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present inventi o@iy ebmmnt@pﬁe&tﬁm sestsof el emetry processing
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obj ects submer geg@apeniad Matchqoyeher, - 15 such as large fish, vessels and
the Iike. In accagsygnea %tg;toftmer;égtégg) practice up to the present tine, 25

to 30 seismc deugfEhs eteS AT yub[lglfe@rlggqgtmgas sensors, are equally
spaced along a ssioher gab fﬂﬁ,egij on which may be 100 to 300 f eet | ong. The

sensors are all h ksl Gdcbabtdm@d- 20 nected together to forma single

el ongate data C ann@illG R 13/319EA§@.&5%3 SHGR A2 € grAcSect i ons, each C
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operations in the sgléqnem @b‘m&f 2 riest loe grore long, The output o eaCh of t
of more channels is cted to a central signal processing device located at one
end of the cable assembly. A separate pair of wires is needed for each channel
25 There may be; therefore, 50 or more such pairs. Because of the expense and the 25
: physical wexght of such a large number of wires, the output signals from each
channel can be time-division. muluplexed through a single data transmission link
or channel and this is employed in a preferred embodiment of the present. invention.
According to. one aspect of the present invention, there is provided a system
30 for seismic data telemetry having:- a central station; a plurahty of seismic. data 30



10 I n accordance with a referred enbodi nent of the invention, the
acquisition units, 10 during operation, transmt seismc data signals from
sensor units via the digital- data-transmssion link in eto
t he . centrat—station under the use of mul ti pl exi ng technol ogy, the system
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sanples and nultiplexes the outputs from500 to 1,000 data channels over a

single data transmssion link to the central station, within the tinme span

of a desired 10 sanpling int F\r\/;-\l such-as 0.5 to 1.0 nmllisecond,

referred to herein as a scan cycle 10 In one enbodi nent of- this

i nvention, the seisnic cable assenmbly conprises at | east ten substantl?fi2>
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i denti.cal cabLe sections. Included in each cable section is .a number o
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circuitry is con- asn v&,omr@qsedsg,gatgd g,gba&tzsel Waie LS ment al
sei smi c sensor uniets. “danncttx smii’st used heimsho Qlescrileti tatc rwdembly riosm al 15 of
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pl ur al # 9?0 35  seismic u{sseelhlar?ﬁépﬁsm t%ﬂ"en@P‘Q\v “hn 30
on 1ot RS BT SE 3?:‘5@%% S

| Nt e[
transcel ver unit Hhik @ @Bk eldamﬁas %I‘m&aﬂ chdnBd¢ The
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enbodi nment t hi E"‘Fﬂ ;% g fﬁg’éx hin
transcei ver unit. gARlf idlé 0 “éi;@ w E@'o Hvon ;ﬁi&% % mm?m net work
whi ch is connect edentmktwhiehlmtoenemegm therint mbn lnetwbrh. Inesgxmseo in@riogat er r oga-

tion pul ses,from tltnheultserftomarhe qmpd s ﬂéﬁ/é‘F"—f n link,
interrogati®n Ii ng i G “e %ont r bl

e the anal
network to sequengg gnm bital L@mfd ﬂ:n e mnsﬂﬁssttm) mrtugzehet &ﬁﬁe@g data
from the seism cnesmﬂsor units, and also to transmt a sel f-cl ocking

digital dat d, t JntFe %PFP?CFPFk‘h‘EPFE‘Gé'E pegtion
networ ke 1t accor faihet ?ﬁ?’i"gﬁigﬁ' R T S W TR
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associ at ed gy eﬁg@ﬂqﬁ‘m’ n"s’g’nd’""n %ﬁ:’{ ;iﬁhggl cal,
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el enental sensor WP ‘thﬁtnFF se tLon are fe caI data | i nes”
to the assgg at edse 3§g f“a&lﬁm bly Q| ﬁgﬁ}&‘ﬁﬁ Geitl NEY are
filtered, multi- exed sarrp d, galn condi tioned and di g|t|zed All
remains in the recordlng 60 vehicle in the central station having a
signal receiver and recorder to record digital 60 data words received from

the data transceivers through the data transm ssion |ink and control |ogic
to transmt control and |nterrogat|on signal s to the data transcel ver unlts
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a Nyqui st frequency limt of 500 cycles per second. In the course of the
sanpl i ng process, frequenC| es greater than the Nyquist frequency produce
spurious or so- called "alias" lowfrequency signals which would be
‘indi'stinguishable fromthe desired data si gnal information. In the present
sy m the response of the one- 10 mllisecond anti-alias | ow pass
glz_iets enpl oyed to exclude the high frequencies will 10 be at |east -60db
( 1), with respect to full scale at ‘500 'Hz. The -6db point occurs at
250 Hﬁ Thus, the effectlve uppe " Bff frequency is one- half t he :Nyqui st
i mt—Fh “nt er est,
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i nputs ar e ;COUIN f’ b % g?gng &, Shic sensor
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withid® them@sa@kane%?ﬁgeof e ciblgnassembly llpluéeirmﬂata‘ trasrpissfon|linkr out2put s are
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comect =0 STl e, e o outpul o

Y dal n oni ng anp rer., di gitizer, a 30
tenporary stoca%eandtmlteaﬂt trhRval Ghit aFeO‘iif%feFa@t}VefﬁlﬂﬁmﬁfHﬂ ﬁrtle repeater
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d
transnitt eeach of tHeerespetive’ Binsctivatuniy) atcbz&ap@mng ftiy phaRfdatiedsi on 40
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of the tral “E‘B’gﬁ‘% dvances, the | E"@%ﬂf\ for sanpling
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sequefice. Bomste ezb@ode:dg mhdeé-ﬁaﬂhsmonrbsambpmndﬂnght@ham rsighat fxint hi n 56 he

' 3@@@ waeﬁeesw@rfnﬁweene%éwﬂw |
gregﬂz(nglevgmgﬁﬁbj%éalﬁ ofsac %%% rangement t heﬂg ej or Ze gﬁ& og
signal's from ?%W%?“ %ﬁ ?fp[j_ ﬁ,‘tbge ‘ﬁéﬁﬁ e z}eﬁmand the digital

dat a ggords tlin tfaﬁ’s@évf& ui;:@ cept® a signal Jnﬁﬁﬂytthﬁoﬂﬂlb lugecClined. A@ eaclso .
one-milli seﬁm&elteaaatfphecduplbcem/die da{ihand , interimgation din 151 atf qadhirans@®erchannel No. 1

of each of upihdew®s & ditken B@ct" (ﬁ]@?@é fol | owed by

channel No"°;§d§i3§[6@§,s‘s’f£ g'%g;ﬁ‘fﬁ s‘°"§ cordance with

further fea’fures

one e 0|rre of th|5|nvent|0n t he data and
interrogation links conprise three parallel, redundant lines. A
maj ority-vote 60 circuit in each transceiver unit accepts a signal

fromany two of the three lines. An 60 error-detect circuit coupled to the
_ data and |nterrogat|on Ilnks at each transcel ver un|t det ects a broken l'ine
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5 network may be provided and series-connected to the interrogation
link in each 5 transceiver, thereby to delay the arrival of the
interr | ereby to separate one
from another the data words when trans- nitted fromone to anot her, _
adj acent cahle section. Another feature of one enbodi ment of this |nvention
is a calibration signal 10 which js transmtted fromthe centra
station to‘'drive each-el enental - sei‘'smi c sensor 10 unit.:-The output of eéEED
sensor unit conpared with the input si 70}0 derive a sensor. p
calibration :

cabl e assenbly is a Pﬁ‘i‘é’d@fer ta "@m rofi tist WHE‘@Ct i on.
The streager cabl eea f‘ﬁ . t:recr;g:’ ja@ 4 m% %arﬂ)l ent
wat er p§ssur e andmﬁ:adrat:mb@s' t Qﬂkﬂtgﬁndcﬂ& Adficiall&elag i@ @1TRE itérRpdion | N

accordadfre w i h anodtwaek naspivcmro'odedmé setrrbemmao ake irtnr!sganmvém iloeech a neans
is provitded to rreag M éiﬁlaigfgr n X ’g 3 &g"w“ﬂ“’éhock-
absor bi g, el astlcn,ri*~"tn§,cg§'["‘;1 Bl a ad a ' g'ﬁna‘foﬁhe ea |nwg Entd of “t'he cabl e
assenbly 20 by Ameies fdaﬁueaofs&reaémbogauge)f thif) Gnvantid@ tia a t calibaRioR isigeall  uni t

i s connect edl@ o t hwhitheisdtiapgpi tt@dmndleeénn@h%aue# tsdiive eachcelememal seymipspnsosi gnalGs
fromthe strain gaﬂ‘g? %‘F@lﬁb "ﬁfht PERY gt Srcomnarsd with (hei ippyt siseah 4 Aeive of ¢ he
transceiver unit af 96 ebttin@be dNis Glvitiba, GheS @B 13QBnbly™S aacine

addi tional featur EStﬁﬁm@nﬁblerib:ﬂldinE‘Bil&ermfnatbﬂ’lB&tldnﬂ\?[ﬂhéltstﬂmer tehtde dagi chitaig 25

end of the | &ad- |nm@&lbrweensersceﬁﬁecetaeﬁemovaieh@@%vrmééﬂww Iepkage ingideathed at 15

the leading 25 en dag&a;{%] ;}}e defadin &3&%15 veM),g ead-in
cable is secured tgm@s GO PoVIBRd VS éﬁ& th ge mbrhcmailge b r unk
cable and.a ur al nisyrbiog, dlasivadection s thaxai:zyeruedlputhedéadnmeidsdcwupdbleohsembly he

i nputs of th tranbﬁtewgpfamr@n E%‘S% h it 'eaepnmddaweta e t he20
el ast i sect i on ho AT TR ;ﬁ}éﬁﬁm SSE R El near

t he tow ng vehi cl esec@ﬁe ted to the local auxili ary 1 nput channel S.

30 In order to generahs ohd&umlsfeamdl &fmeeant odf b m\hmo pr tht arailingl

enbodi nent o# t he &E%‘%ﬁ%‘éefs o {_‘F %Wbmed“-aﬂ’é‘gtakeﬁ
thi H ty Nrsion

into account. In ato )\

system- use i s madeu anﬁutﬁamaise&@ledhambm@uﬁop sbe‘ﬁv)érﬂfltlbdaﬁ&lbeﬁrﬁﬁm nal s
and a -cdmon_out puthe’:l@d-m cable dodighe ¢lavtic seEaxohAlmn b qfemnhanamm pdsitioned

mul tipl exer 3% conA®E EH’WF’SV?h&E?e"‘F‘?/%’ ““’@5%‘? hRmoglt an anal og 30
channelsarnd its ouhﬁ mg fiﬁr E fgﬁ:‘ﬁﬁ“‘é’fj’ﬂﬁtﬂfer
Frequent"l y, as int eh§ea| emo hﬁseDnQ
conponent of the ama#off ashgmgﬂmt % lprngputa _
hi gh-pass R-&filt bus lis. Egcpu@at te;zmoabmméxstrmmﬁtmr\nemnm}\u ¢tth¢ ewrpitnal 35
the mul tipl exer an&g‘%hn an analqg b Fia?"ég‘tsc?mﬁé}ls h‘SgEHYEicaFH F‘E’é‘fm‘?& B series
capaci tor and a shafgpmfegg““m;mm TG AR e bus
line term nate int ®-@ filierGH typitay damscted RGREen AR téthinyl, to It ﬁﬂﬁpldfx&adime Wi t h
prior practié@, thehebanglog menewa%ldcerﬁhetch@oh tea%ampmlaml |aeshuthaws

hi gh-i nput i medanﬁ““t‘%ﬁa@n@gm 116%"“ mv\m g‘i‘g a wﬁg@fgqg?dacter

has several drawba vmgamgh_ﬁ e capaci tance

val ue of the capaci to"i‘hé @oﬁé&%ahbﬂi&npﬁsﬁle foregdﬁé éhhxlaét&rhdm*erab%td'wglcﬁgﬂ vely.
| ar ge. Ther e#bre, s @hiklp aret STHe Ggacibiode kilua iof] the \IIEﬂaCBIhIngaSaCh 45
t

capaci tor requi resﬁ b%{ebu‘fehfslwsft Gihemft?ﬁeth | stors
adds consi derably fe ?% ;‘;’,ﬁgqﬁqmc;pa eﬁwrl @Eﬂf& itutes

a serious inpedi rreatsertogs Ipedindnd ité - didfidufiza:id r{ss-rhe enput
i npedanae 5050 amplifibn £dngected g rtC bephitt s tline ot)uhepmtﬂtlblmr Ise;melyohantp#re 50
mul tipl exer seri ouéﬁeyl‘"# %n choices. 50 t he . ai‘g I abI e, desi chol ces. For

purposes of use with mb] E‘g e ttelmlggn enti on,
alp

we preferably provi;d@nsiderabl eel Eorinddf reseaa%&,mem e each
capaci tor isSkonsi dapmbhylmeedumechultalekercaamml mmlspus amphﬁurran bsi st o5

connected to the 5 hllfed by “tb‘H’gedF‘P ] fil

hi gh-i nput i rrpedanE'g‘l Civ N i}, t;;ﬁégﬁ% ﬁﬁ@“s wé %ﬂluﬁe’fﬂ

i npedance operatio b QEisrki® sa.kdromrcﬁ@mrcomlgma diX tdahdcted y\n  Such -
filter - is a ebmut at:esdthhl% @vrmml amskiplesef mrchfwlmheps@nmmtoaa multiplezst exe60i n

bus
a mul ti channel anaP'% 2 %ﬁéﬁ @oq%‘ﬁ%:ﬁgltiag;?f}?ﬁ t%‘?@vhose ES'I;R‘Q %j?@@% froma

source, such as a _ | {0 FhrQRACY tHibh-
connected in 60  pass REril@S M4 fpreferidd rembbdisgent Dbt coththdnl feigtorels dwviidpah whi ch
is connected to a multiplexer 60 output bus line. A common resistor is *
connected to the bus line. A controller consecutively closes the swtches
so that the capacitor whose switch has been cl osed beconmes connected to the
comon resistor to formtherewith a high- pass RC filter. In a preferred
enbodlnent the common resistor is the input 6
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the invention, the follow ng considerations should be taken into account. 5
I n accordance with conventional systens, seismc exploration is conducted
5 over land and water bodies, wherein in either case acoustic signals are
i nj ected—imto the earth and the reflected seisnmc signals are detected by a

| ar ge nunber of seismc detectors, i.e. sensors, arranged into sepsor

ayrays. For exanple, in marine mnrk, the sensor arrays are housed in a
re

co

r cable which typically is 10,000 10 feet | ong and 'whi ch may
ain 50 such arrays. Each array forms a single channel. 10 Each
channflis coupled to a seismc ¢ ing systemthrough a separ®te pair of
Wi res. Diffesistento ae@emﬁonarmyﬁeraln CueafUlirdq@dhcyt arthellc&ﬁmmm filgeol ogic
formati onscanbbYaﬂ W&G‘i"&an Wo and 8‘geogeral Uferent
arrays are ede no “g‘ﬁga
geophysi ci g'fSIn rdance thh con rsasnﬁla dx &auoﬁnlalammdl ow sei s

frequenci eever $=ad s0d va:er a:pd;esg:mha-exstm ext&dx‘: @s‘e ﬁ@sﬁmsxgiﬁlsched dmetcteds distrib t\ed

over 200 t@m@}e @har act eri st cs,
the sensor ¥ofiyd Esg\"g’p;aj‘ ‘%%ﬁ?msﬁfaﬁﬁ ’§sl ot he array or
the SBNSOr fe@libipltng x£§ cGHtBC 56 iR birifs, vnaugmagdorm siagwmﬁdeng sh@l | ow earth
formati onsJEaChelhaanel meb leH itgyh seismeegu systeth shrpugh @ sapergty pOof wires. | s of

i nterest. ““’"{’thfegs ?YP F"B'H' d'? |Ee‘léra%$‘°al wy@é sb"é‘sf short, i.e. 25
to 50 20 dﬁ;ﬂm of g ew t L & SREYIE BV be used in such
arrays. In g ﬂoxsemﬂayncg Bwphxaﬁxatfue@ﬂncteﬁ;opms&eﬁmyb fohsit ent @rrays for
di fferent efp2sl wéatde@mrs distribyted wet:%@ hmnoytherﬂeéﬁéhange the -
cabl es con%ﬁrgqﬂé‘sg&o rs fl’at cfE"sF?“&’EfFe to have one

singl e cabl'e % O0uhmii i ,rela erﬁ Bdli@MRrgyi - €. Sets of
sei s¥Mc seﬁsmﬁ:ﬁe;:em/rﬂochhm:mphdaéo@ cxtqtﬁreziairtays irewcmfshogweds @2 oso 29 to becone

equi val ent fe?thk A%)fewla sorarﬂﬂa ‘é‘ ticular geol ogic
condi ti on. ﬁ%ﬁ T}%EE ‘@i&ﬁﬁé Ltutes a single
channel , 5@derRal drysO t%m@ae m&ew | doaiging @plee for med of 50

pai r& of WEQOeort subarean® eab#ef m@rsswhxch @nev\ﬁlemcauwbb@nﬁgomd a@s-say 500
-\M re pal rssof toswcome e?:!lva convenuonai"vs SICC!I!,\,@sf cmsgf teﬁysg-‘grbl eto
accommdatg I s (4P Grires would be ,ezlmed While 2 ﬂﬁﬁ’(, 56 lpiils oat i ons invol ving

t he wei ght witds # Rndgeble cbyad) ehistricheew, G éafﬂb(fb&ttd essalyame vhxlaq)“aﬁs‘ pee |inited¥%he

nunb® of tﬂ@ahme_fﬂssquhlbe nwsyblerp §¢1 ‘FFF-C up t 30t he
present tigp dUSHl ﬁe th y occunFrom
obt'ai ni Ng dpibAhd Bletet) Il SheoHaT |ty of ¥

transmtt |dbguﬁguﬁfmu6ﬂmm addmozm g:mlels Tle@mbﬂtytof Khs g(skiﬁ:ﬁ«nel s to a-

cent¥al preigmels s Smg Py Rﬁsﬁ’@r ens.35For
o %’@ﬁ“ﬁgm ‘%/ery hi gh when
rposé’ ta priocessr ng equ n desplte

exanpl e, t ao - L

usi Ng convigRid sabk "

recent substa’hblaittecasttrernexﬁttinglmssxgni‘lheton&btentrmfstanmarcsuﬂtmt 500 signals

to t#e ce I‘Z!‘FFB’S separate p a%WaFﬂy‘@eaha‘Gcorrpl“Pshed by

usi ng 500 fda@"g V’ _ her possibility

. woul d be tlﬁmpbp n&eaar SFeIwevt, Cth q,&@,smm:sa@hm@mmlons and

mul tj pl ex active ditat procsssing saubrssmbd hamtvbtbmm‘ly eipamive| Burthep npdmmt 500 pairs of

wi r e® woul Ariff TP &‘%ﬂgﬂ ﬂ"ﬁ&t TEhighiisgekyo e ciwype @i vi dal , active
sim

dat a proc%ﬁ’mcé i ﬁﬁjﬁdf qgﬁs%sy,g:%urther nor nal
45

GHgitall SignalsVil® Pidd |mg>1amuldde ruequmdi:e sxgﬁalydeefh@hoﬁ requency, tuned
circyits dentprs. In thig M@Gllammdbe ebtectthao iS so

sensi% i ve EHTHES. b“ F‘?g)r ct ical foryg
seismc fi tgﬁlewst rgsc gis al so presents

many pr oblcewskiered] e bé ﬁnpo&ibleousmtagiw to akabl&n mtdm $€lstﬂld"l this

conngct i or%s?zqﬂsgggx}?ﬁb ésignalsh Erpra (spie h@é{eﬁlsefﬁqlf Yoy egrsel!amﬂy cha‘rgac- 56
teristics ;‘;‘&ﬁ S t i -1 ével ‘digital
" signal s. § g,cd gf“ ‘ gg&%&‘&gﬁ%m bat(t:)t rical, .g

mechani calof: tdﬁeivepmmtse:ﬁspbsa@) a:s}ﬂctcuo&t ablsdaﬁmsTmtrma{I | ned above up

to the pr tunits ?fec‘?ﬂﬂecﬁé 0 é'lf‘if d%d id %ﬁF‘H?’ Lgpracti cal
to constr %ﬁ&l{%au tg 55, sm signal s
from sever &Qﬁs%t,umm ra ed on ~ought back to a

central staatbthemrbyabmit 5-@[;‘bfegted channel selector, whxch xs the multzplexer mennoned 55 In

d v Sgquantally _ h bl en
S iy bk A %ugus‘*%”“aemy'fhg o e el e gy Probl em

herein has a nunber of transceiver units disposed renotely with respect to
a central station. The trans- ceiver units are connected to the central
station by the broadband data transm ssion 60 link and an

| nterrogatlon I I nk. Each unit i ncI udes several | nput channel sto each 60
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transm ssion link for nmultiplexed transm ssion to the central station. In
the central station, digital data words, representing seismc signals from
the subarrays are wejghted and r‘omjasmed hy a formatter into new data

wor ds' representative of a5 Seismic signal that would have been

obtai ned froma desired, nuch larger seismc - =~ 5 sensor array. In an

i mportant aspect of this feature of one enbodi ment, the digitized seis
signals are formatted into a self-cl ocki ng, phase- encoded return-to- @
pul se code for transm ssion through the blr gd and transm ssion |ink, M
order to redice signal 10 degrada 0s . -
herein. Thus, the dellatsgnthmeslsl nal%sensmncrsensor units] (Beigaic bubarfrays)ite theadalaous
transceiyers pref @Wﬁd‘%g@ﬂdft?dé%‘ X gS’GEIE"‘hF afberatfon su#}%ﬁ“&@erate
asynchréonousl y wi tff; ForlpBsitar by Efo@?@aﬁﬁfﬁeﬁﬁmﬁ&ﬁyﬁm Pl

i dent i.chl frequenc‘suaﬁc s:Eac Hnamcheuevteén bbitiitied EftoboN € esiréd iGch tasget @ismlic dat a5
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down- 1§ Nkt r ansceigy il Mhiskon thibidah 5 biosMind H o uacisgna:
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data words are _segﬁaﬁfﬁn ’“Pﬁééf’deaélb
Furthernore, to i uida&w&e&wemg tihsmits Jethladaéd it ﬂieowomunagnalsdead
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referred enbodi t""‘df §e°E1_Yfér g’%“é i ed e
The end of a dataﬁ;ﬂlw % p‘lﬁ‘ 1’% vt f¥cur s g
Satmxﬁlkhéa ords

within any two bit | ek ssghﬁm&lbqugh&g “dal apawer 65 are
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transmtted2?n comeidamt Fgthe ﬁﬁft ‘B‘f f qa zﬁfotifgmmng of a dath rwoaicd:ﬂggameeim th 20
features of one erFB‘iSEil o rﬂf’@h P "ation

il udes a core migly i Q&Gﬁcnﬁol ﬁ@éﬁ%%&%% &eﬁ;& fof it a
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i ncl udes a format tvggg;\/mgg;gﬁw °’£l@§ m@@f u@*&ﬁﬁs natl ng
fromsel ected 30 memory Siatris NnCchmMBISOuendidl biderd Mthe CleAER R0 leﬁdeﬁlrh?" s as

new cofrp03| te datfemamrdsshnch extracts fro(the eypmeyeditaavorde otfinatieg ifmmdseleacdger
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i ndi vi dual subarraﬁsg )ingae&ﬂia qsd,ﬁ@lﬁabamyprd 35
In the central stdiEfommsyaremhmdlasa row ded to measure the tine

35 interval 3bet ween t Bnd d?ea“&ris ige T he 35
| nt errogat | on | | n n@ﬁw%ﬂa auo mteu'o txon se cva E: INterro; @:e%n t he

transcei ver units.indhf i Icﬁﬁerteﬂtlﬂb\ha addrﬁss&@dwﬁﬁdhe sm&aanaﬂ ai €|s§ effogode
which is st %ed i rthereby otd deentify inqopring \datatweeds tﬁ@mt' sderet inf wroisof gbe WRpsdat a

words as to¥ heir %WPEE“WW%”@?WE%‘F“{W@"F eacﬂ(ﬁ““sce“’e'“m‘cellver uni t
nunber and the ch %%S’H“ “i‘?ﬁ%‘& CITOgIEQR pulses to the 40
A control ler in t%r%“m‘“f zﬁf i@ ,&sm‘ Ta‘é%metrelgﬁﬁ"é’“ﬁg R EX G 0aar bihie “l?feses to
the transcei ver uranildg pIE & dtNdncihpud K thel ﬁmple&parmm-clbmng,

i nterrogati éh sig ej{a % I@Esmﬂih@?%%!sr@ﬁd%ﬂg;u@m e m
respective transc g PN n i nput
channel, digitizesy r& cﬂﬁxkél all % gth:’transcex as®, gacoded

di gital .data word sard, isrmmeﬂsubdv eunmil bﬁthedauuaclumdi xhcallttl'aescaenmmal 45
st ati onwoverOt he H:gY?a PP&IC‘P’FTl %Pﬁ‘ﬁ F\‘%@Ws%eﬂefi"ﬁﬁm%@ﬁﬁef’m the samgeons e SO
the arrival of dat oy

ong. pillizerond al | -of t nscei ver :
units, it sends ou Lé’mvengﬁ &“‘f‘;ﬁg’ﬁ ’F‘Eb‘;if nﬁﬁr@uﬁg{s@e&;é % g{ﬁ:ﬁg channel
in all @f the traquggl Nfafes 4 c{o.a&;ggvgmsu&ul | all
of the i nput55chanﬁze:keasmgnthalckpatnyamsdmmﬁfammclbsdy Gjacent geologtallkmhemn <8arrpl ed,

the interval bet méswnmwgpwapmwm a*‘!'PedeC 1151619““!‘0 the sane.

channel bei ng typl calt yh IF%CQ% dse‘s F"Glé:r a‘t neraI ly
di scuss a still {Lﬁﬁm %ﬁffg s
i nvention, fbe fol suyl d}é@o@ﬁﬁd)ul@t ?(#

aspect reI at es t o kidwe apr hm apd mﬂsiasuailyng}ed mmdemxgma:llesta&mmede ra

and 55 i ncr e3. igh pavgs f i ted bk tyfe acent
geol ogi cal format |'ﬁf g‘? ?ﬁ%&%ﬁ%ﬁw ! "%ﬁﬁgﬁp%g ow to be
di scussed i n detai ri the wel | - known reflection method of nmaking seisnic

surveys, a seismc inpulse, such as an explosion disturbance, i.e. a shot,
is initiated, and a record is made of inpul ses received at sensors or
detectors at spaced | ocations along a seismc 60 cabl e extending from

t he shot - poi nt The sel smc sensors usually used on Iand are 60 knovvn as
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received at the sensors are transmtted to recording and processing

equi pnent in a ship or seismc vehicle. In the course of undertaking a
survey of this type for an _extended geographical area or prospect. the
prospect S covered by a grid of survey lines, and seismc 5 profiles
are recorded along these survey lines. In marine work, a seismc streaner
5 le is continuously towed through the water along one of the survey

| (e , and seism.c inmpulses are initiated fromthe ship at regu[ar
|nterv8als such as every 10 or 2 55:7% nds. On land, ‘the seisnic cabkle is
char _ ries of identi&al
sections |1 gt ﬂ#@ﬁ ﬁﬁdﬂﬁmﬂ@oﬁﬁe@m apd geordssing WPngl 210 type
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cabl & The Sheeamesfqable; taper alle‘ @G?é@!! §pllu efdﬂbptﬁ par a9 el
traces to |c area under
survey. | NgblR s E&f; subsurface signal s

.";.
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25 tBe sho&f’%ﬁﬂt’e"m- ; sroqpe rfnmse&vmn trates
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appI &d to 'F%;‘é‘ga ng. m , sevas to
insure a fg@%@ G&‘o@&;ﬁ&eﬁg rthoﬁld aﬁé‘ﬁe&mﬂ Wi mtﬁbﬂ? E@"ﬁﬁs The 30
val ue of 't Beectop 35 correctlon is a function of time fromthe shot, tﬁe

avera e sei srﬁncswlaw@emmfk cnsystms Emhthﬁ rbehndteelq#%mmélebet vveen t he

shot 0| nt P Z“Fﬁ; Ye’ wgé#ﬁslf Ff sel sfic systens
-wch h have _d,wf nly used Etlm feeas not ed above,

it is convmthlth!s ,eustzroted v;, atrﬂb@feﬁ)mmdu‘dtoreﬁamhre&ﬂlploﬁﬂ geophones or
hydr gphone Oi%glse'taﬂl%lﬂﬂgla 4&/\/&#"&9‘? 80sars 1)\t ezgqrdeexmeﬂym ong. the cabl e
from about %% MyycTokas, NGe Ghout 230 feet.
Wth this wﬁ%mmﬁ Mot Dby 4oCHg twi &h@aaﬁér; pairs are

enpl oyed tlyngrlamnm lehemenggmbdrsfaq%qmrm= lOIvreredl ieqnpsyaéspwsors to the
recorllger _ 2 sed;ffef;fﬂm tWﬁ ﬁ“gm:; “PP’% &8 for

transporti @ﬁ@& fg s i ed above +To avox Y; szrﬁé freﬁsuency .
response OiwhihGR kﬂﬁﬂmatsmstvamis sdhsons, thellengdte bey thie Qictri ﬁQMﬂ&eeu end of the .

spect rum sener ufitsppg. abgg,t p@fe!tabiy A®uldbe mhuweé:hdl peakiprrek pitnge | yi ng bel ow 20
. ng fujnhi c ¢l e S :
at tribut abhgﬁ!fw’ Eﬁ?@? °§g§5§§¢gfbsannogr@g &r@%lnrsﬁﬁﬁbgmgg Ig.sggced apart « ;
e y havmg

poi nts al og Tskighia wiva aavdlifng dloobtallycédngy connect ed.
sensors Wwhihe hrmpisiadideyt @) one el tifdhe erraYAéeGimst'larﬁaelfeéffmafbbﬂ'?vezso feet, as

- nent ispned adyewethe I@Y4Y 0i d cancel Llal ?n of S|_g_nal s whi ch %re arrlgn ng af the
vari ous sensors, the length of 'the- é ectrically connected sensor unlts ;

| . e. arraygherdi efxe&xabko)ﬂstﬁhemdngl b Ghel frbpagativgc inpdigradjdcera so derpaw- ed Wit h the -.
wavel engt hbovat) shessowtig velei nﬁa#mmma@h moe Pﬁ?%ﬁ %‘*dth"SO To

extend thet [t .|'§°6 é‘jﬁ?@n y Gy Eet"g& By or group, of

50 elgctri hh%%y%ﬁﬂﬁ%tss githshogiar t h' gy sur f ace
wi |l be cope ks ﬂlﬁi exdsm brieequérter aviveleagth.n eandueefngtshchsa sdxsimcawavsepsm cC wave

travel | i ngtrmlmmam@tty isg0. QG 41 Fe abory 4|‘§a| dy hich g theypetiod g of t he
array, theﬁtm@f'ﬁo‘“}"% mﬁmg‘vfgqg(ggg t%ﬁ%ﬁfﬁ%h%ﬂay is 55

