimental data in [7] and a theoretical estimate [8], 60-100
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= tons is evaporated per kiloton of charge). The vapor pressure in the cavity consid-
erably exceeds the strength parameters of the medium. Further development of the
explosion can be broken down into three principal stages. In the first, hydrody-
namic stage it is assumed that the medium behaves like a fluid, that is, the dif-
ference in radial and azimuthal stresses is neglected. This stage ends when the
mean pressure in the medium is comparable with the theoretical strength of the crys-
talline matter. The strength properties of the medium become extremely important in
the second stage. When the velocity of the wave front is comparable to the velo-
city of propagation of longitudinal waves the radiation of an elastic wave begins.
In this third stage the elastic properties of the medium play an important role.

In [9] an estimate was made of the radiated seismic wave within the framework of
the above-mentioned scheme on the assumption that the radius Ry from which the radi-
ation of an elastic wave begins and the maximum radius of the plastic zone Rp are
close. Experimental data show that in the case of both field [4] and in the case

of laboratory [10] explosions RP/ROA'3-5.

Next we will be interested only in characteristics related to the radiation of an
elastic wave and we will drop tie hydrodynamic phase of the explosion. In this ar-
ticle we will examine the problem of radiation of elastic waves in a porous medium
with the dilatancy effect taken into account. The nature of the radiation of elas-
tic energy at different moments in time is investigated. The influence of the
strength parameters of the medium, porosity and the dilatancy coefficient on the
quantity of elastic energy radiated during an explosion is analyzed. The spectral
composition of the radiated seismic signal is analyzcd.

In the case of an underground shot in a homogeneous medium compressed by lithostat-
ic pressure a destruction wave is propagated from a cavity of the radius ap with
the initial pressure pg. The Mises-Schleicher plasticity condition

6,—0o=—k+m(0,+20),

is satisfied behind the wave front. Here Cfr and szare the radial and azimuthal
directions; k, m are constants. The flow behind the front is described by the
equations of conservation of mass and momentum and the dilatancy equation, which
are written in a spherically symmetric coordinate system in Lagrange variables (ro,
t). The equation of motion is

- du 3 _’E.)] @)
W#ﬂz§f=—ﬁz[ﬁ(r+3m !

where %= 6m/(2m+l), p(ro,t), u is mass velocity, r(rg,t) 1is the Eulerian coordin~-
ate of the point rp.

The continuity equation is
ar  rdpe

orpb, P p' (2)

where f’(ro,t) is particle density, Fb is initial density. The dilatancy equation,
with allowance for the continuity equation, is

i} d :
— )+ —1lnp= (3)
A atln(pr)+ 5 In p=0,

6
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where A is the dilatancy rate [11].

Experimental data and theoretical computations [4, 12] show that in porous media
the principal mechanism of energy dissipation is related to shock compression in
the wave front, that is, to an irreversible packing of pores. We will make the fol-
lowing simplifying assumption. At the front the destructible medium attains its
limiting compression E£¢. = 1 = Pg/ P gy. The subscript "fr" demotes values of ‘the
parameters at the front; the subscript "O0" denotes values of the parameters in the
undisturbed medium. Henceforth we will assume that €, = const = ©&.

At the front of the destruction wave there is satisfaction of the conditions of
conservation of mass and momentum

U¢=BR (t), (4)
[® = front] Po=poR*(t)+py, (5)

where R(t) and R(t) are front radius and velocity, Pp 1s lithostatic pressure at
the depth h.

The dilatancy rate A for porosities 5~15% can be considered constant [1]. Then
equation (3) is integrated

0 (1o t)=py (r(r;t) ) | (6)

where n = (2-.A)/(l+/\.).

The integration of the continuity equation (2), with (6) taken into account, gives
the relationship

| M (r t) = (1—e) iy e R (1), : %)
where r falls between the radius of the cavity and the radius of the wave front:
((1—e)as ' +eR™ (1)) /"<r<R(t).
We introduce the dimensionless parameters T= cot/ao, Xg = rO/aO, Y(T) = R(t)/ao,
where ¢y is the velocity of propagation of longitudinal waves in the undestroyed

medium,

The equation of motion (1) after integration in the range from rg to R(t), with al-
lowance for (4), (5), (7), with xy = 1, assume$ the form:

A(Y)YP+B(Y)Y*HC(Y) =0, (8)

where

- | A(V)= [asre—@),

17y
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2(8) = (e (1—e) B*) ",
: di- L -
B(Y)=1+nA(Y)-ne [ dgge"(5),

172 4

k
p(v) ey

ST

epece 3empees epoce’

where p(4 ) 1s the pressure on the wall‘ of the explosion cavity, which conforms to
the adiabatic law: a i

p(r)=[1--et+e¥"*' ()] **.
Equation (8) with the initial conditions

. Po—Dn

Y(0)=1, Y(0) V opace 9)
was solved numerically prior to the moment in time 'ﬁl, when the velocity of the
wave front was greater than the velocity of the longitudinal waves cg. After the
velocity of the destruction wave front becomes comparable to cg, the "detachment"

- of the elastic precursor (forerunner) begins. In this stage the medium in front of
the wave front is disturbed by the elastl: precursor and the conditions at the de-
struction wave front assume the form ‘ .

o ‘ : : ‘
. u—R= —5‘“-‘ (v—-R), Po—Pr=—0rtpy ( - -:—%) (v—=R)%, (10)

where Pl, v, O’r are density, mass veloclty, and radial stress (negative during com-
pression) in the elastic wave.

The parameters of the elastic wave are expressed through one unknown function £(5)

-- the potential of elastic displacements -~ fin the following way (the medium is
considered ideally elastic): ' e [f(g) + 1(&)
VT z I
-1_ "
SNBSS YRR
o[ v F®) -2 ) | S(B)
Q=P | T3 2 1—v ( x * z° )] =P

o= bt

1 .
1--f (&) /z

Here 5= T - X, x = r/ag, V is the Polsson coefficient.

At the destruction wave front we assume that one of the following conditions is
satisfied:

Go—0,=T, (12)
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or
0r=—0o. (13)

We will assume that the lithostatic pressure is great and radial detachment fissures
do not develop.

Omitting intermediate computations, we write a system of equations for determining
the unknown functions Y(T) and £(&) with T>T;:

YA(Y)Y+B(Y)Y*+C+D=0, (14)
_i:;':_._M[J_J,L _P
Y pet Ay LY V) gt

where the latter equation is taken with x = ¥(t) and
o.

