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A factor vhich it was thoughtany possibly limit the

explnlutmn of the pAl‘linelr‘l: axe-rm: array in practical sonar and

:-.11 phase fluctuations

 

echc-uoueding syste: is

resulting, from the passage of a we're- in a rszdealy inhomogeneous

medium. Because the parametric array can extend a considerable

distance into the medium, typically 100m or more, then any reduction

in coherence of the array's virtual sources resulting from these

random fluctuations my advarsely effect the radiated difference-

frequency wave.

The fluctuatiune on the difference-frequency nave my be

considered to arise from two eaparate mechanisas. The two

Interacting levee each have amplitude and phase fluctuations imposed

upon them as they propagate throng; the random medium. As these

eaves prepay“ they interact because of the inherent nonlinearity

and hence the interaction or: differense-ftequexzcy sources rill also

have, in some modfl'ied form, these fluctuations imposed upon them.

In addition to these source-induced fluctuations the difference-

trequeney lave is subject t6 fluctuations as n propagates through

the random medium Iran the source position to the tat-field cheep

vetion point. A theoretical Ituir of these effects has been made [1]

in order to provide an estimate or their importance. To assess the
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deterioration in performance i'esulting from these random effects is;

in general a complex problem and hence the approach adopted in [1]

was to deduce the fluctuation level or the difference-frequency rave

and compare this with the fluctuation level on a wave of the same

frequency which was transmitted by conventional techniques and was

traversing the some random medium. In particular the coefficient of

Variation of the fluctuations on the difference-frequency wave for a

collimted plane-nave model was compared with the coefficient of

Variation of the fluctuations that would have been obtained 11‘ the

difference-frequency wave was transmitted directly. In this way a

comparative assessment between 'conventional' and 'nnn-lineai"

systems Iaa obtained.

The purpose of this paper is to diseuss in more detail the

results obtained 1.1:[1].

Theoretical results

The equation, derived in [11hr the ratio of the coefficient

of variation, Vn for the non-linear case applicable to a collimted

plane-wave model and the coefficient of vriation, V1 for direct

adiation of the duference-frequency wave is given by

How-I]
Where N z «It'da, d. and K‘ are the absorption coefficients

of the two intenctirg waves, 3 is the axial ohsemtion‘point, 0 is

the 3:13 beauwidth of the difference-frequency Eve for collinated

plane-rave interaction and a is the spatial correlation length for

the medium inhomogeneities assuming a gausflan correlation coeffi—

cient. This expression was derived under a number of assumptions;

these are listed-below:

1. Single. scattering was assuaed fluvudmut and also the scatterim;

was assumed to be large scale ie. 191)) 1.
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   when k is the respective number. Large-eer scattering

implies directive eeattering and hence the planed-eve vnlues {or the

mean square emplitude and phase fluctuations nay only he need in the

'collimeted plane-nave node]. provided lflm is of the order or the

radius or the nominated beam were 1 is the paramtric-errny

effective truncation length and 1: ie the wavenumber of the

respective interacting plane wave.

2. the observation point was assumed to be in the far-field or the

parametric Inlay, is. an» 1.

3. Complete longitudinal and transverse correlatian or the

amplitude and phase fluctuations of the two interacting sieves ever

the interaction volunt Ianeeeuzed. For complete transverse

correlation the area of the collimated beam must be less than or of

the same order as the area or a 'typicel' inhomogeneity.

4. Mrs was aseunnd to be conglete frequency correlation of the

fluctuations of the two interacting waves (tnqusnoy correlation in

this context has been discussed elsewhere, see for example [2] ).

5. fine transit time of an acoustic wave 1/0u along the interaction

.wluee Ins assumed to be short‘confaaxed to the corn-Elation time of

{the amplitude and phase fluctuatiane of the Interacting nvea, 1.9.

e quasi-static aemytion.