T=s/v - 5 wherein v is the
acoustic velocity of the propagating nedlun1adjacent to the array. In

wat er, the acoustic velocity is approxinmately 5,000 feet per second, hence
t he tranS|t time T of a horizontally travelling wave in water for a

230 foot array of electrlcally |nterconnected sensors mould be 0. 046 of a

Y
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9 cutoff Iimt tend to be cancelled. Wien the length of the array is

exact | Yy one- hal f wavel engt h t he response of the array i's zZero, si nce t he
wave is totally cancelled. O course, as is well known, seismc waves nmay
be incident upon a sensor array from many angl es.. For exanple seismc
waves refl ected from deep geol ogic formati ons propagate towards the se)
array in*a near-vertical directidn. The wavefronts are 5 detected ng

si mul t aneausly by- all the sensors in Q8o A" aY - Accordlngly,_ln t he abSence
of near- su ton

di fferences, the g ¥ “"d?lft he ot her
hand, the travel W%ﬁiﬁ?&é EE‘g va &"'cemv v(vfe it mt%“@%@t by 10

earthﬂl ayers Wh @GR ndeyp essoxsdxgﬁp eslr&&ed&tﬁmdebﬁtgeoﬂgxstoanwmsfromthe
shot- to the 10 s&p&m ehlevemﬂldzfmﬁlt’lal'rhe Rt a€he 3

foregai ng anal ysd&=graey iy fisgueoysly 2@5{%
Cons?dverg for ZXF‘% ﬂ?ﬁﬁg?fgfﬁ,ﬁ%&sﬁﬁea 'RCl an °§0 ao%g%ism C wave
fthelg

reflected froma Ta e tiheb patinbft daishie teﬂec@daroaewwoshalhwr a
10, 000 f eell anay e#tﬂohymhyh%étpﬂpel Jess than dls h°‘s‘%‘h§

reflections from ve s ﬁc 16"32 {t&,ﬁ; a“ﬁﬁ} h
frequenci es (100 te@aed lﬁ-‘éﬁ iloo Is&h 4 fetpecm taraal ysi s of

detail s of geol ogénaﬁhmfyaa,bwweiawdgdmﬁomrthum pr esentI - errpl oyed sei sm c

systens, wilth sensoﬂ'ym@ﬂsa Iect| Yely
responsive to vedymis fﬂl ﬁﬁm °h§,5mgys thcycl es

pﬁrI Isecond DLGFO%EB%‘H ct s of fmgqi desbl)eotvh a.,- g?&utemmy theveys from
shal | ow eart ay@ Srequiedcles, Deithe ehia feekphen lowh20 oRIgs mpere ying.or
arrays. O 28our s&he dpsired EW@CbWVF%@WS%W?#‘EéﬁX@hUI“e’é? ‘ia?fe]m%élﬁtlon

| ar ge- area prosp&tt %hksﬁp b e N RBchlit] Y coboichl1 GuBOU Of e
systemto detect @St Verdiieityeshd 0o [powrr 0l | thd aysemsto dttecror

di scontinuities and oesdrk&rclm‘l yspaded genlvgica? Jayers, mmorfdeettnms mthﬁh sigpificapio

t 2 si zdeanyemsrahidh be gxie fthe-shall
g)éCte'nzlnveFL”?‘gbZﬁi :'vte W%%nﬁﬁss bQﬁ%?ﬁ@ch%;%f& éi’dq;ﬁwg;tc have

been surveyed 0N egplofgd tehisigus of high reSolinips oty Woﬂcrea5| ngly

i mport &nt t o enpl oy Seeey m dawn%d}rabb s theve perry yed 'c‘“ ip SﬂiF‘ut i on, for
detai | wor 10 Sen#%? s%ﬁ“\:‘ﬁiﬁl" mgjeﬂgg e P B

prefer@ﬂUa' LY i Chagky ‘B the nT&eMwaoﬁt [ TP eyasamaanﬁadoaﬂer to

di scri Wi nat e betmﬂ Gb@ﬂ)&icS’ m&xynﬂﬂnt ed noi se. 30 The eneral t heory

expl ai ni ng the rel atFmtlm# tQ atfep thﬂvet'e?ﬂt med T°Y‘t ‘%Y 0 mgg/ be
found in th’é papeFPTh Flai“% yld"'gyuon gﬂ,e

" Geophysi cs" Jaqud mﬁgng me att e have been made to
i nprove the hi gh- f r Semie Bxpiorafin selsmologtstse psmoﬁysm@mmnseﬂsmosswlryays by

usi ng very short tbatrtba/énﬂ sigrabyiot pro restored 105 to- ghatj ¢ s a
consi derabl@ degr, iqﬁ m DB‘E ﬁf{l&m@ﬁ ﬁuggﬁuﬂ ﬁggc@ 15:5 ecr\égse

I n signal -to-noi s,@«,r yqnm; k.| Howeh@] HdTcoRBihstion of aWe pfiiciall M nary
consi deration to fidues pnnés«tdbﬂﬁw pzycedd:atlmmrkpecal gat] ﬁrstt a@—@ﬁowﬁblm‘{w io could

be restoredto a Wf ratsl @‘ef%‘“‘twm iy (of""““‘g’ﬁ is@&%a&lﬁe Fmon use
by greatly I'ncre vxdﬁ,l ‘tPaces @a dividual ‘array$0 Wit ai ni ng

the number of in aﬁlﬂblﬁshﬁeféﬁ%,stherpﬁloﬁgﬂimmﬁe mhmuhm \teimsm into
many nore, but shdrtsr proees 'terﬂwoe‘ﬂerSﬂ}hsgln mmbq‘r,e % nci pal
factors rengered 5dineh ey %“fﬁ‘i‘% oerplﬂ?gmti' iﬁ“& Dalith 5o
processi ng proceofﬁ”'ﬁé Fob Arbantsbly. 1 ecti ons
to be used in 45 dlficulues assenbl i ng the dat a as recel ved correl ation (or

equi val ent) processé\;‘,orhal)%'ﬁtﬁlb}',bteloth d‘fe .an OV IHEYS seismic
traces {datg fr orffj Mﬁh % tvtg{- ca Ie is gﬁ% t he spoor
si gnal -t o- nOl se réﬁﬂn $ Wi hﬁﬂt&ﬁ@@lb& Ayt dvivrit efmtrtusea Wﬁceﬂlﬁn of

Furt hernore, the mgﬁitddy ad the mﬂaslengdnimtxmedo‘l‘hls wdtld/mdmashatdhqua tendtimss @4 ngs

i ncreased dat a reﬂmtqo oyl eé&bgflgd% if dheo sethenumrg? for 50
comrerci al pgosp -.’_5 5% Jaik ;ﬁf&:ﬁhmcm

fd

t he 50 i npl Jﬁ : quRs. SHtEthe|NdRPRARE Mmuinber D eﬂduld
presenting i nsur ngeary esedfneftirmghulamd the bulkivf dlesvp'écslahd cleﬂtqa?
difficulty resul ttpwi use ) shortseer 2Lk tlsethat

ich aré .useful inn revi
for exanphegsif g, ’E sé’fi&‘ag' G Unped SEkL A& nsstz@z B 65
enpl oyed, and if t ensor ‘density |s to remain unchanged the nunber of
si gnal 55 channels whi ch nust be connected to the recorder is increased

by an order of magnitude as the array length is reduced. This would nean
that about ten tines as many conductor pairs would have to be added, if the
array . Iengt hs were to be s| gnlflcantly reduced. Th| s, of cour se, woul d
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1, 550, 701 10 Strange, "Dual Seismc

Surveyi ng Systent, granted May 12, 1964, which discl oses two overl appi ng
hydr ophone spreads lﬂ_a_SLngLe_ma.LLae_cabLe,_JJmJ_ed_SLat_es_ReLssue_EaLent_

' No. Re 25,204 of Carl H Becker, "Method of Geophysical Exploration”; C H.
Savi{, et al., United States Patent No. 3,096, 846, granted July 9, 1963 5
er@ed "Met hod and Apparatus for Seisnpgraphic Exploration”, which -

di sttoses™ 5 fixed tapering and wei ghting of seismc si gnal s from

.drfferet seism c sensors to prg\é;gg irectivity; J. P. Wods, et af.
Uni ted_g;_a_;mm No—3,346 B ch discloses directj nnal I vlﬂgens| tive
seismc traﬁm 9%?% %@ers ﬁﬁc :rﬂﬂgminﬂm 2, 1954, Ehxclv\éisql@@ L_Jnr ted-

St at es Pat e

aE : 0 -~
wei ghting ¢ adli &% ral§QIn§£E Stafel (HidhtSNo.23) 3'%46 ~gran iy nis%f}d States #
Pat ent5 No. enttléd 3 @x?dlAppdnamshfos rSeimogtablﬁc leﬁo ont’V\ﬂhleh‘ aﬂqhsesof gebphoneg;

-havi ng di f f E¥dne WMfsﬂS’P‘ 'en pic. sOtz““riger to solve
these probl oses e stematic
surveyi ng 0 rsaaaepatest IE> 9;8 vmﬁpqraat ota® ayOsndf i cantly 15

hi ghelO. . gdmmglceems lﬁransexsucht tendriR. \Ghi Quay, Hinited [Sees Powgl Ng.ed hé® et of ore.

Mre 15 s owsthg gseeﬁﬁwmatwpt%m hyvigg differzas] spaciiBor t el enent al
sensor, suc éthesé'pllofalﬁnssbﬁlhkve%vefom Jﬁr Qhghout . the full
ivS t i

| ength of awme uﬁb&&yﬁ@loﬁﬁit&lsﬁﬁbllo@e Rhich SPRpb fdafitlyt | Ve
enbodinent b@hartf@q@amsethanow systeme whicle have rbeenaereplayed astefore] Moxsne ellenment al.

sensor uni t N%gg“@ sly étr"tenst’ a8 hydro- - i e an
el enental ‘gﬁq‘,’,mtfng b Eﬁme&%ﬂ?ﬁﬂ@ g@ﬂfgﬁg@ equation 20

(A, and |femﬁt> . ih SnaslBmend] sénsorDenit laml e mmspebdaeszsr fechpattniot hat _12. 5 f eet

is on® qua e# elamfml Isenwa pproxioatdy 63.5 fqe  pqwakipnt hat 29 he
peri od oft e e gim ting
frequency o mn& Qo ﬁ g:%,“ %mo;g ﬂ%igﬁmgﬂ?&h&ﬁ@ dence for

shal | ow ref Emhablarasgleéfm:tutf rehall reﬂh:ﬁons tfsoe ot fidguency limt is

ove 2B %@ é,;t,ﬁ fzg%%af%ﬁﬁ an i1y
for Qyfisthi® Gra

si gnal -t o- nmss(eﬁroﬁtsqs 106' nﬁ]@nmr arrays, ;he

upper frequ ;. ‘vd:tm‘riv dhiorter dmagr |asemflugbm Eeqn@cﬂﬁébom for_seismc
waves3°propag % LG fhe resporp n sh&tter
.sensor - uni tsjgﬁaﬁﬁ; ﬁ ysor %ﬁe&, rgﬁtmum woul d\Ja’e,
obt ai ned. Astil moveﬂp progRecting Spease for hori zont al

30 prgpagati onlttvqs Mtthatzdﬁ ltmer amr Ilﬁnahsmsmato aghlerathesh sighdneent al _sensor

uni t Tengt hnm gf add xS .l“. h m eﬁ:ggn o 50%Hz, which
I's, of cour : ecdOMCinsuld Ba€ conmer ci al

L)
prospecti ngsxgynstvdntm arel th bemb:ﬁeﬂlmd ohd‘tﬁhcetai‘cauinmtgmbstmuﬂlyyin Iphsgt hs necessary

to acpjeve 14““!18‘11“0% of & sheg eﬁ‘d‘&“gt he | arger . -
nunber of |Wﬁg§? seﬁﬁ?ﬁaﬁf e Tt Pon a%oa
attained by a gthg 5@&@ t&g&@eﬁ @herfllyenent al sensor
units with sakadwnltordse. Minayssrve}sr prioemem gtbe smwhmmw.rmﬂlylbet he refl ection
si gnajss whi Beges & FFeL é‘°ﬂ’f°§ B'Mbsta&t ially in
phase,” and %gﬁhéyq YEENANN ,}gjt &ﬁﬁ “ o fr ot t0 steer
the arrays ' tt0exte BE plofradmed tithe) 66 ot dokkes tays render the
arriving wasefreabsignaldeiags, ﬂ@lsxgtwdﬁ wnﬂée outsdph% Tﬂqavhm frorplilhse vel ocity of

h | W@Mwﬁn ey f fie dig of
tsugt Zdroggﬁeaﬁ,erl Joéﬁumu;ﬁ:&g f %wge éﬁ‘é E%Htﬁno:/\% Lo the

~Seism c surveyas wir bordeshebee(fmtbbm Hlbemﬁ\tidddﬁybcor&hgs%ﬂ Jtatmﬁmal ly be - ‘
necessary t espagsusae o lerfpmtntsaama# |are; presseved; efo] thett eftw amfisst-tigr i zont al and-
to apgl y 45?”““%%?%2@% o, gﬁf@t@%ﬁtﬁ QLIRS IRl d apoly 20 a
hori zont al 'f,ei' (ie. p iskd " With 1fhe Iab El %blﬂé%}@a &oEiG%aY@d at each :
nonment in ttnr-'phasars avhiehawill hevesd aubsantifillyOhig Egls- picitéff pdisr. t he extent that

such prograp‘r’re'ﬂletus?mf%@tea gt&f)fﬁmme’%;g tlalgﬂlrreblr,éar%lg?tf%nal del ays,

the sggnal sg tk, ‘Fﬁ?&l ver,
norrr:t‘?ogy be OEW m Qflsﬁ Rhas@ a}‘e‘;&ﬁe b tﬁ % %t he si rrple 50

si nmul taneoudee&mmﬂ innlad rvﬁduncﬁelc ‘tolrample xmﬂn:aluph:yﬁxecsignﬂ:h r| or art

Accor di ngl y"a‘:h i) the éP“I F ‘tmabﬁel SeRSOp YRt A
substgnti al E:ézh Eﬁﬂ§ ’@ﬁiﬂ:% i‘?"r{gzl? %tfhg i nddsvr dual
recordi ngs of data from separate sets of ~sehsors orm ng arrays are
preserved, so that after a first-cut processing as descri bed above, the
array-formng tinme del ays may be reprogranmred 55 and reapplied, to .
nore precisely and effectively align the wavefront to be parallel to 55

.the horrzontal (i.e. paraIIeIrsmwrth the array) and thereby achr eve a nore

o o o o o T .




65 such channels, to the recording and processing equi pnment | ocated

at one end of 65 11 1,550, 701

11 the cable. Preferably, the sanpling - OF i

will be nore than tw ce the highest frequency to be transmittéd.

Accordrngly, in one enbodi- of the presently discussed system a saqgfggg
t

rate in the order of at |least 500, and preferably 1,000 or nore, sa
per second is enpl oyed. 5 " In systens, such as the presen
system whgre higher frequency -sei sm (i5§dﬂﬂa| s 5 ar e errpl oyed . €.q4put
to use, ce+s o8 e 6 Ot - ot
to the sane ext%dcab tP‘Ff ing- paig; for exarrpl e,

i illgs ordidelst W b
when @geol 0gi et Gty s an,aa kG AR h@hekd@?ﬁ-lﬁst%@ he
hori Zontal is emﬁawljemmdrmmaa@ﬂss ybglds enployadey , h| gh= frequencP/ signal s

of 100 or 200 Hz nbé 5, such as i PERsqup BYS aﬂ%ﬁ Y SESIy ?‘g‘rﬂ art l%ong
arrafs. Furt her & ﬁ;g}i{ﬁ’m Eﬁf g °§qﬁ %q“ p'l frequency
cont ent may appa&a ¥ ge 8l F@mfiod Gbking @ Qrp fhgle AW the A¥riBGaldis

substanti aI di pemaugiesd il @[geopliysivg sorvey, thigh-fliequey isigmlsodf 10@jot 23nBrmapf t he

sei smi ¢ sthsor sbens ﬁ bltél’etﬂﬁ'ef EFFr"l?&taFféﬂsr Byrther, 3 si CaPh %fF“F%nt at ion of

the seisnic arr @? f%é" eﬁﬂ%‘zﬁﬁﬁﬁ ﬁ @i b fomd  This
ye%m o dibcrbh GF BB WrSh igR6oF i s8bmit he

problemis prop@_;g
15 function of amyrbnqahlomhhgptsﬂaedmt-pnyxteach of a nurrber of arrays

O_H

establ i shbd al opg tif) P b?fg“gelnﬁ‘t‘b cﬁ%d 15

G ect | on 1o BGR B2 i%ﬁt@%trsm PR T AL s ve
interval s of tiwdves Wil pavet |dﬁmﬂga§u;;oei € itk £.eTH Qatadala NME Q¥gherhi.Cch i S
nmore . errphzosr zeoftdayenssrradlemr whidlp liso g cdmy Sl%iobu smallet geologitaD discontinuitignd -

f or mati on ‘d"”ée‘dberrﬂ"r“’eé‘ d‘B bYt Fl’g ‘gi"‘i"@’@f |aH?'P’;3reJ;:3a[ﬁh%tys #hd

t he 20 syst uwe g' R par’a depen The

direction of travema%hﬁ f0thg fa:e@mgvtﬁgkgiouﬂae thlﬂ”lasim:t oxbﬁmdﬂdm:itvaythel nli ght
of the fofegoi ngesmm mndvolvmam !ea!texmimt@nen@vé Mlmhtat fepst th®e present

i nventi on™ nvol‘ii east 2% wo
25 a”aysof ggg_g&‘“‘te E‘r"% %‘Eﬁm it a";u‘g’f&e Stabl i shed

in agsingle sei ﬁmaced f&}ﬁ anabft& thﬁditﬂera)f @ﬁ:@ﬁhgvay Qecpersattite €Vhel Sraylvatpuct aken by

D

i ndi Vi dual |y vaargsu qqegtymﬁ,eé wfph oppfseqtipisse arrays. t o sel ectively
recei ve s!?dgnal Qe nﬁ% Eﬁ,gn es?lgﬁsm Q‘;t é g% B aftedl t he
ot her, B pr ogr €| slis ﬁtera rat @- ca €and ! Iphysicdl Qurddy Sﬁquent by

processed to prnditudrmll o @ping Shec direcdvitySef aelctofolmsarris'ﬁ) during the courséThis, there

is provided a rféﬁordétSt ePfs% #‘é‘“’% d‘?eéPP Sl
prising the stgpg. 5 ng a¥5
| east two di l’e(HeibxﬂiB'se nﬁmst, NP iy fmnatresf aésé drélt a-omama formng a

geophysi cal suroauy trb)selsnndrdw #uygvppa s;gnsttdadaoﬂlbﬂa:tlemcal iy ombizeth of the

arrays dugg ng t‘ﬁ‘ gﬁf %}’ H feamgtfa%‘)%@? 55t dn

di st ur bante, i tg@@ram"r%sd ) o i) 21 18
above, the ser SdmuﬁaelC ﬂr4sed:aﬂma HER! trafmiEE from the

i nvention is pr%‘# dbdwam erpoetrahta @rqamtwmueﬁ nmveltrel the wsei of AOPIPYj- spaced

el enent al 4ssei srﬁﬁi:% ss(‘i’i"‘e ”;s“m %‘l"f’msor %ﬁ%ggpm‘tﬁn ts %
transmtted fr esgglq, Egedettl ks Usom | NSt €ad of
being el ectricahé yamntheaeshxsnict kgoals t doe cdlﬂh‘ﬂe& toAﬁo&ueet @dlesaddOmmbed B KNoOwn

mari ne cabl es, 4»19@ JRal pTay); _lF esﬁ“ﬁ“%ﬂlacent pathscthrgugh th‘aeybﬂcg\l 1, 500
hydr ophongs ar 5 g@) (5_ comtined & idu arrays,

of abbut 30 of {dagmesi ae&ambg £ ¢ to rm LS| ngl e channel
so that seismc sitpals séxsnocmab& @hrarblyeissprwmtldwﬂm “bas an gratt tupdberf oom t he

coor Gt g flaﬁtgt‘%&ﬁtt:tmﬁ?ﬁﬁm?%g oo S o

the outputs 45 assemblesf the Biore® Aty tsynehize ARSi@4pbnst Of 4rOdr sensor
unit signal, arpuaracteam;mt 45 se| sm c Si gnaI s represent| g several

hundred of thes'eléqhé ?11%@0[:3 of % v eo CO] to stoe smi ¢
signal's age COriiniat ke :trf SBndC RS @%ul@a‘rfgﬁt %ﬁi ray ¢

si gnal s repr esaimin ﬁgea&dq»f Many[»aik hﬁsdclilhﬂﬁghthh chgﬂcalihe&tcmat ure towar d
whi ch the indi \Alaifalablgralsrayshmr proggisede by ed dcumlﬁqmushyysmmrggng t he 50

monent aneous di Y gfndir Yr a’Fm |ned to
produce 65 50 '%% ‘Mgﬁ ?Y;:gf rﬁﬁi" ﬁmﬁ“ roflecth "%glqm;{ th
earth. Thus, a seisnic cable assenbly i's provided vvhr ch has a great nunber
of short elenental sensor units and, as stated above and explained in
detail below, signals fromeach sensor unit are sanpled and nultipl exed .

into-a single data trans- 55 m ssi on channel connected to a recording
and storage devr ce. An array forrrer 55 assenbl es t he stored data to

o o " o o e I




plurality of direction-sensitive sensor array signals along the |ine of
survey, formng a series of geophysical traces by individually dlrectlng
t-he—arirays—toward expected 65-————+eflection points, which change as. a..
function of reflection travel tine, after a 65 12

1, 550, 701 12 shot. This technique
nakesg§§22055|ble to record nore selectively the energy refl ected.at

varyi gl es from adj acent paths through thé geophysi'cal structure being
surveyeq; to the. respective adjacqhgouurays along t he Iength of t.he “cabl e.
Subsequentty oS : ] . ~by- neans

well 5 bﬁ&pﬁ%ﬂftm . “‘%‘“‘% ' Cr 0SS
section. b survey Epém th Eﬁ othU§ fV\ﬁL@Q:aﬁlé i's poss¥ile
that the ini tSﬁHseqﬁ trh@s:ﬂirmﬂdftdﬁyad;ktﬁntfdrﬂhﬁtar@ﬁﬁﬂbﬁrﬁm,by@iemﬁmeﬂl ons, of the
sei sm ¢ Scabl ek't?ma

d.at a hi gher Pate.
At. a later si %ﬁe&’ [ﬁ}e&sﬁ'@‘f (;ggl? % %X&Benthe
reflections rgag e D GLG | aAAL aDBlet Stafdl i inl B 168 tx@ rol the

sanpl i n rat esaimrshaac#hexeltmrrmﬂwaénsmhahe mtetd:ahnm he tl&ntable,etheabl e wll be

- educedd b“gs Plf et pler %03?1 eng the 'éﬁca r""lﬂbhe  refifct ed
seism ¢ si gna o il il n the cabl e,

each of the SEHBEQEn bbndafnﬁed Y ;&fed the a&mﬁu:&a umrrpl ed at
tw ce t he nor plathe cebleewill amagibe yepled prsably Wmhrttnsanamg@het dleacmdertmll,fofof t he cable

Il notS b theswnﬁm jof totg} Sipgds- wi 11, of 15
o s be. ?eiﬁhﬂéﬁg ﬂm&mmg&,@ﬁe el gl 1

recording, i. gmpling ﬁﬁwﬂ?&ﬂareaﬁlﬁ&lelate perorset srcann@clerm ureaﬁutmnt i on of the
cycle the- senborsantpmdt@cnﬂurhbethef inprepal #aallpﬁngoihtet"hleﬁéfab !'Intervb‘ele%arrp d twice

efl bl :
duri ng the nofi#d gecel%?dgﬁnﬁ o%mfc 1?{,@*} e ere in the
| ater porti onmoiem rqyte? f shdcifit mygl she% ed once
during the nofoiahe a:n Fepdablads bnetsahpla niifliseeonda thien, rmnnmtherinlw nitm 20
than th t reqeherﬁe@mwts@ﬁ#ee@?tebﬁf b Fablet ulﬁéacsrrnnlrdeatsemef%ﬁlf of, the
' e &E % of“t he

cabl e, the 2@“‘9@ goe

sensor units Y 2ViR [pradth \OE 1,00 r¥WohdOof specific
exanple, if tlcimesnthemlztlma Iol.E sortaztm ihcthe tahb Terig nqtelm segltl:atdme sanpl e ger

rrtllise nd, ;qarehsxsqﬂgr %paruow \ﬁsrrmlc rﬁg Erj;g;srrathe

g

first h f of her . sSanples

per nillisecogdhp 'Ilmxssvﬁﬂirbhmlﬂéf r&mebeidgrmtexea porti o of
25 the seism erasca Immpktmkeec a@ﬁeadﬁbhmﬁt gamples pér sprord; thomaxigmhmt he cycl e,

t'he recgsr der q’g‘;’?&}? msgg ‘)Egb%féc&mp nd whcllc?ﬁs %e%a?gi att’g"o&l’ﬁ‘ﬁgr odugt of

1, 000 sanpl es,,p(erAé@, in the
cable. It is mﬂdn,lf&samlpmg Bfche geb agxdsacttm smrgayais recet ved by the near
portion of the Sﬁlp&fﬂcﬂaﬂlﬁhhte ofiohé ednm@imenieofhihg fusventidf) involves thé eqafency
conponent s be@aws?ﬂm thf\ﬁets mrspacﬂ : 'Ia.lehylﬂt vhed by the

30 seisiifc wa Wﬁ& - t@gﬁ?gfmly r'ecor ded
at the hi ghers1§ﬁﬁp ﬂeé?@lyfsﬂﬁ@ent j QEHbEt&ece%&Eseﬂa portion of
t he cabl e bei g € rundxf - aumat ewitf - ﬁzeoaaagsabqndmels pmts sbempndr,ﬁenentstead of

1,000 s Ies ffesﬂe la ul &8 aayst r angmitt ed
appr oachLs AL t@*’% eqlgs;u?.fanﬁiu? i §§%g;%ste g o
500 cycl es pehlﬁ@ﬁ co t-he | ower: s 35 rate.
Accor di ngly, theTﬁEkeQﬁ&ﬁressﬁETﬂnHM rsaﬁﬁmamaa&aqsoaaom@hwmdetdmtmn i . e.
resol ution, f epecificcdable ledropicy diccwing with its eyt wee xcpswmtsvmly dnettatn;g surveyed. A

particuf@r fe ¢t duigh Srequsrey abovs IbY ﬁtc%Palth@ ?fn‘t}‘gﬁ i Breial Aupiics Wse of*
ten or nore a%%&gg’ ol %ﬁ el SEang: , With
ad ir)!m@: mwwaeemr uni ts, and

each such 40 mamx(,f&,% 5:’1

combi ni ng t he cenibipa adxsoffsebmd sﬁ@p!;h@ @enshﬁrsetamq@ﬂt Frgmlsm ngchjpheeach ar ray”
with sePect edsruwaw %t’%ééﬁ?%‘ﬁ’e conbr ned SI‘%% ? é sgffrcﬁsent to

direct the arrz%%N ﬁytegf%’éls o ﬂ%:gjm% X under

survey,  with LgHReve Jeen 1di f f er ent

si gnal a”aysresnﬂﬂ:lcﬂ o‘ida Mﬁal;yt ﬁlgerein ttdfﬁhe srgimetoaioi;etmm _demd:eateﬂe arrays 45 .
to recei6le si gyl PfsftPF‘éﬁtadea.. cqgRiemint  t40ace

si gnal s may E?Sbet g’ges Lo Sl ARveqtGaeor rection
and display t§ iAtIaE lztfeecl t&mmusm WEECE) B, These
features are g@ Ltsminuésm robmh:gpmmnberc(al thpordet obfevaraldwndrgd)t he use of
specific cable electronics circuitry, with its alternating current power
supply operating 50 at a high frequency above the seism c signal band
of interest, special anplification, 50 digitizing, and test circuits, and
the array forner special data processing ci rcuits i ncl udi ng, for exanple,
the rratrrx storage arrangerrents for hoI di ng a "time- wrndow rratrrx of
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to be solved. These objects are achieved in general by increasing the
hi gh-frequency response of the seismc system Factors whi ch contribute to

the i_nc se - f se includ t he cl ose spacing of the
el emental sensor units, (2) the generation:and transnrssron of a large
nunber (in_the order of several hundr ed) 13

1, 550, 701 13 seismc signals fromaa

sei smic cable of a given-length, (3) t he combi ni ng of el enental seisnm
sensor unit %lgnals on a contlnuously va e del ay basrs to provide

direc I on
refl e%d si gnal sse&me? mﬂemred sqismicagaple ploa glsmdeng Elthovmhlmlg of relemenindl e
&

el ectroni gs-to a a continuo asg ~correct,
t est aﬁcrik'(c)t her wi sexpa_rtéac %‘% ai‘%:%kbo%?im e b %le&mnﬁs emd sﬁa > ¥%d bring
t hem out of %he cmhlnplex int twb Stagesypéreest, progeds thehtﬁgtﬁarqo@q;l sagm‘éact ors,
and mamy ot hers e raa‘t &g them fout Efrfé% n‘t F@Bhﬁ%}ited t ahdf thoderedoing at i on,
all pl&y a part i ‘g’ mﬁ%ﬁﬁ:ﬁ;ﬁ % g;eftfyttﬁg,rm:gﬁ% Wﬁ%‘o ystem-
di sclosed in the gr g,g&ms&eﬁ iwcat 1 on I eved t hat

t he disclos&d seism hmlb;kar mmhs&scb@dsglsﬂxemdmoce  sysoui st pbigximdiely doublied

the resol uti on of 99uf 1‘6"’3 Ct@g w9, b i 8eng t he
upper linit of thé“,’eﬁ g,’ sef%ﬂ% ﬁ]dﬁef"oct ave.
Mor e specr ficallyg mpragrtong;aﬁ@ egtqd,str & rfgemgcal e

sei smc systens upysttema!tchee dsdmdxhasssb@émmbout 40 Hz,' as corrpared Wit s at
l east 80 HZ for ttﬁhe mven :erItl,otge o'wmg consi erauonss?g ? to bgdlment

speci fication. this embodiment in to sei %ﬂ:%mgtata%ﬁ&?r ally

di scuss a still f@i:&ﬁteﬁvhaa@etﬁé Rfpu eﬁramsern ﬂfaﬁ@fiﬂe

invention, the f ohilopéxed)amiohs puiplinaes ofirbe sinpled ciginls comvkud mmttkgttdcmodmt AZ0

L S on s w&ﬁ: o fwﬂiﬁmﬁ%ﬁtﬁ;ﬁiﬁ

si gnal -recei vi ng ﬁhaﬂ Sto éceive’ the output §Hbl frh @iX @shlog Ridvide) fuckh BPA isdisndes of t he
sanpl ed sighkal s o&gmretri’%ﬂdmﬂnt?eld eamlcmgs disis desh@d jto ehnem ki cf%lmo be 25
hel pful to recallpw y >t digital
conver si on systergmﬁkﬁ&e rﬂﬁ“é@;{s {%fc;mr%ﬁ mﬁﬁrgcfélma Q'ﬁghézl- of i nput
termnals and a CondibRerand fl:bﬁhﬁéiU&tdotld’l&eferEdCx hemnwts d eCmNna?hust o SOMN

mul ti pl exer3¢s ccﬁnné@tth@gp@ wﬁxv@s the sa rom an apalog 30

devi c€; such as gnaés km 2?):;3 "‘°ttB t’rb ﬁjsmc

art, |t is desir a&geﬂgcts,
Si gnal Sr ec | ved dmphmao etdr—qﬁéoemnsmmha]rmelsmtélilaehaeﬁxgnf@dthaugheapdcmkr ng

capaci t or typr"é&l Ilanﬂg l {SBUrioR® 5
mul ti pl exer and t a' ,ﬁ n;@tu ay'ﬁgw : ected to
a signal- conditi@ @H@If \Leﬂﬂy, Woks vl @mpuaﬂe a SCAN.

