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Fage '132.

TEF THEORY OF METERS OF THE FIELD OF THE PULSATIONS OF THE REPRACTIVE

INDEX IN SEA WATER,

Ye. A. Agafonav, S. V. Dotsenko.

T™he theory of meters of tions of the
refraction coefficient in eea Wwater is discussed,
influence of the geometric dimemsiomsa of am optical
senmor on its Dbandpass of tial escales of pulse~
tions field non-uniformities the refraction ooef-
ficient is studied. Distortions intreoduced the op-
tical sensor into the ctrum of theoretical models
of fields, the most similar to those encountered
in Ivdropfuslcll research are covered. B

The obtained results permit the elucidation of distor-
tions introduced by the optical sensor into supposed theore-
tical models of fields more deliberate approach to the
construction of aoptical sensore with the -aet bandpass
of spatial scales of the refraction coefficlent ,

Por detersining the small changes in the refractive index of
transparent sedia, wvidely are applied the schlieren methods. They
successfully are utilized during the study of the convection
currents, shock vaves, quality cf cptical glass, crystals of
different minerals, etc. These methods can te also used for studying
density fluctuations of sea water, vhich appear under the effect of

turbulent processes in water layer [1].

The possibility of using the schlieren methods for studying the

hydrophysical fields causes the need fcr the ccnstruction of the
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theory of the work cf the meters of the pulsations of the refractive
index cf world/light taking into account the specific character,

wvhich is irherent in the physical fields of the ocean.

Page 133,

In this vork is placed the task of the theoretical determination of
the spectral range cf the meters of the pulsations of the refractive
index cf sea water taking into account the three-dimensional/space
averaging cf density field, realized by their sensors, which is
necessary for explaining the degree of distcrticns introduced by
these senscrs into the statistical characteristics of the fields
being investigated. The structure cf the theoretical models of the
fields, with the aid of which is conducted the analysis of the work
of instrument, is close to real, that is encountered in the practice

cf hydrophysical investigations.

Known there is many works on the theory of the measurement of
transparent heterogeneities in connection with the tasks of qgas
dyramics, in vhich is utilized the assuampticn akout the flat/plane or
axisymmetric form of heterogeneities. Such models are not used for
the study of the physical fields of the ocean whose structure differs
significantly from those indicated idealized by heterogeneities

tecause of the charge variation of these fields in time and space.
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They here prove to be more correspcnding to the reality of the model
of the isotropic or locally isctroric fields which are examined

belcw.

The schematic diagram of the meter of the pulsations of the
refractivity gradient (Pig. 1) ccincides with the classical schematic
cf the schlieren-instrusent. Werld/light frca the source of light I is
focused by lens L in the plane of point light diaphragm D, With the
aid of objective 0,, is fcrs/shaped the pencil beam, which through
thke oxit of illuminator IL. enters into the volume of wvater being
investigated 10. In passing by this volume, the luminous flux falls
to input illuminator IL, and with the aid cf objective 0, is
accusulated in the plane of the shadov diapbkrags TD, after which is
arrange/located the photcreceiver FE. If in water on the path of
light rays there are nc refractivity gradierts, then the source of
the image cf count is cospletely overlapped by circular shadow
diaphragm and to photoreceiver vorld/light does not fall. In the
fresence of gradients in the examine/scanned vclume, the light rays

are deflect/diverted and are recorded by 1ight receptor.

Pigure 2 gives the possible form of schlieren photograph. The
random character of a change in the density field determines and the
random character of a change in the configuration of light five-and,

the displacesent/movements of its "center of gravity" of 0, value of
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its area and distribution of illumination within the limits of spot.
The study of the statistical characteristics of any of the nanmed

values makes it possible to investigate the comnected with thes 1

P

statistical characteristics of density field.
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Pig. '. Schematic of a schlieren instrumsent.
Page 134,

We investigate ccemunicaticn/connecticn of the statistical
characteristics of the "center of gravity® cf sgot with the
statistical characteristics of field. Por this first let us find
ccamunication/connecticn cf the argle of deflection & of elementary
1ight ray frca the axis of device with fora by passable by it optical

heterogeneity.