€00Co

o. +3v—1_f__ 2(1-2v) f
poct  1—v Y2 1—y . Y’

D= Ftvi-0v, @15)

UV =

This system of equations (written with allowance for the destruction criterion (13))
is integrated numerically with the following initial conditions:

Y=Y(t), Y=Y (1), w(z)=0, v(n)=0, , (16)

where w(jl:i) is dispacement in the elastic wave at the initial moment in time,
Y(T;), Y(Ty) are the values of the radius and wave front velocity at the time 'fi,
obtained from solution in the preceding stage.

It is assumed that when the velocity of the destruction wave front is compared with
the mass velocity of the particles in front of it (when T= Tj) there will be no
further destruction of the medium but the radiation of elastic waves will continue.
From this moment (t = t2) an analytical solution is obtained for the well-known °
Sharne problen [13]:

6r=—0. when  z=Y(1:), an

and as the initial conditicns for the potential of elastic displacements we will
take its values f and f, obtained in the preceding stage.
The elastic energy radiated during the explosion was computed using the formula

col /80

e () =4npoai’cs® j /() P dr. (18)
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Fig. 1. Dependence of velocity of radia- Fig. 2. Dependence of irradiated elas-
tion of elastic energy on time, 1) A= 0, tic energy on dilatancy coefficient.
2) A= 0.05, 3) A=0.11, E is the explo-

sion energy; the arrow indicates the time
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Fig. 3. Dependence of radiated elastic en- Fig. 4. Dependence of potential of elas-
ergy on dry friction coefficient. tic displacements on time,

Figure 1 is a graph of the dependence of the velocity of radiation of elastic ener-
gy de(t)/dt on time with different dilactancy coefficients. It can be egeen from this
dependence that most of the elastic energy is radiated up to the moment tp = ’tzao/
cg, that is, with motion of the destruction wave. It exceeds by a factor oi ap-
proximately 4-10 the elastic energy radiated after the destruction wave stcps. With
an increase in the dilatancy coefficient the quantity of radiated elastic energy
increases. For example (Fig. 2), the elastic energy radiated with A, = 0 is 12%
greater than the elastic energy radiated with /L= 0.1. The radius of the destruc-
tion zone in a dilatating medium (A = 0.1) is 10% greater than in a nondilatating
medium, The ratilo /Ro = 3,8-4.2, depending on A . Figure 3 shows the dependence
of the radiated elastic energy on the dry friction coefficient with a porosity of

1
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9%. With a decrease in the dry friction coefficient from 0.60 to 0.15 the quantity
of radiated elastic energy increases by a factor of 3.5. The radius of the plastic-
ity zone increases by 40%. In this case the increase in the fraction of radiated

elastic energy is related to a decrease in energy dissipation due to plastic flow.
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Fig. 5. Dependence of derivative of poten- Fig. 6. Dependence of velocity of radia-
tial of elastic displacements on frequency. tion of elastic energy on time with dif-
ferent porosity. 1) 13%, 2) 9%, 3) 5%, E
-- energy of explosion; the arrow indi-
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Fig. 7. Dependence of radiated elastic Fig. 8. Dependence of quantity of radi-
energy on porosity. ated elastic energy on cohesion coef-

ficient.

If the medium conforms to the Tresk plasticity condition

o.—-a;*w.;_ " 19)
then equation (1) assumes the form
ou a
pirtr-t e [ pt2uin . (20)

For f<f the coefficient C in equation (8) must be assumed equal to:

Ci= [Ph+ 2t InY (t) — po[1—e + e¥Y™] """]

epoco?
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and when 'Ll<f<‘f2 the system of equations (14) assumes the form:

A(Y)YPHB(Y)PHCAD=0, (21)
! fofy Ay wW
_y+3[7+ Y’] 1—2v pecst 0, (22)
RSl R AR
D'_TT:;[Y'+Y’]+D’ ZYW;

The system of equations (21), (22) with the initial conditions (16) was integrated
numerically with parameters characteristic for rock salt [14]. As a result of the
computations it was possible to ascertain the dependence of reduced potential on
time (Fig. 4) and the frequency dependence of the derivative of the potential of
elastic displacements (Fig. 5). :

A contribution to the high-frequency spectral component is made by the leading part
of the elastic precursor radiated during the motion of the destruction wave front.

We also computed the dependence of the velocity of radiation of an elastic wave on
time for different porosities (Fig. 6). We note also, as in the case of the condi~-
tion of destruction at the front by means of crushing (13), that the part of elas-
tic energy radiated after stopping of the destruction front is an order of magni-
tude less than the fraction radiated before stopping: the effective source of elas-
tic waves is seemingly situated between the cavity and the elastic boundary. Such

a character of elastic wave radiation was experimentally observed in [2]. With an
increase in porosity from 5 to 15% the fraction of radiated energy decreases by half
(Fig. 7). The radius of the plasticity zone decreases since the fraction of en-
ergy going to shock compression increases with an increase in porosity.

A study was made of the dependence of the radiated energy on the cohesion coef~
ficient 1% with a fixed 10% porosity (Fig. 8). It can be seen that the fraction of
radiated elastic energy increased by a factor of 5 with an increase in Tg with Tg
= 0.8 kbar in comparison with Tz = 0.2 kbar (the radius of the plasticity zone in~-
creased by a factor of 1.5). .

Summary

1. A study was made of the dynamics of radiation of elastic waves from a spherical
unvented (underground) sour:ze. It was shown that most of the elastic energy is
radiated prior to the stopping of the destruction front, which must be taken into

account in formulating a model of an effective spherical source.

2. A dependence of the fraction of radlated energy on the parameters of the medium
(porosity, strength, dilatancy coefficient) was established.
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3. The dependence of reduced potential on frequency and time was determined. The
leading part of the radiated elastic precursor makes a contribution to the high-
frequency spectral component.

