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PROCEEDINGS LETTERS

r.i:crc =. j. and ware all m-\ecIors. TIIC whifc noise u and it hale zcrcr mean

and covarlances

COV [il(~), U(T)] = ~m,lj(~ – T) (2)

U)V [W([). H(T)] = /<()(f – T) (3)

t.here R. possihlj time-var>in:. i\ p~)\!!i\c cfclioitc s!rnmctric for all time

!. ~ncf J(r) I\ lhc delta funcllon JL lImc [ ‘1he II(JIWSU( ) .ind M ) mc in-.
dcpcndcIII. Con\)dcr that the sigtl,il j i. the c1u(Ilut of”[IIC \js~cm having

the state space equations

.i == f;.\ + GI( ; y n //’~ (4)

,.lwrc J i> an ;~-\ector and is the sjstcm state. :Ind F, C. and /1’ ~irc known
I: x n, )1x j/1, and n7 x n m:tlrjccs, rt,pwt)kcly. It is ii\\unl L’d that the co-

,L1l-idnceof”[he >tiItcs of (4) al I))nc f(,. i.e. coi \,(f,,). ,(/,,)]. I. hnowrr

Deno{lng (IK nllr]itnur~)-iiir]iit]ce unhiad cftim:t[e ot Y h> .f. the sIaIc

,Pdcc cquatl oni of tllc stale cslitn ator ;iIe [hco :iieo a>

.? n (~ – K//’)t + ~: (5)

.:,~:rc

K = I’lIR 1 (6)

and P is gl\)cn J> the solutior of the matrix P u~it] ditrcrct)t]ill equ:ition

P = PF’ 11’ -PIIR”l II P+ G<; (7a)

/’({(,) = co\ [\(/,, ), .X(1,, )]. (7h)

\\ c now a., ume that H cxI\[\. _fbcn by u>irl: (4). j Lan bc c:ilcul:i~ed JS

j = n’\ + 1{ ’.+

= (1 I + [{ ’/’l.l’ + 11 (iu. (x)

Thi\ mwrs th.!l for the case Nhco 1{ is (\i[fCrL’lllliib[C and

.-, .

//’(; = o (9)

i = (IJ’ + li’F)i (!0)
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and [hcrcforc the llllrlilll~l cll-\.lrl:i[lcc unhi:i.cd c\tin~:W of j. wriitcn

A’u[l, For the case whcti (9) IS II()[ satisticd. it,. for the C;ISC

/1’(; # 0, (12)

the sigmcl derivative j [SCC(x)] w ill contain a component of the input \vhltc
noise. To estimate this comimncnt and to incorporate the re\ults into the

ddTcrcntlator would have no si:nific:incc for practictd situutlons.

The rmrlts are readily cxteudcd to cover the cases when infinite time

intervals are considered and for the cxrscs when higher deriv:]tivcs of the

signals itrc to be estimated.

As might be expected, the condition (9) is ncccssary and sufficient for the

covariancc of j to contain no cfclt:i function. Note that the resulting con-

tinuity of COY~(f), j(?)] at every point on /=T means that the stochastic
process ~({) is dlffercnti:ibic in tht me:in sqti:irc sense.[z 1
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Ultrasonic Transducer Configuration for Producing a Phase
Grating of Nearly Uniform Strength

Absfracr— A corrfiguration is given which produces nearly uniform

phase retardation of a fight beam passhrg through the near ticld of an ultra-

sonic transducer.

As IIght proptigutes through a sound field, its phmc is retarded pro-

portionally to the local \ocrnLi pressure, In the Rwntirr-N~th limitl of
narrow \ound fields of low frequency. the total retard; ltion in optical p:ith

length may bc cakmiated Iron] the following integral:

J
x)

U(X. z) A’ /l(.x, J’. :)(IJ
.

where lt is a\scrmcd that the light is travclliog in they-direction, the sound

Pr..surc P( 1, j. :) is non-ncgllgiblc only in a smirll region of j, and A’ is

the pie.mop~ic cocllicicnt. Th< m:tgnitude of the quantity (1 when multi-
plied by 2TI j, (~ being the w,l!clcngth of the light) is CJlld the RIMaIl-

N :tth p.ira!nctcr I( r, z) and I. a measure of the strength of the cffcctivc

optical p~:isc gr:iting. In rnt~~t considerations, the variations of {( I-, z)

wlttl I and : are either igno; cd, minimized by restrict@g the size of the

light beam. or a\craged in SOIIIC\cry nonlinwr m~nncr. As the light beqm

is rrsu:illy p:issed through th, smcalled near field 01 the transducer, the

variations of r(.Y. :) are actu,ill~ found to bc qcrite kirge. This in effect

gi\ M an op:ical grating of i[wally v:iryirrg strength which may degrade

the ctTccti\crre\s of a dctlcc \.}nlplirrg a Iargc region of the sound ticid or

rrccdirrg u wide r:inge of flcqucncics. In this Icttcl-, we wish tu demonstrate
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