It is known [ for 2) that tte coordinates of light ray at point 2
after its passage through the cptically inhcmogeneous medium are
deternmined by the egquatioas

xa(te 2" ¢ 2 W.t;‘-:’}‘t‘,tgg‘,b. S
i T RBCAT R |
I. I. |
y'e ez’ ey )(;"iham,&y'&h&mv.ﬂ y
vhere N (3,y,2) - a refractive index of sedius, vhile 3 and y -
coerdinates of positiom of 1ight ray on plane, perpeadicular to the
optical axis of device, which is lccated at a distance ¢ fros exit

of the illusinator (Pig. 8). By prime is marked differentiation with
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respect to ccordinate

Let ua istroduce the substitution
nm.y,nu,(h M{,&!) . m 4
vhere n, - ccpstaat colpoult of rotucuvc hdcx; u.(.,y_,') its
g flucteation component PFurtheramore, let us designate
vhere £(%,,8) - sr.tial distribution of refractive index, calibrated
in such a way that
@Y g * 1

’ while value Y’ characterizes by itself the intensity of

fluctuations.

i From the formula of Lorentz2-Lorentz [ 3], that connects density p

and refractive index of medium n, follous

Lo, @)

where k - a constant, Differentiatin~ (") and transfer’/econvertine

to finite increments we will obtain

@t 1)t 2) il
a o .—‘L.‘
an on P
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Firg . 8.

Fia &.

Pig. 2. Schlierea image; SP - light spot; TC - shadow diaphragm.

Fig. 3. Passage of elesentary light ray thrcugh optical

heterogeneity.
Fage 135,

Calculaticn on the chtained formula of the probable deviaticnms
cf the refractive index of water on the basis of the available these
fluctuations of the dersity of sea vater, caused by the fluctuations

cf temperature and salimity, shows that ;,,,,do"“

Jt is possible tc
count in actuality which ;.rld_". since the 1lccal jumpAlirops in the
salinity and temperature, which correspond Jane * in mature exists.
Ccebining expressioss (2) amd (3), we will cbtain

AEYS) = (14 yf(3,y,W).
In viev of the ssmallness of fluctuatioms, it is possible to count

hin@yms b« rfxy.n.
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The substitution of the obtained relationship/ratio into systenm
(1), scluticn of this systes by the expansicn cf entering it
equations according to the degrees of the ssall paramster | and
disregard of the terms, which contaim | to degree is higher than
the first, it gives
U P [CS
- " - (8)
UCHE AP ¥
where {(x)and R(®) - anpgles of de®lection of ray/beam from freference
coordinates along the aces Ox and Ov, a%t Adistance = from the outnut
13luminator. Te bean's anrle of slope to the ames 0Ox and Ov, at which
1t enters the window o° the input 1lluminator, arran~e/located at a
distance € from exft *iluminator, unde= the condition of their smallness
accordinmly (5) thev are equal to
&1 I:'u%—‘ f 2y, 4y, 223,
s i‘)
Page 136. GU'ILEJ’G..U.?I)“. '

The obtained relaticnship/ratios give unknown
cossunication/commecticn of the projections of angle of deflection
& and &, of elementary light ray from the optical axis of device

os its imput illuminator with the form cf the cptical heterogeneity,

flaced in function f(x, y, 2).
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Since the heterogeneities of the refractive index of sea wvater
are movable and chactic, sutsequently we ccansider that the
distribution of fluctuaticas in space has randce character, i.e.,
fupcticn f@,y2)=Ff(® is ramdcas and, generally speaking, it depends
on time. Under the assumption cf uniformity and isotropy of the field
cf the refractive index and applicability of the hypothesis of
"frozen turbulence™ the autccorrelaticn functicn B(f) of field €
degends cnly en the modulus of three-dimensional/space shear between
twc points of field, i.e., _

BB B)= afa}-?,‘)- a,(lg-ﬁl) -
- By (e, -z gy gz, Y).

Purther let us consider these assumpticns carried out.