The authors express appreciation to Ye. Ye. Lovetskiy, V. K. Sirotkin and V. S. Fet~
isov for useful discussions.
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UDC 528.532.291
qEW DEVELOPMENTS IN GRAVIMETRIC METHODS AND INSTRUMENTATION

Moscow IZMERENIYE SILY TYAZHESTI in Russian 1981 (signed to press 16 Oct 81)
pp 2, 93-96

fAnnotation, table of contents and abstracts from collection of articles "Gravity
Measurement," responsible editor Yu. D. Bulanzhe, corresponding member, USSR Academy
of Sciences, Izdatel'stvo "Nauka", 950 copies, 96 pages]

[Text] Annotation. This collection of articles is devoted to the development and also
an evalustion of the accuracy of gravimetric instrumentation and methods for work

with it. The authors discuss the overall accuracy of sea gravimeters of the AMG type
for 10 years. Also examined is the possibility of an effective protection of the geo-

ghysical instruments against microseisms. The collection is intended for specialists
n the field of geodesy and gravimetry.

‘Contents
Dobrokhotov, Y%;/E;’/zgﬁﬂmetfizgf’Highly Sensitive Levels" 3
Dobrokhotov, Yu. S. "Level-Type Tiltmeter" 22

Rukavishnikov, R. B. 'Calibration by the Method of Tilt of 'Worden Master'
Gravimeters" 29

Rukavishnikov, R. B. "Determination of Graduation of GR/K2 'Delta-2' Gravimeters -
by Tilt Method" 3%

Boyarskiy, E. A. and Pushchina, L. V. "Accuracy in Observations With AMG Gravi-
meters on Expeditions of the Institute of Physics of the Earth USSR Academy of

Sciences Duriﬁg 1968-1977" 37
Boyarskiy, E. A. "Errors in Measurements With Gravimeters in Standard Polygons

in Australia in 1973 and in Bastern Europe in 1974" ' 54
Svetlosanova, Z. P. '"'Some Problems in the Adjustment of an AMG Sea Gravimeter

in Calibration by the Tilt Method and Determination of Skew Angles Between ‘

Gravimeter Sensing Systems' 66
Dubovskoy, V. B., Grushinskiy, A. N., Zayonchkovskiy, M. A. and Leont 'yev, V. I.

"Antiseismic Protection of Geophysical Instruments" 71
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UDC 528.532.291
DETERMINATION OF GRADUATION OF GR/K2 "DELTA-2' GRAVIMETERS BY TILT METHOD
[Abstract of article by Rukavishnikov, R. B.]

[Text] A study was made of calibration by the tilt method of two quartz astaticized
narrow-range gravimeters using a UEGP-1 apparatus at different temperatures (+25
and +35°C), whose constancy was maintained using a TEG thermostat. It was found
that the value of a graduation of the investigated gravimeters is dependent on tem-
perature and that the nonlinearity of the reading scale is considerably less than

- indicated in the certification data for the instruments. The relative error in de-
termining the value of a graduation on the average is equal to 12-10"4 and the error
in determining scale corrections is +0.02 mgal. The use of the proposed method and
apparatus for calibrating instruments of the mentioned type makes it possible to
increase the reliability in determining their constants and the accuracy in gravi-
metric measurements as a whole. Figures 2, tables 1, references 5.

UDC 528.271:519.281.2

ACCURACY IN OBSERVATIONS WITH AMG GRAVIMETERS ON EXPEDITIONS OF THE INSTITUTE OF
PHYSICS OF THE EARTH USSR ACADEMY OF SCIENCES DURING 1968-1977

[Abstract of article by Boyarskiy, E. A. and Pushchina, L. v.]

[Text] The article describes the method and cites estimates of the accuracy of ob-
servations with AMG sea gravimeters on the basis of the results of 10 expeditions

of the Institute of Physics of the Earth, USSR Academy of Sciences. The evaluation
was made using three methods: 1) on the basis of internal convergence, that is, on
the basis of a comparison of simultaneous observations by two or three mathods; 2)
on the basis of repeated observations at the points of intersection of runs; 3) on
the basis of a comnarison with the results of other expeditions. Figures 3, tables
8, references 5. .

UDC 528.271:519.281.2

ERRORS IN MEASUREMENTS WITH GRAVIMETERS IN STANDARD POLYGONS IN AUSTRALIA IN 1973
AND IN EASTERN EUROPE IN 1974

[Abstract of article by Boyarskiy, E. A.]

[Text] The random and systematic errors in measurements with gravimeters in stan-
dard polygons are analyzed. It is shown that there is a constant error which charac-
terizes the gravimeter in all measurements in this 1ink. This error changes f:om
1ink to 1link and from instrument to instrument randomly: its mean square value for
the GAG-2 is +47prgal; for the Zhs-12 it 1is t30FLga1; for the Lacoste-Romberg --
+17p gal. Tables 5, references 7.
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UDC 528.532.291

SOME PROBLEMS IN THE ADJUSTMENT OF AN AMG SEA GRAVIMETER IN CALIBRATION BY THE
TILT METHOD AND DETERMINATION OF SKEW ANGLES BETWEEN GRAVIMETER SENSING SYSTEMS:::.

[Article by Svetlosanova, Z. P.]

[Text] The author examines the possibility of increasing the quality of adjustment
of the AMG gravimeter during calibration by the tilt method. The article describes
a method for gravimeter adjustment with use of a special device for the separate
tegistry of sensing systems. Also given are the results of determination of the
skew angle between the sensing systems of a group of AMG gravimeters. Recommenda-
tions are given on the practical use of the UEG-11 apparatus for eliminating skews.
yigures 1, tables 3, references 3.

UDcC 550.310
ANTISEISMIC PROTECTION OF GEOPHYSICAL INSTRUMENTS

[Article by Dubovskoy, V. B., Grushinskiy, A. N., Zayonchkovskiy, M. A. and
Leont'yev, V. I.]

[Text] The article sets forth a theory for a passive antiseismic platform and
gives an analysis of the possibility of creating an effective antiseismic platform
with a feedback. Evaluating the accuracy characteristics of presently existing
standard-produced sensors of horizontal and vertical accelerations, the authors
come to the conclusion that it is more effective to have protection against micro-
seisms by means of a low-frequency passive platform. The article gives the ampli-
tude and phase-frequency characteristics and recommends the optimum parameters.

Figures 2, references 2.

UDC 529.786.2
ECONOMICAL THERMOSTATING OF GAG-3 GEODETIC GRAVIMETER
= [Article by Dubovskoy, V. B., Leont'yev, V. I. and Zayonchkovskiy, M. A.]

