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MEASURING LOCALLY ISOTROPIC HYDROPHYSICAL FIELDS

S. V. Dotsenko

Abstract
We have found a tie between the spectrum of an outnut signal
of an instrument with the spectrum of a locally isotropic field

measured by it, the knowledge of which permits correcting the

spectrum's distortion introduced by the instrument. The acquired
results illustrate, for example, corrections of the spectrum of

fluctuations in transmittance of sea water.

One of the methods of studying the physical processes which
occur in the ocean 1is the study of the nhysical flelds created by
it such as the flow velocity, temperature, salinity, transmittance,

speed of sound, etc. [1]. The methods of measuriing these filelds

can be varied: vertical sounding at a ship's anchorage, measuring
the fields with instruments (on the horizons of buoy stations or
on self-reacting floating devices), or measuring the ship's path

with operatiiy (towed) instruments. The various methods of meas-

urement correspond to the solution of various oceanographic prob-




lems.

With vertlical sounding, as a rule, we solve the problem of
investigating the distribution of determined components of a field
with respect to depth., With horizontal movement of the instrument,
we usually study the statistical characteristics of the measured
field at a given depth, where a change in the determined component
of the fleld 1s comparatively small.

Let us pause in more detall on measuring the statistical
characteristics of the studled scalar field with towing of the
measuring instrument,

It was recently shown that the physical flelds of the ocean
are subjected to time and spatial fluctuations with extremely
large spectra of frequencies, which change from fractions of a
second to a yvear and more, and from a centimeter to scales of the
entire ocean in general, It is apparent that 1t 1s not possible to
construct a method of measuring these fields, to an equal degree
suitable for studying in any ranges of the indicated spectra. The
towed instruments are bullt for studying nonuniformities, the
scales of which lie within the limits of centimeters to tens of
meters, and therefore the basic requirement for it 1s the best
representation of the features which are inherent to the measured
fields within the limits of preciselv these scales. Since we are
speaking of the statistical characteristics of fields, then the
problem of the theoryv of measuring can be formulated here in the
following manner: as with respect teo the data of measurements ac-

ouired with the aid of the towed measuring device, to restore tne

statistical characteristics of the measured field. Let us note




that the statistical characteristics of the output signal of the

instrument and of the studied field do not coincide, since the

instrument possesses propertles of spatial averaging and inertia

which distort the form of these characteristics, )
Let us study the tle between the statistical characteristics

of the output sipgnal of the towed instrument and the statistical

characteristics of the studled field in the supposition that the

latter 1s locally isotropic (this reaquirement 1is satisfied by a

wide class of physical fields encountered in the ocean), and the

measurement lasts for a rather long time, Here, we will consider
the condition of "frozen turbulence" of Taylor for the studied
field as accomplished.

The random tridimensional field X (), where F - radius-
vector of the fileld's points, is called locally uniform, if all
distributions of probabilities for differences of its values in
combination of pailrs of polnts do not change with any parallel
transfer of all the examined points [2]. The average value of in-
crements ‘A,Ilf)'lé'*;)'lo‘_) of this field is linear function of

-—
vector ”: s

m () -[X&’ﬁ');x(}j - a; P

where ¢, - constant vector, the total second moment of incre-

ments apk(p) of field X(p)
e A B .'-o. - - e RO (l)
(53, %5107 e )up 72
is reflected by the structural function of this field

2@=(1(F7) -1}’

with the aid of equation : ;
B(F.%.5)= 5 [PFAPAFF)2F-735)-20)]
3
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The structural function is simply determined by 1ts spectral den-

sity (tridimensional spectrum) &(d):
2 =2 (1000 &F) & (X)a . (2) 4

The locally uniform field, depending only on rel®| , is called
locally isotropic. The tridimensional spectrum of this field can
be expressed through its uniform spectrum a,@~) with the aid

of relationship

| 7 46()
| s T (3)

If field Y(¢) 1s uniform, then it carries the name of a random

process with stationary transfers. Its average value is

“y(‘:)_'[v(t’*tf) 'Y(tj -4t (4)

where a& - constant, and the structural function

2, (z,)-[v(mJ »v(g)]' ' (5) !

i is connected with 1ts spectrum in the following manner: 1

2,(¢)= z.f(f-h; w&,)t(«uo . (6)

The tile between the output signal of the instrument f{&)towed |
with respect to the studied medium with constant velocity 7:.

with the measured field X(J) has the form [3]

¥e)=f ¢}_,_ﬁ{v;(w)-}r~] HFin)ey, (7)

.iere M(Jiv) - the spread function of the instrument, char-

acterizing the rrorerties of spatial averaging and inertia which are
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inherent to it., Thus, in accordance with expression (7), the in=-
strument conducts a transformation of the studied tridimensional
field to an output uniform signal, We show that with towing of the
instrument with a constant velocity in the locally isotropic field
1ts cutput signal represents a random process with stationary
increments, and we will find the tle of the spectrum of this pro-
cess with the spectrum of the fleld.

Placing expression (7) in relationship (4), we obtain the
average value of output signal m,ﬁ}- ¥4 which linearly de-
pends on t, s, Wwhich is typical for a random process with station-
ary increments.

Let us find the structural function of output signal of the

instrument, Placing expression (7) in formula (5), we obtain

y(t) =fd}fd] f dtfa["(vt)o(f-} ),v‘&‘,v'tf]ﬂwv}ll@' ¥)av', (8)

in which regard the total second mohent of the field which is lo-
cated under the integral is determined with the aid of relationship

(1) and can be represented through the structural function of the

field in the fornm

LA B LAV n]
- u[? (v )+(j' ’p 8} .