Let the instrument move relative to medius with a constant
velocity of ;Z, and the axis cf its perpendicular to direction of
soticn. In this case, the ccordinates of function f{x, y, z) change

in time according to the law

T=Ty+VoLeos g,

‘ T (7)

Y= 9”0 V.qu,_ - T
wvhere X, and Yy, - coordinates of the optical axis of device of the
relatively stationary field of refractive index at the moment of time
t=0, and ¢ -~ the asngle, vhich cosposes velocity vector with the
selected axis Ox. The dependence of the angles cf deflection of

ray/beam frcm time, accordingly (6) and (7), in this case takes the
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fora

etbe g I:‘é § (@, + vytoos 9, q”o\‘tw, .l)u,
' X (s)

t . s : .. .
&0 [y g (T Ghoaayy, yy o poing, 20z,
Fage 137.

Por a reduction in the recording during further celculations,

let us designate
S0 e jhe0sy, ygotang, 2 (8)

In the real ianstresent tltéiqh the field being iavestigated it
passes not elementary light ray, but lusminous flux, which has final
cress section. Let us deccmfose this flow on elsmentary light rays
and let us examine the result cf the ccsbined action of the system of
ray/beans. The def lected part of this flow after input illuminator,
not delayed ty shadov diaphrags, it is shown cn FPig. 4. Let us
copsider that the intensity of elementary ray/teams upon their

entrance into the sedius being investigated is identical, and

absorption and dissipation of their energy in medium is absent. Then
the intensity cf these ray/beams after shadcw diaphragm is also
identical, but, nevertheless, direct-shadow image can be
substantially hetercgeneouvs, since on any elementary area/site it can

hit different number of elementary ray/beass.

Consequently, the "center cf gravity" cf the lusinous flux after
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shadov diaphragm at the given instant has an angle of deflection frem
the optical axis ot device along the axis Ox, given by the averaging
of angle ¢,(t) with respect to entire enseamble of the elementary
light rays (averaging over the set of ray/beams let us designate by
brackets < D)3

tylt)»= i—::; I'uéa('t)di', by (10)
vhere the integrat iom is cosducted over the surface of the input
illusirator cf instrument. Divergence alomg the axis 0Oy is locatead
analogously. Is hence time average the position of the "center of
gravity" of the flow (average cver time let us designate by the
feature abcve the averaged function):

ety '.".:: L.“W‘i‘"“v

Taking into accomt expressioa (8) and I‘l!lll' the absence of the
cosstant field gradients of refractive index the standard deviation
of the “center of gravity" fros axis Ox at the fixed/recorded moment

of time we will obtain

tpalt) - g
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% Fig. 4. The lusinous flux after shadov diaphrags.

Page 138,

Substituticn into fcrmula (10) of first relaticashipsratio (8) taking
into eccount desigmaticn (9) gives

i il 0 ¢ turdeds. (
<egq(t) - L‘I:E.—fiﬂ"')d‘“.' 1)
Mter squaring of expression (11) we will obtain

<egft > d_'—u,._,l:! ‘s%-s:—,tf.«wv.wmw%. (8

0 !

Is averaged the standard deviation of the "center of gravity" of the

lusinous flux during the infinite period of the time
bz - m' NG
This value cas ser ve as the characteristic of the size/dimensions of
the luminescent spot on photoreceiver. As it fcllovs from expression
(12), for its detersinaticn it is necessary to define
FEEVL ) = fla »ytamg,y v Ton gz iy -yFessy, g gBsing, ) ,

vhile this expression is the correlatioa fuactioa of field, which, as ,

noted above, in our case it degends cnly on the difference of the

arquments cf function f, i.¢., has the fora

8Ty % ) Yy Y 2p8)
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Therefore

- 'stz: Lf‘&f:j.% ; l%,b} @ %, Y5y, 77T dzdndsdy, | (18?