[Text] A study was made of the advantage of a proportional thermostating system. The
authors give the comparative characteristics of schemes with independent and, depend-
ent temperature sensors. There is a detailed analysis of the problem of creating a
nongradient temperature field. The authors provide an optimum design for a thermo-
stat using a Dewar vessel. The model of a thermostat constructed with an analysis

of the principal sources of errors has high accuracy parameters: the thermostating
coefficient is not less than 10~%4, the homogeneity of the temperature field is not
worse than (2—3)-10"5 °C, the influence of thermal impacts is weak. The considered
thermostating system can be used extensively in precise measurement apparatus. Fig-
ures 2, tables 1, references 4.
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Dubovskoy, V. B., Leont'yev, V. I. and Zayonchkovskiy, M. A. "Economical
Thermostating of GAG-3 Geodetic Gravimeter" 76

Dubovskoy, V. B., Zholobov, V. M., Zayonchkovskiy, M. A., Leont'yev, V. I.,
Leskov, L. V., Obydennikov, S.-S. and Savicheva, V. V. "Possibilities for
the Registry of Microaccelerations Aboard Space Vehicles" - B4

- uDpC 528.532.291
GEOMETRY OF HIGHLY SENSITIVE LEVELS
[Abstract of article by Dobrokhotov, Yu. S.]

[Text] A method is proposed for constructing the sectior. profile of an entire work-
ing surface of a highly sensitive level. Control computations for models formed by
circles of different radii indicated that the errors introduced by simplifications

- of rigorous theory are negligible in comparison with the measurement errors in the
investigation of levels. The practical use of the proposed method is shown in the
example of three second levels. Figures 12, references 4.

UDC 528.532.291

LEVEL-TYPE TILTMETER
[Abstract of article by Dobrokhotov, Yu. S.]

[Text] The article describes a tiltmeter with a sensitivity of 0.1-0."2 to be used
in measurements of tilts of the earth's surface in active seismic and volcanic re-
gions. Highly sensitive astronomical levels are used as the tiltmeter measurement
elements. Methods for adjusting the instrument and determining its constants are
set forth. Figures 3, references 2.

UDC 528.532.291

CALIBRATION BY THE METHOD OF TILT OF 'WORDEN MASTER' GRAVIMETERS
[Abstract of article by Rukavishnikov, R. B.]

[Text] The calibration of two quartz astaticized gravimeters of the "Worden Master"
type produced by the American "Texas Instruments" Company is described. Investiga-
tions of instruments carried out with the unthermostated UEGP-1 apparatus and with
the TEG thermostat at a temperature close to the thermostating temperature of the
instruments are compared. It has been established that the relative error in deter-
mining the graduation value in both cases is approximately identical and equal to
(6—7)-10‘5; the error in determining the scale corrections in the first case is
equal to +0.025 mgal, and in the second -- +0.008 mgal. The conclusion is drawn
that the quality in determining the gravimeter constants is influenced clearly by
the constancy of temperature in the course of the investigations, the number of
repetitions and experience of the operator. Figures 1, tables 2, references 3.
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UDC 550.34.012
POSSIBILITIES FOR THE REGISTRY OF MICROACCELERATIONS ABOARD SPACE VEHICLES

[Abstract of article by Dubovskoy, V. B., Zholobov, V. M., Zayonchkovskiy, M. Ay
Leont'yev, V. I., Leskov, L. V., Obydennikov, S. S. and Savicheva, V. V.]

[Text] The article gives an analysis of the factors causing accelerations of sat-
ellites and orbital stations and evaluates their possible causes. Making a compar-
ative analysis of existing methods for measuring accelerations, the authors con-
‘“lude that on the basis of highly sensitive geophysical instrumentation it is pos-
sible to create acceleration sensors greatly exceeding in their sensitivity those
in standard production by industry. The authors describe a model of an accelero-

- meter, which, having good noise immunity, is superior to known instruments and can
be used successfully in solving a number of problems in space research. Figures
4, references 2.

‘COPYRIGHT: 1Izdatel'stvo ''Nauka', 1981
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upc 551.1

MULTISIDED INVESTIGATIONS OF THE EARTH'S CRUST AND UPPER MANTLE: RESULTS AND
PROSPECTS

Moscow VESTNIK AKADEMII NAUK SSSR in Russian No 3, Mar 82 pp 110-114
[Article by V. V. Belousov, corresponding member, USSR Academy of Sciences]

[Text] The Scientific Council of the USSR Academy of Sciences on Multisided Inves-
tigations of the Earth's Crust and Upper Mantle during the last five years has
coordinated work on study of structure and development of the earth's crust and
upper mantle. This work was carried out by about 150 organizations of the USSR
Academy of Sciences, USSR Geology Ministry and USSR Ministry of Higher and Second-
ary Specialized Education. The program for these studies belonged {and in the cur-
rent five-year program belongs) to the group of programs entering into the plans
of the USSR State Committee on Science and Technology.

The investigations have been carried out by geological, geophysical and geochemical
methods in different structural zones of the Soviet Union for the purpose of clar-
ifying the peculiarities of the tectonic, magmatic and metamorphic processes, for
developing theoretical concepts concerning their mechanism and causes. Special ef-
forts have been applied in order to integrate different methods and obtain a multi-
sided geological-geophysical interpretation of the observed characteristics of
structure of the earth's deep layers.

The studies were carried out in different directions, the scope of individual re-
search areas was different, and in addition to major problems solutions were found
for many special ones. We will attempt to summarize the principal results obtained
in this work plan and also to draw some conclusions concerning the most important
directions in further research of this type.

The most general result relates to the problem of inhomogeneities in the structure
of the earth's crust and upper mantle and essentially involves a refinement of -
data on the distribution of these inhomogeneities, their nature, and the relation-
ship of surface geological structures to them.

The fact that the earth's crust and upper mantle are inhomogeneous both vertically

and horizontally and that these changes in its structure correspond to changes in
structures at the surface was also known earlier. But in the course of recent years
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there has been a refinement of our knowledge concerning such inhomogeneities. As
a result it has been possible to separate the observed deep structures into a
series of "models" corresponding to definite types of geological zones. Seismic -
models of the crust and mantle are the best developed. o

For example, the plates of ancient platforms are characterized by a stable thick-
ness of the earth's crust (approximately equal to 40 km), an increased mean seis-
mic velocity in the crust (6.5 km/sec) with its separation into three layers of
approximately identical thickness and a high seismic velocity at the top of the
mantle (8.2-8.3 km/sec). The ancient crystalline shields are underlain by a still
thicker crust (up to 50 km). The plates of the young platforms have a crust with
a thickness of 35-40 km, the mean seismic velocities in them are lower than in
the ancient platforms (about 6.4 km/sec), and at the top of the mantle the velo-
cities vary between 7.9 and 8.1 km/sec.

