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1I A 'itle: Pwu&iqeoeatm~ Tvbniqs in tkItEmtio studies

= wat 40W. B.Al aa

Me SM D o 52 OKWMA&~

Tt Is3 tke PurPOse Of thIG POWe to PVoSGat tbg method~ of poeudorandw

5~4(Peud~onise) correiat~i m seu s and to usm trae hoieumgl- P

ISO~~ 1 A 04rintA1y tbAt the rosults are different frwim ad 44wedIctblo r/)

fr tbEou. ob~rA±~d b~y cmp1~isig the twuftl rilering and detetim~ of' l~

0,

teri*ead undeater wcoxbtjc rga~l. with thmt tr= jt d I-- eaue0

of U-* fasib~ility or niaa1 procassing toekaiiquies eav1Qying ec~a t tS.* W,

__ vftV~Si'l9 these msasuaxu~.tO We Of practiCal ±014 11c*, A stu~y or such 0

c~xe~ak CaeCIlaients " a .uactico *I Z aVwrA~iAe UMn froqwc~y, ad ,

benwuth of the signal &Xk of the loctlowosad motiow~or the so=-me and

receiver Vill I*" f1'e4 t.ott* 4.tas4aatJcn Of those Pprus~e Of tho 0'
4

m*UM4d Iis bowmfrie* wtadch pfturtb wzerwster acoutic yrap*Satiaa.

Two eurlier expwrieata Of aL smilua tiwe ahou]A~ be avationed In~l w I

acowstl cz, *Wff crosooIr*Ated, the signals received at owe point in is _40

Macblne ahop vitti the GignAJ reccwld niext to a Yartiulsa oxahir to Identify,

the cxosent due to that partioul& =cS"c :2t the &itotet point. In r oar

__j -1 bncoa lAbxwat.'y, a Veaus $be rWWePJ'e Mwnt2 estjlcWrd a~ xf~ of glig o

'rcqwncy Pulaeg) 'intft-al m~ouluJted, b,r a Peex-oroam± sev~ence sutator sAn a)U

~ e rlste1 th rnvlApeG Of the trsnzuittd arA roturud piaa* traing tioIL

SUPpre the rawg ambhivt.

'K.. oft, J. Acoust. Boo. A.a. 27 p. 223-46 (155). U U '~~

Pri gco, Sence 129j p. 751-753 (1959). ~' f
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fto the qcstmi beingj pwoenUed 4.teranez the twattput WOSa-

correlation~ of thin omm 'ith a brondbmat Pse~m~or*A elms'. as Uat~Ai

mi~t oxyeat by *a theowom of it WA; IM OMA thed t the w*Mt WA

be Idwa~tical with tkwhe Apus~vo xaposso of the om~ obtimi t irlo

epoloiv*s 1 an oalyzif the rooelvd lo*ulas In the ambomdw&A. SU

uJA be a: ot :U' overytkaift vesre statawy bot ibsa z'e±'ooI$.c frmz a

arift mafao or mnow± of the =w*~ or rooiea' in aamka1loo

rwUlmn aro S*molve the results im be quite differvot. U"2~ is )to%* aut

zioawoo orA owoale of the cbawng Impuluive reaom. vbiil* the e4=w1ato&

EAssaures its tino tvorage. tme tho tim avor.a.4 ivulSlve reopmw is the

Poriei transfmor the uinSUl frequmnc~y reasp~e, oft the wM im low .is;ht

also expect that the rmsut or the oworii pol~t4 ecrr.latS ali~t be

prettictb1* frm prqpit~o st-adies %*sM ith 1mg Vulses of difflewnt

oiaglt rreaiacs. 1Wi vu~l4 be orroot oven if the situstimor mdl&ura,

boiwaries osad tce'nol wr nonstlowr; if Anl the 44ffrtent frequminois

in the bood owl4 be obouved aiutaow~ "a3 if the Phase spoetra of tbe

different freqjaosae. vere measured "s wel As their wiplituft oqeo Binc

In pruatioe osaly the povor rospoA at a few fte~ienc~o m area o sa

these Ast difforout ti..., the sisg3* frevonq mwiulta comat proliet the

covition resposes or oofficiento for the brcmbdbwM stols.
4

Wood~d' signal3 sobialtyi funatIoc Is tbo &Vm'edi uv~pituade of the

autocarrelaticn fumiUon with respect to both tine aA freqamw 1=plcTt

PFom a stucW of the omlAqy tiuwtmo of available waweforzo it ts easaIy

meen that the p8a~~Ao (PR) aieoAz of larg3e tins-b=Wbidt product awe

rwh w~u*ior to all. athez vayefcea foo our ypowpne. 041-y klcow Perit
wo.*- n~ . l~, f ~ ~ ll ~
3y. Wo ULj, Stt4tOU0l 1Ie EaOt CQ1WnAtio (John WUy & Saoa, 1960)
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agm~tasusblab raotutia of ibe reieivad sgmU WUt .z range exi i

we am vver1r to savU xlm'zs Irem a w01. =Lee ommtw Isewi all

,usoidps mvws ef t abls rftIvtw Itat ow mw nd o&V~ *a*

betwe thie vb~e **qWmAm wets. SA PH u1m1d c=a be ocpltaly z'eWa-

Auced %dtA siW dasived time 4u1.mr sui tim usoa £~elA by a ,BimIlar IWift

register ae@w.

