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traces the ot h% proces tﬁ_ L\ten gh OCM nthK cérﬂfttrtl tth sbarfd 2%5
1 capable of velocity ﬁltermg having a padskh@d a AN Ere @ YR \ﬂ\vésSTﬂ:l DoV | dd
l. 95  ---Vei¥oln (fEK,) spasemAsngevad drofuhbn  edottia stopes of th'Eeplqmngpmlme(;f seismic

progression of tr I; tsxlg slop‘;ng acrosy the waves propagatmg in the direction of the array
€COTr; 1thin a ned ran
-5 to trace +6,st § rﬁ ipbl el TEke o éé ol & B oaRfal t Since V=00 $he ALEESLERCH dc

bet ween the two Su&ange arela&en'ﬁ& are applied to tsll{e traces as follows:
85 The out put C[4&sr w}m@ 19 Q@Vf@tlt)nall Brocte#ma im siredcwavesasst fg be prfbreedt dnidf trace 90
col um descri bes ‘g‘@flpd? FEE Shpopiechas the sampq coByessnil ‘°“\'?\/I‘I§1 %’Hicﬁ“é‘hll‘”é@%ﬁ{e ° 5fl y

lative fFequency respdnse at all waven It ca at” waves avmg
seismc to be f‘ﬁpgj'd saln@ rjzhee d’v@ﬁﬁﬁer\i\ésﬁ‘jﬂseraes Lnt veloddiks Vm V., have ¥@M#pPing
havi ng an appar entll frejuecis the bwrer-ilmocehsmgmponcar lfnectumy yndr efvenushe epectEOernd there-
exanple, if the r?gcerplmﬂ to the invention has a wavenumber fore cannot be separated on either of these

1. 056, 481 response that varies with frequency f and a  criteria. I;Icwever, é‘” % yzglo- t h e
uhn!

uency response that varies 1th wave- cities Vy'and. V, m
traces are res FBGCBb&‘&'I Jrhbd 8 procki}As resﬁo @ abdoRICeing k¥ MRLEGRT d.mam erh acy
del ayed 28 ns, 32ingsyp this mvcﬁribnrrs;omtly rcsponswe to f tintoreelwing i’atss g rtjlve bindg e sholvi oM

-22 ms to THR 47 It le 81 s e aA &h l”r;ég Boseue o naminge 100

tilted traces are SBHER é@tﬁaoﬂftﬂe  frequen é}mgc e B Giel; Heiheﬁgédré%‘ SRSy ’éltémﬁo

be applied twotockrndieles, watks.and he traces thel‘f Bhplte i ovaemgz Ia@ect BrRICIR:Ss-

with respect to an %tﬁgﬂ}hm#rasrgi tbtefﬂeqntmﬂ \wéInO\Abar ga egsqrweﬂlgﬁlts Hgrf thediequd a,
backward 15 é e§> a?gco ::11%}; Tgﬁg‘%\k 13?(%6 fﬁ Ca{ct e ve% rS:l cu eﬁ}

and sumed. The tlh@ﬁ&lswft ﬁ;ﬁ claims A8 Qrait OGHiESH/ H g

with res- B aunge Wgegr‘e&ﬁume BRI chined lchﬂpa&sf @iranasces ¢ Illidi',‘(t";he ongmatﬁ@@vtavets qaaveach

other and with reﬁ@#l@nﬁ@hto record tion, nul Eﬁgr* |am§f695/‘161011t3’( @Pmpntpﬂnavc an

reversed) and g:lggh éF &b@l[ﬂggg s rﬁmrﬁfq olis urc 1? Ctot%eaang ot
Then the two suns 1@5&,1@ bectral Ve DPRLIFiduR £a% ot fﬂﬁ{ Figure 2,
ting in the [ers] Feer r] wBfeby the centre velocny V. coincides with

TABLE | figures F% illustr f\@f_ﬂonal bch}t_ thq f-axis resulting in the angle —V,, 0 I}v‘,y CE

diagram iments of the invgntio (Figure 2). Velocities within the range defined 115
1 2m 1 1§10ur iHustrates the malor gﬂfpﬁnems by the angle —V, 0 'V, and \g/c, 0 V.
the embodiment of Kure 4; areXtedignated negative and positive, respec-
2m 1 255 Figure 8 illus@ates ﬁwelv;—traccBgroupitgs tivc;ly, for convenience, Therefore, after time
ismic data from shots A and B; shifting, signals frem owgves having velocit

RECORD A REC@gu?c 9 illusgrates a functional block §1a « have zero millise nﬁ g dip gper tracz 129
+6 _gram of an 12 iment of the inventior; 1/ @cross the record, af / locity passband

11 Figures 10a 105 10c and 10d taken to- is V.1V,

60 gether show the signal paths in the embodi- To accomplish the objective of d1v1dmg the
ments of Figure 9; f,K space into velocity pass and reject bands,

Figure 11 illustrates the direction of pro- the over-all processor response must be jointly 125
pagation of an acoustic wave in relation to responsive to frequency and wavenumber of
the axis of an array; the seismic wave. Specifically, the over-all
65  Figure 12 illustrates a two dimensional processor response must have a wavenumber K



+5 + +18 +4 1/ 2 -4 1/ 2

9 1 +4 +
+14 +3—32 342 7
1 +3 + +10 +2 1/ 2
-2 1/ 2 5
1 . 12 + +6 +1 1/ 2
-1.1/2 1,056,481 3 30 +1 ¢ + 1
+2 +32 42 o -1
-2 response passband Ith@ increases with fre- +1/Q, referring to Figure 2, the over-all pro- 1
-1 quency f. With a sufficient numigr of detec- cessor resporjse R(GK) approaches +1 within- 1 /2 3
1 tors J, the over=all processgr response R (£,K) the velocity range defined by the angle —V,, 2 /2

approaches —0-¥,, and zero outside it.
+2 1/ 2 f l f The response function to be applied to the
1 s +1 for — | — | K< | — " trace sampled- dtdlocation x, at each fre- 3 1/ 2
+3 1/ 2 e i Ve | qucncy f7nver the frequency range of interest 1
35 -4 ;o O -18 -4 1% +4
1/ 2 0 for —' >K>|— 9 1
-5 - co - Y2 -5 1/2 +5 1/2
11 KEY: Ti nd Slice Colums; ¢ represents a lag tinme shift
(backwar d) ) ) - represents a |ead
time shift (forygrd) Vo | i27KX:  gpdrgh¥e 0dturm @ wei ghts represent