All these figures pertain to the internal regions of the continent. They change ap-
preciably toward its peripheries: there the thickness of the crust in these same
structural conditions decreases to 28-35 km.

The deep depressions on the platform have a special structure. Aulacogens or gra-
bens, such as the Dneprovsko-Donetskiy graben, are characterized by a decrease in
crustal thickness under a downwarp in the basement (to 35 km), as a result of which
the Mohorovicic discontinuity beneath the axis of the downwarp rises by 5-10 km
relative to the surrounding regions.

Such depressions as the Caspian depression, where the consolidated crust is at a
depth of more than 20 km and is covered by an equally thick sedimentary layer,
stand out still more clearly in structure. Under the.center of this type of depres-
i sion the thickness of the entire crust decreases to 30 km and the thickness of its
consolidated layer decreases to 10 km. A decrease in thickness occurs due to the
consolidated crust, in which, in this connection, only the lower, most high-velo-
city part persists, that is, the densest layer. It therefore follows that in such
depressions the granite (granite-gneiss) part disappears and the entire solid part
, of the crust consists of a "basalt' (granulite-basite) layer. In some cases be-
neath such depressions there are lenses of high-velocity matter of lesser density
(7.8-7.9 km/sec) at the top of the mantle.

7ones of modern and recent rock formation are separated, as 1s well known, into
epigeosynclinal and epiplatform zones. The first includes the Carpathians, Crimea
and the Caucasus. In these zones there is a thickening of the crust to 50-60 km.
The thickening takes in primarily the upper or middle layers, that is, the low-
and intermediate-velocity layers. At the top of the mantle the velocities are
close to 8 km/sec. The boundaries between the layers are traced less clearly than
on the platforms. A circumstance of particular interest is that in the crust of
such orogenic downwarps as the Kura or Transcarpathian downwarps there are high-
velocity, dense and large inclusions.

Zones of epiplatform mountain formation, such as the Tien Shan or Pamir, in thedir

deep structure are similar to the preceding, but here there is a general decrease
in the velocities of seismic waves both in the crust and in the upper mantle.

111
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500070002-7



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500070002-7

FOR OFFICIAL USE ONLY

Under the Alayskiy Range there are low-velocity layers in the crust forming local
velocity inversions. The velocities at the top of the mantle are reduced to 7.5-7.9
km/sec.

The model for rift zones, an example of which is Lake Baykal and the adjacent re-
glons, 1s characterized by a crust of reduced thickness (up to 35 km), convex re-
iief of the Moho beneath the graben at the surface, both at the base of the crust
(6.7 km/sec) and at the top of the mantle (7.7 km/sec).

In the volcanic regions of Kamchatka, in addition to a general decrease in crustal
thickness (to 30 km), typical for the margins of the continent, there are pipelike
bodies in the'upper mantle with anomalously low seismic velocities. These bodies
serve for conducting lava in channels.

Extremely important results were obtained by the deep seismic sounding method in
the zone of transition from the continent to the Pacific Ocean. Together with the
results of earlier studies, carried out in the oceans surrounding the Soviet Union,
they indicated that with Increasing distance from the land, with increasing depth
of the sea, the continental crust is gradually wedged out, being replaced by an
oceanic crust. On the island ares the crustal thickness again increases; the crust
either remains oceanic or there are indicators of a continental structure, in this
case being anomalously thin. The transition of the crust to the mantle is consider-
ably less clear than in the other zones. In the abyssal trenches the crust has an
oceanic structure and is especially thin. The marginal sea - island arc system is
characterized by reduced seismic velocities at the top of the mantle.

Until now we do not have adequate information on the structure of the deep layers
of the upper mantle, and in particular, on the degree of expression of the astheno-
sphere —- a partially molten layer lying at a depth of 100-200 km. However, it can
be considered established that in the mantle, to a depth of not less than 200 km,
there are well-expressed horizontal inhomogeneities. Seismic and magnetotelluric in-
vestigations have shown that the distribution of the asthenospheric layers 1s ex-
tremely nonuniform. One cannot speak of a continuous asthenosphere. It is most
probable that it is entirely absent beneath the crystalline shields, the geologic~
ally quietest. It 1s poorly expressed beneath the plates of the ancient platforms,
but is best expressed and has a considerable thickness under regions of modern

rift and mountain formation. In the rift zones and in regions of modern volcanism
the partially molten matter of the asthenosphere penetrates into the uppermost
layers of the mantle and forms lenses of anomalously low-density matter directly
under the crust. It is known that observations of elastic waves reflected from the
surface of the earth's core have indicated that in a more general plan the inhomo-
geneities associated with geparation of the earth's surface into continents and
oceans penetrate to a depth of at least 400 km.

There will be a considerable broadening of our information concerning deep inhomo-
geneities and concerning their nature if the seismic data are supplemented by gravi-
metric and geothermal data.

For example, there are exceedingly interesting results from the use of isostatic

anomalies with their separation into different orders differing with respect to
wavelength from thousands to hundreds and tens of kilometers. In this way it is
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possible to discriminate a pattern of distribution of densities at different
depths in the crust and upper mantle. Reglonal isostatic anomalies with a wave-
length of a thousand kilometers are evidence of very deep inhomogeneities pene-
trating into the subasthenospheric layers of the mantle. Comparison of these XHA
anomalies with the latest endogenous geological activity indicates the presence
of a direct correspondence between density distribution in the mantle and the de-
- gree of excitation of endogenous processes at the surface, that is, the degree of
intensity of tectonic and magmatic processes. The minimum densities correspond to
the greatest degree of excitation. In actuality, the least dense mantle is situ-
ated under the Pamir and Tien Shan, from whence it is propagated to the region
of most recent tectonicactivation in the southern part of Siberia and into the
Baykal rift zone. This region of the less dense mantle differs sharply from the
ancient Rast European Platform or the Anabarskiy shield with their quiet gravita-
i tional field, close to equilibrium.

Great complications are observed in the zone of transition from the continent to
the Pacific Ocean. Here regional isostatic anomalies attain a high maximum. It is
evidently caused by some heavy masses concentrated under the asthenosphere at a
depth of several hundreds of kilometers. But if this regional background is re-
moved and we turn to local isostatic anomalies, it is found that there is a far
more complex pattern. Then positive anomalies persist on the island arcs, but in
the abyssal trenches they become negative, the marginal seas being in an equil-
ibrium state. If the influence of the crust 1s subtracted from the anomalies,
local anomalies revealing the distribution of densities in the upper layers of the
mantle are revealed. In this case beneath the marginal seas the anomalies become
negative, but under the abyssal trenches -- positive.