Thus, a SCA 30 toth8th alrepleeged! shigmie 1 | s and condltlons and arrpllfles t he

sanpl ed sig - In‘a tYPical prior ayy xuigichingels to t#ose
kil ed in’the b L e e ““P B bl acking
capaci tors and t he SCANbusl Nifle S Wbrineked 60the

t hermoel ect pj c ef(S64NX ,which | in¢lestes enkrolc means Jfrf g@twdmlf t@smm Eﬁ fie

st ages, flefd eff E”ﬁ;&t’ %EW m W
capacitors 35 d: ,én&f%j ageouﬁ‘;((asrs or s bet wee err-contro

swi tchi ng el enent s I taccorddine with Uthd tlSdisc\tssddt fozktl aftth:scul arly

acute in thg sei s:mreeu thetbéelws nem?ﬁ

extrem y wrded > B ':[h"agﬁ" ﬁlj?te
frequently, the Stﬁé’%ﬂuﬁblﬁ W% gtsa@@em a ra é gtﬁumhat of
t he detected sei splizer chigelg|tecausd Qll of the capac:torsland swi |aoalu matiy nhlltical

Iticha A sprepl of & s
ggtpa::ictopngésnnzglt W&‘&T’ﬁ{lﬁ?@ ) ﬁmﬁﬁﬁ? °3%" tgf:‘%% ek, swit%

whil e the other t®iogi SycROdi NBE mANipless, | the chifge tih heeX er
out put bus line. mengmapathmnex the %@mhemlewﬂlths msferred t0 the series capwtor

si gnal - condjg i one‘t’l jt bl“bs‘u PRABITE |pofety 4 r oI
means for consecuf sé i ﬁtte Elolthee md, the

%

capaci tor whose SndElEHI sddpRIvokagd) S €d transmt "t he sp dur i ous

vol t age thereacross mﬂ?ﬁ“r‘ bb'heaclsmeiver qnmmmbnszm iplyraligy |srseal- Ecal I

anal og-to- i gitdf® ;”6‘?‘ lfi?ptgﬁ cuss
feature of one enBoM mEh fass"dfoft"??"tsgggnver GcKi n gl tor of gne
of the input channels to the nultipl exer |s 50 grounded t hus nmaki ng

this channel a test channel. The spurious voltage devel oped 50 across the
capacitor in the test channel will be substantially the sane as each one of
the spurlous voItages developed across the capacrtors I n the
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60 a sanple voltage. Each spurious voltage from each signal-receiving
channel will be 60 added successively and algebraically to the sanple

vol tage and, therefore, substantially cancelled by the sanpl e voltage.
Thus, preferably, each transceiver unit conprises a plurality of

signal -recei ving input channels of which one receives no signals and is

groundedy, a .nultipl exer 65 ~having a plurality of i nputs and a connon
out pi % i ne, there bei ng a capacitor 65 14 .

1, 550,70 14 connected betmeen each
of t he4 Aput—channel s and nnp nf L3270 ) tiplexer inputs, each cagécitor
having a’ spmnmmé bmilettna e dhamwr@agmgs’s thcdmultlpigienpemrat i on, conbl ned
‘Wi th circui ) rrultlpl

i o A R T e e

bet weén t hecibuit means. ﬁ‘ddl‘thuldhhﬁﬁnﬁﬂ‘l&evﬁﬂ lenpletand-hald icir@it EQud 6@~ t he 5
sanpl e- and- PEing & ¢hun gwitchrandrps see paﬂtoer'squelonm sanmmgeshr%ch and a

series capa%ﬁ V:ﬁ,ﬁ“q%ﬁ&mﬂm‘ 9 Tlgﬁ‘y% &ﬁéﬁe % s equal amd of
opposr te po lageatv)h gngsg IgU Sam¥ iR &l oi, ghegr ounded i nput

channl is smrams nap}e&.mg szhmhelt,rm thehmntuphmtsahs ke cl osed
wher eby, dubl | e vol e W || successively cancel out the 10
spuri ous voLﬂt r‘rn tﬂfﬁﬁ% Ogﬁjl?ag_t REErul ti pl exer
scans the InSlrlﬂﬂaLlnélﬂﬁﬂ ng& datanpﬁe eﬂ%@ﬁ&h'y di scuss a
di ff etent abpentthofigik erefire olentchaemdmtdrglm t hes -
following ¢ ?“&ﬁ%‘lﬁ? stﬁcﬂ]‘f W@dtsﬂ@ ﬁl“e hf‘;ﬁ‘?‘.‘ mul ti channel
anal og/ di gi CAL cé%bggﬁﬁn Eﬁ g - herein,
t he srg}gnal smaofm&bngmhrhlna ,nuinBers Sﬁ ﬁshon,a cﬁpuerted into
digit 15 signalytwéll fall r¥ighat-th-noise) nact arrpl i tudeg2 When
these anpli{ ﬁg Fﬁg’& 1°3059; @g‘mﬂdﬁe’t BHY0 and 90 db,

i s desi rgﬁ ueﬁ‘h c g{gugh a binary
gar n-rangin |ot|tm omts!gmlﬁfomﬂ:e oﬁnmmmerlide tarmgleruafeﬁnaél gital

nunbety. |nvqlqases Ifash'n ttﬁcn rgference  voltagg; glmal s Wil fall
within a Ilaﬁﬁ“ r] jgjghégﬁ%%ftg’%fﬁ dlio. 20 A

W dely enpl e%f a pl uraI|ty of
fixed; égal n a fof eassde.dhu@ﬁ@utcwbesexpm én s@bm@al\f@tnymmmrpact ed to a -

cormoft bus ) % eple) ¥ ahe gam s %, i i nconpdt i son
el %ﬂm e R
singl e ref et nelfivelp large numwpbﬁ&qened S i corlibepd Al%, 6 Rbmpasar@al | er t hah'
t he f er emog bevadiftteigw makh gixteen. deusxoassbatsddeomsxﬂparcammnsw ladd thause t he

~contrdller ?‘B‘“ﬁlﬁs%wmﬂ?‘t‘g Brecedhan i rgnal nggl fier. The¥rocess

I S repeat edmumpﬂy esagi;fgd:) glmc {,ﬁﬁ@g becones
greater that fetile 16ithi Myeﬁméseﬁ&aaﬁvayucag,em tIhechgaysﬁm wastenm er of cascaded

anpl i fjers ampsxbedvea( §5!edm=nﬁ rﬂl¢ htseﬁlemm%ma

tou & bec BRI "SR T et M@‘ge o

I ncr enment al mgal Qught ggé;mga‘uh% err],

si xt een gai tmde(nfﬂie@mbusamiahﬂem‘ﬁm th ouq:ussxgaale requr red The dr awbacks

f bi nafdpordiagly-if i iraple Eeiecen nl%tweto | [
IoarScl;%r]\uﬁbetl“‘g‘iﬁ’if:5$z g&dﬁﬁgﬂf"% , %ﬁé ysrﬂ’ng‘& ‘ﬁ{)grg‘%lo\r/errﬁst

'V S

be adapt ed bifa; biol & GBICh fgrsons and t he

35 C oexamplt | veithi tseissaxcasjlaapneewaltlo uedeinythe sblbmseﬂasl proeesing deci si ons.

35 I ngguch %’t’s% enpbpdimeng of the fiyveRsion, dba fable deving a8 omwide demeer s oper gain in

or der *1o antii¥ ﬁ%r%nmp%ﬁeras@atmemopaata il Sl Lt T8 T ¥qui red by
- the anplifi & Rast cms Iyt eduf, tatsmr Casdad® Bérweéela | Ong,  so t hat

t he system ;?a?t%tmﬁnq. @ﬂwhdah F‘%ﬂgl %h ﬂqétas melowAeldi ti onal |y, the

| arge punbe ardware weul d

e b S B aa“f“‘%)‘%ﬁﬁﬁ?aﬁfﬁ?ﬁmﬁé B e

syst ens. Fuﬁdhﬁérmlmed feferenes Sdltgg%a fez"emtdes must pass

t hrough di f yedtpgeris stetserishansthe futppbliags, dtesontdllﬁfaévn@m@e@m spoplifiesl ©of | er . char ac-

terisgpcs oﬁle lt%mso t@tu‘g‘ B i“r Q‘@ﬁa émégmggg;;ﬁe ut s4ognal s.
Accor di ngl Yamgiifier! 3 ;rgonr tageegugrgag,d anplifiers
and to 45 than the ro@ mltnga,ethsmarmnnﬁ- valb Bdj@n thecsaahd gdplifier @r¥ -anplifier

systens forg fges'éb‘s @focess will MFWsuqnhWnt%ﬁmowmmss s th| s probl em

al so gy pro Q&% fﬁi"gﬂ |ch i's
especi al l'y acfapt or u ' Conti ne areas xanp A Wlthl n

seismc streaner cable used in the seismc data processi ng system of one
enbodi ment of the invention, the cable havi ng an outsi de dianmeter of 50
only a few inches. '

. 50 The gai n- rangr ng arrpl |f|er system devel oped for th| S enbodl ment

S g, o o .



voltage is greater than the output voltage, the controller adjusts the
first anplifier to its high-gain state. Thereafter, the conparator nakes a
second conpari son between 60 the system s output voltage and the
reference vol tage which corresponds to the second 60 anplifiers. Agai n, i f
t he conparison indicates that the reference voltage is greater than t

out put voltage, the controller wll adjust the second anplifier to |t
hi gh- gain state. This-process w.l|~be repeated until .the conparison

i ndi cat es IEhat the systems out put QshAe i s greater: than the ref er ggce

vol tage ¢ .
justed the aystem is. gdjustable
anplifier, or uf#feE égnﬁle’éégeﬂ‘;? |W%v§§e§rarg% %fnmw, i i‘llphmde
1,550,001 mmg s1gnals, to a lugh- value for small-amphtude mcommﬁ signals. By this
15 ad’j usted to inb@lsrnobh &ﬁ;gomtﬁcn.the over:al gar n Yo the system

is adj ustable in |hca6@n=bma¢1th ﬁ!ﬁ ot embodirasnt ofsthe: inyenkione

uni ty, for | ar o= YIS dicae sl Lk té”ggyé"’r.ﬁ'?ﬂ"as'@&";fzﬁivﬂé fof
smal 1% anpl it udej e shpliter CHaskeeristidy The nd douid Bdludeh la&apaiitor | N danger
of bei ng over dr inden. swiich - connected betwetn alC ﬁia)ﬂ@&l Wirchit of e‘aeahrugﬂﬁexoforone

enbodi ment0 of tn@mt‘lmlemlﬂ , theggmppli charging the CaPacsoraFfé wifigensrgted .
aut omatical |y c thgeeéﬁf t‘fo %"b@t %@@@%‘g{ hat may be
present at the t pgmt,é)o sltegadaﬁn fdr.eS U

i ndi vi dual anplifi erdwuhmramnmerdtthec&scl esysmm stemscﬁmeﬁel faeghatialdenc t | ncl udes

t&F andemplifes @ tt%e Pp dict Seieobe, dherecihi ¢ oflS each
Aol T er for 1 da y%%f@armr prugtiya *ﬁ%uceharg. g

the capacitor vmthntda,emsrﬂtaﬁ “tEH6, Cthe beRghetryl @s@ﬁ%ﬁﬁﬁs&ramtﬁ@t Tdplighar ge on
t he capacitor wsystem|ramprisiaig aarmp!bcrtqﬁctacadcdj !ifarSt eedpdahnamgmprppmér te to the

sel f- genefit ed HoPuest, adeach b gp pe Toj se20
si gnal s appeari {jg ?R) g @Ch mﬁeﬁ “Pme tg% °"tpﬁﬁ3tl nct
advant age of tha sdbﬁzﬁk@alaﬂatsbﬁsdv&ﬁn dfa&m RplifieCskagds ity balkoadel O U

anplifiers_are edupldhes @%ﬂ@@?@ﬁhfm:&m@m@ﬂ% above fact bei ng true

there is 25 15, noRUMnaEpov p My mamaserof ofm“%‘g"e’rtg'ﬂb‘}?a% PRECPHT si gAdl
levels as Was t bfighing stboh Ol w,.LtisaJtoel emetry
system conpri seﬂ:earayammrmngmagmﬂeuphuofa erhe&y@ﬁs&m aber of
cascaded agpl i fﬂ@{feds sat 'I!Pﬂhav# from aj PZ‘@ESSOW at theawnm!rt put, and

each havifg n g @gﬁtﬁmﬁm mra v@‘ﬂmwmg 30 20

for gprtrollingg sm;tsnarge&,g&{ggetothe ,
out put fromt hetoauhpbontmlal@smmetMewcesxgmaltm mhsttsa'l‘lasmmleelm chosen and

the sw tchéng s s‘t é‘a‘t égfrlﬁf? r'h‘t d?unélhe cascaded
anpl i'fier *3tage AN ’ % fromthe
zeroth to the | delay fouowm s t of the

i nvention, it V\thkdut,ﬂ)dneaprpwmmﬁvats mehﬁgqar eavelh%th (ﬂgh’ ﬁwtnﬂdatmnat can be
desi gned to pro¥frHe € H‘tn r“ar thupjselected | f S(Etﬂed - tEhenride sequence
in at leaSl oneygl mag sé: %&gﬁ%@ i i °3Fﬁti°‘t 9““‘ ARG i ce®Y he
transcei ver' units OBeNbiyOsRd ueﬁééatb&hxﬁﬁg%f%neo% tioned in
a desired patte‘b’ﬁe all of |4mssxtroermtm’lﬂwcﬁmml3may ®@oessor at
the centrg m‘ﬁl

| Tgperties or stafes. Wheq a‘ 'Eg%ﬁ@r ansmjtter.
The acqui s| t | on,espu,m cﬁf:,,o:m:: atﬁmﬁt 349 §/°q’§ﬂ'ﬂf’gl 1P Bo%f £ r onione
anot her al ong one Thus, this @spedt ZRWip&eS oD systeikiBs tritkifiesion G Edleebe tcontS
transm ssion ch@frse-ultplmed seigems ﬂ%# gV sighl wsw&;ond@hneetcmtmnmemhe control

signal trapsmit S Nt s I‘?f ‘I‘r‘%!“‘t“r Bla%el oc (;y of
a signal throu ﬁh(rnst,m < evefily| sBaced sqpond I nk.
During 35 m sng;t g®arer d:stinccssalongltgna’ansm&sﬂnr mmﬂitth‘edcehhﬂ(ktag&h the first
link to the plubal e} ’3 “dmlflls mtﬂfos%!vemﬂm gnal is
transtittegd thrig lj% tvsﬁf‘gh

foll ow ng transhinsd) on of the rst SI gn§ e sr avel |ng through

t he second |ink Omclai’(bylthhiedksd abqutsmawehxt ia rplmlgh of hml@ dest | ink at

t he specific d %}3#%”{1? ?Bﬁ{ﬁ I@?:t ng action.
Wien the g9 ?ﬁf@uw r@;ﬁﬂm‘é‘ ed ajo t he
sel ected data aofyeiedi fol @iital form 4&1 4émh ran'ty o Sﬂl’ o&p{.t § 1r@@quence S

initiated. One regisger.al so i n|t| aI | ze a desired sw tching, sequence pertaining

to one scan cy 1?93‘§s’“°¥h’é“’f‘r°r S&ivénal may be
Charnct or e i ohooaoed T Rt R s csrrr;%n thetare
of the first signal is |dent|f|ed 45 " a desired swrtchrng action is

initiated in all of a data acquisition units in turn, in 45 response to

the particular state of the first signal. Thus, this aspect forns part of a
system for transm ssion-and sel ective control of sub-multiplexed seismc
data over a s| gnal transm ssr on Irnk to a common central statron I ncudi ng
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channel . Associated with each data acquisition unit are the plurality of
anal og data i nput channel s, the rrul t| pl exer operabl e as the

storage regqi ster, as nentioned above and 60 descri bed in det ail bel ow.
The i-nput signals fromthe input channels are nultipl exed, 60 converted

to diglital formand tenmporarily stored in.the output signal storage .
regi The output signal storage register of each data acquisition unit,

i.e. gpsceiver unit, is connect edlggbfoecor di ng apparatus in the ¢ nt r al
processmﬁhﬁﬁ%ﬁré*k%ﬂh—mwwe

si gnal t ransnﬁ%@|W£lmé ‘t’é?tﬁl BESteRR Yo sigerProp®ty identifier and first

tecCtors.

1, 550, 701 : At selected sample intervals, the controller transmits a&- R:Ei‘uﬁnf her arw,
provi ded Wi t hehidglh lilie inkeorga Jmoamaiegttaleacprd@@ekqmdoﬁieﬂ&l endd)Orhei r st and °
second Si gnal WMsmemdmmmdsby de of ¢l ploklgy Oéawp¢reeS4 Wher thal s, the.-

control | er tr%ﬁ%"rﬁq‘é@“&ﬂmﬁﬂfﬁﬁ mdﬂ %%qﬁ% hfist; gﬁtte;:PtgFlf;ogat ion
g 1ti N

channel to eag |§t b d -outputs ;
i nt errogati ondsd oth@rtaétg:ﬁr |szcea§e wgige @io a;hpldttaalchetnyeloiorpr operties.
When t I@#ﬂgﬂm eording dpgasates Addivionpllys myrgiven dyga agquisitiong i¢- 0gatlidon

si gnal havi ngZesfel Ty o Y‘Ei‘ﬁ’é% fepenesaes a‘tdégtgfl%m“stdh‘é artiying f1op) BREMO\hen  t he
si gnal - property ad At sﬁtelette@ﬁme,dﬁteeﬁtﬁom e StintNatlraRANiBO of Me indfopdd Property,

it advances tidnesignat)d leigmﬂmayt umwtmomtt&coﬁmnmﬁmmput si gnal
st orage? regi é’&t’-fameé? Eosanmtegeffqp POk ssilén to
the recordi ng(ﬂ%‘% % ‘m‘ i 3 hkon, i.e. 10
transcei ver regenerat g ret rAnS T ata arriving from

nore renote such’I‘lunmtmogamn aigmal eseirémbbdatpuise ofdpréskleut@nduriﬂoo,me he ti.me of
transmidsi on width [ibe|psenerty @ atatet?fdn twn aerebw ik fis sm%sdf %% be20-

transmtted t?@ﬂie{aﬁﬁge eéfmldm ile D narrower pulBans. The
101'

presel ected t ema ﬁdthsofa.nnmtv&g@herepresent -
15 ing fhe rais Mwedulfafds dt!llﬂtflamdqgmutse 'Hndvﬂﬂhlos atwidersi gnal
travel ¥inme dp E%Zg‘ 8 °‘§ﬁ§g qﬂ% rtﬁogathgn and %ont r ol
channel s bet vx@gipeda g,s naﬁl on signal
is preferabl ycmsepﬁnkrsdh cq Mehmctleduhslarbaihg &ltcted frem tlﬁ(blurahty of dati dt h. The,
property or sttleqaf
20 contTol palgarae®

tsubsetoigeluden ﬁsﬁt agt.as a
: : 3§ t he'%i dt h
of the pul Se. s S Ehel cbn eéﬁaﬂﬂﬁml |eag A ty, whiv-€ . a

narrower pul seysdaillmt pas:hdm taytlmrﬁrstsd&ced The width

of a naj.rower T%tettaém og’f gr Fs f a wider"
ol 2o e v@‘“ a%%r LS T, ﬁ%ﬁ%t nart
one-hal f of t dlﬁ' Chrinigh eliev . channels between. any o ldita accor dance
with an i nporatamumﬂ'hoﬂesi.rm ssnté:nﬂsoehumwﬂlotcm hdy nnmmntmlorwhera desired

swi tchigpg seqfé i m the Fyss set fo
consecutive d4fam N p;ﬁ,f%@ Jiromthe
plurality of dﬁé atﬁ&@ﬁtultﬁdwbanﬁyltﬂ élzlﬁta hagies tﬁe%&oﬂd@ﬁ:lt@lefberngt sel ect ed
unit and a | a@@nl%m@mrﬁmﬁememmg betvmn ithet Gnstr sslpeted orit pud e in the
first sgate i ed. fro ent & pr hrough t he
[ nterro4tgsat | 0Ny Bgﬂl w2 {Q“b el &Wﬁ fhe ‘“ka‘gzm p&l seis
transmtted titqﬂﬂg:h ﬁﬂitels('.&ﬂﬂd’dO‘o Ihhalﬂ'&.ebuntraﬂlﬂ:adndadA n@ayhd godontrdie | ong

control pul sepwspcis tteansamitted yliropght é’F OWbcham rip ¢1o imylgnseus i n t he first
state ajy the FEFEE Sal ‘&Qﬁ“ﬁmt‘ SRle LG
pul se overtakgsﬂﬁlgeodng B Qi he passes a ead &f

the interrogati din ﬁcdrdaeceawlﬂalahoth;mftamnd:)eydﬁﬂem mieasbf thelmnt@d, a35 unit. The

| engt h of thed @ﬁ?”f“@l II%; @‘!1 Eh@leaﬁf?thn%Pf 1hﬁ @Ptmﬁrul t| ple of
t he si gqal tr . nyt\Ro
dat a acqui s|t @g/ucﬁdaﬁl n seq ce WI occur onI y in |

t hose units wherla act:nalamtwthr aztmthm feange o rhtisr ephboglitnks o tbn'elvsmbrst antially

si mul t aneous| § 5 u?‘ﬁg aélsnvﬁ,d(gg“onlz %ﬁgﬁc%@tP F‘Q‘gfg‘rtst“g%ftmp?%ég equal to

the nurmer Ofln COnrol ulse through .
sel ect ed 't i methél ered\eont®! BneieCoONd |nt egral multiple of the signal traveI tinme

di fference bet vvelenadém ,ta\/\but!ﬂatdeslratqm@zlamnumat selecteh datg ecpisiliomrul ti pl e

%’

bei ng equal t the, sipulin %P\F’é‘ﬂ ohgo atign pglee fnj et sef ect ed
unit ang the thgﬂ%ﬁ%lﬁﬁgmm ,ﬁ;s ahd n“yeé‘ccé”r‘a““‘e% RWth a durther .
feature of this enbodl ment of the Invention, 45 three para IeI

control channels are provided. A majority-vote circuit at each data
acquisition unit is coupled to the three control channels. A delayed |ong
control pulse is transmtted through the three control channels in parallelL
SI rruI taneous recepti on at a data acqw s| t [ on uni t of an | nterrogat [ on puI se

- r o, . . " .



lines. Sinultaneous arrival at a selected data acquisition unit of an

I nterrogation 55 pulse in the first state and a del ayed short
contral nul se thr mmh the first cont rnl_ 55—channe initiates a second
desired sw tching action. In accordance with yet another feature of this
enbodi ment of the invention, a third desired switching action in a se’ed

data acquisition unit is |n|t|ated by the sinultaneous arrival of an

interrogation pulse in-the first state through the 60 - : I nt errogatTon
channel a=ngl a del ayed short control pygﬁ)emi hr ough the .second one of 317 60
t he t hr ee coftFot—+nes: ... o u.t. |UU| toesT T e SW TN actron in

-

a sel ected dat anfgh@p ‘L 'h{? fﬁfﬁtﬁ\a‘ﬁ% eous
arrival_of an i fkebid9kh Gy BUIGE iz it loP kAU se

I nt er ogati on chandj edanobnabledﬂab alystred shmhihg c®dnceoin g Ubastesofib of the datat hr ough
the third dne ofacqufsision ypigse Feroedamplp, halfjfthe units closest to the central station in-

- cluding the processing unit ma be activated. The n smissions
65 - 17 m%hﬂfd rgof 500 tsc'y 1,000 such ftr mtssmﬁ gg’:hﬁux? er a time
17 | n" anot her e 1§ [oh& sR&RAE Ather@ifterd Wi of e Noontrdd tpls¢ @At i on and

control pul ses aﬂms eaattseeuaylettlreadesnﬂmebinz eeqtehe inlall of die darn gdquipiden uni ts at
short sanpPe i nt"@t“«ra”ttsthe fgec H apetsige ‘?Ff‘l‘"}ll’ G?fEF “The WPdth
of the control é:t ¥ hm&u’ﬁ’é cﬂ%ﬁf?’é‘&fﬁﬁ&f 'sequence
in at |east sone oflnta th a still furthed Grfbbislet] 6 Thibl Bipbc .of Eﬁrm@mﬁpl e, half
of the units cl dstersdgation atnheom@htpulab a@tapﬂa@diymnsmutedaoc;hudamgcqtlheorpr ocessi ng
unit may B& act jupisy atgpreseiset 'G?’atlﬁ) é lseﬁ%‘tﬁ%fyglﬁos‘m e lBe thdS
order of 500 to g E&g@“@@&e sm‘ssmn < con g sﬁga,grf b feddeciRe | od of
one-half to one ﬁﬁﬁ@nﬁ mekiter tafter ﬂiaeﬁrw ohimgf cyt:lbexasmeeh pleed, 2 | S

adj ust ed so as tsg:oedtamtéma h!,cle ﬂfceanmssevlnlofdkethe dat a
acqui siti df :Sg:r‘t’lof ad’ ‘h% ?‘ﬁ% i Qdeg“ | on20
repetiti on i nt erdha fa@ aeaéﬁsdfot Qnabhng dah eﬁtcttxp a0 Ol hd Seconds.

Addi ti onal pul s&ubsétamnveﬂmmyﬁsm ejmmunber from 1,000 to 6,000 or nore

such transm ssi on Intaeco Ive@eyea@@b%rfdi SPeqfrPfafbtt eh‘wlth a

still furt#er erﬁﬁ@% "%‘ﬁ@ﬁ?f" Tl éi‘& Cyc %qué@gatl&ﬁ and

control pul ses ek ﬂ nteotthamﬁa}o pdise b D&t m@gﬁqmmapttbfm 15

units _at presel eighdeaehiipd effermeeiqzaélay, letvieen ang, thd ymiss. Fmeaxunxdh, crg-t eis
281 o

e The Soabe ey o s pa e HyEcesse SubisH |
QSJ u!s?eg 8 eﬁatﬂﬁ "fﬁib sgﬂ? ?‘ﬁﬁ“%md%gppﬁmgg 1 §stm¥r° of §§t 2

acqui§iti-on units qg A hsd! @ smgla,rﬁs@a ttedstigwm&rple@ti :aammnum v After
the first recor cierg d?gnd#bngiewalbmqt ripitisdly a{g‘ g’f EF - ycle is
initiated g nd t e ‘H’t“ ‘%d’ {2] §ipgle Jrlempatey gq‘g’i ’s‘mc contr ol
pul se are dj usth 3",&‘@&%&@ Tidgragmy @ P’i’mﬁmr‘g Tng % Eﬁﬁeencwedl'aﬁneg' Iémércond 35
20 subset of data athﬁs,uusla&cb:aﬁcumm Snothth Gspetd Off ehe Sineftion1hyte ieprivigedat ed a
plurality of ti rmsthotdompsignallioe numm#safsuhsetetﬁesmmlﬂ taa p!edmev\mtacm ng

sequence ig sucé@?@é %E“# e &5t o 'ﬁig &Tﬁ?ﬁdﬁﬁf ﬂxb Qa{fids-on 4h 55

accordance wi t h u{eese

wi dth of the Corﬁnﬁsﬁ»h uheseccrnemgnans;nmaﬁmm eoﬂrstmh, soethnr e|ﬁ t | e. For
each cfelﬁﬁt"g‘@‘ SWWIYME‘WP%SM@S sHbesy °'{' control
pul se is dgl aye $%§ t§§|{ﬂg} td PRvitl 4 BEmbdber rogation
pul se by a d| ffq,g,gﬁug,abm hsnfgedﬁ f sté eofSlﬂr%ﬁdxgé%raaV@ { $t4¥n; Q?

di f f erence, e.dispaing \4, pltbﬂtw\ﬂ&nbsaﬂ;auy-mantwm rhtﬂttpld:iﬁjiut |dexa atqynsmmr eas- ing
t he del ay by onemuhlﬂtgsns?tdtap ot aelagipy e@&t*)gw@@b qu'g gent 6@£‘§§’S| ve
subsets ofsydat a i Themag: |0 | Sl’nﬁti tivehy,

t her eby prc())w di rmm;&,%:‘jﬁ“’“ ﬁggciv:l? }J° iﬂtﬁﬁgaﬁ% ed g ove.