Sh *rlstar car9sd mist be cooWU of *aUuou smwah ovw th~e

megtm of uwarstality in both raap oai4 3)op,1 of the. ewet. Two yosri~bi-

Utlex 1geswXVexiist a tadw fitror t1w3 oarpmeaema wmeroAtr.

OWb WALY UMz t*I4o C jVaao (JDLtSC7V ) C~r'Iator W~ftaII VO OIAW ~uNO

infilte poa ao14p$W C~ippitg ba-3 beot foundi to haw mW~ praetica

a~toess sigh es *t1mimnUAin &yuisl ran& prob2*m pcmt4*~ di~t~3.

atarap aumd dft register tme &*ul teebasw. On~ difforemoss betwen~

Pelwty wk3Um. *ad 00-ets mWIPAde 0weMIotud we wen wl

Ow matium in I&Uw.g-a suat "i to c~pr,, smq~*mxd~ l.ack or

mmalis ftlwupa ""~In hm beet abowv i #0 tIm. 1 AXoato to be uc

U"s tbmn taw vwIi~U aowvve i the ield* v~4aa ar thia* Vmrwbl due

to the motirn of VA. amw or of the m.4±ua.

traUsctao wAode = a a*A1m. qpwratl at a=ktett depthi U be ouat of

~swfm SCma act40a and ruIzg sely at rAiht etv3.os to the so~d Vath to

prwakwe a 3oam out szstAM m 40 xTh. ~e receiyInag byrob Is

SO.Olmb zL.a. Wy1h Sm RA.. Qz1Utan Jet Ixropmlsicn I~b Pro~vese
ampw 2D-fy)(1959).
%V.C.Ai~wsi4 wm#1 Aucuetics heswcho tab 21-37 (,%a 5.. 196).

J. P~rm am R.H. Efla, Swvw~d Acaw04cs mmwsacb TAb ViW4Z? (&pt 15,

3d.



imouate4 on the sotnetlope clone to the depth of , d33 sSMA cul

Uoxisa in Sofar, * P2l s~las trn~mttd we eeaat*lj clwA drivn

and repeat every 4+1 wownU uliicb ia st t4A li% that the tratIca of the

sequn of sioailcst arivale obseve&. 2h. receivvt ana refreeA u1gpsla;

Y.-1cit haw been liatewaflned daown to be close to weo f1re*c%wx we aujlad at

twice the si= bswidth. Ome receive Xattc 04w0585 avA stores the

last 5M0 samples or the receivedl si~paa gz cc xelates U4ctiw4

with *aslnfla'wy ceapressd rizod sat aZ 5000 samples of the refurenee slosll

iu the reference Deltic. Mumc the tw~o siasws at hoterokyned down with

rrequmucins dttferina 'by 10 eps, the output of the corrolator Is an AC aligal

sehich is anlyed In & bunk* a levm IDoppler fflterca. Mes -ytwtu

amrches ccntiluaazlV In ranee and 1aplsr vith a time delay resolntim which

in the ree~prlof. the sipai baaidth =4A a Okmpler ,frequmqy shft

resobxtioc which is the recijltocl c.rf the integration time, ise. 0.01 seconds

for the IM) cps labdd1th and 1/25 *~a £ar the 25 seccn iaogration tine we

have *q441pt4 T o referenca P-L viL~pa1 SrAcrator I e run testerw or slower to

match the Davplw of the received c4.gnl to oentur the displa.

?igur I iMustas "u recofla. It was tsle with a Ta) cps carier at

a ran=~ of aboat 60 atuticat uiila in the rai~le af a atc= with confiwel en$.

TLAO is ruminws £rt rist to left. * C the right we r~ow u=poeea4e teAth-

neecnl nuinesn tich wreede the JN tzwemiaaics an the lefV. Ou the lAft

aWe' two a4jtwAct Dfapler watput chswnl (J~5 end §6) with the sisual mostly

iA tb* c-Atral Chewl ($%) tr the 4Uratio Or ti rUn. The r"ecCrds b*W

bwa redtWe to place the ccrelatimn peike, which% repeat every 41. oecmenj

atjeoeeat to ach other 1or ittta& the bin* poata of the record as iriAUA

by tho bmtsks in the base Um~. tisw the raeor4 rcvregente amut 20 miartes

Of r ra VanOIteS. Ite Unmulth Tmsbdutn ccthe -MW, it stt *$ to

4.



the &USUt of am ff Soo" pupt $ag t"g Wtl ares"e t. Oiwlast

rfatioms with~ tbir I1lM Ma" ro~bAt.

sic the Dqpplwv Abe*] wo *qtW bF 2I/6t ktms A 760 ago# th*

recor LaUestes that the rigs ,at of tbe samxee subwi was caatmt

vitin 1/22 kwt for 20 atniutex i± mks it am inaes plAtfem for e=Ia.

timz studies. or ow&ac4, the surfaoe, bWA*t-4avAs thert& a xotct= ivmj~lved

in the txwuimei path did dvap~ &Uvla- . 4irln the ~I~nn Ca th

mwuee subimalma cbma elowvy in bel ax'n d &1Ifted a .ght1k in r.gt arid

to this =at be attr~buted the obaerved vwatIowa.