X )= dK

a scal e val ue X, - weights represent a
scal e value and a f polarity reversal.
8 — | 1, 056, 481 For the
exanpl e gi ven, signal Yravi ng dips off in the sane direction (+). The tine
shifts I esé, Z,han 8 ins of di HH’E%’EL MHMBEBre than given in colum

4 then run from +6 [ace are aftenuat ed and signals

ang g PTG a/%ﬁ“ i, %ﬁﬁmsmgﬁ? SRR 0 Lhe ange

3- 52078k d &asxer (t, ,,lj QFs(e,x,Pis theO fhfcriod retxpN@edUT PU are

preserved. "t g )= : To sgan the f|eId
record in the int eﬁ(t’ = S(Lf(")*r (%)= A[S%[ &r' ]?(Itti ’_;L)]Z)— [err]g?[err] B

25 25 The ‘Fcyd By 958 t’f‘gﬁpgl mﬁllve trace , whi¥eh corresponds to
t he rea';@gﬁGé" W %&f f l\é? Ié tplt del ays” ¢glum 3, Table I,
tector p05|t|onedx;)n the centre of the arra are set for six rmre
centre véi’@m)‘r':r-g?——tﬁ%lsiﬂé’r’f‘G 1/ 2dWh°§r1$ gh stapqq of Aggecter n frawmitheni 00 r espect to
10 -6, -4, The two- poi nt opeFHf ‘iff?ffegen it. the cutoff range,
colum 4 and 5 Tabl e | It shaqul/d be pointed out that equation (9) 30
remai ns the sanme for the gi vleﬂ"Enkﬁf’fu + 1 ns describes the weights and
time shifts to be d.l p/t Thus_the-process is repeated applied
to the traces and therég resul_rxs o ¥ nore tines ésgch W th
different tilt delays a vel 00|ty passband V[err] Lerr] V[err]. However,
equa- Eqw §1°n€§5t 6T q%‘ﬁl‘tﬁtn 1d 2pen ob ecﬂli(fé) R(fX) @ion (9) may be
oy (B, LG9 e‘“ghg[sﬂias c ime LARETSTERER RGBT carry out the
pro- ztsﬁon’&ehﬁn&oﬁjl&f;}t,,,,b&m t0Gkt 1 es ou e sal cess i s such
t hat ded we $ceptordell @eamelamaddces band @J(tFEaS(s:ehTr’(t?o prodiice his result,

hase di f
equa- °_ iy c xs@ g 3_9[{‘ coprg’pggxfdl %jglgd@l aé”%) has tl?e &esxhg powcr respon(s:](-:I ven tion (9)

beCm& ——f A technique for correcting phase dis- the phase distortion introduced by r(t,xn)
tortion will be discussed later. Processing each Considering sampled seismic wave pheno-
trace at cvery x. with an appropriate two- mena of 2P traces obtained from linearly equi-
point time domain operator r'(t,x.), shown by spaced detectors along x, where the traces are 55
equations (3) and (5), then summing, pro- continuous time functions, then the output

45 duces the required power response since composite is
P 1 2m—1 2m—1
Cl APdrild; ,(0 = = Sm(t =+ Too)"' Sm(t - Tco)] (8)
m=1—P 2m—1
C,(Pd+4d),(t) is the effective signal, seen P=4} total number of traces
60 by a detector positioned along x at (Pd+3d)=spatial position in centres of
(Pd+1d), within the velocity passband equispaced linear 2P detector
+Ve. array having a spacing d between
d=spacing between detectors detectors, 70
m=1-—P, 2—P, .., 2P—P (dummy trace When a centre velocity V. for the passband

65 index) + V., is added, equation (8) becomes



by colums 4 and 5, Table | may be rounded Cerr](t) =Jerr]
Therefore, instead of obtaining the difference traces from channels A and

B are r f_the traces in record A and of the
drum 4 by reproducers 11 and fed the sumof the traces in record B
([err]A-[err]B), respectively to summtion networks 5 and the sum of
the traces in record A and the 6. The output of 6 is fed to multiplier 7
and 75 sum of the traces in record B are added then to summation
network 8 to sunmmed (lerr] A + [er?‘?%)‘*?l

with the output of 5. For Ptwel ve- Trace2 rqg-

cessing, reprodeggls,@="ag be_set |§ o (= 42.) _Slzlp.y AicH Ke \US}I CLI_)';__@\
range V[err]Verr] as am=rakes—1lto 12 »n record 1. Then t t) \A

reject band has utiifiteYraWbRMbe bResRPRAGGM M Qifes Q SEYS
waves havi ng appakaiples 1%&ad ofetgonﬁnsdogs @ﬂa%ghgmune léip Ere C&E{é’ﬁ@{ fﬂ%a%a@m%n o,f %i{‘ﬁ?{)r
velocities wt h%nf wevni/éﬂ'é?éplts S)pemis and! smésn separated FIOWEWO c]fhﬁelpnl&a&&s[nnglc

paraneters nay ?“15 corded .as a2m— e
set to attenuate (8)a& dgw\li?ef(ggzecgelnteé:;l%¥ f’onlgtig‘%ﬁ W@%“?rve"é‘ ge ttF’éfcgh"a %

magnetic tape. The ~—aae nrsaexmsmlcbemel&uhaammbg 1+ ap) sadofd3} andehO Ghde Yin ﬂR:O&he}i on
of reproducers 3 ﬁﬁg/ hen be E ng edpl inside the velocity range2m—1
pr}?q% ? %gc?i: faEeag