Tet us note that the obtained value {4z does not depend on value
and direction of the speed cf tte moticn of instrument, i.e., the
averaged for prolonged time interval schlieren image, obtained in the
isctropic "frozen"® field, must te circusference independent of speed
and directicr of the motion of instrument in field. The difference
for this image fros circumference must speak aktout the absence of the

isctrcpy of field in the gcint cf its measurement.
Fage 139.

4s is known, the correlation function of uniform stray field
B,(®) is conmected vith its three-dimensional spectrua by
relaticaship/ratio (4]
l,(z;g.t)e jﬁo"“""““"”. 8(s,% ,d‘)dd,ddgd'l,,
substitutioa of which -;ato to:uh‘ (13) giv‘-. v ik

L = i oy S
oo Ut [ iR s

(¢ " ) \ il T 4 ;<
» “'LJ-'. % ’v.G(d,,ot, ,d.)dd‘dﬁdd,)d!'dss} as, . .
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Taking imto account the value of the irtegral

L j c“‘“‘ . dzde,. &z(%#)- 6‘34‘(1}4)7
it is simplificad th!a cxptoasicn
&pe= l"'ﬂl N psa 96 da ! “.“'n“n “,‘f
vhere sarkedly ’”
N, ""“sL.j f Fatallc ")"‘l‘*'ﬁ"] d&d‘,\

Last/latter value depends only on form and size/dlnensions of
the crcss section of the lumincus flux. If flow has section in the
fora of the circle cf radius a, then a.“g.'q! and

N ol o) = ‘“;;ST':‘?"

In this case :elaticnshlp/tatio (13) takes ‘the fora

a1 ] At RISl b wﬂﬁ“gﬂ

Por further uiuplitication in tho obtllacd expression, let us

note that the three-dimensicnal spectrum of isotropic field depends

crly on the scdules/modulus cf wave number ~0@’ﬁ&19.{q‘9d}0¢!) '

Fage 140.

After introducing in the space cf wave numbers spherical coordinates,
we will obtain

tepa = €L I:.n(d‘q..ﬁ)G(d)d..dd' (18)

vhere

;i(d,a, )=t L‘[Af(d,wo nwﬁ&mew’m.




pCcC = 70189800 PAGE 15

Trsaster/converting inm exgression (15) to nev variable s-d&, ve find
2.,
"v&‘!l" I. ms,lw(f):‘tw, (10)
vhiere the veightiag fumction of expressiop (16)
M8 -2t j.m'(wmnaa'(i?—‘xm’m, a7
while 6-% is zatio of a radius of light beas to its length.

Let us note that weighting functioa M(s.U_) is deteramined by the
configuration of the lusincus flux and reflects the properties of
differentiation of field by sensor and its three-dimensional/space
averaging. The form of this function is laid in the
copstruction/design of instrument and does rot depend on the

structure of the measured field.

Intc formula (16) enters the three-dimensicnal spectrum of field
G(x) . More natural is its replacement by the one-dimensional spectrunm
cf field G¢(x>. This spectrur is measured by driving/msoving in field
Foint sensor [S5). Utilizing cossunicaticn/ccnnection of these two
spectra [4)
| dé (’d)'

6(ck)= - Py ‘

frce expression (16) we will obtain

e‘ .-_L.. “‘: .)..&ﬁi‘l “z, (l.)
2‘ v ‘s
I.g‘ ! ."

An especially simple form accepts the obtained expression if the
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spectrum is described By the exponeatial functionm
ge=Cat ™" ' (19)
In particular, the videly known "law of five thirds" is obtained
hemce with v =5/3, Taking intc account feorsula (19) we obtain
o I;E?. j;'m,s)e,(f)dm‘-cl—,—-—-c”'” f: ME D% dz.  (20)
Thes, the average standard deviation of the "center of gravity” of
the lusinous flux is proportional in our case to integral of the

groduct of the weighting furction of imstrusent N(x, 5) to the

cne-dimensional spectrum of field G,(%) .

The family of the weighting functions, calculated for different
cnes 8 vith the aid of numerical integraticn for formula (17), is

given in Piq. S.