These complexities indicate a different distribution of densities at different
levels in the section of the transition zone. Such a great inhomogeneity of the
medium is evidence of extremely energetic deep processes, which also corresponds
to the geological data.

Geothermal observations are of decisive importance in understanding the nature of
deep processes. Like density inhomogeneities, heat flows are associated with the
latest endogenous activity; they are greater where the activity is greater and
less in the quiet regions. High heat flows are associated with the latest epiplat-
form mountain formation (Pamir, Tien Shan) and the epigeosynclinal uplift of the
Central Caucasus. High flows also chara "erize the rift zone of Baykal and the
transition zone from the continent to the Pacific Ocean. On the platforms there

is usually a normal flow decreasing tc subnormal on the crystalline shields.

It is easy to see that the seismological, gravimetric, geothermal and also magneto-
telluric data agree well with one another. The conditions for such an agreement are
evidently determined by the thermal regime of the deep layers. In actuality, in
those regions where the heat flow and accordingly the temperatures are higher there
is a well-expressed asthenosphere, reduced velocities at the top of the mantle and
reduced densities of these same layers. Everywhere in the regions of increased

heat flows at the surface there are modern or traces of relatively recent inten-
sive tectonic, magmatic and metamorphic processes. In places where the heat flow

is normal the asthenosphere is expressed weakly or is not expressed at all; the
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velocities at the top of the mantle are normal, the erust is thick and recent
and very recent endogenous activity at the surface is weak.

This correlation makes it possible to surmise that endogenous regimes, that is,
combinations of tectonic, magmatic and metamorphic processes, for the most part
are determined by the thermal conditions in the earth's deep layers. Excited re-
gimes are orogenic, rift, active transitional zones; they are caused by corres-—
ponding thermal excitation of the upper mantle and crust, expressed, in particular,
in intensified melting of the upper mantle. Quiet regimes -- platform, passive
transition zones —- are assoclated with quiet thermal conditionms. The circumstance
that regimes of different degree of expression appear simultaneously at the earth's
surface is a result of nonuniformity of the earth's heat field. Hence, to be sure,
it is natural to assume that also a change in regimes in time, including so-called
endogenous cycles, are caused by temporal evolution of thermal nonuniformities in
the mantle and crust.

Thus, the results of a multisided geological-geophysical study of the earth's crust
and upper mantle over the territory of the USSR create a basis for a generalized
overview of the development of the earth's tectonosphere. This basis is the his-
tory of the earth's thermal field with all its spatial and temporal nonuniformit-
ies. Such a generalization is of both theoretical and practical importance since a
clarification of the relationships between the upper mantle and the crust and an un-
derstanding of the character of the processes determining these relationships make
it possible to interpret the mechanism and conditions of formation of different
geological structures.

The observed inhomogeneities in the structure of the earth's crust and upper
mantle, in combination with inhomogeneities in the thermal field, are evidence that
the processes transpiring in the tectonosphere are not limited to mechanical move-
ments, but are also accompanied by physicochemical transformations of matter,

In deep inhomogeneities it is natural to see a reflection of the processes which

- at the present time are in different stages of their development. We could recon-
struct these processes if we were able to arrange the observed states in the

. sequence of their development in nature. 1f, for example, the mean section of the

. crust of an anclent platform is adopted as the initial section, and the observed

anomalous section of the crust of the Caspilan depression is adopted as the next
section, forming in connection with downwarping of the earth's crust, we will in-
terpret the absence of a granite~gneiss layer not as a primary phenomenon, but as
a result of secondary transformations. As a result of the latter this layer in its
elastic properties became indistinguishable from the basalt layer. Such a trans-
formation could be a result of metamorphic processes with an increase in the in-
itial density of the granire-gneiss layer. To be sure, this is only a hypothesis.

Still less of a definite nature can be said now concerning the nature of processes
in this same region at the boundary of the crust and mantle, where, if conclusions
are drawn on the basis of geophysical data, this boundary has been displaced up-
ward relative to its initial position and crustal thickness was thus reduced. If
crustal dilatation is excluded (and in the case of the isometric Caspian depression
it is scarcely possible), one must think of rather radical transformations of

11k
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matter (for example, phase transitions) at this boundary.

Similar comparisous for other cases will enable us to speak of a decrease in the
density of the upper layers of the mantle under the influence of intensified heat-
ing causing (or intensifying) partial melting. This occurs in regions of mountdin
and rift formation. A decrease in density of the upper mantle also occurs in the
transition zone from the continent to the ocean. But at the same time in local
downwarps (and in regions of mountain formation and in abyssal trenches) dense
inclusions appear which are registered by both seismic and gravimetric methods.

It can be postulated that dense inclusions represent injections of heavy magma.

However, such hypotheses are inadequate both for the solution of theoretical prob-
lems and especially for meeting practical requirements. In order to clarify the
true nature of the correlation between depths and the surface there is need for
models based on a comparison of the geophysical indices and embodying physicochem-
ical materials. This requires an intensified development of the geophysical as-
pects of the considered problem.

Tt should be noted that the geochemical direction until now has been inadequately
reflected in the program for multisided investigations of the earth's crust and
upper mantle. Now the situation is improving. But even beyond the limits of this
program, in world geochemical science, a great volume of data has been accumulated
which can be used in a comparison with geophysical and geological data. Much in-
formation has been accumulated concerning conditions of magma formation and meta-
morphism. An analysis of the distribution of isotopes, radioactive and rare earth
elements gives much for an understanding of physicochemical processes in the
earth's deep layers. Data are available indicating the stratification of the upper
mantle: beneath its upper layer, poor in alkalis and rare elements, there 1is evi-
dently a layer containing these elements. All this is opening up broad paths to

an understanding of evolution not only of the structure but also the matter of the
crust and upper mantle, a revelation of the patterns of distribution of matter of
different composition in the earth's deep layers in different geological zones.

Such a broader, more multisided approach to the study of the earth's deep layers
will make it possible to hope that in the course of the five-year plan which is
now beglnning we will considerably advance in our understanding of the earth's deep
- layers and those processes which determine the development of the earth's crust and
the distribution of matter in it, including those aspects which are of practical
interest.