We do nat as yvxt kwwi the callbzatico or Un i of our sysitemi to =W

precisim so vsee can t obtain absolu~te nauoa but Lba rel+Atve valuna e

of intumest. dAei all of the powr is In a siag~s ami-vsa., as baupem oca-

siccUgy in Figue )., ve obtain the hteos.t cavlaton. Thec earelation of

tJW" iwaft ~Wriws &Opp" 8.1"I3ly fra the hisbw valws to 3X valttez in

Icsg ptics of the ardw of evel Iattau. Mwt *t this variation is to

be aaaoaiatad vith tho bui]A tVo am or~ tvo other arrivvas ard ia oUl

a CU~P~rsrinwai effect. Thbe e=wveora dots in Pigv 3I Is tbe tzi of

=Vltts at the twoc Uoaxet peaku or the obeaved Lm1tIple arrivals in the

OUtpUt of the CWeIAtU'. 'Me3 rlAtive SALtq.4~~ o too SMi inKaten tat

half of the tine the tota corream4 is contant. Sam af thr. rouidual

vsAWx tis t due to spltt4n 'between DMpper e umals., but =at of lt

va-iation muist be dwi to Pertiurbaitcoi te t~x mediuma 4 bou~vbrls suh az

reflection Wf the vurface or bottmi.



OW eawuw about I'S insetb stat rx the momu arimil is beunte to

kav trawa*st4 by =a abuo's wrely reftat path vth e. lowe tA 'to bottom

tAp than the =Oz wrrrnl.,n is crulfl egrste In "! ae rq &iog a* tU

twof ?IPP= I. It Wi.t be MtOA tw4r tizmt ca theU r' tbntp iA~ the

umsda srvul app"Ws flmatly in the IOWW IkwlnW dwAn the pWOWWru

does sa* 411t ant*Uo tbay Wotl tane czxwsbA4 am1lt4.s In thn

ctal dtassl. WAa is ovidmmc of a ".7 as'll Dap~w 41fttn iW tht

ardor of VItAL, ?4wL *O~et theso tu*c uivahs.

It will be voted that saws tasUwre T qpeow about 1.3 seecte aftt

the mft asrtval In the pUW-e 9Wt presmuhl take ame owe tcp to bcttc'

attv thm thr 7flA wfliv1. aI they ap'mawee with ammltue Ccupmnt.LWo

vth the pea-wes in the ping records cc the rlg~t3 "e do wot ewflr In

tUe cemlator o*jiut aa the ladt.- Stt inwreltal tULU cm of cowoe

a~so explain u* te san of the owrotw e ~ak is nfl ccmnve4 at i&Ul ties.

2ma abflo's oxpllca of the tladg tail. is that tbey no uor per-

trbVA Us& the sim swivel &*o mm ret c~atios of th* violent~y vowing

svgfecx wat at bigir ualn ith the swtsce4 Amtls1, the tefa is t

bns ogle. with the aflt of LO tal. tbe sinu srvaus tare angles of

10. itm tM slflAe prtztw~ per refltl*s would be twice as much

tor a Wai arrival as for tbe zam arva ad oa) be g'nter then a twit

fveloimWt iebIs the pwtrtt of the mmin swival vanlW be loss tha a

hmlf nwletncui Oiae tin datdmt penl tA o we.vx is knam to ho in

the 5 to 10 cwm re;p,5t (ccvr~xwo.%VW~ ~gLtt ~~~tilof this pwaIa

wereOxve on ringle r tratas ) and owl- IAe% i tUm IV.

25 secolsa th* taIl ewlstiocs wereipd Ott. 04 this basis, vs xau2A

'01n. 0. subUcat~ uc . 6031 Vnotticsl )tboids tnr ObservIngsr a ast

48;



eqect the tail to W24 their oarreaticc ter intvaim es Ws them

lA 0Wr ?f±tUW plS;j hews to *bta the absolute s4Mc of the

earcbiWj Po~i oorre*0 atrl eren 4etrtd. Wm flea kwae to 0azploV it

to sywkAtaBia the local PR 0wratwr vit a a tho arriwla. 21xm vs oa

enpwlo P.mooiV but e*V3#telY ulogue DC arnalstr to obtan abso-

late COaristl coot ±enbs an a frunctim *2 annvsjogt tzme Wit tiwoo

t4 o lesft#m si~e (pw lmpt60) arrtution teobaiuuwI

eTectei to be a vauiblo tool fow the ztu%8y or the ScopeatUcxu of sIgnAlc

±acu~~s J~ieor uznJamsto aooietk.
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