[err],V[err] an gg 3 hagne} gvouldo i rtieeo ehifted. —'H'Ee——85
trace representations o sel smc wave a Yr,—rQUtds, Of 8 in this tase
represents sei sm ghould be Wﬂglteanbyapﬁzee-ntand/etnem t%uﬁ)&ﬁcﬁltd@e 5 @ind shiRAIOR .2 ful@VES
havi ng apparent vel oci 5| es with t bass- U°n of l@ﬁ}guarlerlginshnh@deacmwtaerrﬁ
for carrying out ghanrd seen AbcoRRSirhd % §nﬁjc(12 1ty f“@%’g’&:tg 3 ect ﬁf:??oﬁ‘ﬁt‘;“e ;3"?
the invention. The fieldzrecord 1 may be EitkssoD Yels@ (hdEnanar fous
traces on %@t ahwld; bpepzitar lnrv%th)wenm s,f cﬁamred td’aﬁﬂiBlgDEachl’tﬁE‘cQE thed. offefd-
result in an o g O fifss changg! S

ould by gifge s@ﬂds@ by elatverpmtt tihe) deinafry operas 50
| i near equi- recgméad_anﬂ_regsc@ﬁa@meswa&rﬁp&s T I&Sc?é’i?eﬂ

sei snmoneter array. Reproduci ng heads Signalsc tasfpaalocﬁieg SN_CinWRME S E@e
appar ent 9 r emple Seskvarhend phggrase @rrrg%sge{’néi %{nd Itnhewf the pr%vmonmétmygﬁss-
within the passba t I S til b4 S\PeqIRge |
Vierr]. Tilt 2 WEQ“%’E%% beg&% %’58912 3724 145 %ﬁm% $ &f RgUeen € 24,
be a magnetic dr umcmds Wiaiothar wiye fctrream forvard. TI'EIoghUh@e Aaysﬁapw;s exafpIk,e kcan
system for appl¥i %“B“t trace fEL"maF é N EF‘ pe'#\eztteet &smmib cldet foi Adips and
the process descr Bit Eﬁ ﬁ&az rst mrt?rae 31’]1 ma n@é/acco%p ﬁg}z& loc%( 19
with the appro- tﬂh@-@&ﬁe SHOKIO B8 SR dQJQllS LELT @l bl tervalsy each
X 2P traces and th& r«byltlmge@? odpicernaced  dundvaf Bsling @ ratngd ctf Ql kYredd. Each
priate tinme del®ysoqposicd (ummad) ppc arities for ﬂ"l‘}’e CO?E’{S@mﬂWftther@m —7 o

d traces an com-

oot
0

1, —1
functi on as tilt gositﬂ de HB%O equation (9) resultsinan  +1 to +3 g -IEOS and +5 tt(:) —:-17 %
3 that_ I's, cent reSveklﬁlerpfo]:essx teq@nsd 1@V R'Goctthem'&/tﬁﬁ‘ee&espela ly. The centre of each 1
65 weights Pasmd%ﬁ -3a¥-e agpp irdiest band quiside t rangecid —6, ~2,0, +2, +4 and +6
X Xuijt Pslziould be pointed out that_ the ms/ trace. Taqugﬁh{tﬁaﬁne' A
a ica
backward + Aot RO hdioach o e AGRARDY al t enuatorst 8l mifaehk wei ght erh

tilted the centre velocity V, may be\l{pgll[eﬂ]to each  aidr @@bering tieheies dfpfl theth Haptom

separate channe_‘%str e prior to ghgcfo alldd*n hrekwarbtipoi gk th peprslttﬁ, of: $Hi d6, 42, +1,

X Slice 4 }g‘ﬁ'ﬁﬂg’ﬁé’f’?s %ﬁ‘ m%;xﬁ’a B§ ~éhanmerh B9 Toredgter ()
and apples etrcesg‘giannesAagd_Bwthtlm

V[ err] X (0= _____fs +____y§5 o Cad 10)

respectively. The poI ar tym&evgerzgf;Ih otraees In anne BZ an

VI err ] V[err] Treating the terms of the ab@vepo:QLa%BA t Yo' B @S Qxlrayf Qfen ttpaq 9 q‘esufn\r{f

wei ght s. separately, the process is simply one of weight- signals dip across the traces w1thm the dip
1, 056, 481 ing the traces by 1/(2m—1), time shifting passbafd of +3 to +5 ms of dxﬂ:/ftrace, 920

twel ve traces gﬁ eggé ygnme treien: éfﬂ’iﬁaﬁénpmgl% s&‘l‘le‘b rag i dplvdi daf sogn bp @) de-
traces from fi d (2m—1)/2X1 ms, summi égggléfslé;hy} V\Eﬁfg}é ttvé Ltra %E % post:1 yg)'%{ putl

of record 1 to bﬁm(p EIOfEiRS ﬂﬁdlltecSQQdd‘ e &fthedl 4ay S  The schedule of weight and time shifts for
synchroni zed to tPmslsel ection by link 16 to the above example is glvéh inViabght s~ 95

are appl i ed TpPtie!l fielripiis e e 0@ outlgkine @F\j@?ﬂg‘ﬁsm g rapgsifrom trace

recordi na a 5't0 trace e tilt ce time shifts
g ing the difference between the two sumsg. in Table I are apphed to the traces as follows:
corrected traceson mgmﬁ& 103630 Bretefa tth&e. hafing 60 The tilt column describes tlﬁaeme'lﬁtlv'% lsigfes S

and they are thenasumisa which soromy ol sdmiiontogk apiied reahe sackowiberespeo cess eido

waves having an apparent velocity in the direc-  arbitrary reference. For example, if the refer-



5 produce a conposite output at 8. The polarity results in a second
sel ect ed out put channel reversal applied by slice 4 to the
traces in (b),—etc.—lnput andoutput sequencers.such as
channel B (each trace multiplier by -1) pro- 13 and 14 nay be provided

with the field duces an output 8 which is [err]A-[err]B.
record 1 output and sum out put 8, respectively, 65 Fi gure
5 shows a systemsimlar to Frgure% ‘ker any of the enbodinents d; Fi gures
3 to— es—havi-ng-t-ke-weights 5.

and ti mee&hisfsh nsplPlrh@art Ree8lQy 8ME PaTHUE Ghel tPaces ardhHA@ add SRAWS @

funct i ondtlayed 26gna A2 m&f 72 ms. nmreend thherannfiper 032 eéslay [ines in

t he sli ce, The (5kice cp!]¢ m&%g 3ng sqcpr tli, g# ﬁg te scparated mto 4.
a Sy
sesum ol TR R % Sl gt 55
genera Yncﬁ M\K\rdfdﬂence record A, the traces dir&hl ;2 111, 3 and
10, etc. arelfpr@mseve}ér shmsd; lhmknagd avithved- v @8- dre¢ aogcsm 1ffE:d' mmforward dnec- 15 This
i s possi Bt tolse s &%P@‘Eﬁ@ﬁ sswmrm@ “WECO%@“?“ng%g applied to
G i

e fraces arc nrogressxve Ty %\é_e tg\%fuaﬁf“é’ S cegdel ays.