These assumptions were discussed in [1] and it as argued that

:th collimted plane-rave model studied was not a completely

mnrenlietlc model for a number or important practical cases in which

the parametric srrsy could be exploited.

11w a number of deductions may be made about the magnitude

of the ratio Vn/Yl as givsn' in the above equation it is or more

interest to express this ratio in terns or the difference frequency

‘uzectiy. Thus by nah-3 the equationll],d = O‘K/a . the

:

I31  



    

   
 

above equation may be rewritten:-
I

V_~., 1. m4. 7
VL~ H“ (AW '1 ’

where AF is the difference frequency expressed in m and no is

the mterenca-Pnequency 3&3 beenvidth expressed in degrees.

One or the conditions for the validity or this equation is

ax»1. Thus whenevaluating V's/V1 u is convenient to define a

particular value for M This value must be large but at the sea:

time must satisfy the single-scattering criterion [3],R«l/’}K1a,

where K is the difference-frequency wavenumber and)?“ the mean

square value of the fluctuations of the refractive index of the

random medium. An alternative definition [or the validity of single

scattering is to assume that V“ 0-5 ,

Vt 447?»? K‘akfi
' -3

Using the values of eq- 20, a. ~I-OMend/Iin: 5x10 [3] ,

the above equations become2- '

V»... _|_ MS ‘ E 1
W ~[o.55+eo(m°) ] ........(J

and. Viz [if—id— °/ _ ........(2)
Q. 0

These two equations thus form the basis tor discussions on the

where

parametric may in a random medium.

Diseuegion and Conclusions

Figure 1 shows curves of Vn/Vl plotted. What difference

frequency with difference-frequency beamidth as parameter, as

calculated from equation (1).



DIFFERENCE FREQUENCY (45) kHz
It may be seen that for each cme there is a sharp transition

region where Vn/Vl increasss rapidly from unity asAfdecreasee.

This arises because a reduction in difference frequency. for a

constant beamwidth, requires an increase in the effective length

of the parametric array and thus the source-induced fluctuations

on the difference-frequency rave increases. It nay also be seen

that the source-induced fluctuations quickly meaninate and

‘2
increase rapidly, according to a law, with decrea-

sing difference frequency. If the 3&3 beatnich increases the

effective length or the stray decreases and so the transition

region occurs at lower difference frequencies. 'stee curves

however, give no indication of the region over which single scatter-

ing is valid. since R has been maintained constant. In order to

examine the rayon we: which the assumption of single ecaiterins

is valid curves of V have been plotted in figure 2 from equation
1

(2) for M - 20. 



 

FIGURE 2
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mew-asses FREQUENCY (4f) kHz

The coefficient of variation VA1 may be dsduced from figures 1

and. 2 as a function of difference frequency animal” included in

figure 2. It may be observed that for this value of B only the

4°-beamuidth curve is strictly valid over most or the difference-
frequenay range emined. The 2°-beamr-1dth curve violates the

angle scatterirg condition over most or the range and the 1°—bean-

width curve violates this condition over all the muse. This

implies that for the narrower beamwidth conditions Ham/i is too

large. It is rather intemstL-ug that in terms of an absolute value

for the level of the fluctuations in a non-linear system an Optimm

rates of difference frequencies nay be chasen for a particular

specified beaulridth.

Tlithin the range of validity of the study nude it muld seem

that the non-linear system is only likely to have a significant}:

poems): perfumes in a random Indium than a conventional system

when the 3.13 beamidths are very narrow Le. _the_utde: of 1°.
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Unfortunately it is same of these narrow-beam systems that are or

special interest when the parametric array is being exploited.

Euler these circmstances therefore the larger the value of

utterance trequency that can be eccemdated the better. Also for

these very names-beam situations the range of distances of B. over

which the equation for the ratio vu/v1 is valid becomes Emil

since a must satisfy simultaneously the conditions ROOM and

e << ll»? K as. .
Further quantitative analysis would not seem to be profitable at

this stage until experimental investigations have been made.
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