Since the veighting functicns have clear expressed maximums, it
is clear that the differeat regions of the spectrum mke different
centributica to &:Q. fost essential proves to be that part of the
spectrum of field, which is included in the band between T a0A X ’
corresfonding to half from the maximum value of weighting fumction

N(x, 6).

It is possible to count, as is customary in radio engineering,

that withir the limits of band X  e¢Xez, veightiag function M(x,

8) (i.e. the transaission factor of the spectrus 9‘{’) is constant.
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Cossequently, in this band the value of the spectrum of the output
signal of instrument is progortional to the value of the
cye-dizensicral spectrum of the field of refractive index &, (§) .
thea Z«x fuaction M (x, 6) behaves as the frequency characteristic
of the filter of high frequency, ard here the sfectrum of the output
signal of instrumsent is proportional to the spectrum of the field
gradient of refractive index. This special feature/peculiarity of

instrusent is ccnnected with its differentiasting properties.
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Fig. S. Panily of the veighting functioas of optical sensor.

Page 142,

In regioa X1, fumction N(x, &) corresponds to the frequency
characteristic of the filter of the lcw frequency, determined by the
Frcperty of the three-dimensional /space averaging of field by
instrument. The resulting curve is the frequency characteristic of
tand-pass filter vhcse parameters are vholly determined by the
relaticnship/ratio of the size/dimensions of the sensor of instrument

and can be previously taken into account in its construction/design.

As is evident in Fig. S, the tandwidth of sensor strongly
depends on §. Thus, for imstance, passband c¢f the instrument, which
has 6=0.1, exceeds ty a factor of the passtand of the instrusent,

vhich has 6=0.3. Is characteristic also an increase in values of N(x,
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6) during decrease §.

Since in our case optical sensor is intended for obtaining the
statistical characteristics of the field being investigated, then for
cbtaining the perfect infcrmaticn about these characteristics it is
necessary to knov the distorticns which are introduced by sensor into
the structure of the theoretical mocdels of the fields, close to real,
that are encountered in the practice of hydrophysical investigations.

This structure is laid im C-o™”

Pcr explaining the distortions, introduced by sensor into the
spectrua being investigated, wvas ccastructed the performance
characteristics of integrand (20) - M(x,ﬂ)p" for the "law of five
thirds" with different ones &§ (Pig. 6) . Such curve/graphs have

analogous character, alsoc, for laws v ='3/3, 4/3 and 6/3.
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Fage 143,

In Fig. 6 tc simply determine the band of the three-dimensional/space
scales, which contribute the significant contribution to the output
signal of optical sensor for different spectra cf the field being
investigated. Spectral ccapcnent of the measured field, which lie out

of this band, do not virtually affect the output sensor signal.

Analyzing the work of the meters cf the fpulsations of the
refractive index of sea water, it is possible to note that the
decrease of the diameter of 1ight beam expands the passband of the

three-disensional/space scales, reproducible by optical sensor

\ 2 RS
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vithout distortions. With the decrease of diameter, more vividly are
exhibited the differentiatirg properties of sensor. Narrovw light beanm
makes it possible tc sclve thke ssall/finer cptical heterogeneities,
entering the structure of the field teing investigated, decreasing
the effect of averaging acccrding to the diameter of the luminous |
flux. It is possible to coeat that in the regicen of lov frequencies
cnp section curved Nanﬁ)xf' from axis Ox to level 0.5 from maximum
value the sensor possesses the differentiating froperties. In the
regicn cf the passband cf optical sensor, it evenly reproduces
changes of the refractive index cf world/light in the medium being

igvestigated. On the descending high-frequency section of curve in

S

the region cf mini mum three-dimensional/space scales, the sensor
exhibits the integrating properties, which consist in the averaging
of small/fine three-disensicnal/space scales alcng the length of the

tasis cf instrusent.

Thus, is establish/installed communication/connection of the

cutput sensor signal with thke structure of fields, most frequently

erccuntered in practice hydrophysical experiments, which makes it
Fossible to explain the distortions, introduced by sensor into the
field being investigated, and to ccmpose the representation of .‘
towndaries of the applicability of senscr dctring the study of the

field cf refractive index.
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