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Introiaction

st

A factor which it wa3 thought may possibly ilamit the
e;qﬂniuti:nﬁ af ths parametris 2ni-fire array in practical sonar and
echc-vowrding syster is the ralan aunplitde aml phase fluctuations
resi.iing fros the passage of a wave in a randoaly inhomogensous
madivm. DBecause the parazetric arsay can extend a considerable
distance into the medium, typically 100m or more, then any reduction
in ¢cherence of the array's virtual socurces resulting {rom these
random fluctuations may adversely effect the ramdiamted difference-
frequency wave,

The fluctuations on the diffevence~frequency wave may be
considered to arise from two separate mschanis:ls.. The two
interacting waves each have amplitude and phzse Muctuations imposed
upon them as they propagate through the randos wedlwn, As these
wavea propagate they interact because of the inherent nonlirearity
and hence the lnteraction or difference=frequercy sour<es will also
have, in soma modified form, these fluctuaticns imposed upon them.
In addition to these gource-induced fluctuations the difference—
frequancy wave is subject to fluctuations as it nropagates through
the random medium from the source position to the far-field obser-
vation point, A theoretical study of these effects has been made 1

ip order %o yrovide an estimate of their importance. To assess the
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deterioration in performance resulting from these random effects :La;

ir generel a complex problem and hence the approash adopted in [ 1]
was to deduce the fluctuation level of the difference-frequency vy
and compare this with the fluctuation level on a wave of the same
frequencey which was transmitted by conventional techaiques and was
traversing the same random redivm, In particular the coefficiant of
variation of the fluctuatiops on the difference-frequency wave for a
collimated planewwave model was compared with the coefficient of
variation of the fluctuations that would have boen obtained if the
dirference~frequency wave was transmitted directly. In this way a
comparative assessment between 'conventlonal' and 'non-linear'
systems was obhtainad.

The purpose of this naper is to dissuss in more datail the

Tesults obtained in [1].

Theoretical reswlts

The eguation, derived in [1] for the ratio of the coefficient
of variztion, Vn for the ncn-lipear case applicable to a collimatad
plane-wave model and the coofliciant of veriation, V‘l for direct

radiation of the difference-frequsncy wave is given by

b (e A&}

where O ¥ dl'bda, G’. and (Ka are the absorption coefficients
of the two interactirg waves, R is the arial observation point, @ is
the 34B beazwidth of the difference-frequency wave for collimated
plane-wave interaction and a is the spatial correlation length far
the medium inhomeogeneities assuning a gauswian correlation coeffi-
cient. This expression was derived under & number of assumptions;
these are listed.belcm: l
1. S:i.ngle. scattering was assuzed throughout and also the geattering
was assumed to ba large acale e, ka)) 1,
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whare k {8 the respective wavenumber. Large-acale acattering
implies directive ascattering and hence the plans-wave values for the
mean equUATe implihzds end phagse fluctuations may only be used in the
‘¢collimated planeewave model provided 1/ka 13 of the order of the
radius of the collimated beam; where 1 is the parameiric-array
effactive _truncation length and k i the wavenumber of the
respective interacting plane wave.

2. The observation point was assused to be in the far-field of the
paramstric a&;y, 1e, B > 1.

3. Gompll;te longitudinal and transveras corralation of the
amplitule and phase fluctuations of the two interacting w-.:::.vas over
the interaction volume was assumed. For complete transverse
correlation the area of the c¢ollinated beam must be less than or of
the same order as the area of a 'typical' inhomogensity.

4, Thers was assumed to be complete frequency correlation of ths
fluctuations of the two int.ara.cting waves (frequency correlation in
this context has been discussed elsewhere, seo for example 2] ).
5. The tranait time of an acoustic wave 1/c° along the interaction
wolume was assumed to be short compared to the correlation time of
gthe amplitude and phase fluctuations of the interacting waves, i.e.
a quasi-static assumption.

Theas assumptions werae discussed in [1] emd it was argued that
;the collimated plare-wave model stuiled was oot a complately
umtealistic model for a number of important practical cases in which
ths paramstric array could be exploited.

Although a number of deductions may be made about the magnitude
of the ratio ¥V n/vl as given in tho above equan&n it ias of nmore
intersst to express t‘h.is ratio in tarms of the difference ‘rrequancy
‘directly. Thus by using the equation[.q.],q = BgKI 8 , the

L
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above equation may be rewritteni- |

v"’-v L !1’_4_ H
Y I+ iR (Afe '] ’

A‘F 15 the difference frequency expressed in kiiz and & is
the difference=-frequency JdB beamwidth expressed in degrees.

Opa of the copditions for the velidity of this eguation ia
BXY)1. Thus vhen evaluating ¥ /¥, 1t lo convenient to define o
particular value for R, This velue must be large but at the seoe
time must satisfy the aingle-scattering criterion [ ,RK!/’}KQ R
where E is the difference-frequency wavenumber and /l.‘ is tie mean
square valus of the fluctuations of the refractive index of the

rapdom medium, An alternative definition for the validity of single

acattering 1s to assume that V {05 4

Vo = (472K aR)?

Ueing the valugs of R&e 20, & ~l- Oma-ud’u. ~ leo ['3] ’
the above equations become:-

] )
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These two equations thus form the basis for discussions on the

parawetric array in a random medium.

Digcussion and Conclusions
Plgure 1 shows curves of VD/VI plotted against difference

frequency with difference-frequercy beanwldth as parsmeter, aa

caleulated from equation (1).
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DIFFERENCE FREQUENCY (Af) kiz
It may be seen that for each curve there is a sharp transition

region where Vn/"Tl increases rapidly from unity as Afdecreases.
This arises because a reductlon in difference frequancy, for a

constant beamwidth, requires an increase in the effective length
of the parametric array and thus the sou:ce-induced fluctuatlions
on the difference-frequency wave increases, It may alao be seen

that the mource-induced fluctuwations quickly predominate and

-2
increase rapidly, accerding to a (A{-) lam, with decrea-

sing difference frequency. If the 34B beamwidth increases the
offective length of the array decrezses and so the transition
reglon occurs at lower differance frequencies. Thase 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 reglon over which the assumption of single scattering

ig valid curves of V., bave bwen plotted in figure 2 from eguation

1
{2} for B = 20,




FIGURE 2
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The coefficient of variation Vn may be deduced from fipures 1
and 2 as a function of difference {requency and arealse included in
figure 2. It may be observed that for this value of B only the
4%-beammidth curve is strictly valid over momt of the difference-
frequency range examined. The 2°-heamw-1dth cwrve viclates the
single geattering condition over most of the range and the 1°-bean
width curve violates this condition over all the range. This
implies that for the parrower beamwidth conditions B=20/¢f is too
larga, It is rather interesting that in terms of an sbaclute value
for the level of the fluctuations in a non-lipear system an optimm
range of difference frequencies may be chosen for a particular
Bpacifisd bearmwidth.

Mithin the range of validity of ths study made it would seem
that the non-linear syatem is only likely to have a slgnificantly
pocrer performance in a random medium than a conventional system

when the 3dB beamwidths are very marrow {.e. the order of 19,
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Unfortunately it is some of these narrow-beam systems that are of
special interest when tha parapetric array is belng axplolted.
Under these circumstances therefore the larger the value of
diffarence frequoncy that can be accomodated the better. Also for
these very narrow-beam situations the range of distances of R over
which the squation for the ratie ¥ fV, is valid becomes small
since B muat satisfy simultansounly the conditions R‘())l amd

R&K /A& K2 .

Furthar quantitdive enalysis would net seem to be profitable at

this stage until experimental imvestigations have been made.
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