By the use of amdemnsm cfalnaysaldemst aﬁnnmlﬁrstpdo&x@cklgndlbmger link, it

now becones eco Pfa%ﬂj c "0’( gig pogl; |t aid ﬂ’?—;‘gll nite
nunber=of &ei snidf: a‘"@fa rsiaaa Fike | itenlestducess t he

bul k of the sei &;@9 GatzC nﬁﬁon it; delaymg&u&tiads Qzu&iﬁﬁt dﬁ&&ltshyim vith pr ovi di ng
500 to 1,000 sepepat e secomklaanmaﬂsxgm \by an mtegra13®ulnplw0b@a1<hé¢we\ﬁm Thus, in

accor dance wit h%’e ’E ﬁ’é‘f a‘td(ﬁ%n%‘ft smgﬁif%‘?‘t:ﬂgﬁ'gg:mﬁm '?ﬁi;idgd a met hod
é. .

for signalgyi ng aailgating aCqUISTtion units gy a
system accordi ng t gort eettet rusders&amgctf, the e:mat ﬁtdtocmruasumgsatﬂaan@t eps of
trans- 40 bmcatrthdngtoaﬁécn refererse gilladowtbe mafies by whyseficxamples to the OIS t i on
units; transm t P dl 40tr vel o the
sei snic daka ac q&ﬁg téggg °r 1’ Iyﬂftﬁﬁjr étﬂgvse-egl?h&{s}genglr’lfgag%lsm%e segond
signal with respect to the flrst S|gnal so that the first and second
signals are present substantially si mJItaneoust at the nenbers of the

sel ected subset of seismc data acquisition units. 45 Accordi ng
t o anot her aspect of the invention, there is provided a nethod of 45
sei srmgraphl c 5| gnal I | ng corrprl 5| ng the steps of provi ding a central -
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turbance; transmtting from said central station a first control signal
havr ng a desired duration through one control signal channel; transmtting
from sai d- - j j
characteristic through t he ot her control 55 channel and retarding
propagati on of said second signal by a known tinme increnent 55 per
dat ui.si tion unit; delaying the transm ssion of said first control -
sighaP>dith respect to said second control signal by an int egral multiple
of sai dlémown time increnent, so 5551%1 said fi rst and second si gnal are
COi nci detrt—e e s g A gt sh-—-dat a
acqui sition ]?’g““ish@ 't?o%dn?:'F &@F&“%‘P’@’sé‘ﬁ‘&se"fo* S‘GB‘“‘ of a se‘sg’éﬁ EfHFWB si gnal s as a
dat a- acqui si IFU grix@'?;ﬁn tS & BE bloRRecBelws of a connector module with wansceiver 00 F8L/ @
better under&ﬁ:ﬁ&damgg:mﬁfﬁ&mmﬂav&bﬁtofﬂiguranﬁ to show how the same may be *
carrieddinto eflflm‘*xsr%ﬂweﬂrwmﬂ the neswer-tyeplyraehesctitng faxale wihsceiyeanpl e,5 to t he

accom panyi 'y® Icig%dle el Qd;a L[g&ra céwser an. overall, schematic vi ew, of
an illustrati vem ® ot o gra8oB Maferi§Yote and eu&%@amraﬁﬁsm ng system¥
depl oyed i n watBgure 7a is a schematic jllustration of a pressure transducer; 65

1, 550, 101 Fxgure7bshowstheelectncalconnectxonsoftheauxlharychannels,j_g Fi gures 2al% o 2d

are cr oss- sect {FE 4 WTR= SECB SGRAVERIROR GRS G Al 1 o U e L

Figures 3at tor ls@tign; 0SS- sect 1 onal vi ews o a connecto ule with
transceiver uanxgtﬁ@?mngssmtnabﬁeMdﬁéleQ@dmmscabh,e of Figure 1; 5

Figurel? is gqgsci‘iﬁ%“uﬁgﬁ‘ﬂi‘w eowing aae t&lﬁﬁﬁl%”@ﬁhﬁ%t@%ﬁ“for the

transceiver ﬂaﬁgﬁmﬂ Gagrand F adcan GBI € Circuit diagramof a.
transcei ver uniRigurdilZus @ & diagrach [Rewilg the Chequ@Hca IoF GriterfoRgrioh istgiat VOt € and -
error tectaﬂdrdmagltabﬁanm rpnmﬂ?et:spegtratwsstbbrmup@,r |lustration-of a {)r essure

transd 1 Figure .13 is a UIngiAEne; 3, gethpds for (aptivating (BHH &0 i ons20f t he

tivi transcelverum:s u{noo

auxi | i ary chan 14is 2 schemauc m a’r‘dggyrﬁpés%mku%na,f & lpisr ARFLitaRal view of a
t er m nat or sbc:tseimicaﬁilogm-dagx sifpesgadn;C i | | ust ration: of the electrical

connethFons i.n gxwee i ﬁm stelﬁa;tllOF jofy @) cesnngutgtes] hi sditersect i onal . vi ew
of the“fead-j rp;?slim " FPYy dPLosTe gl LORReRoRg di Bgr am
showi ng_one Ty Fguk :sa AEPQE ptisentation of kB biABSW LI NG data
wor ds; - Fi gurluocmmgsvstammfﬂns ram of a scan-cycle; ‘Figure 12 is a tinng
di agr ang tmguﬂnés%@éﬁ&%ﬂ%frerrrrs@ﬁ%gﬁt%rfl%rmwdma si gpal
transm 55' on w ﬁs’ﬂ%céetahéa &Maﬁ@%&seﬁ%'&% regedter network.ini the Fl 9“3f e 13 is

a timng di a@lha:ﬁvdrluhm&'tmg&ersg a method for activating three con- - 20
secutive transdtguei0 ubﬁwssnnma disgramy jsefub ;in R pdpining 1!4 qpya@nsofh@qat ic bl ock

i agr agy 1 epr SRR Slendual Rbfllabd! & o il o of Rlled § s

anal og-t o- di @i o bration GO Ghe GALBGEA lof14) syatés i Rcorta bk Hvieh vémand agra tic
representation Rjéureazzommitat matlifivhtiphs }ﬂﬁslﬁ: fotth tof rdifferdnt pulse codes, as Fi gure 16 is.
a schematic ¥ ?ftb‘?e‘?eh?d etnEFn i taI conversi on 25 system

Ui 120 the CHBRARSAPE pm e gty 77 2 o scherp ¢
bl ock di agr Alftey FEREG TRk ARG b Gl SOl or d@hﬁmﬁrs@&@ﬁ&h REicEYSt e of this
i nvention; Feggas ee rédfi&ctads a schematic representation of the electronics

contained in af F&B“e 26 is adiagrw dedicping thi poptiguration of a typical known unsteered

30 Figyse 197 t;saddl gmgﬁlgﬁm&k&p&gg%g?ent ation of the repeat efs network
in the t I’anSCEIN@Ee 2MNista %& JFi o UlhRrrakiBe edaimgleilof R Qo haME sduladdi (RMISYi agr ans -
useful i n exyslogitynf rsejsmit) wavep esr a1 fungion of ﬂth@e@ysmﬂ@fn the gitiae*shot; 35

Figure 21 i sungl gggﬁ‘ Tat tion r-mery:as.contained in
the 3f ce%a%zé lsamgﬁ?,?dfé%%? . fncaa?ulﬁmg%y (. def rrp R dange wit h

the inventi on; Higugpi30eshe thlelrtkﬁénseaﬁf%st&mﬂ’lefsexﬁﬂt laﬂd’ySaslaI‘fuﬁdﬂ&l fodign of di f f erfent
pul se codes, aﬂs!sa used by ;0‘% qui rgrtpnt of this enbodi pent, of the invention;
Figure 23 is a Fﬁ@s I F4m Tustretve SEBPEPLE i°hA SE3PUt 88~ 40 )

Fi gur egs24 and rges gzelsﬂa BB of R LIS RRABRIOfdAN. WisliernRd seigmc 2
cabl e 40undtswla9hmempbyeddmmdlusaﬁemhoammsfaefnmdm,on of the dip or tilt
of the strat(ﬁ fHigyr dhijisch d %’!}ﬁdﬂ@k | dcamettrey Horgien Ehighs fqrms gartli agr am

i ndicating t e ‘H‘f“’ [ | c kno unste red. sel sm c array,; 45
Figure 7 i So ' Fﬁ\ﬁ@qg’pf fo‘ﬁm ProoE o
a5°F gife op-PEmEeLE Lk ) tMgatﬁﬁaom fysﬁﬁ xrgr&rerrrean squar e

Fi
(RVB) vel oci gfypl ) lel;gglmg{r;‘;c ves as a function o re ['ecti-on tinme from

the initial "shgfue 89tid b mglisea Lhdnfid 66K &I&rarnea@hebataﬁonsﬁmsqualﬁ gure 29 is
a sinmplifi eddmmﬁm}esmdysmm,cal culating the del ay at' adj acent




50 sensor units making up a nulti-unit seismc array;

50 Figure 30 shows the response of a steerable seismc array as a function

of dip angle; Figure 31 is a block di agram-ef—an-ltustrative enbodi nent - of

a seisnic data processi ng systeny 55 o Figure 32 is a block diagram

of the.cable electronics and the seismic sensor ; © 55 units which are

enployed in an illustrative enbodi ment of the.invention; Figure 33@
[

detailed bl ock di agramof an array.forner which forns part of the 2éji t
of Figure g)l Figure 34 is an overall
data proc - -n-ﬂTran'mn'Un—ot—rhe

beam steeri ng arr ﬁﬁ%& . lggf_md Sch BQ pck flingeamampresentatiopy of, such, system| st ating

fise
t he tawat i on of° am 38 rsm%,rge m&fﬁer&rm&tﬂﬂoﬁmﬁ Bt ofRPurd 47, Figure 36
is a*sinplifi edbambﬂmhdﬁmbdfmgkreds absianed ifne e epethabdon-of a typical

di gital -t 3 anal og E'em 3P 4§ phl remese&tgm of a binary gain-ranging amplifica- 5
1,550, 701 Fi- guré‘ as seé ‘Lﬂ "’ e ’I“ﬁgli"tdth?%%g\ gsentation
of sdch system ggz [&ra&yl set nova I gu 38 i's a

di agram of a nodi foeuiesc41ramd|4|2 aoaoschm uplnesagaﬁoo of Hwtnoisd-cahdelijoy prn@iﬁl,e but
having th¥ il t &epl °§ Fut ed i |nto the input channels; 510
Figure 39 is a hhge ) C'ﬂ":Eﬁ'ﬂﬂi ng
anplifica- 5 trtmt:eszyﬁt réugh (alT @il ahkﬁt rtew&ne Qb 6l | 0 Bacr@l§ T he

i nventi on, Fi gupignal] @racesson uh;ﬂrewath:ooom reenyalo ftatipn, ghisp kepfeseamtiont eipg of t he
syst em of YFi gur &4 W‘f‘ﬁ“ﬁ%ﬁbﬁ Sreh g%ﬁ cRbfcEs 41 and 42 ar®
schemati c repremgﬁ RO s & CRREEr T °“nF|?§<‘:|°°f‘ neflon cach

i mpl enented int heF@hréGtﬂliﬁ aOE[zangngUir ¢he Afgnal-property identifier and of the first and

10 Fi gure 43 S eretmmamwempmc representa n of

mul ti chanfie ﬁ‘ﬁ“ m glmgrfg 3{3‘ ur sitd on
units whi ch are “fn 7 vers I nterconnected tl channel

t el enet ry link to Fibmeem anaéxpmsxgmaﬂ thp Iilbsiesien bf Figﬂrteeh slh@:vmdtevm(ﬂa‘m)n central

station, shis r ‘a‘Fl secutive unity HEegto; bg 96&:15 PEspec fic
nodi fi cat | on of § - Hfthe control and ot “3’“ If’lLll "aR44 i 9 a
bl ock di agram o pigursugnmimm_

transcei ver uni tircufd @E@Mﬁ i s a diagramof the si gnal operty | dentifier

bi @6 lfo1di agr am of . the speci al. Nayr'pose

| et BEibddR@hC of CBE lestitrGieshd | iBreRekBtibn

and of they fi rs&r‘aﬁgg I"e }chFﬁég %‘:’Gsﬁt '? |“\%Se'§ Yr nscegver
ani t; 20 eGP S %ﬁ il foor
del aygng t r ansnicablel z@samﬁly lalmmieft&i to adborStefhiifkor keati nom ogaletassaﬁﬂmxsr on of an

al agsive i caionsi Zﬁeeghlbﬁmg t}tplcalljel%&)rfﬁet ®0 signal;

i nterrogation smwi w ] b

l'f u
Figure 475 s E‘E;’% tsregﬁru L BERT S TS n sqven
data acquisitio il Qec LelisMe géﬁgb SibRIfGsehbly 38 activated
and a tim ng 25consists of 60 mmach@vuengnstzoeaid filgy hat atuoﬁnmhgﬁpsf ru&’oo‘ohe control

and i nterrogat | ‘taHe SWHW eﬁ%?lt# @e‘FS rw%:fgs and
Figure 484411 us m%
i nterrogation chggm.s&maffmﬁb‘gunem uang o re a Festel 19 tows
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presence of a D Eixl-nu se and an S1 intérrogation puls oth are of
the nature f Si 0 aWhumsmexerméls xtee for chermeli 450, metmmhneﬂl‘&pusdeemnd net wor k
118 and re%:)eater A pnked Pe'f°fm$‘i4T5?§a' F"G&!‘P ?OW;EPPE;% ure 25
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net wor k 116 ONdokdifionitt mfgr %% i “@;étx % r_ #0.33 n
response to the domammgme aaosqsﬁt egsteh pl exer is
sequenced througﬁ utlog Eheﬂmn$a Hee:sl enwﬂhamﬂe&:s one
after anot jgr. de le"el “ﬁf’ér?f sa“ﬂ’ﬁ?ﬁ &o {i teen
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mul ti pl exegs 122 o “E‘“sgﬁ %?fq"égj E‘gﬁk’eepl 25
and test functi qms;traaie aeri:,g&rge Gihals 1248are
set to 25 unit yhegin raquﬂedcebeDCbu)fpﬁgeM |tlsotgh|t mmf |“(Iaé Imteﬁeaouﬁdbobk’om t he
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%Ca

circuit, descrihbgds, Chr
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i s sanpl ed, the thafis] dath lamtsoge dmsmvszogig@kﬂw Fadhyafata bi uples a celt d@meloft i oned in
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a Wi d& dynssni ¢ 1388, Tonsds Sk ME% sen

gai n- condi ti oni ngladty reversals at the odﬂFt{h{eLhi&ﬂaﬁeb.eSﬁ&&ﬁbr Q@Iimi ®ﬁ§|alwa:ﬂ”le dynam c
range of the se@?f{’f@ gp n%FF@leE I?é 1,08 gpenoggicankdd, rie| iome micrasdeoridh e

anal og-to-digit ’fn nd])s%s a&ﬁ&ﬁ %@fﬁ"dg tﬁ&’f‘%&g"f‘%ﬂ @ﬁ}ggxc Feéfdé&ﬂv@rted by

anal 0g- t o- 6l gi taiemegknygr L1@dys 35 60
the sign and martl gsa. Wéheﬁn@&uclapdldedafoumtnaaogi&sembkMeénd o'f'laeiagamm stat es of

the gain- 35 conleth? JrxiN “fosiarxs M0t code.
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The four-bit co ge!

formafloﬁmgm@mn to 1 b|ts resol utlon oatlng5

poi nt nunber is representative of the anplitude |evel of the seisnc data
signal at the tinme of sanpling. Four additional 40 bits including a
parity bit nmay be added to the data word as a preanble to allow 40 proper
identification of the start of phase-encoded words. The twenty bits

conpr|5|ng t he data mord are encoded |n any convenlent self- clocklng code
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by Kenneth M True, published by Fairchild Instrunent Co., 464 Ellis
Street, Mouuntain View, California 94042. G rcuits inplenenting such codes
are_di scussed in 50 the sanme publication.. The absence of_data .is
represented by a logic level of zero. 50 Fifty nanoseconds before the
first data bit, the logic level drops to -5V so that the first data bit
nmust @ positive-goi ng pul se. Each data bit occupies a cell tinme of 50

nanos, ds. A binary "1" is represented by dne polarity reversal at the

m ddl f one 50-nanosecond cel | while a binary "0" is represented by
no pol ﬁi'fv 55 MMMM by

successi.ve 50- n’Ehtommmdmulnpleié:S lmirarArQ-cpupidvhyr spdcgora 123 The eedt--t | me

boundari es. ¥ 0 ‘2(¥a’q B e‘hmBB’i'c’iSH@cF d occupigs a
time slot of Cﬁ ‘;‘1 b Es ‘Sﬁ% ‘10 hof a *
second). At egmts.qdw wor d, the Iogr C eve drops 20 -5V
for 75 nanoseconds and then goes to zero. The logic circuitry in repeater

60 network 114 al ways seek& B/EBSIHRPA®R- goi ng pul se within an interval

of any two  ghereif® Gekte chhidBSn AARCIAND iS WeNHBMEISE fiSe. FHdher tshe | 0Gi C
senses the eadamédselod/aﬁaem&nluﬂ'dﬁmMIgmmlphﬂse change frequency of the

phase- encoded ﬂ\f/@hqjeperagomd theg&f?a mallﬂef jon beczlﬁuse of
the fast ris fﬂ’é] j["%%m ;r Llji%é% wi dt k0 of the
dat a transm %‘r‘o Yk st I east é%l @ m

65 : In a typical operating cycle, all fourteen analog channel, df S@ch7@dbsceiver

24 The nput a1k mnlqd w@&%gn}silﬁ?g%]&h@w ﬁﬁﬁ: 3 a%r:tf% d123.
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series resi sttrwlsm&ntmm of ﬁxe@mnrmutrabstamtzhnmbetrlﬁ)hmmstlch 122; form

a hi ghypass & B T the.tiing of b Gherrobidn s%ff & esqueees of the

filter pulses, within a one-millisecond scan cycle. As an S} inte gigfiesn D I'S the
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bel ow i n det anr, Higyre: 5, I%CSCIB‘—OMWIG# wper ati on of t he
oref o 50 dabL IS ?gg 7 %mfﬁiﬂiﬂiﬁ% T "
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controller 4pgb ghe &hiadl lst@ibn 2 mrhaasaa&e Qn'rﬂ:reaaosm ts one Sl
pul se and thmm n@ﬂul u13$es31bvlé€, etey inl that sequende. I Ghe upper three plOSr gure 11

i |l ustrates froppdeft gy right. an
I t t. arnvesat r@ﬂ %&Wm&% %m % d s2 20

pul ses 4oWi t high 1 | ArfeE dé!Qy f,lggat | ofp pul se
pr opagat es alleeng s 1ake|?21‘he|£&nde¢e@ﬁdhltﬁ¢ wmsenbly 12 to

the transcei yaver ypit i meeypondt i rs are reset
to channel # BW%PQ % cgégaz o1 t Pt etwork 132,
from ouspUL  L&gk Softle MBI azraeétnds’z The totaf QeI berwet

moalhcrsqgﬂh t he
T epeat er netuﬂrll&Bis]ﬂﬂerefmssstshﬁuoehatnastransm ssron link D+, D2, .25 D3. The

phase- encodeq wh¥ ghen &y életl‘?a#egd@lﬂ 2t qnﬂt-ﬁl it byi nk by reason
of the inher m “}'ﬁ"& §' ’t“.’ adj acent % .
transcepver g isSfrobh Ghfil Q':gﬁf teh se §creddds &'tfmleﬁﬁtup-lhm theNt er ggogat i on

net wor k. Af t eantral Istationyi Wheo- msé@maﬁsmdsatfcmnsdtorSﬂod [18B, $56.8tmmmsni tt ed. The

mul ti pl exer s scndy laer, tthesdptacword for ule 13B is i vel y 7
T o oot | ik e n B

advanced t o SEEhpRReEY
unit, 'sand ph sliulaOr38 waﬂl'eﬁ‘m%(jbiltﬁb e&wbﬂntmhheoﬂaioa lings from

each transcempdie LlM,t 116ﬂ3swqmm afwddllet leading] guthsaélawodeﬂr ansmitted
until all chipdpm caF o ‘"hé\}‘é ®erd The. '
above- descr i D80y g6 agﬁl g,gfsem}sof Figure 35
12. | ntéer r ogaisdiossd keinnttedefro o ivenknes fafom rgoght to -
left (the ti ﬁft&mw |um,srle h%smtwotot predules gret rderqdrlermqoﬁeﬂﬁeewbral station 2
to transceiv f%l'é‘?’??ﬁ:ntn‘lﬁ ? | Wféﬁ B“}‘F}n_ , etc., in

t hat sequence upper firee s o gure erefore, tine

I ncreases fromleft to right An S2 puI se, for exarrpl e, arrives at connector
nodul e 13A, to advance the nmultiptexer 122 of the transceiver 40 uni t
to channel #1. After passing through the artificial delay line, the S2

pul se 40 | eaves connector rmdul e 13A 600 nanoseconds Iater The d| stance
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and 13B is therefore 856.8 nanoseconds. As soon as the | eading edge of the
S2 pul se for channel #1 is recognized by the transceiver unit in connector
nodul e 13A. a phase-en dis cl mthe register 128 into
the data transmission link DI, D2, D3. The data 50 flowis frontleft

to right _ (the time base increases to the left), up-link towards the

central station. Wien the S2 pul se arrives at connector nodule 13B, (8
nano- seconds |ater, the data word for connector nodule 13B is siml
cl ocked out. The S|gnal propagation vel gci in the coaX|aI cabl e for- ng
t he dat a Lzéan':m ssion link is 1.542 --n' .
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Phase- encoded V\mych‘; urteen chann
1, 550, 70115 . ‘Before oons:denng the timing dlagtams in detai5it \is wdefuh tea@hwothet he 15

respective tran® ReCLiTpe, fr: B‘rﬂ@ﬂb@e 1@ (prigi

Chomncl v oot TG tﬁéggﬁmi 3 §mm°@o i T B e
central st ati onselsmicCansoR i ki Qisbeiuted - £ &Suﬂith@/hia!per ation of
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DATEN pul se per “w
assenbly to be g&%ﬂ' a&e‘%ﬁﬁi‘%ﬂt }z’abﬁqmeqﬂ&tj; -&%{t&e%@lﬁu sﬁ%e f or var d
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sanpl e th® el enghpdie theitgpgeve b’rl W%fgi aPha°f )?‘ﬁ?&ie X wibf t has
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[ rrpul se, i.e. s secBonland UPHAR! enf SI gna S rom t he
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l ength andP ti ni ”6e°“é B tp@
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cable. First, ievclfi mwcmﬂe@seﬁmbecbm of the 0.cabl e sections hgg ten

el enent al “Cei SNjC .ﬁ%&wtgi%%ﬁm

transcei ver uni iefeﬁhd;e re 13 firalt? of @Fbid @tu% rioiRbe whieN sensor
units. Upon conwemed for hencedial shtiqn. At the leadifg bmhrd tacintsacmdn a,rnllocatédl n central

station 2 of Fi fepagate, fransceizer 98 se- encoded
et ! B T T A o N T
t he cabl ein Seﬂuefﬂﬁ:&on 19 \deskritiel) wd’fitcam ﬁkwiEMFl 43 gliﬁéé up of

t hree redundant busdmig |ba¢ﬂyectat§h'@§)here$utysbqgemay8tan¢pg)pf this deatupst of glfe ilusnar r ow 25

Cectione M1 ga St f ek ey el Pt B0 C20HF,

I N sequence. Tharmomtel 13awis =10y theearﬁVapttmefatamdt:lhaBB Ehsex &Inmonel #2

information is %eonds fhe "é‘a.%‘FF fos%?ﬂe’“ St:a “? iz n
Conceg ni ng ti mi e 5&91‘& - gﬁ‘?ﬁ?ﬁ cf@l I 59
channel's 30 conmﬁﬁguépa:a ut&dnaﬁv@.@etm e GRA s-nﬁmse@ﬂ&maegatuhousan h of

a second. This pukelavel-dme ﬁ@wdesqmenheaﬂeran%mdsea aDsTEN@ulw me bet ween

successive Sl pHl meé h‘ °r§&‘P‘§@d A §: é’E‘PF‘ ® pul ses
before thg,next osdy @ﬂg’@ﬁﬁn A o i dua

bi nary bit of athﬁthﬁﬁﬁh&ﬂﬁﬁ)dﬁdﬂrogdﬁﬁ n rhympﬂ:upﬁeeﬁve pﬁaaeeiocmeﬁmnuds

each phase- encotiet thaspmimindi mwequmm st ig theepoimagh

phase- encoded mﬁ%ﬁ?ﬁm m AT “""r% in one
m crosecopg 35m ing $hes Q5Vellled DA me_laguaw 00 -

m croseconds in each one-m || | - second sarrpl ing interval, so that there IS
anple tine to transmt data signals fromthe 500 seism c channel s through
the cabl e during each sanpling interval, i.e. scan cycle, in a systematic
manner as descri bed bel ow. 40 Activation of one or nore

transcelver unlts reqU|res the S|nultaneous presence 40 of an Sl pulse and
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I n connector nodules 13C, 13D and 13E, but no others. Crcuitry for
performng this function is described in detail below in connection with
Figures 43 through 48, but is is briefly described here for a better
understanding of this feature of the illus- trated enbodi ment of the
invention 50 An S1 pulse is transmitted fromcentral station 2
t hr oug e interrogation link 50 to each connector nodule 13 in sequence.
The in of arrival of signal pulse S1 at nodule 13A.is u=0, the arrival
time at\ydule 13B will|l be t=856. 8{‘1?38#) seconds, the arrival tine of.

si gnal Pllse S1 at module 13C VLF =1713 6 nano- _seconds. _etc 28he six
timng I'i nes pdmnEn gurBATBN ﬁu&b@ithmlpebﬂéthd:’ﬁ puler éeend of &ach 8§6.8- -

| ocati ons of t t o .conn ctor m)dul es 13A-F_ e gach
55 cont ai ni ngs, wm &ﬁﬁ“@f‘ anosec_ond »
Interrogatlonp@dd xsaaggfn Vl@bo daﬁmectna %Eﬁin'a qnauaﬂsem pul sg is
transmitted, modRTBR pel BATEN ulseaissﬁm)mmdcmanr hinth iohhntanm:zdnlll nk (Figure

5). The sign ‘t‘ﬂtl% %: P%CCPW%%P‘#%%M conpri si ng
the int erroga‘{‘;%'p%igte eaﬁﬁn fﬁ;“ﬁ{'ﬁi&'ﬁgﬁ&ﬁer because

of the B00- nasabesDpilsed! 60y ninb d@&ndsﬂbtﬁ biodhé Gk rthe DATEN puled) t halp i s
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| ower than t 1.200. pagosego y lines in
PR Nl e g s )
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comcxde gﬁ
Vi

uert
orty DATEN pul se
JEQG 10 Elﬁftﬂl

lines | abel | egli LT
wth respect ;cgvet ?
i nterroat i onmpmh:m&tpnbns.él'hetmdtteWohaBATENpulﬁaiumlmg still to F| gur<3013
when an Sl pulse arrives at th I nit in connector nodule 13A,
no action w |l paecur at nodul eevi A&bsliﬁh’lgif'ﬁe DATEN 5 pulse is
| aggi ng 1, 200 na&esmMM&heMtsﬁmeichﬁted,transcel ver unit in connector 5
: ?ﬂl%éelﬂY@ﬂGG@e,n%Aose?on hind, so that, no action .
gagordl 1 Wt@Fél@S'c EOpRRoR] ¥ se at
the trans- ceiver unit 1n connector modul e 13C, so that the t ranscei ver
unit in connelutbeexmmpledf FighR A3, 3heawidth vExbeDATEN piledul e 13D, the | eadi ng end "of.
t he DATEN pul se is ahead of, .t h ul se; by 600 nanoseconds, but
because. of the width of t#g-"'DR%‘éﬁ’la“&P‘i ?,50% ‘ts?mf%g’ still available tos

activate the ﬁeﬁﬁiﬁﬂﬁél&&&imeuntbbéﬁppmriﬂﬁemrmmpdw;e 13D. At nodul e 13E,
althoug,t(t) t he | eadi ng edge of DATEN.is 1,200 nanoseconds in advance of pul se

trailing edge has not yet B 9 the IP pul se S1. Hence, tl3@

transcei ver Uphdeid M iCOBNREDE" of TRELR: 136 toSbeaQ&ﬂpéﬁaBéi‘ﬁeen flleN@hdf, Dy the
time the Sl Il&entrol statiopiahdshe firstaktive Sratéeivemituni t i n connector nodul e 13F, the

trailing edgeEPc{Ast wme, é@ﬁ?#ﬁ%f"lpnhﬁ idert withcanS§1 pulpesis. Ther ef or e,

t he tra:gscel v vt ot eflaiy B’S@d’nﬁ%lﬁ transcei ver

units wll not eactlvate trans-.celver unltsthat are activated by
coi nci dent Sl and DATEN puI ses wi [BD=xEXBILY, acti ve for one entire scan.

cycle, so that, they wl| rsonsweto all. follow,n i ncom ng
2  pui ses. | Trpeirk 1 qunfertof SBRASGY s fudienpg Becpih' e beac sion %0
[err] wherein L=Reuiihify nt# td F cglmeaawaact ﬁteh@gabﬁl mktlfmtugcbmmw-art i ficial
del ay | f#the ti ¢nble tpadle 52 consist eaddofztkreslilattSImtpmﬂel |Inmaa;rmm>f dl’e limeshist r amg | engt h
to allow for anpl e of

Fi gure 13, th‘ﬁ’f;%%zﬁi’t i%é‘é%g\?ﬁ\ts o isfa aﬁiﬁﬁiﬁﬁ}%&ﬁﬁﬁﬁ ﬁlwu%g' ay time &D,

to be appli edi16oTHeh@cURABIENE Pighre 8 i4 showrin detail in Figure 6 and consists of AND
| D=MXDL#5 gates 136, 138, 140 and an OR gate 142. A logic-1 entsﬁnﬂtﬁmmsly maldhy i s ube

nunber of tratf‘Yg flata 9 1i9p put fOR g3 121 control
o ant gt ft"e 24 sﬁt“%@ W&mﬂtm A e, 2 ok

BYPASS pul se m)ommaecm Higuee 6)onsise Sf KanD VR 384, @aka around a -

def ect i ¥ tr 14 e#sra r%émmeaﬂmqle@pﬁﬁmemr- to e DATA
BYPASS pul se 1§ Jen gefedis np quiput from gate 144, 35
[err] wherei rbpéﬁs.' Du @k Qlcld pame&bdee’s E fﬁ%t&éﬁ' éﬁ' bet ween the

central st at ithmughndie hiapntjebuemtmmeantirtar}mm é lulnbdnnecﬁetturﬂm iggow to Figure
5, the #ata F%{%ﬁ‘f Mgrﬂisuﬂ%l d, there w{ll be no outpsabl e Shundl e
st"i{n

52 consist e er’eggﬁigMg g’i‘i’ff‘?ggﬂllnesw

40 broken, the ot her t I’EITB.I n T WO 6 Hdﬁ I’ nes are sel ected
by majority vote. A majority-vote circuit 131 is coupled to the input |ines
of repeater network 114 and another such circuit (not shown) is associated
with interrogation network 116. The circuit 131 of Figure 5 is shown in
detail in Figure 6 and consists of AND




45 gates 136, 138, 140 and an OR gate 142. A logic-1 present

si mul t aneously on any 45 two of the three data lines will produce a

l ogic-1 at the output of OR gate 142 Frror-detect circuit 130 is coupled
to the majority-vote circuit in repeateér:itet-"work 114 and provides a
signal in the event that at |east one of the data lines DI, D2 or D3
becones broken. The circuit (Figure 6) consists of NAND gate 144, di @-
146, storage capaci-tor 148 and bias resistor 150. A negative voltage
applied to 7error- 50 detect i ne 1521%.%%?' dit slightl y negati ve when
there is , Tes

di sabl ed,- the o#ss 'G?tm o sap itiveemts cycl e,
phase encoded sig a% 3 ]m ﬁ%ﬁ%ﬁﬁg vote
circwt and to I OERL T Qe (Hparel §)04! rom contafll 156€peat er
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_F

F

"F‘.