t went lef QJH respect to cach other. }f
tracks in slice delay drum 4. The trIt de ay For exanpl e,
referring to Table I, trace +6 42 and slice delay drum4 are

illustrated TRACE  WEIGHYU Ti@ge€ -5 havegipggnticalr wei ghts and tine as

separate conponeﬁts—%er—tﬁﬂet+ a+—e+ar§£y——— shifts
applied thereto except fo 'ﬁﬁ 1% . HofBvér sa?ﬂ dogpqnents are

physi cal |y one m-20 traces +6 apd -5 ape paired and then

conponent, a twenty=four—tTack—magmetTg I separated into
two channels, the time-shift — #wtir44yyy5§g§giépéggggﬁhg—heads. Each tilt

+5 1/ 2.0 s applred o the ttaces ig,one ch delay,is added to the slice
delay%s +b andkﬁhe trngzshrft Q@ﬁllz is a blred to the traces

in the other channel, The ?bsolute val ue of the The tape transport 20
includes a field ,80 e +1 ul —42

record tape 1 and a correcbed record t ape 15 25 wei ght IS
then applied to the traceslrn on a common drum The tape transport 20

11 +14 may hezy Techno_Recorder - Reproducer TI
bot h channel s and the polarrty of the traces 401C manufact ured by Techno

I nstrument (a 1 1In the other channel is reversed. Cenerally,

Di vi si on of Chil cest |nc.+3 6666+iexi ngt on-2185 -24 each pair of

traces is separated into thwo Avenue, Los Angeles, California, United
channel s, and the traces in one channel are States of America, and

equi pped with an +2 +— 30 fbogressively tine shifted from +5 1/2 to
+ 1/2 Automatic Tine Corréctor TI-580B for ad- (see record
A, Talsbe 1). The ttaces i¥lthe jdsting thet novabl e-geproduce heads 9 to
other channel are pgrogressjvely time shifteg tine-gqrrect the reproduced
traces for weather- 90 i from -5 1/2 to - 1/2 and polarity
reversed, (see Lpg, elevation agd nornmal_qoveout. 4 Jhe

record B, Table I). The ab3%ol ute val ue of the field record 1 may have
recorded thereon raw 1 35 weight corresponding to the paired
traces is seism-<2data pfeduced-filoom a tvmnty-fous2i t hen
applied and all the tracesSare summed. seisnonmeter equi spaced |inear
array, the field 1 Pairing the traces and processing as
descri bed record-1hereby-havi ng-ttenty-fothd trackst+3iThe 95

above results in the sane &chedul e of wei ghts input and output sequencer
switches 13 and 1 and tinme shifts as grven in Table

14, ré8pectively, “And |ink716 may!&el ect tvl ve +4% 40 Thus, a
twel ve-trace output from ?rlt 2 tracks fromrecord 1 and one track in

record can be parre? to prov de Si X chpnnels at the 15,
wher eby twel ve trates are @pplied“to the Z output of pair
network 12. Each channe {P processor i nput producrng a one trace cor- 100
the out put 12KEYg él'eﬁtétrsé’E“e Iy

“H‘Sf iof ﬁ’r’pé"h%ﬁn:ﬂ%ad“me @E;rwa irj)ut as_expl ained in

connection with re ur at slice 4 have
Figure 6. After é&@WtF€W6P%r?dh@ f TEDpRSe Cﬂev“mf 45 twel ve del ay

ts re resent a scale value, and a

lines as contrasted to twenty- g rediiiin 1 N tapetianSport 20, the
sequencer four In the systenms illustrated by Figures 3 and
13 sel ects another twelve trace grouping in 4. The traces in
channel A are operated on by the order 1-12, 2-13, 3-14 . . . . . 13-24,
105 X and
sequencer 14 sel ects another track in del ay + in

slrce 4 and the traces in chan- record 15. By sequentially scannrng t he

o, . r



55 by 16 in the Figure 4 enbodi nent. Sequencer spatially distributed,

whereby the trace in the 10

1, 056, 481 first of said two tracks when read out s tinge s
illustrated to show the output from the : 2m 1

field record and said corrector applies the shifted [err] ms.
The pol arity twenty-four traces stored by record 1l to 2

sequencer whi ch perfornms the functi 5604f1 reversal of the traces
read out fr ;al_d_sgannmg_J_he_Leaagﬁ_Lﬁ_appL_)Lule_seLm‘ed__semad

of said two {racks thSex@hSORMn! SHEE g diheodSs e 3GR QYR+ P ThiEmPHAGESH! NY
system 5 r eugs g mdef 1@,&&& &fa hbre tshi Geredt inOdstupid t4. thehh@n frb@SHENGSSW t Ch
30inits left Sp@gpft dipyracgcpre attenuated and signals  and the time shifts given in column 5 run

t hat the out Eut ati?gstitﬁgm\}\@l’@ﬁe ﬁnaméﬂfrﬂ%/trf"ﬁurffm —3 Qet §rind the output compositgy ) g

are, eserved

to each of t o sclrs the AN L4 hOmRBGUEACEr 14, Sequengrix43sp 70 25
2m 1 ms of dip/trace for the given twelvG-Cra&RS vihive Cbﬂﬁp]mdk ante appinicest 4 daces 1
to 12, 3 tweam £he it éqlaiggeslgmeadﬁhﬁ I,ofte Ohepor!gt?r ‘“at'h@bi"'c‘l‘f’?wf}f}ﬁ‘: :g:attso 16,
7 to 18, 9 tg AP f‘é{%‘?‘im e el R $ 8. P

and 13 to 24 seﬁaiamfr Bhke) célnit am@rquea@ ; It should BeiirRRl dut g ERARAIGUSO
expl ai ned i n cofmainswikres@bior dorgivec tued 1 ace Slesrilkes i ;Oexglnsaixﬂ doH bhifts1€0 be

nection with Figjulinduerend “Sb@e fSFeﬁrq?e%tqdheappl t@)r‘the Bereby cesplgnin2 5 of
the correctegd ol fg‘ﬁ“ oot SE Ky E‘E“Ytﬁf}f Odlﬁ eﬂﬂmé‘f\;/ v

