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‘ Let Ay fﬁ} be the voltage output of the &@ omnidiractional olement

of an W lﬂm"nt arzay, in the signal acoustic field. Esch elemont may be
dssumed to be compensated {in time delsy) for the non~pesturbed wavefyont.,
Due to & porturbation imposed on tha wavefgonz during. its pasaage through .
the modivm, howaver, the output of the hydzophone differs in delay
from that of thg veforense hydrophone by an amount ¥ . Fox any hydro-
phoney -~ e {s cesumed normally dlastpibuted with varisnca o,% about

. the wean gorraoponding to the iderl wavefront.

Wa may thag rapresent the summed voltage output from the array for signal
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‘ Tt w1l be noted that a statiam&*y time sexles is psoumed for the |

hydrophone outputs. If it &5 further asssumed that the px’bb"abi?aty of gtur~ ;

zenta of the perturb‘nien ‘?se. at the 195 hydrophonie is indepondent of

‘th& peviurbation at all the other hgdxuphqnas, then the following definition ;

of the average. signal mto;*:e}mmﬁ coxrelation funcsion, ’s_.g?g s has
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Substituting from (3) into {2}, then, givesr
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imtt*“zﬁy inﬁm, EDI ,. is* xs»lated %o the inciecsed

17 emaﬂwa

S X the gvenage imemlem&m: correlation fupction for the noise field
, m: vezy small, as it 18 ln most casus of 1nte:rest, then
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N 13 a laxge numbex and the percurbations ave independent, then we may
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‘Sé\};era‘l Yimiting cagoes sy he, examined. First, if @f‘g"‘ approaches 0, then .

g
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e ’ ”q
a‘SQéoné?y, if “@ﬁ;‘ approaches anfinlty, then the last ﬁexm on the right in

~,
LN

(16) appwaches Zero, So the EDI approaches zero in this case, Since ‘navmg
e‘?%r“ go 19, mflnity cos.\responds to complete destyuction of the signal
vavefyont, th:.s answer is zntuitlvely =atisfy1ng. . , LT

In Flgur‘ei 1, the EDI is plotted versus @Zﬁ foxr various va}ugas cf N .
from 32 o 32 000.. When the - product . é ﬂ
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'uha dbr 1oss/$nhED:§ due %o . @g’i is. :;.ndependent of N. ’I‘hifs oacur., for
: ,‘tm hzl*heb I\%‘ " ?nd Yeuex &y %,9 woward the leit of the flgure’ S

iir,iLkTE{) PERT MBMIONS

" A v M,,AA

‘ *‘.’awef:mnt pe:mtrba%imas cowelaqed i 20 hydraphone to hydvophone over
f oo e whole avway oreoate easentizl complicatlons. It s possible te attack v }
L ;NJB?‘! wwim s ng f,«l‘ﬁwﬁfldﬁ& N.axkov theory as followst \ T

of L Yet.us sysupe he M; W perturbition is relatéd to the 4’“ SRR
' gnpa%wbm‘:wn thuss 4 S S T

<«~‘\‘:'~‘,"  Mmmn;
Wiy = g0V g Yiny

whers -/  i5 a constant and  Hfyge I5 a Variablé whosy variange is ‘the -
geme as "L -, bubt vhich is raddom with respect to e . It is easily-
- sheym that M is the nemalued croas sovyelation bctween Py and Te
poth of which possess the same variance. The argument may ‘be extended 10.
.- show that F@"”“ is the nozmalized crusg-gorrelation between: the o
and the m.m)'f‘jv paetvpbations. For the Gaussisn case (gwc}rned
by a sesond-order Geussian distribution, the su-called Markov»Gaussian
condition) it con be easily shown, using a method suggested by, B. F. Cr%;
that the disteibution of the difference betwsen the &' and the {&on)
pnr*i:u,aba{,iom is Gaussaazx with mean zero and variance n@é given by

3

i . .Z‘a \ (:a?(ﬁ
R N S I A mwb b (= p )

- As a checky we soe that for 2= , ;,@E&“ is twige @% and
, 1ndependent of n, which is the assumption used to dexive (16) and (17), For.
s w RG> is zero, which means that we have again an ideal wave-
: front zmth no per’ﬁmrbat*:msa and so no degradation in EDI.

To caleulate the effect on EDI, let us start from (2). We fwst replace
{3) by 2 sevies of equations, resuiting for the second texrm of (2), in Co

) gf, o Mmi . '
L5 *4@(%”?‘%} = 2 m fﬁgwﬁ} &ffw@d» (21)
[ -




§; ":.A ﬂcwggginge we 5ziil hav&— to QO w;th Gauasi&n distribucions, as in (14)”. )
3 b buﬁ ongg in whmch »ha variances a4e dixfar&nc, e ‘can. immedietely write down
X T ffrum (15) that : Co 0B
o Col e sz s - Y T
B @igg m&g Z 8
P L (22)?-
. W ,’ o . o o B ] o ;
L fu }m. a " )},@,
3 . -+ . Substifuting from. (22) into (21) and {2) then gives: o ;
’ i ",:,:‘3 K L . v k) o -
. mwm. — ;»- o c.x:{'@r»?}é Qm g% (=g );}/{2.
‘ﬁb g;ﬁ; - @@( }5 "5"“2 S {Fvgmﬁﬁwbg ‘(Q3y .
3 .. fﬂag . £
* aad, with the assunption of negligible noise corvolation (1f this is not
true, an equation similar to {7) must be used), there finally rosulis, for
© % the caaa‘oﬁ correlated perturbations,
; = o _ e i N
' . ? 5 : )
B P Aw%éf W g «9}/‘&, |
‘ . ﬁ‘ . ﬁ&g N ‘ «V J B ) .
wheré gé%u( is the noxmallzad cross~correlation batween ﬁerteratlons from
“elements n epart, N is the number of array elements, end @ﬁ? is the

vhrignce of the perturbation dzstribution for {any) one element output.
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£ «zh chi the EDL.;m ;ba dwe loped for specific assumptions. Mo further diss
v:us.,ion will be Jiven hare, other than to indicate thst mhen a MacLaurln
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