Figure 5 for _si knbwhyypebisltsmtablysdaﬁnaétdl bethursﬁkssf ahehtrajthrgspeed
Schot t ky- RET (f @ f 1 ;Q . @ @3@3“ 11396 M2Pi ne
streaner cabl es!? one 10
percent (1% vvhc i e’“‘}d@im nggh, ,ﬁ% f;, ﬁtretch
will be in the stie@chcnmdhecoué 0 feet. The se| smc sensor unlts are spaced
on 19. 68-£dot (s x4 pncsl@nﬁee ﬁﬂlnd!ehéwvﬂrwmee sel hen Wt2h a
100-f oot stretc E‘;&ﬂ; mb@te y,ﬁ “oft dgsenbly 12
will be displace bﬂeam Yy ¢puazegra@umdgnesersx Bav mtudm ﬁdae sensor .

units®in the tr aittdrng tesndrivek lﬁd'ndmmbltb assenablhye 162n(anret5)e$| préfereed 15 a

| Ry fr "%..sapg; eyl %
e B A SRR S
3 _

accur &tely, these.tdzemitg szemaehs thedugti [ Ereisyon SAzﬁﬁhaammwe*es s@ﬁ&?&l

di m ni shed Themmred w;dbha@ad!tmlcm ltsmvm?om | s known.
Accor di ngl ! %fl eﬁm o hilf‘lftgf tgij rovxgé) b or frk'ggzr ¥

sui tably connecig a,a & ilsr;,gt

el astic cable se&cdsrdﬂn 16 and the f| rst act i've cab sect I on 20. tput from

strain gatig 20 1111'# ?Stfswaltl ussm@mqk aqgfrate Qﬁml" Sle t@nnfe#ll of| ocat Sd in
the transé |ver@e %ﬁ) “‘ggsdue f t hé
first elastic ¢ C&nuCHﬂ seeé,el Bgm errors
in sensor unit d9p m wtratcoxalmeddmeparaﬂelcabisseﬂ:stt&seslgdal Uaen Abemdmztyr ect ed. 25

25" dent | &4 Eg%?ﬁ’ﬁ?t t&%%ﬁﬁiﬁlwwlmﬁ}ﬁﬂ%ws rdom 52

Accordingly, an s@risaRge MRt voltsges) O ileH, b Qok@ivalpitid ttshﬁgxhydrgmhwes VWhen
it is desired t@eed:@kpdshaa!ecet‘ftremh- dro(E%ones an anal og test si gnal having a

known anpl .t ude j; SUPHY SR R g est - ) gnal
line ¥62 ( |gurq—, 172%'% ﬁéf\ﬁg ig,udesacurgeggfﬂrg HF to 5 15§%

Hz. A test-cont rik t@hsfadér prknahesainam tespeclive warsceivess tinits nBGonﬁ@tbt rmnhulésl ne 163 to

test-control relld %@B“Wg’gﬁmﬁv g wirescldPht He 1 m eﬁ'ﬁeﬁﬁ’scont act
165 t & congact g'%l: tj"é‘; ‘%@g‘)ﬁ"éﬁ‘ rrent?

sei snic SENSOr \yBiwer Ssupplies QAC Reris dhd Q8lfael Qfop 1y nigl ti plexer
scan cycl e is i ietreentvesse] t10 atd wngmor sdctim 18Lwifl peﬁdmnheatmtbesefrmmqmlt 21 to

the central st atgodes 131 thagpre connected e 1 Xpr & i3g-seg F*ﬁd@“@ﬁ”tﬁ@ out put
vol 4 50

si gnal forggeach mﬁ%ﬁf%ﬁt{,ﬁd&m@ oATRE fﬁ?ﬁ'l."daésgna' 60

anpl i tude to pr asd E@ceaddéﬁ thibidfdre Ehefeaith. Qh powdr se@w;hmensqow&mrdm l'i bration

of the sensor umpwes ling xdmﬁedtandmomtertﬂbtq IﬂﬂﬁVS?eql shI\C fadause by stherdngicbei ng

recorded. The té’ﬁ‘t‘"‘% i’i‘%l“@%"“ﬁé n fa%’aﬂu @mo PER CiFUitt he

mer wol

it, the vol eacross
sensi tivitdses o s@%o a ﬂiﬁllevel A ép . m uﬁvﬁ el ST g5
sensor cable assenbly 12 wh may be as 40 much’as two mles |ong.

Over such a distance, due to the | R drop, the test signal at the trailing
end of the cable would becone severely attenuated if the test-signal
drivers 136 were connected in parallel across the test-signal |ine.
Accordlngly, a resistor 167 |s connected |n serles mnth t he test si gnal

o A NN I o o 4 a1
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170, 172. Each power supply includes a current transformer and a shunt

regul ator. The transfornmer prinmaries in the respective transceiver units in
connector nodules 13 are connected in series. By transposing wires 170, 172
I n each cabl e section 20, every alternate transformer is connected to an
opposite side of the power line as 55 shown in Figure 4, thereby to

mai n I'Ia bal ance of the line |oading. $Since the 55 power supplies

are s-connected, the voltage drop al ong 'cabl e assenbly 12 between

&0
vesse 0 and term nator sectloq5 Eﬂ wil | depend on the nunber of ,gonnector
nmodul es28 13 that_ ar ly,

t he vol t age suuropthm ﬂ'rimabeﬁoﬂletmaser Sea abayg (a mdmem%w Upeher i s

transmtted net(‘vtvd‘qplﬁ thete;;?w Q?%M 4fai tant i aN..y
above nor mal pSgis "feb éar‘e@co e&aw%rds néerfere

t her ewist h. |lfypd§£)th€ﬂef&:ﬁ qﬂuli-.4 AC ower from the power I|ne S rec5t|f|ed

‘and converted t4s degibedpboveshultiplexey 4 dp Fhich { he '
transcei ver ﬁ‘ﬁ?“t"%*’t]n b]tzgl%‘eé\%n or d?“sﬁl‘sﬂ@/gg?dtéfvﬂugh “%?%Beé‘ﬁmm rcuit in*a
transcei ver UNi firesy 5&&@1&%‘?&&&&5&0&&& DR With (FiguRe2an@ibRbw t 1 ansf or mer
woul d 185 desarbaieintderaily iv/efrayty Knewnein. the/sejgmio . Clor veferdics itcfure- owbalf ci rcui t

_“ciqg ﬁu bneﬂy %lstrated in Figure 7a, the transducer includes a
of any well mbm 174 E;‘S:’ecured to the movable end of bellows 17

i
1,550,701 XD 176. Pole picce 176 moves longitudinally within a coil 17§grhﬁﬁ%’g&m¥elﬁe pri mar y i f

the vol tage. ﬁﬂﬁém wxawamradets@fpm BRckel 1901 An obdiilaor, Sitiidibgwn of _t he
power Buppl ysn LRetakagitcais oif swsthme#é ¢ A8 C@Ho\m s the ipdugtivgt er  Fet wor k
114, interro %%F‘tﬂ“ﬂ i ﬂﬁfn ! lgf;eased by
defaul t, thelRip 'ﬂﬁiﬁt&ﬁ" 9@) ¢ mba&sm S Qe Gretbaea words to 5
bypass the d V6t Bktidfde a frequency—modulated sxgnal whose frequency is related _ :
5 As d@scrlb?dﬂa%ﬁﬂ élﬁns % Med%tcpﬁxmhcthpﬂts & which
channel s #11 hﬂ'}ig sUat t Iliary .
Sensors, nex raIere %’%‘&E% cadhszt%qgg‘{e ?&Jégeaﬁ%ed above in

connect [ on chnlitsuFbgtﬂoem&ase,mt igparfecOy insulated h#ea;wrodaedhsmmTaepamls |s f a -

type wel | knmpngrprms physisgl qent tbetmarthﬁ L? b cmﬁw o £idh will
be descri bed? di Eﬁg%i Eﬁe h#Y cg{e i ncl udes a
syI phon bel | gm@, C Qi tooauﬁmy iplemﬂzﬂm is a soft,

iron pole pi mgaiiﬁwaﬂois@rmnemxdiwlms 20,oth ppligdn a coil 178

whi ch 3% moutn e lakee 'Pri o é‘“ﬁﬂg‘ ﬁn\éﬁﬁbrac gt 180.

An osci | | at o5 Al tidh g on. the- lea tHakrldl, [The | afnpBeadil 6F ned W H a
housi ng 182. g]mlé;ﬁl&e alltdi'lﬁbl&%lhthtﬁeofllﬁl épadn of .the tank-circuit. In

a fl w% medi um Agwateh dmt:t ﬂése@nee 2 13y Water7 4 c?yses_
pol e piece 1P s@m“a l;}{’ﬂv @%ﬁﬁ@f’iﬂf&ﬁ? Rt He tenductance and
hence t he frg s‘1 ke getm @aﬂhgeeﬁk pfe€SSUr €

t ransducer 64than6th&; &fﬁrﬂ.oe@sa re’qpnevicw onagchigg abrmighimetof r equency i s

rel ateg 20 termmite ﬂ!eh@t?ammﬂ apd iy §'@”’é hn‘th"s isgion Pg:i’t ranggitted
over a coaxi ﬂ;;émt %ﬁh@:ﬂ%‘gx" e ,mﬁﬁl indicated in
section @8

Figure 7b. R o 1ARGrd ﬁ@&nﬂ:&ﬂ&ﬁttﬁé’ t&ﬁﬁg el i ovi ded to
detect the pmshncabhfseeahtm\aﬂ&c comsgrictien oK ithe Emipdtorgseetigh| ie sbewst i on 20. The

| eakagg det e Bigurd 86 consi st s. f. i nsykated by
apor offs pl agi, & 4:? : '?1 'ﬁnzgmead ﬁid;w °ﬁh°616§t °9§d M%Egniﬁ%ﬁal cont ent
bet ween the yukease. ehgﬂd GJ‘&bﬁg w&ﬁ ‘sresh Imemblerc 823t48ct . Thet wo

Wi res 66, 68 asktlevises 45;!674 Arrgt—#mwf Pbabeelsslewdeént 7@ . raiping

d to® gertjop g thepg g o Th
O ehpaii, 0 %mtgyﬁttmw o %?‘fﬁﬁsﬂ.ptexers

122. As long asmmmtarodmemresem o Sttesbemenableds €963 €162 bmsea batdhere will be

no signal app4.ckhe3@ds contamed@ At er shoul d
i nvadegd he cé’ﬁﬁ‘ﬁ‘é@m}’ a’hlg% %1%6,1:1 %ﬁiﬁ% % &g{ipfm bet wgen the
ce 08l 21

two wi res 66 P aoslngiaabomz istihe@nwitppear on the
| eakage- det em‘ghtawtxsei:dtawmdét . T e a | 1tude of the signal wll be

proporti onal toTélhel S@&%E@SG#S‘ %‘b%ga;l &32are %‘%rﬂ‘@‘ ak detector
7218 I’II’IEC'[ g s12 ‘%‘S?:%ﬁ m %,'AE mterrog{iebr egl
det eCtOf 72 igon fn BRCHE ko mamnsm "BPATAGBYPASSGrarave arri ving

35 directly ftérmnmfedtmdsaimdmsom ogt &Fnswwg 218. thwetlestp'altahandee# cqnitrel vvat er

sur f ace. AItH'Gﬂqg é!bft% Kg\ﬁy% cgpl €4S |on§1 LW CslecEt;I and
. &é Sth

i nt er changeak e B eor e Shatdp il eamn i mesdance
mat chi ng ter natton to termnate the data corrmand and |nterrogat|on :
signal lines, i.e. transnission |inks, 40 at the last section to

prevent undesired reflections. Furthernore, the series-connected -40 power,
test and test control twisted wire pairs nust be provided with a return
CI rcwt Accord| ngI y, a term nator sect ion 18 | S connect ed to the trailing

Y o, o . o ~ —— e Y - a e



term nator section 18. One end of three short stress menbers 190, 192 (the
third 50 not shown) is enbedded in the body of the plug. C evises
194, _196 matable with 580 clevises 45 47 are secured thereto by pins 198,
200. Terminator nodule 202 is secured to stress nenmbers 190, 192 by a steel
band 204. .The | eads contained in .cable bundle 52 are electrically connected
to termnator nodule 202 by plug 186 and mating plug 187. A plastic

206 is ski ppe'd over- 55 . plug 188 and termi nal bul khead 46 of th
g(il(:)l vglzect ¢9” 20. The boot is secured §§7d1” pl ace by steel bands 20829
provi de, f1 ot ati o 15‘”%‘?%‘(9%*?‘1’8&!“‘%73‘7@&% g ReES ot whdul e 202
e s ' ot B G B R s Rl B il 0,0
term fated by 503 ter, non-rotééitg ts:eéle;salets&éssm&a&: 230%¢ jathdted il Wi re
pairs for the IlmssteneRit othePﬂLasni:B'e'iZ dﬂletctbnéuqtm é:atrm up ﬂ&ocablcbmdleﬁmmand the
command |ines fo °t4‘i‘é"§s‘i d"@Aqu M with 130
ohm ¥ 4 watt reg °n ﬁgﬁh %‘;;ﬁ%%méﬁ c’acftlﬁé ep eﬁlnes are

shorted by bri dgzssgmmerdeﬁ BR¢l240Mund 2bukial nsal:aauomeﬁu Beaaepl ed to

the | eadi nd0 end bid-lelse@tm a7 sy the orp m6609 eet l?f,‘g’ H’c ZmMﬁ%l t i
c&l

comecter i oS3, SR S TP i e, T R Rt

1,550,701 - The local data.lines 242 may be used to mtroduce alf 0 vessel

10, thereby pr vaﬁbﬂujedm&ﬂsmh@p&mabiﬁ(H@ﬁeﬂbloget&&sselae wel l. as to provide
connectioni150 the crNérid!to isaiss @ow Fhe AIRE ubedail-thenillasiatee e&:Bodxmsbbuﬁ in @s0Ss
section in Figurpregnt int{enem ¢ @fmedccferﬁlm 14t wheesin mhmnra referably

a 3/8 of an inch ‘[‘ Ps¥§ vin ?230|s
Jacketedeth5a.r:‘lﬂiigm“gg CLEbE 14, ﬂe‘gﬁ%% %@ é‘aept, & that

make up theocabl bushiitedl2 didughrDC bl rtghﬁpaaﬁirs V28, eaisbe assmﬁd Mtckeseltspl ral0y
wr apped around | cgittors B15p 5ig Pnél itF heapasi dizﬁ%aﬁr énahﬂ’gsel ves
i oy piGhes, Slf aror g oo BT, ey sy

encased in a sui

? e

ke

Figure 9 as coaxialn ,-‘.é L ?gg, lines
238, twisted W rappdth nﬁﬁ bug%ﬂé&wm IR&mﬁEnes 242.
Because 10 ksequgblifier Hécot Figmre]ﬂh oé dit etnput buffer dat a

lines 236 are 1'320 is pacitor
degr adat i on. The RS Ry E}e éa? nect or
nmodul e 13" 30her ewl ngmeggtmeagaazt ef Blowhe 1 nput's thereo T e aI dapa

lines 242/ may be USTHe lshirel Gohireidy Gihich s CcohtR R¥RHE N NP SRerShitRRd Smaih' ch are .
derived froms e@w@%%ﬁs‘@ﬁshtw a(chatgpll s h‘h 361 hing Ta(pldtﬂiﬁﬁmooﬁkﬂl lickl

In order to di scg ?3'\/\/1 %}SIBEICXF Fqnheetsﬁqqmedyethdosdnahent of

t he 15 psesentyhnl gﬂs JRINIEW
shown a sinplifi edgih: I]ﬂésg o ana og con’(/ SI on
system having the wnﬁefedyst&zzamst&auﬂlmtms mngﬂ&gx{aﬁwb)[ceﬁve&er[ err]
connected to a lllﬂtbdtlcoqr mdmdsmtomdspm&nsaglshnmbwrmhm 21. The

i nput chann FIW E?t rth tly discysied | j ne 312
t hr ough DC@I OCkI ng c%gzgf:mste immr gl "%‘2‘?& s‘? éréty3l§ ‘2%

e 20 S or "Shi LU G e 1 S PR S o pass
R-C filter for i highpd aﬁlﬁ@hasﬁm”tdn E Ercy&'xﬁ EEIEho‘igu&tﬁéaes of “any
wel | - known o ype: cutdytffsequencien can, of ?lll bus line 312 is. shown_connect ed
to the non-Tnver |n’§1-'“’25"1"‘°“3mlce Fnﬁlffl“tﬁ’f %ﬁﬁﬁ?sts?“c@éf Ay theretoff frgvengyi o 3245

whi ch may be an o’f)eratlonal amplifier, such 25 as anplifier 142 of Figure
5, having a high-input inpedance. TheQsuyl(RE,).of buffer anplif{@r 320 is

connec¢ed to a sanp e and-hol d ci rcwt 32 h VI 1 a shupt, capa i'tdgr 324 and
a series switch ' @ Eﬁ?ﬁg 3%1 © %“55{%&5 ary gain-
rangi ng anphg f i egre Leldivel uﬁjansés the Iig IpdibI REC 13,ed insg

conj unetion 30 addmomot coglyrdsans ¢¢ub tunthﬂqnfurther bel ow.

30 The state con ﬂes“WH%h‘fltEe &bt P |9§d|1'ﬁé'f“08ﬁnect ed
with switches 3184 LﬁW%@Z@W&%&& %’ gﬁ(’ 1Brality of
control |ings. le diteflari SORRGes es t mul ti-pl exer 12 t o connect s5
sequentially the a@ufmngnon Flg@rhahmelhs te; abﬂthémpmglmslmm ne 312
during a multipl rfeﬁ?& yp ‘h“:l°fA tgm aﬁﬂg’fl s ol ler 132
also controls th “nt séi, Y “gaizgr, cofﬁ;c:gdagggeﬁg W iers
system 124 G(hroughuﬂ&laﬁ sdwctedlcﬁuaﬁel,S& as lag;’r'[atlc.gfcmﬂrmes the¢vmindd st coupkgd
to the anal og-t oresfitei3l¥Inoy sonfitutesahedesited R-Cifihgr fotthat erts the sanpled

anal og signals into corresponding digital nunmbers. O her networks which are
not germane to the feature of the invention presently discussed 40

have been purposely omtted fromFigure 14, 15 and 16 for the sake of
clarity. 40 In the circuit of Figure 14, each R-C high-pass filter
conprlses a serles capaC|tor 123 and a shunt re5|stor 315 connected to

o . o r " 1 o Y Y 4 r
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[err] (C For practical design reasons, R nust be
relatively low, nanely in the order of 10,000 ohns. Hence, for [err] Hz, C=
16 microfarads . Such large-size capacitors 50 are relatively expensive

and bul ky. Thus, the high-pass R-C filters of Figure 14, in 50 addition to
bei ng costly, also inpede subm niaturization. The description of the filter
()

a gement of Figures 15 and 16 will be.facilitated by designating the.
saReAarts either with identical reference characters as in Figure 14, or

with identical reference characte5§5 7Bilowed by aprine (") to 55
|nd|ca-t-§—a—e4-m-l-a+-¢—t-y—o-n—e-eae—r-e-s-§e“

55 Ref erring nd¥hepcha-giruit of Figurej 15 WQSIw;mr,tthmebdlemey- of using.a
si ngl e conmorestay fpd P&P?F@r‘h?ﬁmuﬁrfh‘tth@ BRAciREe ?l"h@“ﬁ‘?‘“‘idh'év mul tipl exgy 122
i nstead of an individual shuntq.&ey(ﬁ,m)l,;][ﬁ for each chanpgl. As the *
mul tiplexer is advanced throu |ts channeI select, i.e. scan cycle, the

capaC| or 12@“‘1’0‘6 thatgach SWltChrﬁ}P xer sel ect ed
s e )
reS| stor 31 50talN@iié &qa]&alt&ld&g&u &-EandePhn ager channel

having a scan time of 1,000 m1croseconds (ong lﬁHi@:;ﬂﬂ)l the maximum dwell
30 Whgy the Wgﬁ O‘F @t5g‘E‘F’@se1°Bd-“\/\E?§ chagad] andl the, chpenelpf time Tygeuldyi scqéer ed
exper o ment Rl BEREERAESL o ouen 48050k Sa bl it ddicuggpact tince C 1<

det erm ned Ry Figuef 1¢. Dwell adjust circuit 360 may (be)a okbetof I sichds I Nadédaesamel | tine, that
i s the | engtdmdyétor DM 7t’rlrt?ét Aeenstshatip tacéirc@y @r |dsvnclwis@dcan5be used 0 and T is the

channgl - of on i -3 Gontrp dFet 316
cpon W b bt vk Wit L L e R AR e,

the total tiafpoticosultipleer dcin &yclgrtheadekired fawelhemaihaened te sakdwalye. f Or @ 16- channel
mul ti pl exer haEdmgomDyembendarrenges¥as 1 000 mi cr oseconds (one nillisecond), the
maxi mum dwel | time D would be,¢ 6 G onds per changgl and the -
‘channel -of f time T would.-10 - b %llgé m&%‘;ﬁgftn croseconds. &5

10 Thexodwel |given nanstiht valnestfor B.aC,i Bcthdputofiofeysencyf ofohneﬁlker hcs«thanged cui 120360,

o el o il b tdé";ﬁ“ﬁ"‘*’ﬁ” Msg enggmu doa e i ch

can be used i emde&»gdstﬂ)&uddmtdraﬁt 36b may B@ﬁﬁagr Lt @ﬁm‘ayse&&am ching or
short &si ng tdwell smm&ltfw ex4rBple, from a Eiginypm @mmls accadnpl i Shed

by neans of “ﬁx’r“%g‘eﬁgg ll%zngé 5 o ‘}“Fﬁ;?%’g EI&ZS “gt%iﬁ ?ve% ype well-

known in the, “tin ers % o any ons./
mul tipl exer scamhe mmieneof eﬁ:bbyxmmdwdimﬁlﬁpwxmmmmaﬁe&@ﬂteth&hsane val uer

Equat i ¥n (D)sam dite progesping Systpatid ip.ghown in Fig %r&t@egﬁa t vaPues fof
R C T, thdic 8@ amﬁm&ﬁ@“ o it “8%\‘?‘1‘ Figtgnife by changi ng
‘the dwell. I'f of%ﬁmn RhaBel- kel tydieede [thd O @

one-m | li seommblmamphyedem she6ﬁulﬁchmnelr wmompmﬁwgsmmgm idwel | tine is
set by3%t he 'wep!t lweh a%%fsh r?fﬂs@f&ﬁ’d“ﬁ’é g B texege utputTy ni 4l |y, the

acqui siti on fﬁzﬁhﬁ 2oy be

progr amed tcﬁbepdfolﬂ n, by ﬂﬁs etdvﬁE&mieaml agof f or exanpl e,

froma mni rfumedwhdbe@ﬂ)u@edrwenwemin ' 25 maxi num dwel I - as set
by t he#scan t| i@rﬁg} s i ,ES %%@clﬁﬂggﬁ allﬁ“i""égg‘:’é sQ%"‘E‘;?é‘wp OThus,
the cutoff fihg wﬂ?‘glp Ap R t@%{g ‘,’bﬁuﬁéﬁnp gme Sal ue over a
range of nea!’oh-jhvﬁﬁn m his- tobafiphifier GR0’csophetiyd e giohsd. | SiFaé budh Cin

mul ti pl exer -mshes eﬁneﬂmsmiai,lmnetronﬁ batgfoundsmest!ﬂ a'hcret%ra, proc ssi ng
systen45descrq‘ R@%@?ﬁffs eﬁﬂg fg?ﬂ iﬁaﬁﬁl@gezfl and 16
are in many ghad Sekibibd 254 plid 80 phoferred iﬁfmﬁ be i mi¢ed

only to the ush éffelser eper lMeeazot' hlﬁﬁata‘s\m seriidu€ tésigs limitdtiensimpdsed mpor t ant
f eat ur e of yithe Z%\%ﬁ"@h heh—mpneme@mwm@éqre?@p Qﬁy‘i!&"@ &4 whisk ixviess i pl Sée :
35 ¥

enpl oy i n *@b‘mlf&:hﬁmghse%%%&on%h& BIPCGS %Fﬁ‘yrgmfpﬁ s |

combi Nat i ON sidodslive BRSHED eosdatial by emt&tsomcena@m: 129 fe fat i plexer' s
output . 3@1&@@: saasgjintthe mmbemfl ededy gsittbre amiintigr voluine Sivupitd byesi st ors been
reduce but‘h"a}’e§i5° 2‘§° %Fsrﬁﬂ%% f Slenificpneg in theg beﬁgl reduced
by a 13t or “BFRFES LR s nglﬁhgssystlﬂﬂ Rl L1 0

al tering t henveiidh,l so b Exsybiduiedyand axBusOref agt over a range

of nearly 8ito flglm#OW whlch is a blocFl et ltﬁeﬂet#;t}fqegt}:fl gteegflnegﬂéayoutgs;hﬂs preferable to
use a | Ow i t@ ;m st 315"

i o, o WW%am@m%mg RAR 0 e S
input. resistor to the i-nverting input of anplifier 320'. The non-inverti ng
input is to anplifier 320" connected to ground. Since both | nputs nust be
at the same potential, junction 333 is virtually at ground potenti al .
Therefore, 45 the filter of Figure 16 is the equivalent of the filter
of Fi gure 15 45 Accord| ngI Y, the |OW—I nput | npedance
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by the relatively high-input inpedance anplifier 320 of Figure 14 which is
| ess 50 desirabl e.

50 I't was found that the use of a commn resistor 315" (or-140-in Figure 5)
whi ch successively beconmes connected by ‘swi t ches. 316 to capacitors 123’
results i.n a considerable saving in the nunber of needed resistors and in
the vol ume occupi ed by the resistors.and capacitors. These advanta re
of particular significance in the 55 m niaturized system need &¥or

t he purposes of th| S |nvent|on 1550701 55. At th| S p0| nt 3of t he
descri pti a0 o - :

gener al aspect sthypsghd widgbapd deta nsdnerei Heg 191é# to Fi gure
17 M|Qn|saboﬁ$'wﬁg?gz’£feﬁp& ‘%ﬁ@?ﬁgﬁﬁ o 1m 30f the
mul t i*channel Sejs3yaichi conpri Ses the cen ra statlon 2 and a
plurality %0 Eth tresivgrainizdil isrshdwa to hdcluéethé.inte,tro tistand enot ef y

from “central % ¢aten 114. E“hfwml‘g:%ﬁ lgm g:ﬁ% i %ﬁ?ou;telg%onnect ed in
series to'the c %ﬁlc recalledfromtheaboved scription Elem
1, 550, 701 seismic sensor units 21, 217, l" are coupled to input chagdelst 1052 U@, W0 Qand data -
transm ssi®n | nhkrs btﬁgﬁggwgﬂlmwang:r mtoersru anmonm@tfsjrmlca;h _t@leGac@@%n 10
correspondi ng t# %"rﬁ;ﬁ % & thah 4O of mare ns |{pclygd D3 and
| P1, 1P2, IP3, idm gglvg SEthrared” Wlﬁa ﬁmatgese rg%;cable _
section as descri [Refer@lgié®.to Figure 18 wherein E&ﬁiﬁoetv&aﬂaﬁewei wmutgretﬂei i s shown
to includd the é%r:wb a?bmrvhmtlv\tpﬂk ig Joenmgetell 6 aqsepergre liﬁ.t:-rt amEach 15

repeater 114 in L %" °‘1P %tghmf‘tz’g’mtfwcf%‘ ;I;Qrge'

such channel s agg
may be. used |neqanamhmaelozascuanhé1 is abalwdsedh \ﬁmudasarl ptlon

El enent al 2&ei srrm@an%?se;%mmed tQEfOUle The 2attiplexes’s @mgtpliedontl@tedrﬂpmghchanml s
1022, 1022’ 10% s o8 a4 .esﬂ,'@l YA @é@t?ﬁabggﬂm@e such
sensor units in 8, 158 Gads RUC &ieer for O PPERAF L™ 5o that 50
or nore such ca Ie’msemttpxmns ampli:ﬂeu ezmﬁbpned twothe sampieuanﬂdlblalcuehtemmt al -

sei snic s&hsor Hh‘FIth pasites 184fa gl of whith fsrin or ma2s on.
Referring now t o fﬁlt)s W‘iﬁ% still
greater 15 a 8 enl Bed Separate
pr earrpl i f] er antwo czrcults 10445an&a050a'§ﬂe s‘ambhmp:‘hﬁsﬂﬁold/\hrcmhmss mclmdqtslaeaehetso an | nput

term nal thes -
Mul ti k.exer 122} el (%g ﬁggi’gm eﬂé ‘@d_h%@ neI s are
laa@dv i

shovvn but fourmﬁa @Dmmyar ch. is a&ea 022.
Channel Cg i s térmjunction with Hignee|37. Channel CO | ncl udes a 20 capaci tor
1043 conngct ed &gﬁ%ﬁ br:ngcan g:nn;ff:? hrou@h 20
the comon seri gayk&S b Ratd 5@;81‘“ ﬂ&ick beCapacr tors
123, nultipl exegd;u‘sea t@.ﬂﬁa;ﬁé; 5@0% ggtg;t;g&hgﬁ - e tiistche be clilcizine ]
above- desgy i bedbynswitdhes € ap i am@a!fgmg amplifepr eac
channel . The ou g]r‘?ﬁﬁc‘i’ﬁﬁié? BHeALT F%“‘"ab“o‘t%é'él cpriunction ?ﬁ’nﬁiglé‘e%tﬁ%i hol 44

circuit 1044 25 The odm,tghtﬂermﬁabydg&ﬁngﬁﬁr fie® Whstem1240¢ pﬁgujtoams_hunt
capaci tor 1046 axalot-tosﬁgmhmmenes 126 Mgwﬁrm&m 126 ad?q})@tsah)(mm descri bed

arr angenepd P“% W@g kA FREFes df ¢ tbm 1y pmbey !eovmargct ed Lo

another <ampl e- afmrm el T R 0 i R 5043 The

buf fer anplifi ebinabp 43 n&&ﬁrhlté‘- o Ipﬁlaal addeon &tfwaa@ gt pHaset

circuits 1044 a I‘BBIDISBW sqga(t”ele g@ @m!mm%%ggg{zdfl udes a

series. 30 gﬂ# % ki to ground.