COPYRIGHT: Izdatel'stvo "Nauka', "Vestnik Akademii nauk SSSR", 1982
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PHYSICS OF ATMOSPHERE

ARTICLES ON STRUCTURE OF AURORAL SUBSTORM

Apatity STRUKTURA AVRORAL'NOY SUBBURI (REZUL'TATY MIM) in Russian 1980 (signed to
press 23 Dec 80) pp 2, 154-159

[Annotation and abstracts from collection of articles "Structure of the Auroral
Substorm (Results of Program for International Investigation of the Magnetosphere)”,
edited by M. V. Uspenskiy, candidate of technical sciences (responsible editor),

A. G. Yakhnin and Ye. Ye. Timofeyev, Polyarnyy geofizicheskiy institut, Kol'skiy
filial AN SSSR, 400 copies, 159 pages]

[Text] Annotation. The collection of articles gives the results of observations
and investigations carried out at the Polar Geophysical Institute in implement-
ing the program for International Investigation of the Magnetosphere. The authors
examine problems relating to the physics of the radloaurora and the relationship
between the radiocaurora and other geophysical phenomena. A study was made of the
characteristics of auroras in different substorm phases and also the dynamics of
the equivalent current system at the time of breakup. Some characteristics of the
polar ionosphere and geomagnetic pulsations are investigated. The collection is
intended for scientific specialists, graduate students and students specializing
in the field of solar-terrestrial physics and physics of the magnetosphere and
ionosphere.

Abstracts

UDC 550,388

NEW EVIDENCE OF UNIFIED WAVE NATURE OF SYNCHRONOUS PULSATIONS IN RADIOAURORA AND
GEOMAGNETIC FIELD

[Article by Kustov, A. V., Pudovkin, A. I., Kangas, L., Leynonen, I. and Uspenskiy,
M. V.] ’

[Text] An analysis was made of the results of observations in the general zone
of pulsations in the radioaurora and short-period pulsations of the geomagnetic
field of class P1C, registered on 28 February 1978, Earlier it was proposed that
both phenomena be interpreted as the result of the incidence of an Alfven wave
from the magnetosphere, New information is given confirming this hypothesis.
Figures 4, references 6. ’
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UDC 550.388

CORRELATION BETWEEN RADIOAURORA AND PROTON AURORAS IN EVENTS OF 3 FEBRUARY AND 16
MARCH 1978

i [Article by Fedorova, N. I., Totunova, G. F. and Sukhovanenko, P. Ya.]

{Text] A study was made of the joint behavior of regions of the radioaurora and
proton auroras on the basis of simultaneous observations of radar reflections and
surface optical spectral observations. in the evening sector of local geomagnetic
time. A good correlation was discovered between the region of the maximum inten- -
sity of Hx and the diffuse radioaurora in the evening sector. Ionization by pro-
tons gives a contribution to the electron concentration in the ionospheric E re-
glon comparable with the concentration of leaking electrons. Figures 2, references

1.
UDC 550.338

POLAR GEOPHYSTCAL INSTITUTE PULSED DOPPLER APPARATUS FOR DRIFT MEASUREMENTS OF
RADIOAURORA

[Article by Stepanov, G. S., Kustov, A, V., Miroshnikov, Yu. G. and Yakovlev, P. I.]

'[Text] The article describes the new Polar Geophysical Institute pulsed Doppler
radar intended for the geophysical diagnosis of the ionosphere within the frame-
work of the international program for investigation of the magnetosphere. The radar
was developed for three-position measurements of the cosine dependence of the Dop-
pler scattering shift, together with the STARE system, and for investigation of the
spatial and Doppler structure of short-period pulsations accompanying substorms and
participation in diagnosis of artificial modification of the ionospheric E region
by powerful SW radiation. The authors give the zones of radar visibility, aspect
angles and positioning of geophysical instruments. The article gives examples of
the spectra of reflected signals and a table (calendar) of available data for the
experiment "Auroral Breakup-79." Figures 7, tables 2, references 15 items.,

UDC 550,388
NATURE OF EAST-WEST ASYMMETRY OF ALTITUDES OF AURORAL SCATTERING
[Article by Timofeyev, Ye. Ye.]

[Text] This study is a review of data on the east-west asymmetry of radioaurora
altitudes. This author analyzes the results of measurements at frequencies from 46
to 1210 MHz. It is shown that the asymmetry of altitudes is not a result of change
in the current angle with the azimuth of observation; in order to eliminate the
contradiction between experiment and the existing theory it is necessary to propose

- the presence, in general, of a slight slope to the east (about 1°) of the ionospher-
ic current layers, Figures 1, references 17.
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UDC 550.388

DETAILED ANALYSIS OF ALTITUDE CHARACTERISTICS OF RADIOAURORA IN EVENT OF
11 FEBRUARY 1979

[Article by Timofeyev, Ye. Ye., Miroshnikova, T. V. and Kukushkina, R. S.]

[Text] The author gives a comparison of the behavior of the altitudes of aur-

oral scattering at a frequency of 90 Miz with other parameters of the ionospheric

E region during the course of the event of 11 February 1979. It is shown that there
is a systematic eastward slope of the radioaurora layers in the region of the west-
erly electrojet and there is no correlation between the altitude at which the radio
ray is orthogonal to the geomagnetic field and the altitude of scattering. There is
a correlation between the altitudes of the radioaurora and the lower edge of aur-
oral Eg layers observed in one and the same ionospheric region. Figures 4, refer-
ences 14.

UDC 550.388.8

LONGITUDINAL ELECTRIC FIELDS AS MAIN SOURCE OF ACCELERATION OF AURORAL PARTICLE
FLUXES DURING DEVELOPMENT OF SUBSTORM

[Afticle by Yevlashin, L. S. and Yevlashin, L. M.]