14th the aid of relationship (2) after uncomplicated trans-
formations, we reduce relationship (8) to form
Dy (t)=2 f[r-eos@F4)| - B ) 6 R4T;

wherell(&’:u)q|ﬁ(2;u}|‘is the energy spectral characteristic of the

instrument, in which regard_‘ﬂl}q& represents a four-dimensional




spectrum of the spread function of the instrument
‘w’}t‘. v NA
@ u).mj'mm T,

Let us take the system of‘ coordinates (T,J., .) relative to

which the instrument moves in such a manner that the velocity vec-
tor of towing ¥," coilncides with the coordinate axis "L', with

respect to direction, Ilere
;07 (tJ- 2 I[f-cw(d.,'/,&,}}ll(d. » d:,; &,ll‘)&(ﬁ;.gﬁ‘)#'!&ﬁdd’ 3
Replacing in the obtained equatién ;ﬁ;;g ,.we fiﬁd ﬁhat the
structural function of the outnut signal of the instrument has the
form (6) (i.e. the output sipnal 1s actually a random process with
stationary increments),in which regard the spectrum of the output
signal ;‘ix is connected with the spectrum of field by relationship

Py P -"'M’z-"‘?'i g &% % b SO
s

(4

--‘-.- "*f ATt P N5
™ 3*(% M%’ A 1 (9)

For a number of hydrophysical instruments, consisting of non-

inertia sensor and an inertial measuring vart, condition of separa-
ting the energy spectral characteristics 1s accomplished
S TS PR ) ]
LG Rl U R
With the fulfillment of this condition and local isotropy of the

field, expression (3) assumes the fornm

)N WO (W) (10)

where the spectrum at the output of the noninertia sensor

e 08

Relationship (10) represents the well=known expression of

(11)

transformation of the energy spectrum of a uniform signal with the

passing of it through the llnear target.

o e i




Let us examine the detalled expression (11). Let us express
the signal spectrum at the output of sensor (11) through the uni-
form spectrum of the field, using relationship (8). After the tran-
sformation we obtain

.a.w-a‘(%-z-o)‘@ '

(R I A

o (12)

will be called the function of trané?ersé averaging. It depends
on the degree of averaging of the field by the sensor in a plane
which 1s perpendicular to the direction of movement, and equal to
null, if this averaging is absent. Thus, this function depends on
the cross section of the sensor in a direction perpendicular to
the speed of movement and also means that it depends on the orien-
tation of the sensor.

According to formula (12), generallv the spectrum of a signal
at the output of the sensor does not lead to the production 6f a
uniform spectrum of the measured field py an energy spectral char-
acteristic of the sensor, and represents a complex transformation
of the field's spectrum, This transformation leads to a suppression
of the high=frequency components of the spectrum.

™ (e .
or finding 5,("') according to the knowng“and ’1. s

1s necessarv to solve integrated eauation (12). Analyticai:Eethods
of solving 1t are complex and, apparently, inexpedient, since the
spectrum at the output of sensor ‘“%&, as a rule, 1is found in

the course of treating the realization of measurement on a computer

in a discrete amount of points and 1s represented in the form of




a table of numbers, Therefore, the more natural here proves to be
numerical methods, which, for the given instrument, can be imme-
dilately incorporated in the program of computing the field spectrum
on a computer, One of the simplest and most perspective is the me-
thod of simple iterations [4], consisting of the fact that the

R =-aporoximation of the fileld spectrum @&

) is expressed

n)
w
through (- nc§}u Q%')(jad , according to relationship (12) , in
the form
e .
okl A% (13)

in which regard, as the null approximation, 1t 1s natural to take:
value ];ﬁaigé%T . The first approximation doubles the range in which
the spectrum obtained in the result of processing, can be computed
in coincidence with the field spectrum. Repeating operation (13)
many times, we can, in the region where n‘(ﬁ';,o,o)go , obtain a
solution to equation (12) with any previously assigned accuracy.
This affords the possibility of obtaining a field spectrum in a

pure form, excluding the influence of spectral characteristic of

the measuring instrument.

Let us illustrate what has been proposed above on the example
of a signal spectrum at the output of a measurer of optical trans-
mittance of sea water, which was obtained in the Atlantic Ocean by
the scientific research ship "Mikhail Lomonosov" on its 21st cruise
(curve 1 in the fipure) [5]. The base of the instrument has length
a= 0.9 , speed of movement v,= 48 cm/sec, and the phase af the
instrument 1s oriented perpendicular to the direction of movement.

The frequency characteristic of the inertial part of the instrument




has a pass band whilch 1is wider fy,n 10 Hz, which gives the ability
to consider the instrument in a range of frequencles fro 0-2.5 Hz
noninertial., The signal spectrum at the output of this instrument
sharply decreases with frequency,

The solution to equation (12) for this case pives a field
spectrum reflected by curve 2, the degree of de’c’rease of which
is substantially smaller than for the signal spectrum. As we can
see from a comparison of these spectra, the transmittance measurer's
sensor weakens the high frequencies, which can lead to an error
interpretation of the results of measurements. A calculation of

the drift and properties of spatial averaging of the instrument

permits avoiding these errors,
A sharp difference in the spectrum of an output signal and
a field spectrum 1s caused by the fact that, in the given case, we

are studving the spectrum of spatial nonuniformities of the field,

the scales of which are comparable to the dimension of the sensor b
of the instrument. Here, the sensor represents a spatial filter,

separating the higher frequencles., If with the measurement we set

the purpose of 1lnvestigating the spectra of nonuniformities, the

scales of which substantially (by 5 or more times) exceed the di-

mensions of the sensor, then the spectrum of the output signal

practically coincides with the field spectrum, and there is no

necessity for these computations,




?igure, Spectrum of a signal at the output of a transmittance

measurer (1) and the spectrum of a field of transmittance (2).
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