The out put of cwoceui,, ?ﬁ% up?r s&“t%o t gﬁ%%naty ‘gai nes?ra%‘b ng%'

anplifier system IDs&. u faregdns cnhaMeinoﬁs()Aétworks o eaerhazrmedxve(:&n il

conj unctlon WI t}ﬂ‘-t o % igeptiglisr gi3es rlaqmen 1%%1 tef;evessala DC- of f set
101

§'f==

renoval n ueﬁjggﬁfﬁm iﬁe" 1o j ungtion
w th Figure 37 ller 1019 in the c lﬁdﬂ@& it ohea Mgk E&s itd | se 5

conpri ses four followgdiby anpinbd’rldrnasbragszSpulseQBm@hnmha&naqphl Wi rtbe 124a

124b, 124c.and @E‘W‘l ng B ‘E’&é n£yels FeMigt normal |y
has a | ovgggai n s?“%}@,m 'ﬁ, hgvi sgt‘:";? 2ty ‘adj ustggl to
obt ai n a di scr edey hing) ho2gaWhers p a&ewdrﬁrdcteawho naﬂ:dc laendeasnpﬁwa;ﬁsﬁm be ‘done
by switches 10%@nt@mpuk©5®chmm3ﬂ®5moﬂﬁﬁé2 mlmétmrenmum@hg

anplifier 40 122 tges;ggggg%m emqgegrﬁ%%:gmgr d@%jﬁ‘g ow, in
conj unctign wit OWRe S Qa,&ﬁlmeo 03 d1al Yes

gain-ranging anplifier system 124 is applled to t he anal og-to-digita
converter 126. Anal og-to-digital converter 126 -accepts a gain- condi ti oned
anal og signal sanple and converts it into a binary nunber in a non- 45
return-to-zero pul se code. The output of converter 126 is fed to the
tenporary 45 output storage reglster and code converter 128 dee
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above in conjunction with Figure 5. The timng functions of the various
networks in each transceiver unit 111 are controlled by the controller 132,
' ' se fromthe_ _

i nterrogation network 116 in series with the interroga- 55 tion link
1016, schematically illustrating link IP1, 1P2, |1P3, see above. A master
55 contgofyer 1019 in the central station 2 transmits over link 1016 the.
wi de S se, followed by a nunber of narrow S2 pul ses, within each scan
cycle. With the illustrated thirt nput channel s- and the one tegt -
channelﬁono—eea-n—e*d—e—mq-mv 3 ed by

thirteen S2 prohtspdler, lﬂtmmttahcebsﬂmg do 61@ next channel and Thalsoj tmnsmit 0gat i on -

network 116 mthe pro 10 del ay |\lee
s e R R e L

cont roI 5 SYNC tﬁbwﬂemﬂﬁﬁn&el@@mhit ohdheas uﬁiBillboAcgqubmdeﬁ to seset
mul ti pl exer V@dscmmm%t? Bty iy desigablgitin ArderDe-distingsisk therrpval and t he

transmi ssi on igm & $0R00 B2t vamta%ta%mi oBibac AR, Of the =

precedi ng scag.a b, smneﬁ 016a and 1 300Gket 16hg aad I OW S2
pul se, 10t semlis v | of eprapegstionl owetlibe?ﬁlet & bémawesecdnls/foot. mes 1014a 10
1. 550. 701 and. 1016a, thercfore, require a pulse travel time of (400 feetX]. 6Cgﬂq?sy.c@pqsér 132 to

advance mul t i%&xg’?m cpads.; Fe. Wﬁﬁfﬁomﬁﬁw t the data

fromthe precriog, Bigae1s, kadgustel fanRd pr opagat e _fhr ough del ay -1ine
1029 to_provide sufficient t| me -delay to _allow separation between the end
of a |lotal data word, as fromtrans k&P —nit 111a and théF)begl nnllr?g of
the data V\Drdwﬁanxsth@feﬁlﬁdf bt SHhQEMOIE B Wordl 8 Wl icliked o \SREL VEr UNI t,
such as unit ddchldnd \Wiecwmvel Qindnbfon md&oxfghmﬂasad;ﬂmmtlomranscel ver.
units is desMM@eﬂﬁlm ﬂteoméﬂﬁtiﬂﬂdllissh t her e- bet ween. As expl ai ned

'_T)

above, a phase-encoded dat 0 g@nds (billionths of a
Second) | ong. Lines 1016a ‘213 %fa %P?gglrogl% , are each 200 feet |ong and
10 - 20the The oprdn of aatezmgatmg,eeaclt reseeivern wndts 1§1sthibugh the 20
na"noseconds/fwa'h% a@“cﬁbﬁdahéfeitﬁl@aﬂ%ﬁ@t‘@ftﬁﬁé"m@&fﬁﬁ #® a pul se
travel time o QB%&@QPQQ&I bxfsqoio)rﬁé’fﬁle'b?e%ﬁé%ﬁnﬂﬁ The
desired gap Oparit déls. S [061€ Qrelthé te,cuitsseﬁ Uthel $igd BikEdna bIRO 10 10Sarelth® n
one-fou2ih th md’ Btto-ﬁgm fonﬂ@ bﬂtaneNBél ay 23 ne
1029, Fi'gure g@g;,g: gg@ m gggn; 6a.

[err] ' na:noseconds In the éxamp 1, bit 9. is assumed (:gghe 1 ength 0

t he phase- encmdmdleﬂaéZEM’sd S is the desired vvord separa- tion and T.is

e eigﬁé’ i igg%‘f%nﬁf %Q%g gﬁﬁm%g%é%w hs @

nanoseconds @famltio Nn d 6¥datal asChetweldl 84td @G@L, 1 Ny, each
transcei ver uthetsigd Jevelhremgigh attih@ TRE leaditg edgo gh thiedinst | bitndf al Gat-Eweord descrl bed
in gread®er det"@ﬁt WPSHbE th ELgures. 4§2throu BinSEe f utt her
bel ow. A dat a ms ,@tmg ﬁ)ﬁ’f’gfé te the
preanbl e, bi ta#rentSmﬁdtrur tlﬁto m<810a4 eNd Btiﬁé‘sedi&dSby |zEro9 is the

sign bit and bgnps!evgloF{fw @@SW@SWWZ& beginning ofi# |dstsav0rd;rtk¢rﬂ°anéﬂmg t odi gl tal

convert 8 120 e ALY Et%a%ﬁtw&aﬁ%% e g un, Fo-zero)

i'nterval is 5&qmmasned¢ndml pﬂhﬁtgehsmbe(b& Aifcr e2dingid).t At, rhthﬁd wbadathength i s

1, 000 nanosec the jogi tl‘t‘Ye1 g ddunanosstondsoand gh 9.0 _be a -bit,
whi le th2 rengn i el ﬁﬂm ’g“‘e zlﬁte‘rt‘,;l”s @L ea% 58, the data
are fornattedef: ‘b&g 1 Rs, e tbg,at ed in #

di agram 6b of Kenngh Ve T2, seE-atfoven ZERO b| t there S one 1 o ic- |evel
transition at_eag@Hs H’Fstra I“““ENE °‘h§’eb| t 9)),
there i $%a i ffg r’ﬁ’?ﬁ?i %&{gﬁlf ?‘Eo’ﬂ“’ of dita, as
bet ween dat a yedrd gﬁgj mlda& ﬁﬁr(ﬁ;mg ang edge of
the first bi tnwsaalyda@mpmrthb &% word, therehy Jtcrea ssb@mapoqnpimtvl ve- goi ng

pul se. Data arriving at a transceiver unit 111b, Fxgure 1 oded. NRZ
G2 vy anitm i e S il e a&gﬁéﬁﬁdw %
(return-to- zetodyerteni128 ®r @ Aohen-Ink data AdEIfirdnt Eeteived) 6068.f THe regatiefdiedMordCidl r ent  node
t ransnmi SSI on m’tl@ efart line| 106k f@@lﬁe dmidamtersloﬁﬁe@tssaema@dn jover dataer o | ogl c

| evel . fty 511151“

gﬁnow 0%8 (;net he l
ovel af L B R n.@em ahaéte fer '?ﬁ% SRS nga
posi tive-going | eadi ng edge 40 f or the first ta b|t ere nust be one

polarity transition, from-V to +V (or +Vto -V) at every bit-interval
boundary for a ZERO-bit. In addition, a ONE-bit requires a md-interval
pol arity change (bit 9 for exanple). At the end of a data word, the logic
| evel drops to -V for 75 nanoseconds and then ‘goes to zero. 45
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It is desirable that a self-clocking pul se code, such as that just
descri bed, be 50 used because the clocks 1108 in each transceiver
uni t—see Figu ! _ ' ' '
frequencies, are asynchronous relative to each other. In the absence of a
sel f-cl ocking pul se code, separate timng pul ses would necessarily
acconpany the data word, thereby increasing the system conplexity. Data
arriving ‘at a transceiver unit 111b, Figure 17, froma down-link tra 55
ceiver unitzllin will be received by q§§amrece|ver 1068 Frgure 18, i 33

repeater 1%# A o HaH-a—E

from storage reg “ﬁﬁ;@%ﬁfﬁd cgl’]‘;eﬁﬁ‘gfe 'H‘gig?‘?a?ﬁ@n@é%da%rd from
recei ver -1068. TRfubo SRBRhAKEONRR 65 RvelPR geﬁ‘eflat&vl@éo ki the data
transifitter 1066whxtloputpmamslinesnoz)ad:ewm ae dmodwaﬂlotapdith&oﬂam& up-link
transcei veP unit! th““tP“WfStW@lﬁt , Fewe 1% Fi ure 19, this fisgure

i I lustrates any Q_rbgslﬁ,ta mnﬁfﬁ%%@?ﬁ%ﬁ“m@ s d“?L-TaF‘qc y Y- det ai | .
Recor Fer 1068 1 soaal b gamin [ e & \eiadls HOdeio R dat;%’ ka%ﬁg:s%fhe
1, 550, 701 gap. between data words, when no polanty transmons o&&- atehel loaplt dFCOKT eat e

hyst eresi s9 Anpl I"l W@dw @®@ndigka, 10
recei ved over da m{;ord “zn eg gﬁﬁ‘g’e E{gmr QOVELES it to
sui tabl e phase- emmodeds hiRebel @@écﬁve ﬁ‘éb@deﬁer Qféeﬂ're%f hidﬁ??& OR gate
1102 whi ch _out puwith pes iriother. B!@@eexftdm@e c@mndnaﬁdnomdrka adncyl danitml ocal

dat a fromllsl ne 5dlst0r%?dda ur ermore,P%'ecause %4&1816 mwﬁﬂﬁ%}‘ﬁf W@‘ﬁﬂ) | st eks |

128, Figure 18. Accordmgly, 1t !S smtable to gmﬁ:f ésexbg% det eCtS a
zero crossi ng, MBdnSeeis \iR~dath i on

the first |ntharlmarﬁ rﬁelsezphr@md ht;léoca data synchr on| zer 1106 The
data dete or BRLE e}f&aﬂ?@éj@é%l’h“?fﬂ@de N

AR Yo e nﬁt&rg of o
10 gat e 110@3lawi defector: H%[Iﬁﬁhi [11% Groini da®d detdérorr M also-h%btﬁ,coﬁd'o

receives ly do iSYiearonizgr rds vvhr le |i ne 1103 recer ves ei t her :
| ocal or dBwn-1ip ‘ﬁ;’%‘; %ﬁgﬁ%& %k 090 inglydes %ge 18Heci se2580
MHz crystal osci 1d7¢,tma1grﬂ1 10 72N lreggm ltg-}zrscei ver
units.are free- r@qmrm@utbhﬂrs-ﬂqswohwzﬂmwm& O'Dlnkam"lﬁ'&erﬁ@tftha tBRClke of

noi se contgm nat {239) 7|20Wh@5the first bit pha dugh data
transmi ssion |i n £ m@g:) itive- s
di stogfed. Furt haﬁmroeﬂtd%§a0$letoo sing} @‘(ﬁ fii %8%’”9

at t entiat ed. Accom?b dividert 1074 mﬁﬂérab‘iwwilmraadmd 4 ﬂolMﬁﬂ(iloEleﬁﬂda%&tlﬁet he data

w

pul ses at gach t} Prs thal]!stmmutearlyr in Methlt te rregivegoing dati he dat a
pul ses at each t E}'@“@ 0791 e e bgikenr sty & wi tH the
| ocal clock. 20 Data detect J}":.ﬁ n S

phase encoded Nlﬁtsdmrd owdmd&l%n’l‘he ﬁrst ramat;b%i/dr?’a%%% ffif ne 1107
receives rgsynchﬁ‘t? | 472, \khe @hckhee é@ﬁ se!t St guwswwkrckmaﬁlsunder t?
control of a cony mhoslifs m@% e ths Rylies "ﬂ’éte or Hoa.
Li ne 1113 from dateau I Bth ra :fggiamémf

synchroni zer 110%-napecond interval, couifﬂa:elorne abtmraftﬁ el Pl rWlﬁhZﬁJhteﬂetV\Drk

2 ,
1000, | et udes |l B J‘}?ﬁgﬁﬁ %gﬁgfearmsfﬂée%%m DT e 0% e Aoy 1 1 491 .
flip-flop 1071 is rmazo xsetsétloﬂgmi m@mumm&u‘kofaﬁlaﬁmdohefeg-ymteﬁettl ng

the Q output of téﬂ? fﬁ@ 12@0711@5@'@ Dingiycipra fofindded & @bleee-ehedel so t hat
no clock gyl ses ? V@‘t‘ 3% gz&‘B s-tE"f (erblt: @05 Mhen tge
first®*bit of a angesa“m tme frrst

data pul se on | |bomdit:\‘z mtt&mla:omﬁiei hl‘éﬁimdxca riﬂﬂs ﬂid e'Sﬁe dlagramng from
ZERO to ONE. ThrE'm% yaﬂqeveregvitng esethwatr¢WSdéc¢omphe@ mm offl i p- rop

1071 to aseNE, t; nangsecondy jong, Krom °f41 @70 an
divi e 1054 Diiie 1@:%%1 aftn&.m %"s' %de& %

i ne
1109. The cl ock lﬁ,tdemdstdadiseussai atme.t nearly hase w.th the positive-goi ng
data 35 i of| Flsqf¢ etprelsﬁntspa trhlopwf B0 7QHz olotkr ansf er
the | ogi cépne atﬂ‘f‘%% {Fﬁ “da;? g%] 1 |
resynchroni zed cado@edpPNRZ q:)uls toktldfy | g%ﬁ ey s r 1072 to

test for the prdlsmd :ofdxaarmtzao\hmanetmmmedna"helﬂe&&edlihlesfater@t ofdpifadet | Ve- goi ng
pul se of a dat a bERIYBEetiGl o %;OS ngse 3 qg 1072 The cl ockline 1109
sends a gased 4Qs f‘ﬁ e a%ﬁ f%?‘g‘g‘@l ‘T‘P'i'goﬁg;unt ks
counts three cIock pul ses.’ Srnce t he pu ses oc ur e nanoseconds,
the threé counts occupy 75 nanoseconds, 25 nanoseconds nore than one bit
interval. If the counter is not reset by a positive-going data pulse within
t he 75-nanosecond interval, counter 1072 will tine out after three pul ses.
Vhen counter 1072 trnes out It sends a reset pul se over Irne 1114 to reset
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polarity changes at md-interval. A polarity reversal nmust occur at each
bit interval boundary. The bit interval boundaries are indicated by arrows
above the di agram The hit values are witten-between-the-arrows—A

conpl ete data word consists of twenty bit intervals and is therefore 1, 000
nanoseconds long. Fromthe diagram it 55 i's seen that there nust be

at one positive-going pulse within.any two bit intervals. It is upon
t hi g} ture that the operation of data detector 1104, Figure 19, depends
as d ~The - second qrsg‘g;(ﬁm 1202 of Fi gure 20 repr esent3§ a train
of . 80 M=z~ : e —B 0 Ry s s o ncom ng
data word th B@C ONE ODHEIS 1@) #qs 1%?.1 ?23

‘ “3%6%? o, Due
él bit ed qu oile ;zcode. DU-Q’ to

phase- encode Ee oia
noi se and di Shdlgui s@mzz%ell‘r di33RmOT20 QIG‘E;% msclb tusgaienm n di agr ani
1200 havve dehteuhr:@rmpﬁdnf ﬂﬁhﬁo mmsm/thd Quoitpe shra:gh lmrtllQZfas

unsymuet r i capdge ReA8eof r‘\‘en%f EFB@S"“ d"é?rb‘t l°‘tg osr tive-goi ng
transition 1?%3% ga tines 11 g% ;ﬁ?‘l &I ocks the Q
out put of fl b&vé‘r Fftoﬁﬁ has-encoded RZ data for trans-

1, 550, T@1 missior3 4o 'ﬂ’rcendxo pran)’dEnsgqueﬂ me Q@iﬁtﬁeatlseg &iv edgmabise si thal 1222

to divider Ehﬁ’g% he next 80
Mtz cl ock pugg' ?%%"’%"ﬁg fﬂalﬁ?%h%es@ﬁm% a%g bit edge

1220, will 1 72 ill seh milde Q232 ﬁués&eﬂzﬁewmmemnter mnMg di agr am
1208. @ ock mdltgé:sablgmnso*t@cmt he-

5 input of f Figure, 49, theleadln
5 edge 1228, l.‘ﬂ?x& “&éﬁﬁvﬁ%a‘ Wa&%}’ @%@&JE%% he long 2

a | ogic ONE Erequedce S@ﬂbonaﬂs Imefasbljl, Mﬁkmndurﬂeﬁﬂ&o& trargmissiant iscwidildde si gnal

1230, 8Re tim ﬂm using 3o treceipean 40684 Veligeroges. The dat a
bits onllnel’i"%zzE % g ﬁ‘,"{; Qﬁ@m data to
phase- encode ﬁs(le{ :ﬁe ﬁﬁﬁ iver 106@:8@ bfOlotsesCinNdgt 1idkp- | i NK

transcei ver uom4tbetw9me;adehaxaﬁscex&tmﬁussung brt edge has 10 been
resyncifoni zed, Tp tpeovk g 'reg;%5nerate _
the remi i nESERER e laas mzmamrmm «?ﬁ% e
t hrough |ine awliﬁnsmrszero for «

three 40 M—Izlmlsmclwwoswtht ecveli@ﬂ@glmmw l(génd%n‘;&“wnse 1232_to reset

flip-fi%8p 1071, Teebases 78a and 1086.
Transh ﬂﬁ.ﬁ;ﬁ%ﬁlﬁe gésaecw&"& ﬁa:f‘ﬁh‘lr;currentv‘

15 Transmtt o
converter 10 §&osa Rddistos 1bﬁZ~ahdaid?meﬁ vélf)?ﬂtputT\oMgelsmmb W—¥gnd data over
a transnissi em (Vniy). Morasthacmmuzhdbmm resgsioes. il e zgspecIBUl d be AC in
hature with no |ow frequency GORDOARRLS, ‘h erably, constant curgent node
transm¥sionjs utilized 20 i o avord t hecessity for using w de
dynam c-range receivers 1066,,-%@9 dm&ses/né_’(!) per unit length of the
data link 1014 cause severe signal Oonstant current node
transni ssi on WP‘P‘P‘}SFHVPH& ma%ﬂﬂg‘%ﬁp’ﬁgﬁ ‘'voltage 'l evel s at the
terminat- ing resistor 1150 at- t haa,|1st,.,0f recer ver 1068, regardl ess of
| osses 40n datwhich ciakged ®14 bet ween adj acent transceiver units 111. 280
To provide constant current node tH&rshlidssion, the phase-encoded data words
Qe

v Tkt sl e LSS Sl et
a al
out puts 1075a Wlaﬁ@?c&ﬂdmon.mssesimrasmwm Iiwabr t\/wndorﬂthlmpedpﬂﬁe sanme val ue

R and 4% ansi %@r ffeq]! mg’&ﬂ?ﬂgﬂi 1o “e?;%‘fﬁ%:qnf}?“ ogi ¥ gat e

1075 to const is converted t AP Sctdh o fcaRad 36797 s 1078a ahd
1078b are set rﬁ@ltﬁ@oﬁte abled Y fa] pdle Itﬂ@u@qlniﬂ 11123&-wtta: 107¢a: ZERO state of
| ogi c gat e oubxpentd 16 G7iEge ¥n Fod Giblirity, Tthe switch 4677y dsl @1 RO st ate
depends’Qpon & rEetof 4c Rf‘w&@b d‘i @hgegrgg % orIﬁGT ﬁoear thg =
across resi st 7(' w co é‘cted t@ t;e vol t age
states ([err ]]}m@ﬁﬂ ﬁrssvitah, toT\nelve sOdqal té e QNE k@@tof totnpmrgWSt el t wo

resi st or S W |1075be thue syaing sisg®s 1078a and- 1078b. The current in transmlsslon

35 or [&tr %“86?‘?  converting the bip |t 10P% be5;e ual to
LR rggfo@@a S AT TR oo
40 [err] for a Im heﬁvaanﬁxed bridy21{ cemnrali statian . iskdesFal eceivEr Since [err]

and [err ar dO%mthQVwmeeWﬁmc‘dﬁMﬂEiﬁé ‘%; WI Il be
otie >4,
a

[err] i t c 511 <) ata®%re in
poI ar R;rgsﬁrerﬁ undrf"tl)lde gﬁh@:ﬁ)w Fﬁﬂi sd

{a mord a low-
frequency conmponent woul d result, because of the tine constants 45 of
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enbodi nent of the invention, reference is made to Figures 23 through 35.
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Attention is directed to the dashed Iine seismc path 2083, in Figure 23,
whi ch neets the dipping plane 2082 at point 2083'. In the case of a plane
whi ch di ps downward' away fromthe direction. of . travel of the shi p, using
the geometry of Figure 23, the resultant+séi*snic signal detected at sensor
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the opposite direction: This will be devel oped in greater detail inMT )
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information as they are erratic or distorted in phase and have ot her

anonal i es. 45 The charts of Figure 24 and 25 represent in sone
detail the problens 45 encountered with fixed, unsteered arrays
of the type disclosed in some of the publica- tions nentioned above. More
specifically, Figure 26 shows a 26-el enment array using uniform wei ght.i-ng- of
the sengop)i nputs and variabl e spacing. The overall length of the array i-s
210 50 feet, and the spaC| ng is given by the fol | owi ng ‘nuneri cal
\-Il_(;ﬂlUES' 0 [erlr]8 14 : 50.+1195507@15 ,[err]38 , 44', 52 6:'} e
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28. ‘I n accordance WI one |rrportant aspect of the enbodi nent present]|y
expl ai ne% a lar of sepporgpry: ?@1 P@%rrred along the length of %s

sei smc Cabl e, a% ﬁ@rggfnga“‘m" §f arrays is individually

directabl e, so as-iI@n: feﬂeéﬁdhgmﬁel smc reflections - 20° reflect ed from
di stinct, predet eﬁﬁmed sh@cﬁfeﬂept ed ediqotin wivesdngttepathi n_under ‘survey. This
may be acconpl i stedTHy °fWW&F“PW@‘F%FFE‘?TV‘F?%’%&“‘&‘CI"é?’"g@’ehﬁ‘ﬁﬁ\ﬁ? 2f seismic ®
signal s fgom eﬂn%%,al sei-sm c sensor units spaced along the cable. sghen, a
| ar ge number, perhaps 30, 50 or nore skfays are establi shed(cat 30, 50 or
nore spaced polnnhesge@&tryofFlgureaﬂ,ong the cable fromthe signal s picked up by
the elemental sensor units. These arrays 25 which are spaced along the

cable are directed to segnsg Sejqdm &RSI gnal & £ r/,pmvael ect@d depths al ong
adj acent vertical lines of the geophysical area under survey. Th| S
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ori gi nat 659 freg‘;;}sg};ﬁ%gceﬁ dn? ‘ﬁ'guo ﬁssgeﬁgg#kgﬁ%&q%@%e the sseismc-
signals from adjacent 30 verti=eal-vitf nes are conbl ned(Jlo produce a
Cross sectionor a conposite geophz |ca2I 30 survey of the gerral n under
study. In providing the proper amolmt-of del ay between sighdls from

adj acent el enental sensor units formng an array, it is inportant to
determne the differences in tinme of arrival of seismc signals to the

adj acent el enental sensor units Figure 29 and the 35 - follow ng

mat hemati cal anal ysis indicate how this delay may be calculated. In 35
F| gure 29 a selsmc |rrpul se from the shot p0| nt 2116 |s reflected from
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relative to the plane 2118. For purposes of mathematical analysis, the
followng definitions shall obtain: x-D stance of sensor array from

shot - poi nt 45 v-Velocity of propagation of seismc wave B
45 d-Depth of reflecting boundary s-Leg of path of reflected signal t-Tine
of ‘transm ssion of reflected seismc wave along the path [err]-Tinme of

transm ssion of reflected vertical .seisnic wave over distance 2d 50 ~In
gener al , : -. '

50 s=vt . n the geonetry of Figure 29, [err]
(H) ‘qprr] (I\ 97{ -. ' .,- . .- ?4 at_t
and to are rell‘&lweti'orbyquam Moll owi ng 55 expressi on: -

5 [err] : (J) or/ijer 1 _ ) ' (K - 41
1, 55%'/701 & [ 41 Now, from equation (1),
[err] and the®fef ¢ [err] 5 Now substituting from equation (K)

dt
into equation (M vyields: d— — 5 Jerr] ( If we assune:
x=6¢ 000 feet v= 7,000 feet/sec 10. v/« «vf =1. 000 sec, EM)
10 an elsgnment a}oﬁ%mﬁngg%tealﬁg&c(wgl@ém%& AMBGleias Ve can soI ve for dt 5a

follows: x . 76,000 dt=dx------=20-"-"----------- =2.45 m |l iseconds
(0) [err] [err] which r%rJaSE%ghf:des%ed del-ay b(meen el enent al
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20 (Figure 29) will decrease fogog0exi mum response and maxi mum

signal -to-noi se rati odf—dz-e—ﬁ—gaﬁ-e—ae-ﬂ-s-—a—pPaZ%fmxﬂlSMSe(Obrsus dip angle
which is useful for.conparV%on wi {009 §8®s 24 and 25. For Figure 30, the
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t he*dept h corresﬂ%ﬁﬂ’ﬂ’ﬁ@"{@gﬂrﬁé%P%wweﬂ%ﬂrthe time of 25 the shot
to the time of reception of seigmc refjiections. Thus, for exanple, with
ref erence to Figure 23, o Wt Eko D i-essand! 60=dilY ecting (Phe array

| octt ed at poi nt 2066 to recei Ve nmaxi mMh energy fromthe ocean floor 2058

al ong path 2065 b 3 3 mcregrs,ereﬂaa&rgw@mra%lg&i 3000, noul d e
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sei simi ¢ sensorg, ﬁp%vgf %ﬂl ong the
cable. Fi gure@.@mr&p Qfiee&te r@e@gdr gentered at a
poi nt | od%t ed h@sizontal plant, s@Ohih flepdit oc&mapmdtnbeo mme fromm the" firgobfi Ng" 25N a
direction cor rggggﬁqf %ﬂe A wm";'fé co t;f'gr ng, (hhu, for %f;rm?l?a‘f’“hof reflected
sei smi c Si gnalzsed fiiaheids Onaki ﬁﬁ S §zgg§ ﬁg% S8 Nel ocity plot
2110 ([err]) QlflethUlhi@r pdint lﬁl‘tﬁhej ﬁletahh!;SZdGm o wo Wwidwafdlygure 25. I n -

Fi gure 38 as tpmecgi fr@ﬂ!ﬂ&?ﬂfdcezgﬁﬂ aiqqepatbé%n"ﬁes change bditeptiop coulddent B4 i ed by

100 compli n |
Xt Seagrr i nst :i;éb%és ig? ﬁg array g’%ﬁiﬁ‘é’%ﬁgﬁ?nﬁeceﬁn@g%ger g/cf regm

hor gzont al ocrqiresé the re&mtmdﬁﬁ yeaaibletarey & at ocdeal roduce
refl ect et si g %g f% fromathe m-pomt, and “looking” in a &reﬁ?)ﬂortespm P

ed time for the arrival of reflected seismic signals equal to 1.000 second. It is
based on the low velocxty plot 2110 (Vy) of Figure 28, and is thus fully comparable
< . with Figure 25. In Figure 30, as in Figures 24 and 25, the response at 200 Hz is
identified by x’s, at 100 Hz by -+, at 50 Hz by tnangles and at 20 Hz by circles.
40 At each instant in time, the array is directed to receive enmergy from a horizontal 40
geological layer boundary at the proper depth to produce reflected signals at the
sensor units. Accordingly, unlike the arrangement of Figures 24 and 25, the plot of -
Figure 30 shows maximum response at all frequencies at a dip angle of 0°, corres-
ponding to the central line 2128 in Figure 30. Note further that the response at each
45 frequency, including the plot 2130 of the highest frequency, 200 Hz, is substantially 45
symmetrical about line 2128. Thus, for negative dip angles, the 200 Hz response
carve hits —40 db at about 22° as indicated by point 2132, and for pesitive dip
angles the intercept is about 28° as indicated by pomt 2134, Further, the loss of




sensor units. Accordingly, unlike the arrangenent of Figures 24 and 25, the
pl ot of Figure 30 shows maxi num response at all frequencies at a dip angle
of [err]. corres- ponding to the central line 2128 in Figure 30. Note
further that the response at each 45 frequency, including the plot 2130
of the highest frequency, 200 Hz, is substantially 45 symetrical about
l'ine leig:iﬁds for negative dip angles, t.he 200 Hz response curve hits

%

-40 db at{sgbgut [err] as indicated by point 2132, and for positive dip
angles th ntercept is about [err] @§5df3§i' cated by point 2134. Furt‘Ber
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acconpl i shed by processor 2192. Alternatively, normal noveout correction
may be acconplished within beam steerer 2184, see below As disclosed and
di scussed above in greater detail, the cable 2152 of Figure 60 31 may

i ncl ude, as shown in Figure 32, a‘series.of data transceiver units within
con- .60 nector nodul es 2164a, 2164b, 2164c, -ﬁ}, . 2164n, so that Figure 32
corresponds, in essence, to the upper portion of Figure 17, but is
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associate it vvmddmghemmlmez;l Figares2ii Goformhinnwithi ragurd Ehﬁeaeiraimmydata from

processor 2214“‘?@‘“& °c grisgyy signals fropp the 1%11 11 in Figure
21) wherggis i S %’I@%&gfﬂﬁmﬁm sdﬁy fuengg in
accordance V\ntmem s,CeBmEJcﬂlfedCab&vGUInbd K (1037' in
Figure 21). Frd&m ddsneedrerm mzr @Q@& arg heteséusmtbe laniyofommh&l S
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35. The rsgnapplpa,g,dgép
application of oEdleSsdImnc alahanakm npleschtapray e scbwdaexh oipeil 11& Indgistass 2@Dscussed i n

nmor e det ai l ab 66%%5 é'd%??’?éﬂn Cﬂe’éﬁﬂf Q‘% 1“““‘8 thegr r ay
t£ Fr

former 2178 |s lgﬁ‘%’, g‘glh 1 Fi gure
21). 40 ghSSOCiitu vuetlbe SEQE ond 4 ﬂ:gleleﬁ: ﬁléthé’oﬁ){m@ﬁ erkRad- @0ty
menory 2226, Cengyeswi chahdjficrent weighning ofl @8mic cafﬁmadmzrecchmtll on with

regard to the d%%saregif E:G‘ﬁ’dtfmrfé%‘? %gﬁ gi %ﬁ?f%@zaégﬁ‘ %%E%‘F@Yfromthe
60 et ot a1 SRty SN S TRt et Sead-onl y
menory 2226. Thf igak RAYOS ¢dhied, RBindioded VB Figufe(B1, 4 Beal time pleRDTS0Guaydst abks sh an
array such as that shown in Figure 27. This woul d be a ten- 45 el enent
array with tapered weighting coefficients, as descri bed above.