§ccomp11
record. Sequencerf tHedeqBith @ isd @ ir§ b rengo-t rlaets reject bkd’dﬂalﬂﬁ VEIBRRE Surki @@ 10 8

from record kesiisesuctothat dnty T imxddays et dvaih 2ABndvrt pased iy frosigtevthis tesultc gua-
witten into tvgélle\f‘er;n:r“%%m %‘1“ i ﬁ’é‘e et $1??ﬂ dgion (Qdre@®es on of sequencer 13.
said drum Til ays ar e’ applr The corrected record 15,
illustrated in 15 traces read oyt fromszald one sectionsgfsaid jgure 7,
is shown in Fi gur@ Q..ag) =i VEded—i—H%E&..(téBG—{dr-lurcm}HbS'm(ﬁ"he—Sﬁa{tualrm}')l
distribution of the re- mwd—dettTbhs, fixed section 25 and dual sek-
produce heads. .The trace then paired 26. The ual section 26
has 11 ve 11 agkepiders ReR, L obuhif e BlRE, M Aot A RR 0 B Sl G
track having a tdgam cfflthé&ﬁhcd’i&ﬁﬁkcor&\maﬁﬁb-}EB), resprditeiero Segtatian n&fnoz&iaﬁdanﬂr um

The traces are thttjatﬁa%ﬁ §1reavwaFftStlen§"P td ap JMOQSPW ehéwhfert le‘(‘PhCIﬂe&d dat
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i on profile A for pro-
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for ex-
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nastlmﬁcs tracks, rmyrsb&adeeahce%wsct 80t est er
lepni t ches 59 and
%‘}frlﬁ rT’”e A
?ghe purpose Bfaces 23 to 24,

60

i ncl udes

s;\mbtrcshmm of the seqRafeis rfcprn:gocese} Fiogur e 10b,

qﬁw?pigcraﬂ lSi‘S‘“Pr%i gﬂl? i
c;t°rm1i;]apodl’ tL d octtlsrbq%lo (\,()ﬁm;l
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ustmmichmrmeds for
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p ed af_ Ibcation é profﬁ1 ag;gn

Gkd @x%tl(gh onc of t
&wtmecdaﬂxsn?k( 11 to
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tions, each corrcsr?ndnw a_0h 0

“four posﬁ;“)nrs .&Q&:@Ur

Sugh

fromthe
4 K-5, K-6
ahee ane, cb’m&ond tol ustrated in

9fable |11

sequencers 13 and 14 arc illustrated i in sw1tch100

position 24. Sequencer 14 @nrccts the output
channel 41 to one cE)
channels 42 being ¢ t he reco
heads of the corrccT&’Arcwrd illustrared 2
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Figure 9. There dre five tracks having) dual U

recording heads in Quabwct on 26 and jlgads
44A and 44B conne respective one o 45‘
channels 42 to a rcar?acmc one of the dual
heads of one track iB section 26. Similddly
leads 45A and 45B cgnnbct a respective ppie
of the channels 42 '2_) ective one of t e
?Ez'heads of anotheY tfack in blal s\_c
Table I, giktn belo hsts
sequé:ﬂerZ!Z and 14 swilch po=1tiohs and lthc

functuzxgncludmg the trace [gonne gd
for processin }?0}5\' 1011. e
sequencer sy pos om posi-
tion 7 to 23 and then from 24,3 ©BEMereby

scanning profile A and profile B. There are
twenty-four switch positions for the sequencer
13 indicated from right to lefras 24, 1, 2 . ..
23 and therc are twenty-four corresponding
switch positions for the scquencer 14. Separa-
ting cach sequencer switch section are ready
positions where the system is inactive except
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C- d osed The switch K-7, Figure 10d, has an upper fore, fornmed tine
shifts nmay be introduced. section and a | ower section each having five
However, if real tine data, such as the traces 20 positions |inked,

together. This switch is used derived directly fromthe detector outputs,

are when the sequencer is in the ready position to be processed,
forward tine shifts cannot be 65 24, 7 and 17. Therefore, switch K-7
may be applied. Therefore, real tine data is del ayed used to apply the

ti me break fr? the cor- by the largest  forward tinme shift needed which
rected record’¥o pen B in position 1. aphP$*¥h s then used as the time

reference from V\’tﬂ ‘2:5 r%d f?ox& ltl{p Jbgraé)t ﬂgm clcs kgqmuceprf‘%r tl exvéA‘ e[xga‘;g «i}twelve-

forward and backyeiisnsShey e sl for RRRY | ters
reference pul se befﬁheropmnﬂ"heos&qta |1esm¢ 4 pﬂmces@iuftgn@aﬁe& arg Ebnnected td)thpen B

in position 3, Profpmoteiftcro aEYb’(W&F’HEd“F ghishicauiye
pheno- to th (hmplg H’elbcg'é ¥%n 4, and aﬁfﬁ lmret }éﬁ% %%;%’Easo
obt ai ned in sei sm)l ogi cal TABLBIiIghals to penlaB,rg 91 | dela My, =€ 15 gsord-

and sei sm c expl 8waei on wor k. However, the 3@lce |4ngsucas ermlnt ®md®ﬂnt§ & each

calibration purpb¥¥EON i nyent FBF™@Nso appl i eéhat“t? 30 are

To phase align the recordings of the par-  t g% ﬂfﬁﬁhf i ﬂ%ﬁhé‘t’l 85
wave pheno- 75 tial data on profiles A adelation 1ﬁth&h£eﬂxueﬁk€defead RN@- such
as data obtai ned f2dom parineReady jn ErW't h tmrsationgtnomhetltmel as iisrvelbnaakin f rom

pro- seisnic " explorat  BAHE] Al ﬁarlfdjgf? wfic gt Polarity jrpversl ip §"al*léfé“oi“d@

the corrected tapez In rage@qstt,lchedﬁermy f ronfoxgput of {hc demodulat T mb e shce3

sequencer position324, Tiakes Ahto ks, Sraficwl, hydr o r}e,e]@crtrhg%e] @, @@,tnan]ptgt@l ned
in sonar qui tch K- 1Tt§6wi S‘% %h K—7 cdinbOG tot fodia slﬁﬂphdccﬁtput)ﬂysthmhere
the direction of tBe acdliE b, Frone)™s the tpﬁeneb'rﬂelakz ffh‘t)m-mwdc@rmemﬂed

record is tic wave propagation hay be conveR ‘gﬁfl Eazels then sepatated dntq gyve %nGp