[Text] On the basis of a joint analysis of the optical spectra of auroras and
ionospheric data at the time of development of midnight isolated negative bays in
the H component at Murmansk station the authors give a scheme for change in the
parameters of the energy spectra of auroral protons and electrons, from which it
can be seen that in the different phases of an elementary substorm there is an
anticorrelation of variations of hardness of the energy spectra. This is evidence
that the main source of acceleration of auroral particles operative during devel-
opment of a substorm can be the electric field directed along the earth's magnetic
iines of force., Figures 4, references 15,

UDC 550.388.8
DIFFUSE RADIOAURORA AND LONGITUDINAL CURRENTS IN EVENING SECTOR
[Article by Gustafson, G., Sverdlov, Yu. L. and Sergeyeva, N. G.]
[Text] A study was made of the correlation between the radioaurora and longi-
tudinal currents. The meridional chain of radars operates at a frequency of 88
MHz. The longitudinal currents were measured by the "Iriad" satellite. It was

found that a diffuse radioaurora is associated with inflowing longitudinal cur-
rents. Figures 4, references 1l. '
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UDC 550. 385,37
LOCALIZATION OF Pc5 AND AURORAL OVAL

[Article by Raspopov, O. M. and Afanas'yeva, L. T.]

[Text] On the basis of materials from the network of surface observatories sit-
uvated in the subauroral latitudes and auroral zone the authors describe the correl-
ation between Pc5 and the auroral oval. The region of generation of Pc5 is related
to the equatorial boundary of the oval with different levels of magnetic activity.
It is known on the basis of satellite data that the excitation of Pc5 is associated
with the drift of plasma inhomogeneities from the nighttime sector of the magneto-
sphere to its daytime part during the time of a substorm. The azimuthal drift of
the source of oscillations is also detected on the basis of surface data. The drift
velocity is ~ 0.5-1.1 degree/min. The detected patterns are compared with the
known theories of excitation of Pc5 pulsations. The most probable mechanism of
generation of oscillations is drift instability developing on the inner boundary

of the plasma layer in the morning sector of the magnetosphere during the time of
the restoration phase of a substorm. Figures 3, tables 2, references 25.

UDC 550,388
RELAXATION CHARACTERISTICS OF AURORAL IONOSPHERE
[Article by Tagirov, V. R., Vlaskov, V. A., Chernous, S. A. and Kayla, K.]

[Text] This review gives a detailed examination of the experimental and funda-
mental theoretical data on measurement and computation of the reaction time of the

auroral ionosphere to the injection of particles. Figures 7, tables 2, references
25.
UDC 550,388

FREQUENCY DEPENDENCE OF ALTITUDINAL VARIATION OF CONDUCTIVITY TENSOR oF
MULTICOMPONENT IONOSPHERE :

[Article by Pudovkin, A. M. and Pudovkina, Ye. V.]

[Text] The method for direct solution of a system of equations of motion is us-
ed in computing the components of the conductivity tensor of cold plasma. The
article gives the altitudinal variations of the tensor components for frequencies

10~3-105 sec~l for the daytime mean latitudinal six-component ionosphere under
quiet conditions. Figures 6, tables 6, references 6.

UDC 550.338
ASYMMETRY OF AURORAL SCATTERING INDICATRIX

[Article by Zarnitskiy, Yu. F.]

[Text] A linear theory is used in analysis of the relative contribution of dif-
ferent factors capable of causing an asymmetry of the indicatrix ot auroral USW
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. b4
scattering in the polar ionosphere. It is shown that Kadomtsev-Nedospasov instab-
ility in the longitudinal current is capable of causing swinging of long-wave
drift waves deflected from the orthogonal magnetic field by a considerable
angle. The authors also briefly examine the influence of ohmic heating of iono-
spheric plasma on the development of Buneman-Fahl instability in the E layer.
Figures 8, references 9.

UDC 550.338

LONG-PERIOD PULSATIONS OF SPECTRUM OF ENERGIES OF ENERGETIC AURORAL ELECTRONS
IN MORNING HOURS

[Article by Pirs, G. P., Shumilov, O. I., Lazutin, L. L., Radkevich, V. A. and
Zhulin, I. A.]

[Text] On the basis of measurements of X-radiation in the stratosphere during

the SAMBO-79 experiment a study was made of long-period pulsations of the intens-
ity and spectrum of energles of auroral X-radiation in morning. The article de-
scribes the case of synchronicity of long-period pulsations of intensity with sim-
ilar pulsations of the spectral parameters of auroral X-radiation, which accompan-
jed considerable activity of Pc5 geomagnetic pulsations. Figures 2, references 18,

uDC 550.385
DEVELOPMENT OF EQUIVALENT CURRENT SYSTEM DURING BREAKUP TIME
[Article by Yakhin, A. G., Sergeyev, V, A., Baumyokhann, V. and Raspopov, 0. M.]

[Text] Data from the Scandinavian network of magnetometers are used in analyz-

ing the development of an equivalent current system of a weak localized substorm.
The results make it possible to propose the existence of a Birkeland system of cur-
rents with a current flowing in at the eastern edge and flowing out at the western
edge of the auroral convexity. The growth of the current system occurs discrete-
iy; intensifications occur near the moments of flares of new arcs on the front of
the auroral convexity. Figures 2, references 7.

UDC 550.338.8

IONOSPHERIC CONDUCTIVITY IN THE REGION OF THE EASTERN ELECTROJET AND RADIOAURORA
AMPLITUDE

[Article by Starkov, G. V., Uspenskiy, M. V., Kayla, K., Pellinen, R. I., Grin-
val'd, R. A., Nil'sen, E. and Sofko, G.]

[Text] Data on the radioaurora are used in investigating ionospheric condi-

tions around the equatorial arc of the auroral oval in the preliminary phase of

a storm in the evening. The basis of the work is a detailed instrumental analysis
of the local storm of 16 March 1978, selected by the Polar Geophysical Institute
(NL 78-8) for a complex investigation within the framework of the experiment "Aur-
oral Breakup-78." The authors demonstrate the existence of a stable conductivity

120
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500070002-7



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500070002-7

FOR OFFICIAL USE ONLY

jump related to the most equatorial arc of the auroral oval. Equatorward from the
oval the Hall conductivity is 3-5 times greater than the conductivity within the
oval between the arcs, although the Pedersen conductivity there also differs insig-
nificantly. This phenomenon has also been confirmed by other geophysical observa-
tions carried out simultaneously and by data of the Chatanikovskaya incoherent scdt-
tering station for other cases. It is demonstrated that the earlier experimentally
determined linear relationship between the amplitude of the radioaurora and density
of the ionospheric current is a special case of the more general case, which is

the linear relationship of the radioaurora amplitude and the mean electron density
in the scattering volume. The latter in some 1imits allows an anticorrelation be-
tween the electric field and amplitude of the experimentally determined radioaurora.
Figures 7, references 35.

COPYRIGHT: Kol'skiy filial AN SSSR, 1980
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