Incidentally, the desired array weighting coefficients are entered into the
array former 2178, specifically into the read-only nenory 2228, see nenory
1055 of Figure 21 In form ng the conbl nati ons of sel sm c vaI ues needed to
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55 provided for timely outputting of the seismic data from menory
2222. The suns 55 of the seism c data naking up each array are stored

tenoporarily in registers 2240 and 2242 (106 65b in Figure 21).
Incidentally, the dual channels including the multiplier 2230, the adder —

2234 and the register 2240, and the nmultiplier 2232, the adder 2236 and -
regi step~2242 are enpl oyed to accommodat e <over| appi ng arrays 60 '
i ncl udi e use of seismic data froma single elemental sensor unit in
t wo dlffg “ent 60 arrays, vvltho1 b al different weighting of semsmc
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to be reerctéﬁ% ; Epys LReih 2302 4o geiRf, fei sm C
section corre 1 Oql, e%z 3&@ ﬁgg ?}TO st eer the
arrays, the de Pl Bmflﬁch dﬂehelda |st QiS5 £ sdn& Or mati on

whi ch ar4s bei mepltgiigirbireexd nmbst sthred mh&tn e§§4 viaF Phelne cyabes of
forming array (rigure 35, 3‘1‘43 éEFC@  the

one-milli seco Ll From fff’sé’edﬁ rrﬁg ﬁm&‘éﬁ%ﬁ‘ sel ect or -
2260, Figure 3ike 14 bitigD IhdidRa hes. Darige scal e
menory 2854 taa@utqsmmiemmwmm S@eclemeb @aesaonﬁmmeh@ch chsannel® -
properly del ays@%tmn%‘@sé ({?”é{; i @W‘E s 5 ?“F %ﬂ gﬁ%} finel s. The
nature of the Wzgp ewu% uﬁéé{gm evek, gl gphsi dered 35
fromcertain airhinge famaemérsaltommmmsecbxﬂar tyestunding) suthplesfivthceacd  Oper at i oh.
35 Wth ¥efer elﬁc!h;e §Q9 ﬂﬁls'gle rseﬂS@ . girediyl merosy 5&e'ﬁm$ ﬂetwm th ecorsdi ng
vehicle 10 is %’Eﬁ;g& AT % “gmfe 2056
extends to th t0112 sel Sm.Cc Sensor units

(each including &R A A E 6 RwSthe bRGAT L FiALe Bbnshignglh of
the. cable are :ﬁ:acmnm mﬁgﬁﬁd&hmeéﬁfe femo lg%ngﬁgféﬁermfuﬁ e 2056 The
first eight seoigsdrareysibydghe lies A3dd2316 andléSIBlwlmh exteind élagowysecasnhnn are shown

in Figure 35 é%emQWI ? ﬁggﬁ fﬂ?ﬁ% Qﬁ% @n%’s units Nos.
251 through 2ZF a5 Eh e fnsé’ﬁl"méﬁ i v o L8 8, and-the
final sensor units NOs. 491 through 500 are shown extend| ng from point 2310
to point 2312. Each of the dots shown in Figure 35 in the matrix 2254’
represents a 45 multidigit binary nunber stored in the |arge scale

menory 2254 of Figure 34. In 45 matri x 2254" of Figure 35, data received
from speC| f ic channel s | s I ocat ed beI ow the assom at ed nunbered sensor.
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menory 2254 and new up-to-date information is inserted. However, a tine

"w ndow' or tine frane interval of 128 mlliseconds, corresponding to 128
sanpl es fromeach 55 .. Selsm c-S s j
menory 2254. This pernmits the com 55 bi:nation in array fornmer 2184 of
seismc data fromsensor units to be included in an array, wth the
perm ssi bl e displacement in time of reception of the sanples being

128 nmill49seconds. To give a specific exanple of how the system of Filgate 34

functions- %Q prac- 60 tide, the dj .ﬁ,rlnof Flgure 35 |dent|f|es jshe
menory | o w-ﬁg—gg‘%ﬁ;ﬁ& res—314,
2316 and 2318 whi 'I[F“‘e %ﬁgﬁg@{ rf{lﬁ%’g@%o f‘r Rding i &Eatlon ar ea
desi gnat ed 2254aa,ac£rf§7%haehaeof ition] YAS Gme 't 6 @dumed hoBeeqhal td dhdes si gnal s

from*ei ght sens eondankls (ei%ﬂiéhelbdﬂgloﬂd)ﬂﬂlgfeéﬂ'p’ee&c&ﬂﬁ:s{n amesbaing dkn Figure
27. between sensor units is equal to 20 feet in the present §1@s g .5
.C 4 d
@?:i;

15,1 oo« RGN Esl e
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unit No. 251 |st11r'a1k1eﬁ62atand1®e array represeqrel by ki L?él&smqludw@n@ewnd%sm second

array si gfal isthyomg ﬁﬁsf-{"‘@ﬁtaggg%e sepEd By fig 2316 sanpat-adistapce of %ﬁqual 30

tarts ar a.

1. 002 seconds. §°‘” e&rm Qfot_ argy@%ﬁntedgg'lm out253, S
taken at tine tmeswa Sanll rﬁmmy d:q\dﬂs uonotsecomcf ei ght
units thu

$ sanp[Tbeldegired MQ eertcmndéqrs:hmm -2314, i.e.
up to the®258t hﬁﬁ‘g‘“ﬁ{)@z@ﬂ m = ese d@ﬁgﬁ]ﬁ nds. 2¥hese
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268. The gtray arrrsrﬁémze z ar@dngesed 100 feet
20 fromt%e sho:ﬁﬁ Eﬂl%;lﬁ el 1&%@ E}m q‘ga%%ﬂ?‘,%ﬁarts At a
di stance of 6,2 fromthe ot p0| I ng Tormu t for these
two arrays turnﬁgogtcou@e,b@l m@&fmcétﬁl’i@rerﬁﬂ #rrassemwm

assum ng tjnme t B ‘EEP s
arereroh M o SRR s R R ““aﬁﬁ?%f ng®o

line 2316 produexraSOftrhecﬂa&rrmepaaoEagrreﬂa uoﬁebvaild W atde ndieSshillow anglt@a? 316 as for
the 25 array ofhotemehezemr Oﬂ—@ﬂ/@%‘@raﬂdtw& t@rqffasquqetﬁrwéim nigre delane 2318 has

a sufficiggtly [FEess g dumnds, %Eggﬁ% g cpmlinedy 1o addiion 5y 1 e
fourth el enent Q, na,grgy,eﬂéﬂ&e rgedaé@ﬂm&ﬁgegespondr ng

to a tine t "equad mne nkarORrialCipeidbace ¢m§:tee&dys.o"Froﬂa D thetiodd dndpsint, N t he case
of arrays corre%eﬁwwhe@xmswé@tgslinteawdonzstlteetolwmstorm Simtarly, the
si xth and ei ghth sanpl es are taken. Yat_él. n?s of 1.013 and 1.0}8 seconds, 30
respeetively, instead of at 1.012 and 17 "8econds, respectiVely, for the
arrays coPes- ponding to |iVes2R14YEng-+E3L&*2Lhi.s increase in the 50
requi red del ay between sanples which ar €, pei ng conbi ned to praduce in-phase
summatki on woul d, of course, be expetf:e’d | i*fhe case of arrays™”nore renote
from the shot - pahdtia YANHE i abhy bafpleCiomP the JB array outp@ng Lo 4, t¥5F,.Qf, id he incident
sei smi ¢ waves. Mmpbf Kr"aﬂldu phaﬁmratmh,mthra credsmm thh elope BBullipliadit h of t he

cabl e the storel ‘§%? e e sucgﬂa%{ﬁe fth f#rrrul a
(0). OF colrse, g éntaﬁrif)z% ﬁ%‘% 1 31 ag&' ﬁ Fxg@x&?%éeﬁdaﬂ& hng t

first few sensokssuits tefat GheOsiehstz Sihd tthig) ausudiptiveD il h emae&eshwtng signal s
al ong paths orlm&ed very 40 nearl y. perp end| cul arI tg the cable and -

t heref ore woul d not® implementa o 0 1o
conbi ned. tn t hiuolH su%«%faﬁhs oY S@%S‘gms e c°£mf’ﬁ'f &EEQE e cabl e,

t he i ncom ng reflectlons woul d be at a nore shallow angle than those at the

center of the cable and will therefore require significantly nore del ay
bet ween adj acent channels, as the signal information is being conbined. In
addition, 45 the required del ays between channels will change with

t|rre and WI|| be reduced wrth 45 |ncreased t|rre as reflectlons corre from
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wherein [err] is an array sanple fromthe Jth array output at time t, [err]
Is a sanple from[err] input channel at tine t, with t increasing by the
slope z multiplied by the sanple nunbher m and [err] is the Jerr} —
coefficient applied to an input channel 55 . for [err] array output.
Equation (Q above is limted to short arrays, such as the eight- 55

el ement—arrays indicated by lines 2314, 2316 and 2318 in Figure 35, as

i X} Q assunes that the slope z is constant, and-this assunptlon S

only vakfd for short arrays In tlrggb.;a(arrple of the corrputer i npl egent ati on
of equali<c - = 3 -- HHE-6€ o‘P ghRet—oOout put s
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ta| | ored 15 mnauyt(ﬂmtdhme a&peted pdnn ooof:thaehustmcompul:tecﬁroryrhoumdlel a better

"1 ook" 24t t hegedlagicaldio may 1o di t #onal
205 wor il B ER .,%%? G bt Tl (P20
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behind it Acedadom fgo mmmchdelemeidra@mrmyt ﬂilngme thsSoW(tuh’at t heir
directi¥n of cprepmoRddy ﬂ%i‘ tjve, fay, Lo shfting line £310,40wp % own\%%rd and
poi i ng i nc S 5¢ AT, T LIRE Al SRS Lt ot il e oot "
reflections emeesddmp&enf Eri6He EFRET the Qerhed @iptha lOf dm;zzﬁrmlarly, In
connect | on vmvtohldlmotosbumegsgq inydapacity toraccommpdatyj the larep drlase i gi nat e .at

ei ther ¥nd ofﬂ“t H'%ﬁ%?f EIFFH “"'Eﬁmn’éa?dd’(“ﬂ’e t?nﬁﬁ?ef"mtaﬁ‘é‘ FPas ar & again
directed i ni t*f8T e ecte o] nts t the seismc
| mpul se fromcﬂ?ed?témgflg?m?aﬁ lsiiw“gﬁl‘éé@d"gég été%gekgﬁéﬁt al so be
noted, ‘Wi th rggar mmtee@ﬂhnatb@rsrgmpmh%ﬁy the elamentdh adisntihi s rr(ﬁy be
accorrpl403hed senisdr wti®si red, withi n the beam st eerer 2184 i nst ead of i

processor 2192. Fiﬁhasbett%' lmd °lWe'1°e F‘Q?thﬁ 34 and 35,
by sel ecti ng mad¢ & Figus3 d&“‘% us‘%%% ﬁq‘%@ﬁﬁ n@{e@“ﬂl splaced in
time as a grdufSEs §,§“ ude q,nuaehnaaﬁrub tliﬁ‘ihﬂ;lplexeﬂ n Figure 35,
this wou&.d 3(bus line 3mﬂmgpmnblocrangaapqums|ltzatnem and pwisthes . 6ng ||42e 2316

downwar d, €The| signalyrecgiving chppnels axpc unl i R Is 2 I@Fﬂ‘n 2t ng the
correspondl ndl‘!hé?ﬁ'f’i?‘% “p% Ay Mm&ge arrays,
repr esent ed Q,yméh wentlmmy:ypenst ant ‘of time, both
represegg refl e%&%ﬂ@utfﬁ&{%hﬁﬂm 1d2 ph Bus Kk mmur@awn wmmnc;/t02254 woul d *

have to be | a&ﬂﬂmﬂn— ﬁdrwetmrka(ﬁ@nﬁo@a ’&é/s required.
| s d-h 0 ‘Htl Tﬁ 1y?‘rray :

f or mat i on, ﬂg‘u ° N aartﬁiauaxlﬂéme .
conti nuagi o qysqawae 11 ratayqﬁbhﬂf: at hﬁd-gﬁnsmm -ghayfifer,p sanplegnd- systSém di s-
cl osed her ei rgircuitry enmaﬂ:eroqrcrm foo wredinditioningga tsignah sereply P"SH’F 1i|lustrated

enbodi ment mwcwsmraeoqﬁ;ﬂceﬁ@ﬁr e‘F’aﬂd %m%’%yg@ﬁoﬂss&gﬂalab@éckup by the

el emental sei m Intemally gehi&itéd Ypdribus. noises in multiplexer- 122 will -appear
40 For aobett@fosyadee@ﬁoa&dlzagtsafspﬁ s frdvageuvlewlndvmmbewé D ited, 168f er ence

is made to Fi pds sp ',: T fied
schemati c of %?‘%h (ldt‘%é {,},ﬁ, ' H shows the
mul ti pl exer SOV - m@@ el io-srgmeaﬂdlvng behﬁmed dnferr]

[err].. [err] aII connected to the nultlplexer 45 bus line 312 through
DC blocklng capacitors 123, resistors 315 and switches 316. 45 The

signal -receirving channels are coupled to seisnm c sensors 21. Each resistor
315, in conbination with its capacitor 123 forns a high-pass R C filter for
its channel . The f||ter ‘renoves the DC conponents of the |ncon1ng analog

~ " 4 1 o NA S o p—p—



anplifies the sanpled analog signals prior to applying themto a
utilization device 55 3033. Network 3011 may include a fixed-gain
buffer anplifier sanple-and-hold 55 eireuitty and other circuits for
preconditioning a S|gnal sanpl e before- trwui sal to utilization device
3033, wherein the utilization device is, In ctice the gain- ranging
anpl i fyi ng system 124 and anal og- to«dlgltal converter 126 of the abo
description. Internally generated spuri‘ous noi'ses in nultiplexer 122
appear 60. across each capaC|torlg§§"@s a spurlous voltage [err] 4ghich

can be of ﬂt—&-hehpel—aﬁ-g—-ee—m Hi—+-espect .uu. e—%ernaﬁ’y
generated spuri seﬁﬁ‘fcsn v\f.Fab rm‘ﬁiiu“’?%é‘g‘si H’@“ éfia | | appear
on its.out put a T AV e s, Rgu\eotnttaa&g [ @lefocieilzen t he

vol tage angl it Udﬂ&tspf'el eheﬁdcts,(:dmt Iagftdﬁ&her #nplifér grages $n heewokre0itonpddibl e to the
spurious val t aget tedfE) s zgl6 tmpéqxetthemﬂggl%g_}zéﬂsiﬂghammm Yq#aamm be 3
excessive. In 27872 capamo;eeldth ()It 3 weilql;x;w:nd 2llcteakaE rsev;:;tors betwe 5%‘@

47 the sei sm c Go oy Bt i CHASsve, Cih ol hméati sl cds #EWENt |y be
di scarded, ther vtascttim wad relalively lsge sairal puisé <promd¢d| bynthe Id:mork poili-ous

ﬁglﬁf‘gfsetlféitﬂm iz h%éw tﬁgwaaﬁ?g o, %ﬁmﬁlé%? e e,

etc. Each of thé &épaaeheﬁzs%ﬁ IR ARBIOMRthé rreeaw}ot.ghpta@mrs 18P lelaghices t he
noi se vol t age [ atdsfors o thadtms@mheeapambmwll&’al&nudat oneswighe hothier Gieret hat FET

swi t ches, Bei ng forerhe: see@cxtotsﬂ@w@ff’ee t hr.ough ¢ tors 'and
Itf%ﬂ?m % 10 IILQIO% O] &%

| eakage resistorg giﬁi gmf%ﬁs B ok & a&p@t shown) .
Mor eover, each GEThd O of HedE Bantel) i€ ot B 1, sigad |
rel ativel y, | ar geplaseninpal chfmbls&-p-ﬂaw wl&ct yis tﬂhenuméwﬁ a@dilex

control |iffe 302he impy é‘ o a%;ﬁfﬁ@% ng
capaci t or 10 1Z3. &I OUeh, %aﬁa caﬁﬁ.ﬁ@}g 1201As itteSi st or . of

its associ at ed EE§7 1§y\4nﬁlﬁﬂ51ex$ﬂs6ntchT§mes capaC| tors 123 are identi caI and t he

f eedt hr ougl) capaci tBetwsenometivorke ﬂleslhlyt&w@ewe ioh?elsme@% "
substanti at’l y i ciedbeld /}Qrfﬁt“wkt }QE% m tﬁ?‘m‘; e spLﬁ5| ous
vol t ages acr oss g—.-,gm are unlf ?

Referring to Figur 7qutphﬂfr31ﬁ01ﬁtﬂ aelzm &hbtanhne £ Giv eohnemdi i woﬂon one of
the i Aput ghannelodl whick typically inclugg sebselrﬂl (g, 'g) FP&WH%I 0
referred t© abovk lé;ii’é‘ggeﬁe“’@ﬁ W“” ?@%‘F‘m eusg r‘“g‘s 28 & 5 i Par

to t h; \si-gnal - r €Ce T gershtbdiler B2 ESRFols dnptué ofeﬂ&wﬁﬁéwsorﬁsaif e d@f@oN i S the

nunbel of channelhg.tre eXMghtdomuﬁw 3021. Fayr reganiplep mntmkrrﬁhaquwscxhannel CO
i s connectgd to els (0Cag targ Eér Plt‘@ sé?“scy"l%" e lie to
the test c annel%““p’% =Y Chania , ?n;;?ﬂfégﬁ Lo, i ch

the -same capacit BgC@nial 4R AsltFeRd dg mARERE at, e, i tth oeﬁ@am tor

123" is a mJI t i ppoediay digmltmimb&E)ZGtheertmlsnwlnét wer ot maneawdthttf il zat | on
devi ce 303 Wt‘hﬁ“sﬁe“a&%h‘iﬁpé’ﬂ@”ﬁy omitted Exoppy Fiigyreq37 f5r ithe ﬁ‘g&%

(Figure 18) co b rtdaﬁ of Ghel s,aaﬁmmtgu&%l af B start2ok atBﬁuﬁlQ&ﬁﬁ' I y
open, shunt FET scai iltipieid €12p ¢l résed tgrtauad;meam whith sivg sibdve, when

expl ai ni ng F| guri§23l gnd i’ﬁetheruwett 326 owill b uf!P VQBPgeb‘Ctsde 312 is
connected } netﬁ%ﬁgggc% \}@Nﬁ( t;’gﬁt“&ﬁ‘ &"“si P‘f@ﬂ“ﬁt Vit arrpl45f i er
142 (Fi gur ; 18) ‘W& P ekbacitld 3025 1o Beveld

sanpl e- and- hol d ﬂieﬁCslwitth 3624 4is (opéng) wile bi 8 ,opprsite s&lmmm Ithe voBQePVIgtme 37. The
state controller h? dhag tl}fl jultiplexe efFSa't sa"f‘ltﬁ frcuitry
o Fove &7 (e g& TR o Qo
sequemces the 1zk0128 & signlir hga,amnstclptgexercnspan cycle”
and controls si gnaIIf Sdpacitors 123Jand lmahaVQMedaam cveacg@@%v if the|ayetels t he

bi nary gai n- ran P‘F‘Y‘F’élao %W‘ﬁ!‘{?ﬂ &, a5 mult-
anal og-t o- g gi t ﬁ‘o%ﬂab slpage éﬁ[éée@u netw"'l} er ]536

converts the rrultl p exed a g S|gna s from channel s [err| into corres-
pondi ng di git al. beusutressigely @idhalgebmictlinadded tmhhecdamalceolmV beldriin sapacitot he
feature presentI%pzﬁtn%‘é}”o“%ﬂwﬂa\?%“ﬂ%eﬂ‘t}Pﬁbsel y omtted from Fi gure 37 for
t he sake of 40 ~clarity. Ve + Vit Vet (= V)=V,

40 In operatlon of - the system shown in .Fi gure 37> at the start of a

mJItlpIexer scanc Ie thertutl exe 122| esett ha eI CO at
whi ch timg (@l .ég,dé ’eﬁﬁ“ﬂg cgaé‘"glwé%ged : __

Spuri ous vol tagem[“q:r, caféam&l 3£ Odpurdods3 voliddeb las bﬁﬂi&ﬁe
al gebraically added to the spurlous voltage [err] 45 developed across

network 3011. The thusly conbined voltage [err]+[err] will be 45
transferred to a capacitor 3025 to devel op thereacross a sanple voltage V'
whi ch, when switch 3026 is open, will be in opposite polarity to the

voItage [err]+[err] Thus each tlrre that t he rrultlpl exer |s reset to test

- o NN A S "



gain of the network 3011 remains constant, then [err]=[err]+ [err].

Therefore, as nulti- plexer 122 scans channels [err] each channel will have
at _the out pllT of network 55 3011 a si g_na! Aol tage [eﬁr_r] —as wel-H—as
t he spurious noise voltage [err] +[err] which will 55 be successively and

al gebraically added to the sanple voltage V' held by capacitor 3025:in.
acg nce with the follow ng equation: perr] so that each spurious voI tage
[e@err] from each signal -receiving channel will be sub- 60

stan |qgly canceI | ed by the sanpl qsyd)}otlage V.

60 Fi . -
appl i gd 4 the cnrcult of igure 16. _ Thus, the single resistor 315’/ is

48 to the ci lasdaetth@ at@sﬁ%sﬁsu’ﬂhmtsmmﬂm 2 ﬂl@i; a@@gﬁ,‘éﬁﬁ s enpiayed

in place of fidrespondi caﬂwadars o Bigsie 375 AGddinglp, glganr@rr f leakage frxera, for the ”
reasons set chbﬁlé amplel) groulch develon otagetmsagamos mmterﬁ &2%4r B¥bst arkti al | y
| esser capaci®t BEee3% %‘t"ﬁé"‘ RPT ﬁ%l’é"a %ﬁ’% 0f. Fi 9ure 37.

Accor di ngl y’ - , E]eltﬁg emul lex m for
exanpl e, WOU|1. '- §ignd dgﬁla ch’.;ﬁh @tﬁaaﬁ& eRSoufi@ 9&@4 O 123" 5 of
Fi gur el®@8 t hanma!hesesﬂndr odiﬁmrms,rlﬂe Frgegbiog gsdfnptim:pacﬁxgxmarm taffullir gur® 37. In

Fi gure 38, ot bleJtP ﬂ‘F§°‘FR9P3aW %@P@ﬁmﬂ gure 37 but
cor respondi n%?f‘lg“’r %& W ‘tf’?r%%ﬁ )’r“fﬁlc?”i‘pﬁ?exer buf f er
anplifier 142, go I&pﬁﬁrpg&gssgﬁ)égfpﬁﬁshe buf f er

f
anpl i fier 104en detaxled ex fiatiod GF ncess the
f or egoi ng desmﬂtnqwtbe@ivemrh:hﬁefgmoetmguress§mtohgh4zlo applicable to .Figure 38,

and the conpenssi Figge 99)theagehind sideioipedle athbpisdigaPRGdidth sl (Which is
al so shown o#rcledingy tltermﬂtmlﬁx ldétwahlste@lmpmcqlmmelocnngur eCyl 8 outpgt conpen- sate

f or thg spur P Rutiplexer Wyg&gﬁ mFgrl“t?Bhgr nua% on of
the dedript gisssFmbds eoysm ﬁgfée e Ofe Efb%éﬁ?a e

i nvention, asdiplecandféldiciredt 322,0th &B&Irthﬂl”boﬁ pon! hagangrbee"nadeginwm |f|cat|on
system 15 mdetmlsrmWﬁllde L CPORECHY mhchsFlerlé-nce to- ur es 39 t hrough 42. In

ly CH
Figure,39, t BiUE @ &f’ﬁ%@s;gﬂt tﬁ&g‘“ floﬁ: IS thr%rtrisrtron
4anﬂ

48 °

»

syst em?? ncl Ugniet e, kit
lerr]. .. [erl.e stagehmm y'chtdhe paiubitm minalomsmms en ﬁtﬁutber ng .
.connect ed tofqﬂﬁiealnblﬁﬁ lzeqet%g g-:ut 3133 S? llﬁel'buffer

anpl i fier 32 &ﬁ& ﬁ?"s 20 4f 356,
made by Nati @p 192 is pBEedto aBbH ddvﬁe,ﬁ&ﬁHBQQEgd to”thes

.sanpl e- and- heﬂtatbgco-d:gnl (A@antektesezﬁcinr theli sﬂissyhamrasgwdﬂeen descri bed

above in detaﬂm gg@wwmwg@ c getta? §

gai N1 390 N %M%‘% St’i@;h%"f' é&%&i‘%‘ﬁ nd ags 25
out put erm (iall 3132 hh&S i cal consi sts east tvvo preferabl y
four, -gain The awpl r:omrdles 133, tl |abdvie gin @111 t{ dadr] .. [err]

connect ed i n%CAY; ; Wﬁ?&q rougthh 8y include a
pair ofyi npubﬁmﬁ%@g&%ﬁq@“% %%'ﬁ?al f"@? mn é‘l (Fi ggire 40).
The non-invert | Agodidtgd With3skaies controlleh @3F hre it vadlabie! sefetetide c&éoagem{reazrd] is coupl ed.
to the input theewiniowtor@aBEr ﬁ#ﬁ%ﬁm—embb@s Bhe awdtngise-cagge from -

the sanpl e- ar‘),’k&e ﬂﬁﬂ. 9%‘%%1 P%% "%.Ej e‘hz)f‘mge_gl ﬁt amplifier
stage 430 [ eitloDiinoed ule & el bk 3¢ 61 106 UmAeibeoed Shat RREe Ut 1 43 zat i on

devi ce, whi chvxll&a‘shmyamhl tlhzesd:s ieai'e iﬁ)s,:e.enges.rter 126 in.the presently

di scussed syste aa rsmc 093 BiRgta legar n of each
anplifier st al- ‘ﬂﬂ‘@% TEs, nanely a
| ow gaisp st at@mpﬂi 3513@ 19 comparat&né Yeachhe & atipfbregai Nsst at e“

[err] wherei @G ahngh-apudu@pndsiceoﬂa "?mlmplﬁeuahches LErlsa,hahdevttes 35 (i=
nc, 32
llLhFl

.. anplifio éYbT e nenti oned aboye in conjunctron .
with Figure i‘;ﬁg 'Etﬁ %%@G ir ough t he =
cont rolssbus lvblge ’\ﬁWoﬂQfoﬁnda dt&y SOBLF \Ltcﬂ&s.’d? e ol | & 132

sequences t hend thgrspécific rgain tconmalmeMéO brth¢ gAig)setting op¢rhfoouglenawitdhl t i pl exer
scan cycl e, §>76dé lﬁeﬁltziéz iteho31g4 is open, the amphﬁer’s output signal is fed back fromy Associ at ed
(4]

with state cqfF¥alar 139 Ak é‘f’%’\‘éﬁ“ﬁﬂ amfcé?yeﬁénésxéeﬁ&?ﬂ%éh‘%% and the

Wi ndow ggonparisépes, el it HigH-galnl sH@S s aﬁﬁlifﬁﬁﬂ{}@iﬁéée | 609
control | i negesb60170mis ehet;(mrds@n Liffesis éeed!mktlpm fpreiickt one of the
anplifier st %ﬁ Fﬁt%l e g iu‘gh trf"%ht‘?eolﬂq I ne 3150 and
one' noi se-cance cellm circhi E@egw 183, glghgm é@aPE_I gure 39, but
it shoul d be understood that there 45 Wi Il beas many such control Iines

as there are anplifiers, ie. stages. In a preferred enbodi nent, state
controller 132 is a synchronous progranmabl e counter, such as a 74S161
integrated circuit nmade by Texas Instrunents.' Reference decoder 3144 is a
digital -to- analog converter, such as NC 1408L nade by thorola 50
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55 vol tage divider network formed by resistors 3170, 3172, FET

swi tches 3174, 3176 55 and the specific gain-control line 3150. In the

gai -tch 3174 4+s—open,

the anplifier's output signal is fed back from: output 3135 to the inverting

I nput 3134, thereby setting the anplifier to its lowgain state which is

equal .to one. Wen switch 3174 is clesed and switch 3176 60 IS en

t he ann\tfler is set toits high-gain state, such as [err] for anplifBey.

[err], singg 60 resistor 3170 is therisgdrmtlhe anplifier's feedback |ogp.