T by each chdnnel out ur_fr
I n sequencer SW t—eh—pes-l—«———afr—a-pﬁa-ﬁeﬁ-t——ve-l—ock }i)ag net 1@.&9&} d E’lto \S%an

tion 1, the time break from prqjldla-;ﬁB i S re- nel¢ h&lcbild’re(l:bnn?dq?:ﬁdohgo &hel klggé
array. 40 corded gn the.pem.BGOTHS BrefRer A, Jebsring gorfigure t ey on
a marine seismc record  Fpm rlrrsmnAvmr'fh thegjgd”&f’fcéj’%ll jﬁﬁwbgfe %ﬁg e
to be processédl, the MZKMFECH@4T1 ? pignal 865 it galtandkhed @aﬁ@l(ﬁeﬁsia ifgegor d
This allows a 10q, rrayTQees E’ é Liymi nat evasable resistyy dqedback for pinggliing the
conpari son to be made be;aweerko 1 epm eraat | onslef"’éﬁfrté%@ﬁ‘!"éﬂe QUEPUE h%‘alcorrpom te

out - time bredRs onTpreofs {oel 6APwfid Mro Tﬁ‘ ; gstem ‘lt

channel 70. TH2 c gposi @“‘6 to & 51’“’ Athe m) @gﬂg‘ mhhee‘;@cylég

time put trace i 5chan (N i ,ed to '&nhﬁhﬁer thmegarsepeﬁ Qbndd@Yks ehan-
adj usted for phasgsal |gmraccs|15ua(u1z4 A E Znelaﬁﬁdo S‘heh@tjﬁpmtch msuldakelnsic;(go
ment . -
cl osed and € camrefrerence swic zl‘fléhe% %?E?wgm ;gz ssoi[;)e
A signal proportigral to R4y prent with thke Tm:cbmmxtsAuft ﬂxerahdlﬁdu'n fpro- t h e

integrating |ism tsg8of t’mﬁcdk/llecEzi, Phugileeh n 50 d@GﬁF‘P‘tﬁF@rzzélhdw iinglividuelrg 3F;dg‘al ly

synchroni zed refdfred Tuea 7tt<h 95%“- ifgg ‘é’ﬁ;ﬁsﬁrﬁd‘;’f&nﬁs

rotati on of the tdpe trefSHait the Piiidhds BT it Qivitchds, SBREL 8, cldoh] oug
chan- for 7adj ustriagg 28 h(ezmoan £ headswighes t Bewigu switches NG| opt@ Wi t h
switch K— 7 in3posi2Bi on Zransftile Cam Refatence Ruisere Cltwe rmsopirer sydiam, dhgureetﬂd includes
dynam cally conponent herein referred to as;‘l\ﬂe%f rdez l'havmgf

moveout. A reference pulse de- 15 describedfidis Gyl ta @f&?ﬁ%gﬁtm@ G5
rived fromthe camefegingheRigae 304, b burpi yhahl §r 82 499 and K-7 fioaie€ch Figurk he
pen recorder, pefjoB, thevsr:qubncer 13Ana1:@k®irtplaeesm€ t ﬂ\@ & Itllecszbmllles t194,0K-5t H"e6 iand 100
switch K-7 in pOISIYEIFH uge amplifier 22. A reproduce am- %hgle ?dg &h uegcc§ rl ?Q rl lata o

ided, for each out 1
obtained fromgg bof the ﬁh%ﬁ?éﬁ?epﬂslofhae%ﬂr@ﬁfpuihz fhe- PEACE $SSREC B

under wat er acoustierC ofverugifyiige tho nveinge level :tfhteel riste Rt ithe nwhickss Kaeua sWhe ¢l
herein with wil Plgnqb\apcbela eeets feQ frequens é@ft ?(’b‘\??e? dggﬁlseds fheaefgg té«r wirchsh
magnetic  Figur §reﬂml E{‘gg LE g“,rﬁllﬁg";@g{) i given in (Taple e dnter R0

is not real tinme an one array, a |ne nornal to the axis, the

105 14 1, 056, 481

direction of propagation of an acoustic wave and the number N detectors
needed is 40 propagating with a velocity C, and the appa-

rent velocity V of the acoustic wave in the N=[ err]

(13) direction of the array axis. 5 The apparent velocity of V

is equal to C/'sin x, where a is the angle between the to have f[err]
within the passband. :



assune the
of

direction of wave propagation and a nor nal
frequency range to the array axis.
interest is Under given conditions such as tenperature
flerr] 10 and salinity, the velocity of the acoustic wave

=8, glerr]=20[err] 45 C i s constant

As an exanpl e,

‘(approxi mately 5000'/sec.) and flerr] | ndependent of
frequency. The apparent then gseq4ef€l ocity of an acoustic wavye in the
di r ectton S ' ent upon
a. Therefore, N= TABLE III =12 detectors. 15 the

desi red vel oci gyre@Ssband 'S choSén Dby 2.62(.342)

sel ecting the Heshted 1K3d eamk-ni d&i-h anglse K-bf K7 K-8 g[err], whereby
Merr]=Csin glegr]- " ATpThg;TTREe ¢ C figrT] =20KC
representations of acousyic vvaves pcopaga(bl ng theny

50 in a diége6tionBucWthdt tRe anP e Ketween Y hat

flerr]=2.5kKC  2f dire |organ thg nor% tgo the dfray axis is and

w thin the anglegg Wil {he passgd agd thqose g U d=0. 186’

outsie the anglie—gsw | lubetwattenuabed. 0 ¢ Asgum ng the frequency
range of |ntereslf and tie Itength oP the Qrr is U is 25
flerr]<f<flerr] 32— v 5 o 2 o §:12X0%.86'

55 t here5—a Klerr]=f[err]
The rﬁ‘l ative tine shift betweeh ¥etert®s is

determ ned fromthe cutoff vel oci tb——ogen The response of a linearly

equi spaced de- tector array ©o-GRedcoustic wave repeats itself

V[err] =14.6x 1l0[err]/sec 30 when
The switch K-7, Figure 10d, has anjapper/ %f & formed time shifts may b; mtroduced

err) g1 T e T T g e o opnone
Spacl Ng.whEPWe sequen Q'Qs G HIRe Ry Podrtd Wb j Sﬁssg fgﬁ ‘ to

fs@annot be 6SVEr,
avoi d gettT ng . fradrsee,rsesﬂon-gena‘yrb@mappl ermreiolme rdaydmophone&lamdow de the

plural used L asn’lb\we Breane & ecfé{};t |f’sé EP?/‘ tiafls shift na‘-;iedtw%ges for
pr OC%SI g?&?#sﬁ rgl fﬁe&ng aé) the) rwafgjinld b r‘xgjd’.%ﬁ@{tjr @9 105,61 detectors
SO as t® 1nV1ﬁ nt 4, AFpLH |c§rﬁ Sef&éh&ﬂ se be TR WOAHGLEbPR foCmbeessing dandfpear to be
near nonerpdn B mcpcdemcé, apply a M.A.E. gtauerrrebtalaedcbmtsmpﬂmgielsa wase pigpd-i ed to all
@05 the pen B in position 4, and a}{p lyotg [f erfenagich » tfn m s¢ 1smolog1c}';11 nel s as
' 20 and sefsmic explo ver, t
i G P TR e A S &

or

d=

—ﬁic—A—rs—recordcd—on—thc—corrcctc
gi verssb¥equencer position 24, switch d’-:i éi

70
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slice
schedul eialodatanen

[paﬁsbtrj

bﬁYeSahgn the recordings of the par-

in switch position 8, the time break from

switch K-1 down and switch K-7 in p0s1t1on
1, the time break from the corrected record is
apphed to pep %b Tin_sequencer switch posi-
tion 1, the time break from profile B is re-
r'orded on the pen reco en A, for com-

out of the corrected rgcord. is allows a
phase comparison to benmade between the
time breaks on profile A anrg profile B, where-
by the movable heads of the automatic time

tamed frot samphng acoustlc wave pheno-

priofiles Andd B the ssjuénkdrs nepa lyech as data obtamed from marine
2)

seism
;lzgf}g%{?p aggo;rﬁ cf&atm 1s re e1ve‘§
applications where the direction @b €he 4&hs-

5

80

tic wave propagatiPABpaF be\¢enverted inffRACE

an apparent velocxtyﬁﬂT cousnc waves in
thc direction of a

M If the traces _QLa_mannc seismic Qecord

with X0 pefile ]fﬁ timé break reafl erare] toTheXhOdeweds the M.A.E. 24, Figure

10c, may be used to eliminate wager rever-
berations reprexmid in the composxte out-
put trace in chamme] 70. The composite out-
put trace inlchanndl 70 is applied to the

corrector may be adjusted] for phase align-4 input of MAE 24 and the output is taken

ment. 25. 4

The cam reference switch 65 is standard
equipment with the Techno Automatic Time
Corrector and is mechanically synchronized
with the rotation of the tape transport drum
for adjusting the movable heads of the auto-
matic time corrector to correct dynamically
for normal moveout. A reference pulse de-
rived from the cam reference switch may be
applied to the pen recorder, pen B, with
switch K-7 in position 3.

The application of the process according to
the invention has been described herein with
respect to seismic traces stored on magnetic
tape. This data is not real time and there-

from channel witch K-5 closed and
switch K-6 open). A signal proportional to
the integrating limits of the M.A.E., herein
referred to as the M.A.E. gate, may be applied
to the pen recorder 61, pen B, through chan-
nel 40 with switch K-7 in position 4. The
component herein referred to as M.AE. 24
is described in United States Patent No.
3,238,499,

An cxample of the applicability of the in-
vention for processing data obtained from
sampling underwater acoustic wave phenomena
will now be given.

Figure 11 illustrates the axis of a hydro-
phone array, a line normal to the axis, the
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25.4 direction Joﬂ-:ﬁroﬁagation of an acoustic wave and the/ number N detectors needed is 140

-4 - propagating with a velocity C, and the appa- 12. 7 fmax 1+sing,, 125.0

9 ~rent velocity Y of ghe acoustig;wave in the _ N= (13
d1rect1051a hz array axis. ———— fan 2.62sin g,

0 The arefit velocity of V is equal to 11

11 C/sin =, where o is thd Zangle between [tBd I'to Haveef.|,anigisthe psbwair d shi ft

needed direction of wave propagation and a nPrmal As an example, assume the frequency range

[err]=12. 7X 10['@&}‘16 wgfcoﬁ@?o%s such as te pegglrme‘i’fdﬁtfr§s‘asnd gime shifts given by

Tabl e therehy DGy thOwlobR & SR NkautcORse Of Waves _"“L\¢ may bep-appl i eg t o
the hydrophone Out puitsr (dpasiingrelarsodpysas emt vel ocity ifant he direction 20 by

coaxi al cable deHkr deitnésffemlEPCatté‘ PRSFESt ¢ the |ine |{hsr de a

pr edet er m ned v Qg;gg"}saggu ﬁL Ct‘%{hy system No_rgf uﬁndqucgrs

range and at ti®ngatdedd rvelpf@siem, arlgagos byvaves 30 2.838425! y descri bed.

havi ng an appar efntting ethogietigd | 3n btame witith @cgle ok The process according to

the invention hés whsreby IYeFIq/ﬁé goutdl e 8§ d range. \412r%§§rl y equi -

been described [RFEEASRL L g‘g%pgfgfb%td;ﬂ}ﬁ%e@?’- spa@elg_ijﬁg(ector array afid

shot st acki ngoha,yeenoas,ndrtm@o gal & Gbhaiynad i§ r g sanpl ing Wave phe- been

gi ven as exanpl eshlmfthecﬁnzlargmxhgnedmsel 4nd ghase norrenadalO lsfépar ate locations

on a l I ne and gl% ql < Uﬁ C ra ?%ﬂt ¢St Se alila& qﬁ 16

1, 056, 481 e Jfe r‘f % n'FT’"les achfil uees':n c a"a - processing

the row det et or out put S.i<af<gat’ teri zed as onmil:maiaensﬁnal array s§snce

the wave vy outpeedsantr ducg g +90[ err] phgﬁm fhlft |n henonena i s
Il'lx a

sanpl ed at separate |ocatioh ch out put g‘r‘é‘é“%] . u&e%é demﬁersys r ow
on a line. The response of a linearly cquispaced de- §7I°ntro Uceg anot her

+90[ err] phasetesthu 4rtay to &n acousticT@ye papercseissslf accor d| nth Slehr1¢Fsent i on may

the net phasd®chbsige in the output trace 85%ewQ 0 applied to

data obtained froma two- ?ﬁ—ié[ hen O[err] or 180[erf{~ %SX ese(ﬁgfcephase

change di neRsd @nal thamydyphonshhdizy Ho@pr e Sma tedripRGved fwill bé redBGme Bhien t he

out put trace 85e‘sheuladndoeettmg a fahawsmnhaqunn whate Al ardeqptwnvsebmmdtt yhei plutahe

polarity r evgé frat velogitigs 8rodtdg Latue “aces f°‘ " C dinelysincs rf%’} li ne
ty

and an appar ave engh ﬁtween etectors S0 as to ard 1t é%ol n;ﬁhé dﬁri) f,{ﬁ

Uc

r Go be
city in the di rection qf—-9a°s@eer9d°)l | ne angUnels ﬁkom&tf&encsmefb aefpplWﬂgi‘rﬂheatmp [ ed
sequential ly, t frauirey gat larly positi onedowltCh dtlas ect to the first line
conbi ned response repr esenfs a synrretrda% 1ed ac*or C toe 1%:18 £ . fﬁf,let[fr

velocity range are opegali-Pa.ghi ch ch gesq% S& 0 q ut’-®

(6

preserved and representations of waves havi ng put trace by O[err] or
180[err].




an apparent velocity in the direction of the Figure 13 illustrates the
| ocation of the 15 first line and an apparent velocity in the direc-

power spectra of seisnm c waves-having—-appa-—80——tion of-the second

| ine outside said range are rent velocities Vferr], -V[err], and
Vierr], att enuat ed. -V[err] in
- three dinensional. f, K space. The Figure 12 illustrates a

- two- dlnen5|onal rec- veIOC|t|eﬁﬁ§$§rr] and V[err] are the cq&off vel o-

predeternlned veIOC|ty range |mABDEI¥paced detectors 1, 2, 3. . . x and x

col ums IR U fBREL ON Of fNe TTnes defined Dy Ehe TOWs —g5 - of

l'i near| . 42, which
vel oci ti are uskd in The oyf™ dt fﬁ@ﬂ}Jr theagh)ggtector 1, 2,
conj unction vmttpne.qpatlon(g) to detgerni ne 3 ... X1In I’OWlIS

processed—by—SySTeﬂT817—T#ﬁr7EH7nﬁﬁ1HTFTﬁ“Ttmrsysrens“St“-Sz ) . 83.

to produce a row 1 output. Simlarly each row The velocities V[err] and
-V[err] ase also +he 25 of detector osrput traces istéprocessed by a
cutoff velocitiesllifor the predeterm ned velo- 90 Separate system to
produce a corresponding city range in the direction of the |lines de-
rowsoutpuf as illwustrated in Figure 12258ach fined B¥ the colums in
Figure 12 and ar e’ system81, 82 . . . 83 applies predeterm ned used
in conjunctlon with equation (9) to detg weights and tinme shifts
descri bed* by equaylon m ne the paranet ?s of the sygf%nt 84. 30 (9) to
t he correspondi ng row det ect or out put Processing data from a
t wo- di nensi onal 95 traces to- proHH%e a conp05|%§ ,output trace array
as described in cgnjunction with Figure for each row which is
designated as row, 1, 12 and wusing said cutoff velocities V[err],
2, 3, . .,. y output. Thus, the conposiggg output -Viggr], V[err] and
-V[err], results gsn an over-all trace, row 1 output, includes
enhanced trace processing response which approaches a rec- 35
representations af waves havi ng an appasent tangul as3.pyramd in f, K
space. The pyramd 100 velocity in the direction of the |line defined
is Pl lust®ated it Figure 13 with its apdk at by7¢he detectors 1, 2, 3
X in rowlgnside (O O O and its vertical axis on (O O f).
a predetegm ned yelocity range as seendgy an Therefggge, trace
representations o all seismc effective detector located in the
centre of waves paving apparent velocities such that 40 the row
Simlarlyz each+aw output includes theiir power spewgiga are inside the
pyram d 105 Senhanced representati ons of waves havi ng an are
preserved and repiesentations of all seismc apparent velocity in the
directi on3of the—-eor- waves having appadent vel ocitllg3 such t hat
responding line défined by the rowinside said their power spectra are

outside the pyramd range as seen by an effective detector |ocated

are attendat ed. ch of the systens 81,1282, 45 in tR&0centre of the row

. 83 and 84, generally illustrated in Figure 110 The y conposite

outgut traces frot each 12, may be any of the enbodinents illus- row
&5t hen™ Brocesseg by systen184 to pro-" trated by Fﬁéares 3 to 9.

duce an out put trace 85. _ System 84 applies As recal |l ed, processing

data from a one =Préd$ﬁﬁkﬂh-§9mhﬁhﬂ%g§ §%Q tine shifts to the y

di mensi onal array according’to e uat conposite output traces as
descri bed by equa- introduces phase distortion in the conposite 115

tion (9) for the predeFé%h*HEH“&@P@blty range. output trace caused by the
t WO- POi ke weigh® and time shif@ giverCHTDORI { therebiit frettrving agRSentitiGasvifewaes as  domai n
oper ath’rmamp @pplipdstojthy hystoplnztwe@tmjgal haging an appareptgyetosityi in h¢ digeetiona | i near |y

Lﬁo fb delay T { 0c1t t
gﬁraiiﬁ O L iR o %:Egit‘ft%%zit LI (PlrcTag  tor

f| | ter 'Fl(cf;)rocﬁ’é accﬂ'ﬂdﬁg@f o éqvertrine hu tqb uite ling awdeSBd ramgal admearleuqux- applied to t he
os},’Fﬁtn et lli‘Frelf’ (i aespest to@mc??o Spaced dqﬁeametaaw@prs&emwu@m of waves

g data o g, 1v n ps eX obtat datg from t
ngfl I [pceact I (:EI \}Fﬁ;ﬁg év%@e W?ﬁgna %t Tl@l’rate loc?'l 35 apparen

veIOC|ty FAt rows and x

col ums i nsi de the pre- The i mpul se response h(t) for sald filter
determ ned vel ocity range. H(f) having a desired
response in the fre- 60 As recal l ed, processing data obtained from
guency band. 125 a one di nensi onal
array introduces + 90[err] -flerr]<f<f[err] phase

distortion into the conp05|te out put i's ‘trace. Fbmever processing

. I T Y Y S R 1 o 1 T |



1, 056, 481 17 In summary, the

I nvention contenpl ates =[err]

mul ti channel data processing prior to com 35 __positing the
data. The data in each channel

Is a function of a spatial origin with respect to the spatial
origin of the data in each other =[err] - _

channel since he data are obtained from1056481 sanpl i ng wave phenonena
at separate Ieea-—-4-0- tions

on a line. Predet ﬂ(‘;nmoﬁ"ﬁdml'!\’e!'hgﬁtt&hxﬂ@.ﬁjs are charac- prolebsiHE B %et@&o? % tgdge{ 0
a

the data in each terized as onfi¢nkipnal array since the wave y outputs introddcdsdy +90°

function of the s thnana &r fagpled at separate locatipngl eesh gquipwinandi them prbceamg the y row
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