The desir '

control ler 132 ﬂ %P@B‘Pg [conFels ing 13360\ Wheaswiey ?HPHS clpsgdit he

speci fikc anplifi erh§ 513 vl fndd H}segfgsu&ewﬁ& thd & gancel | ng

circutt conprisesh Eﬁ_ﬁhﬁw\fa{e(‘ddﬁ&tea drolidrl é@ Bsignal GARE- the co line

1,550, 701 3 3150, to close sw1tch 3176 and open switch 3174, therewgsemng mchari;ﬂm;;rlgnd a s

noi se-cancel lin offiY u’cFB@’é?él W t ches
eamnh cati -

3184 &nd 3186 Welplimgd HEtith 3 ny?{f”%r«@qué“&‘r%f&iﬁszﬁg% ?rﬁ m’heans of

whi ch the char ametrminalsalsi:sftﬁ alﬁrﬂiﬁ TP feintifil 3188 Qo EHRlaplific ,gr&ﬁﬂb‘dr

sends a sil§nal tchep 182} 184 Bnd 3186 a@i&@atedthy acdlsydelrrsrwgtch 311)76

and open swi tChe%Ef é% Cg‘s (gﬁﬂa E‘t;i“eaPPetaﬁm th‘5“ %}; gai n
state. Sinmultan &te/pola bl §3.0 ﬂ@mqfsﬁvfﬁ%‘ed éneéﬁi nal 3130 -

to the arrpl i fi catiofiset sglmgeemVi enpurngmmtm Neffsed Fbradvhli Shes

connecti ont® by r%hteg d@@saﬁ@ and)atemewhfwnctrbn :
3190 and the ouphih et i ,%%139 "gL %};gfrsj rg&m’i 3133 to

the amplifier i smpliffer it 4 ating méd 0Si es 3182,
3184 and 3186 are a‘bst datad/oltnge a5 hqyosa capaxitod smsmgull i@v benalgdbmcﬂtyrmdeal li ne

3160. Any nor ‘(M» t“ﬂbPPbﬁ e‘telbt Flplélrﬁﬂs‘» out pABt
terninal 3135. 3::9@ S gﬁtﬂ’%echarged
with the polari tamaaaeaﬁ:n;oﬁeoe bteﬁ s& ataeeﬁct&l Jhow oftéd ItlxbgﬁeEe@Ja din
Figure 42 {or ano gf intethe et lg nohe rarepan twhicke ithed offeet n@€33.  When
the of fset rerro\i'&fts"fé“‘h”d‘th? °1'f%¥§1ﬁ‘f5é§’t§“fdﬁ?ﬁ§f“§‘t ed, controller 132 wila5
cl ose switch 3182 émé’e -Fanging  qppygtion, the EEB"dB &Pﬂjcﬂ%@fﬁgﬁh reRd of a
second signal t Yei01910 %o b °sfs i%l nput
termnal 3130 Widgfkntd f:pu, f,éfggn@)g&gagems 41ﬁpqlg;tgsgo@ers lifiers to
their norn8l opedripomtingaid@ete Trkferench avoljages/ Ozt By eref¢renca Cdecudler omaacm:or 31388
will nowbe al gmmltqgssCe!duééppz@thmughthesqt!en@ |ncom ng signal [err] and -
wi |l Substantially conpl et npl 20 inherent offset
signal +V as denonstrat ed ?Iﬁ Z Pe RﬁZQeﬂﬁﬁ anp'?"‘r fi Zr s output signal will,
t heref ore, becowberéin &, Gf . DCGa.oarsehp Higheragath ﬁh&s &fantpﬂikrsgm,mzto vm,r,ch t he

anmplifier y h&?& rPn%é’tB‘sq' ef"&'&ﬁecﬂq %é’fr‘h?vﬁ“ n it js
necessary 0 goy, fe it Q’e ate ar
Qé

whi ch the of f sefmni |f5e amphﬁer cfrueftagaw Qve@apl ifier's
| nput i Nnpedanceproportional to the unique gain values of tlﬁﬁ‘ donespchémgamphﬁerarigrmg boper ation,

t he gai n- ternﬂ“tﬁi‘é PES thiﬂhﬁrm r
start?s W t allsﬁg -i-ﬁée m'té?!%% pfiesz dt}tf&’%ugohggl?ro”ép 132

provides a sequencg Ofrefe ed@mtbadm g &zrap&@seﬁtrlaﬂgmalﬂepryrmmm&&mng sequence
of variable ref @rﬁsmgm::umbltﬁagensu)emresﬂéh@edigg-gmbahreoﬂeﬂ:eamﬁlﬁmwéited to 30
correspondi ng dbes cEETA56, 9 htapgwe giingh ke yeebder 3144,
The - 4530 g@e& %@_ ft2 gis L 'zﬂlence"’5 .
[err]. . [err {negterg ] ac e Abdve,t pamlde@donkl val ues of
anpl |#| ers [ er rilee{lecr b¢ made. [’Iaerg nr cappa®hd madt mdduw the aapliﬁasmvmml t age

equal to a pres @E:Ig#l? QS!“!E Stof ﬁ@ef‘% prpagsons,are made \?o‘ffn g’r of

anal og-t o- 58I gi t ’fﬁ{él’f“fc ok plescpl pegiFipn of the partcut 50
propoktional npmerow  &plRedNidNg@ter aaie, Witall t wo. The
presel ect ed povxbnr amphﬁnm gue Uhmsr gamdie absoioteivalineef. theTsmenvaaqunubV@aaeéVoer ence '

vol tage steps | © “?Pé'ﬁ% Frafe ’%@ val ygs of
their cor r%spongep—v;gfé Jﬁl ﬁg?ﬁhﬁmamo tl;rg) rec es r)%ﬁam tihit h l5|?
control I er 132 toiparidstess appliead ton@blled @320 O |>etn mﬂnuatszzrauses the gait)de and the
gai n-rangi ng nocfesmplifie AaeltOtrremgn of unityegainn il Vil mtrt’lherliz f lg E‘h

ncti g(ns

state. This co P§ﬁ¢é 1STo |7é t;{e sel"af‘s?st:tﬂ’@
In a pref &Fred ﬁﬂi Hfﬂ,se are no;aea& syst em 124
com prising foukdepdghih fdecvica 1@ miél)nadet ccmeslraeciz foe thei agdph@arhawmgahues for the

anplifiers would be: [err]=256, [err]=16, [err] =4, [err]=2. Wth only four

2

}'

F’

hi gh-gain settings, the overall 45 gai n of the bi nary anplifier system .
124 can be made to range fromthe m nimum 45 of 2 to the zeroth power
(i.e. one) to the nmaxinumof 2 to the 15th power (i.e. 32,768) in steps of

povers of 2 To acconplrsh the above onIy four garn decrsrons need to be

o o o . R o



appearing on output termnal 3132 is conpared with the first reference
vol t age 55 [err]=[err]/ 256 by conparator 3138. Conparator 3138
rectifies voltage [err] and 55 compares its ahsolute value with
reference voltadge [err]. The decision based on this conparison is applied
to controller 132. If |[err]|>[err] controller 132 causes the gain of

anpli@[err] to remain at unity gain. 4f |[[err]|<[err] controller 13é

sets ain of anplifier [err] to [err] i.e. 256. The variable reference

volta err] [err] [err] are1@9701

then sequent ially conpared v(\)n th the

SUCC €S St = 60—appes e/ the
sequent i al smxt @mcngvedwssemsoraqsmm@ %re@mepp c@n@ame%dpr th nade a-gain
decision is Bﬂﬁ'éﬁs c@&x afes ahel o u{%ﬁfél?!%ﬁ eﬁ&gﬂi‘sfié'zng the L”
sum the corrnﬁtiaéf&én vg;p@f gtouin br X0 @n terninal
3132 wi fh rehegaﬁyn.cﬁatvslw d:e ab mmercés\pandhsmglan Unarmhl mmran{rerr] 5 \When

t he conpari sé$8i 5“‘3“”“Ct nogeprdly, of HOps andal ye of [err]

is |ess thangfe "".‘ z“. %ﬂ%& Qgﬂlroller 132~to
open the nor 1iﬁyd 6} (ﬂ&esin hn@ﬂﬂ@staﬂdzglmem&p nQraajaJtAdymaaen switch
3174 (Fliogurehlali};ax Aetyirigi iqdeﬂ:e[odxer plsienow—ai« xemgmm gh thegy aumtygtntu nglo The

sanpl ed si gnaqﬁmﬁ%llﬁﬂﬁy“ef’h‘@l“ u desEIF scogmb fsn anplified
by the bi narm Az e dhen gﬁa mﬁzaglrbe[ dj usted to
its 10 hdmgahbmers aAydntl fA, it Shef rﬂﬁfb}gaihemal ni ng at
their Udity and amwieee‘tst Am@elrll@t!zﬁelaq@vzsvﬁm tvelm ‘éussr] 12, if
the result of%%p W °‘5§h%‘i‘ @1‘@ Srpar at or 3138
will instruc L0l co IBikr er({ve]u zg te. hi gh-gain
setti n The amglifipd Ad) 8 gadde iw Righ- ggaasemnbebua V4|kWadcdnyolhhe3 witlar y

gai n- r gi nghd ﬂ?mﬂl@ ﬁﬁ fer. E‘Pﬂtﬂffma@n!'hel r20

hi gh- gai n 15 10 2 EE g ‘1:’ d tOunl ty gain
settings. cj t 1 aaﬁg{apﬁ, rr |< e tlp result of the
third corrparl soAfterStha e,lﬂﬁ omrhll gmamsehearrpl ifier

[err] (ot s s c‘ﬁﬁ q& S Zt‘tsiﬁ %?ﬁe foddth com
parison | [eff "“é’l‘ch J@é pifg &’étoﬁ?%mt@nll e gr lefr] -
(whi ch may -bahagish kdde@s O tch G 17655 WP, ittis ZBRONF Baiswicchest thosa@ but - if -
|[err]A#)err]gusrjmdntmssldféwrmhﬁm’sufaﬂoof the amplifidrs| ae[set gty Rimr at unity.
gain ter

It te %@% kﬁﬁ;ﬁ‘”’“ ator 338-will
i nstruct con%ﬁﬁ% uttaénz aw}, g{g uﬁ:e optgt,ll(gl 1aﬁ?;§§,%-}§er 126 \/ﬁ
t oaccept theashizkd thipere d atkn edystappe@irsd fiftee® ﬂlﬁbtstaﬁi sikeesnl 3132 and to

convert, it i diséncy daigpn Hencer thehbi %11
gai n- select i e, Eﬁﬁel ‘g&n gﬂ{f%ﬁm%@ mPhSh th"g de 0?5 four
arrpllflers |§ys g Q@ word 25

whi ch wi | plifithsgsten.ar € st ages, i. e. anpllflers in the

ampl i figr systehthi : t _fdlastqe Etghfedédbew ts the state
of swi t4cﬂ?h 31 gd ] %‘;‘e& “V Yt i s¥ZERO i f
& al |l of the

the switch lsma Hﬂa'efﬁrfhé Qsﬁ:s fbrth@ﬁ
anplifiers aitﬁmﬁngasmcmmmtdpn,@aquren&}omguresﬁ |481 code wi.l | -be 0000.

e ovefal gai nFisaeptd is 1'(1)& jon of our
anpl 11151, e e fa{ ;ﬁfﬁgﬁ B ?"”d@wﬁtﬁgfﬂf

anpl |f|cat|0me8ﬂai§ca€6r dﬁﬁﬁt&ﬂn&&d MAQE ies PRV @ [err] gain
steps. To ackeéngulestition 2 b,esmh issip divds,0 disdussedq nbwma sltommpéﬁﬁdl ined f| fteen

anplifigrs a W@l@t%énmﬁf bgg)ﬁ‘ge, he binary
gai n- rajr?(t:jl ng3 THORaYT SRR E‘éﬁg lsfret’(?zp%ly ?ﬂm’v\ny?lhﬁ £t g0 Pl % cui t®y

t hus descri bed C&m stticO P irdcluddd at dofiral @it 4018 a&cﬁa scebrding uiilg4(nosw1ndhabl e gainin

a fraction ofret weentahﬂﬁenmsm ¢fyclrce|qqugldn athYPe T«tmvmhe Sipp , and it
wi ll OCS.:SU py orqn%égﬂgﬂ}ﬁ 4vc1. ' %ﬁ%ﬁd‘}d@ e r%lﬁ a ore me a 5 *
conventi onal clerhi el 4661 Fge[,}e 2¢.0fHeS € ol

expl ai ni ng t Iﬂ@ordmggmamzofmﬁl @;Utiena tic tdpe r@ﬂdﬂeptanpﬁvelumoﬁg wpegsal 40

intercepti ond b abpvey. Gontral tuiniy P18 ‘Fl@ﬂﬁk Fl?{qmFﬂﬁ!,éth &t e signal and
a rel atgovel'yS ﬁm Rotmeerster TRy E‘gﬁ e DAJEN
Si gnal has agRds addol gndfa iu;re@,em,, esrgn evel oped as-

It Is genera misﬂ mls,tahmlltbalt dbéfrmﬁtheahowdnmp@na switchin 8 ‘action, by
reference to Fi 8fnr ve Pﬂi%iw e, smm 2 réﬁl“? lggdhenmat'ic, '
si mpl i sed 'gérﬁa‘ftﬁéf’t f,e%’ thﬁtétéé‘é : scqubGiC GO Ol - SYShem thus

pl ai ne as Tt inc des t e conmon, centra ata processor e
station, 2, and the plurality of |dent|cal spaced- apart rrultl-channel dat a
acquisition, i.e. transceiver units Illa, [1lb, Illc, 11ld, interconnected
in series and to the central station 2 by transm ssion |ines, discussed:"
above and shown 5| rrpllfled in Fi gure 43 as a three channel
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descri bed above. Control unit 4018 includes a signal transm ssion neans,
such as a clock circuit of any well-known type for transmtting the

mul ti-state interrogation 60 S|gnals

presel ected sanple intervals and/or: a- cont rol 60 si gnal through channel s
4090 and.. 4091, respectively, of the three-channél :signal transmssion |ink
4016, as will be recalled fromthe -above description. After each
transceiver unit I'lla,- I1b has conpleted transm ssion of its |ocal di t
ggcel Ves, sy egener at es and retransmtqsg@nﬁentral statlon 2 data frorgll

segt tationg its local data first and then receives and retransmits
acqui sition unﬁmqﬁlot&athe remaini ng 53 down-link units, assuming tha

re, are 100 such
1,550,201 units mcludedmthesystem, The last data acquisition unit; d%gﬁﬁg%oi station 2,
transmits its konalddata first and then receives*and’ retransmts dat a from

the remaihing 99 &vwee kipifaed above an&s@mwg sgmdtmaywweeow@ g plgralimch unbts

i ncluded in thg‘a‘gﬁf&grr&mmﬁs m S ‘%‘%E%;}?"gﬁé&ﬁfnm transmits

onl y*i ts | ocal g ag,ase mugh the mtemgau@& @pmg@aﬁ it errogati on
signal may haveel®iteofof pulse pilreigh lifief cyntrol channel &9nfwhsxkaheastems epandli es. The

preferretl i nt ef§98 ‘éYnEFP’G ﬁ&ir,evha%a\ﬂ@ @es 10

al t hough ot her ﬁg% l§ m %‘ mg ‘ocity of a

pul se through Céohted hingd) B8 i 84n88 14080, OM T he

propagat i on vel ocltayd whenz ulwlsttinnom Immhlaeummaiverdlllhclhmaldcﬁé@i@a wher e the

interroghtion & hg sed ”tﬁf‘l etggeaw Pﬁh§ U nsni 38i on

lines 1P1, | P2 mqﬁsfsﬂlgﬁtﬁsﬁﬂsw? tm resent-s t he
b @iﬁ&&it y

DATEN and DATAtaEeY,PASS:dsIH@@ﬁm@éo i@t with, the fion Jum;e d
di scusseg%l npl rgpagatien jvelpeities fipechanngls dgﬁﬂtandrfos?/lelComadeycel of tgtr vetmisestdnr ough t he’

contr ol annemiyH ‘iwtllﬁ%}ﬁe'lhﬁr“ﬁh 0 |Qn hanneluo40$‘_g£:i1{/ and2bhhen a
data acquisiti . e, 15 .
it nust be bypgig'ﬁ i:%néﬁ eﬂ tlténﬁfﬁg%ﬁ% enesiqéﬁ &gﬁﬁm [ gsunit, such
a lllc, 18esaxibbd aboed Elxd oft essacﬁzmsl conhmsoh& signkl- tbmngk:gicmhﬂingtted from

control &hit 4 xer 3%t sprppple- ld cqircuinN24, %4’ sucﬁS as
transceiver 1| B el fff’,ﬁtﬁfr g t@’ﬁm é%f?ﬁm

coi ngi dent  wi téanh £ld Giata Ithinhdl GQIZ. | They fidy 56 ofiébivehsbnil Rio® in thE Opagat i on
vel oci'ties in gfmitret mmmoﬂw&nphﬁhlmémm dli: inshpetasepis fipat- ses at 20

unit 111 8P will blpﬁg, er ve 1n con;uncnon w1th Fzgures 30
20 Referring n;g" % ?Z%Eg%t E “ﬁm tlm|t|on i.e.
124

trans- ceiver. bH”IaMicr&nlﬂoa 1:6nve xﬁgmaafn@me o zeueusuascpl urality of
i nput channel siﬁ@a!em mjay) tuS%hQHtmtl st@ell Az tec {124 may baa oerhvetwemlal s% smic
sensor Ml i 21T EEFL AT AR LRI B P,r;%gfs;‘edr%@fgﬁiamfﬁ;g the

si gnal - condi t i i Qe bi Jégﬂdmgm lifier. "exer

sanpl e-and- hol'd Gis' asg aesaﬁ, ab@8& RBriC N tih ONEdA 48TRlel édn@asr 24 25
anal og-t o-di glﬁmlideaommm @¢tivit &6 bya sighatsh§l aus n lmesgsﬂabr 82 msspagmrelyegl ster 128.

These cifCuit @mwwﬂéﬁﬁmtwﬁﬁ@r t‘ tl'2’11’ ) the 40 gnal

i nput channel s"ggf“ﬁ;m gﬁ’f F?qﬁ‘ﬁ%ﬁga% Vpiq s ofoyent i onal
types wel | knogeﬁh b RheClefidrs “IPF endgazhlmele maaamgr ciaglel fier 124 is
suitably the |4GSQ,ant hnﬂedms PROER3- ofBEigure 5, arejalsg dodgnared SL.n$% WwithaSIn- r angi ng
anmpl i fie#5 des Y‘B%%Peéﬂff\)(ém?e E’t e‘ﬁ'l %6 Aocly anatieg, ?dgg t hr offgh 42,
whi ch provi desq } 6eses a| R se ﬁg for each
data sanpl e. Th&rdRa ;;zgmt,éug%ngé ﬁe(; g - sg] ko exarrpl e. be

a Mcronetics ﬂlbw&aﬂﬂe-aha-hudtammmuersam hrh fran GliH’lﬂlSﬂ‘élﬁﬁneIOfIt greater or -

| es®er r¥sol utif éh i@r 8 madP be a
conventi onal m’ﬁ:gmthe fF wgkegster In a
preferred eandllﬁpamham{eggl ster A capaC| eas 12 data
bits* fromthe analsage ligmiatp HA 5 gﬁﬁlekné@&h& 92%' d%dqpf;l@seﬁw s fromthe

gai n-condfi t i ommgl‘ ﬂpﬂ:gifwl eunverRs 124, sie fiation efebrod BOMRablEAHreSERDME | N Fssgure
44, the contrdpyr E%I @ﬂmﬂm%#xﬁ §2al€r!a¥%8alle@deda es¢ogheriiers Sl or

on lines S1 or .‘ff.%%fgﬁi ‘*‘c‘f,,,“in’“ th e(sgx m%ﬁ%
i nterrogation filchael Gito S?dxétm rt Ap gf& doRVert foyV are
gener at & in rhiss swle tip tiamfened d atnabnrdpxu a.dnaondhrgneelnzh&ds oéitplti I St &t at e’

O 2oond ot b 3""‘@}?@% ereg‘?? ﬁgﬁﬁ%ﬁm
it

transmitted owdth tﬁh&m‘-\ QQQObltsltoQo @re 5, are

al so designated S1, S2, W|th S1 45 havi ng one state (narrel y w dt h)
and S2 havi ng anot her state (nanely another w dth). 45 I n response to a
signal S1, the controller 132 resets nultiplexer 122 to channel CD, the
test or dummy channel. In response to a signal S2, following a signal S1,

controller 132 advances nultlplexer 122 to the first |nput channel in
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four bit gain code, see above. Wen the next S2 signal is received, the
controller 132 advances nultiplexer 122 to the next channel and, at the
sahetime,—causes—anal-og-to-di-gi-tal—converter 126 to convert the N
gai n-condi tioned sanple from the first channel into a digital nunber. At
t he begiknning of the convert cycle, the four 60 bit gain code is -
Ly2d in serial order fromgain-conditioner 124 to out put . 60

_ 128 over |ine 3036 As the analog t o-di gi t al conversi on proceeds,

regi ster
data bits are

Qrtlice&ﬁediﬁ kydld ftnoany «ch@Rel, such as a channel K (for example) N’/

di gital data woray

1, 550, 701 begins, controller 132 transfers to data channel 4092’, the &g?taltﬂm w oe fromthe™
first channel dﬁ"@ﬁl Pk quA 293bi t wdr d.
Wen the conv 5 s reglﬁm ’ﬁ“%g@“éﬁ;’lﬁil exanpl e)
begi ns, contr rofl&ﬁ &dﬁﬁﬂ kit 11D isCidindllf 40 datat jmtal data *©
word for_ 5 link @ﬁhrﬁaedanlbelseen @mﬂm&l smmrteobeldtsoumdpﬁinkr@gzgfer 128. A
count er - t?ecode?‘g‘q;fié-’l“‘%“:m . e pe al Ly strobed. out of10

regi ster 128 agﬂslﬁﬁ"et?pfﬁgic quj ,{{% aﬁ(g’s'fag@ Fansfer of the
data bits whersetoht ina @(14 Elﬁtm ‘b9 fdaﬂmh

transcei ver u rijog: 4 nCo _11 4‘9@0 BP“terhﬁssm@ ion |ink
4092, as'%an go‘g"é%?& @ ft%hmﬁﬁé fERKkE%092 Bf 10
Fi gures 43 an EJRS@OIS Vﬁss and

10 Fi gure 45 sdnwsgi :hdﬁé:ﬁved%&l’.(htﬂémpmemﬂnetdhm unpsu 4092)n i.e
transcei y, ‘E:lm&daFﬂ pqg ncle- 0 |dent|f|er
4038 and |rst gﬁﬁﬁ 4 40422 shown
encl osed by dag! Flgum ﬁeﬂrss&ﬁvitl@ pottid cnamnemg@@aatslamm channel
4090 are povver461 oss b pa%g 15 - SWI tc. 4044 4046, %P:étes recel ver 4048,

i nterrogation- 3 nt r ol
channel 91 %ﬁ:%{ 'ﬁ?ﬁ; !‘%ﬁ’m sme’ lemgémggg s G ";Lthﬂé.alﬁl ver 4056 '
Dat a channel wive f havifg 8 laseifi Ti:dm, BRE tefevied toldboi

gate/line dri vra ml6As hittia. deﬁmdlbmp@t\gd althpygh with WPWGQICM atllhe i nput -
4092 frogy dowfy ?ﬁ%ﬁﬁﬁ’t’f@;’l‘ stpi"‘](’);'rx] gﬂeﬂﬁ %ﬁ% '- %t :
4092" fromt heoe ﬂ@% %m Mes oy of0ME € 4

Swi t ches 4064 maelecddtamplaliservila tAa mte mntmﬂn‘e ihahbeeoh;dpmanhsober bypa§s/

| i ne 4068 V\he% sYngy : Sote. in Figures
44 and 4% is r S 68 4 Si gnal
property§? dentgnli 1 £ hardddo 8 anﬁ)béﬁsl ffin he. dot &Z%ANDQ%ate 25
4074 and i nver;ire;ﬁdeéu)iﬁm prapertyt phlsecif sbits eschaages arel male qorthqasgmlmrop@ﬁy an

|nterrogat|on1d°'£ catiog c.in.a manner.now to pe described.. The interrogation
soral 1y syl R mﬁ*ﬁ%@mﬂﬂm TgState,

also referred stae woaadewdapeépteym €offkn Gdérie@@sl by 1ts

wi dt h, al thougl a Dogicsfee: & adﬂmon,r ” “ w%sgpqmt cher eof, such
as puI se hei gtft"elYéGliP‘B‘ ’Sf"' “%P§a g&‘ﬂ oD the‘““ wi de pul se
is an i nnerro ﬁ °s&e ??Jltag%? (wh b @xﬁf \Qg de pyl se
must 30 be gre ’gr @@tpath eméﬁﬂ leﬁbe @defrtd BUMs | ess than
one- hal f of t Hru Dﬁulalh,etteehtr sia Il@utsmemmsadt a diﬁsrﬁnntm qrdnl | se in the
second state nf¥ lﬁ‘ﬁv"’cfﬁeéﬁl t of é‘l‘? ME !F“ mﬁg?"“”ﬁﬁ' ﬁon pul se in
the firsggpstat ;«fﬁﬁ a : l:.j»“i‘:uea%a 'ltaé wi dggpul se. .

In the describe wmsb tfmtl.szt(mguzdelhmtazﬁﬁns an mtetmogmoxoi:ulée{nagae litste 4072 is® -
1, 000 nanosec ciatks the apehommléguxe Podreeyel i saﬂOﬂCBQﬂ 0a narr ow -
pul se is 400 r@%’l‘t’y&? 3@31{‘? EEWW §W % rovi de a
nul ti-prepert Y anilélle RdgeQf s progerty =
identificati orfrdnog:hem rthetMy Ibau\amgs phixs aliei qmtilingradgafof tha ulseslsuﬂl:w t

di agrans, ref ePVéﬁbé w Iptesehip amtigeent of the de@% 1 ) Ah are
normal |y foun t{zl&ghs o dﬁg&;‘;u sgEANEs may be
consi dered to gd Ag |a9@5,ywﬂab| uesllgzqu,@,@ ok Bh&r regpt o as

a Logic-One arﬁi lnogasm Zﬁluplexci‘ 221.dThet traling ¢dpes of chw - widel imermpatiomiptlagge st at es

respec- tivel W‘? ojug flogic levgl quoling S2q which 5 theyoupit of ingesgr o
"Bi nary- one" o’ é;@g "Ea% um%ﬁ?&t titﬁe%n SleBAS HiseShHhE Secoldd)) ol Cas€ OF an
AND gat eg5f or msu D50 to delay R T4B7RER Lodinoedr ugrea 65

pr edet er m ned voltage | evel (V\/mch may be referred to as 45 "true"), the
output simlarly changes to that voltage level (referred to as "true"),
while, if either of the inputs remains at a different perhaps |ower voltage
| evel (knovvn as "false"), the output of the AND gate stays at the low |evel
(in the faI se" state). Simlarly, |n the fO||OWI ng di scussmns t he two
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55 t hrough delay line 4072. At the end of 1,000 ns, the |eading edge of
this pul se emerges 55 fromthe exit of the del ay line, but at this point

the trailing edge of the pulse is still =
entry of the delay line. Accordingly, both rnputs to AND gate 4074 go

"true', t.e. to active, high levels for activating AND gate 4074, thereby
generatlng a 200 ns signal on line-81, having a positive-going |eadyng)60
edge—As descri bed above when controller 132 (Figure 44) detects a al

on line "¢) S1, it resets rrultlpl exer13§02701The traili ng edge of thesy\n de

i nterrog S et . a0 AL e S2,
which is the ogf RUbgdl qlly s s sg @%ﬁg@@ 96y e |1 | S
now assuned thaﬁmhgaédgé oflihei RakEW rpQQ@ gﬁloiq‘ he o ﬁ’b xﬁ § 76 Q&Er ow 65

st at®e propagat essitiviganggtignathem Hiel SZlomknt@ntdﬂkra;ledeﬂas gezr nverter
4076. g as mentioned Aabove, it will advance muluplexer 122 to the next mptj_t 5

ent rance and at | enerated on
i ne S1. Homevabqor§ aboit- Ilesgpler@cue esl gaﬁt,‘,‘; nne19 ear at the
out put ofl0] nveﬂteahstmmxsafsstatqammtdr bseeoguol ts40g;81a4s thél wlide niete ath\hen 10
control | er 132Pﬁ cPropag 0 to each t unislilent | oned
above, it willg r,icm F ﬂfe"@’ Eéﬂé‘g ﬂ%cﬁﬁﬁﬁ@é 5in

ple

sequence, it \Mid thei sedofid - Sthte a&vaﬁ@ﬂ‘ﬂﬁltﬁ)lefeyq Pt , eﬂlﬂtcﬂéﬂ»{ #edata signal

53 Since the piley uencemtﬁﬂ %ﬁﬁ{gﬁ% %é“;élj% ‘%Prﬂﬁ?t%ﬁ??éé‘tf%‘t at t he

through I ne 4@3@ feamnribee Flerk@OD seismdc sdnsps nits aecm db gnamki the 4020.15 AS
above- descri beffr V@F “t?rfFaPsW’éf? upigtAd1 101the meserdige Pﬁbﬁﬂmchannel s.
Accordi ngly, to S gflﬂ ct%agn Qm,sQ:uence n, i nterrogation
pulse in 10  samplel nﬁix%&ﬂd | (fho of 4 Qibad) @i\ ‘g E@Jﬂh uni t 4018.
As the w@le i nbeweremgatpurm will Be PL4 Sficrdsdoordls QRAPRLESE 2. rhd %Rﬁgat i opg
channel 4090 t@ﬂ@aewpﬂﬁtahs‘bé v@muzlmﬂte Mdsralssmmmk 4036C betwdem ay;-qmence I t
resets the rrul §§D ‘%tua t?ﬂ?@r@&?’ﬁeﬁm series of
13 int errogatlo are transm d. Each pul se
in the sesond §§ ng’ss - rf osvadtﬁi ﬁl‘dﬂe eacJ%“S one
of the 15 evempﬂpovehﬁmnehﬂ; ;fa!'timlhr ﬁ:keﬂebttnhemrsmﬂm wilbsdk uni s 21
and fo transmile qopgsct bYPass ksesci@ﬁ& @hfﬁ dnioj hanatls 4$9r2cm¢t4ﬂ%’ transcei ver
units 111tot£§u’r ﬁ:&&&“?@ 1t will be
recal | ed3phat egu escrl odi mren e s are éarrplfip

W t m R~one ml|li sﬁem&wént imtumlndi {mitnf11l m deféuties rejiniriod §t tobtie i nterval

20 bet wet;nasss}, dt sess nje| degigabley 10 termis: Gy 2 SRS of a
second). The t g bﬂﬁ%g 3"8?“ fH‘@P‘&? %F“&sﬁa ¥ AT ansmi ssi on

li nk 40185 bet weerrmrkytat Wvel ﬁ.aasf:eie\rzeemgaﬁohspuaéewadeaota tlahsEaveMViuilEOW Ay i Ng
whi ch the dat adepindnah she grepagarion rdalap ket atughr duen intbreoghtioandgmelvierdheini t s 111

wi t hout nut ual “¥n8e Rt HEe o PR ymsdf e propesain layshepresmtll 4064, - 4066.
are rel ay- actlm&dﬁﬂﬂ‘gﬁm B SRR RS ag‘g@elﬁ&é @ in Figure
45 in thd0powedhaael Roeced bIDPrevibi txﬁtecloser to cobfroleM@N{01® fthal) QMR M. TSakd Ur € jon a
particul ar tr athe peopagetionvelotities (xhiohghsthe SWQJWMStWG@emtJ bt Sevinthciets 0 connect

bypass |ines @g“g&m %‘Eﬁp’gﬁﬁg 51 gﬁ%ﬁ\g%ﬁ_;@g‘%‘ﬂ% ¥ 4090. Then,

interrogation i te trans-
ceiver uAbts prsd-tie aliffere mte héimughhthe heo. dlsnimetst bareeetl rtbisecoive runity/ [Pades- I I neg 4070
and 4068, 30 ably, tl}eelgjlg eyuon 17, see above, between the central stauon and the

30 A transcei by g tbﬂ‘e TpPERicR defars y reqU| ring
it to be bypamﬁ allo&ﬁér rmza 16ia ke ik m&nat:esu

trarfsm s8¢ on crfanaavermmerro- atlon pu se at a specrfled unlt These sppeci al

functions are 4%915 }sé?f“ 1 Fs% °1°°1 cri bed

bel ow. 35 i transmy &’E"%ﬂ’" ﬁ‘,ﬁld y’I tﬂﬁ lse to a
renot e transcenkeris uﬁhstnm yd €dae610 6ni WIS stiﬂl tutdrre t hr ough
the int eﬁiogatmmqepctha on pulle atipnit ., The travel tinme to unit n issshe sum

of the propaggt|on; 'h % ‘i”}’t 'P°Fh B)Fe‘wﬁmﬁgéﬁe B&g’ “"s“fs{“fs% un| ts.
simlarly, t hqns@&éapa%t B R e e ﬁ&ue the
control c hananmpta@uuhwetoaw differénbee Fsuemmﬁle,taruelay ﬂiheaws,lshowhl“by Ldastied-0l 40

channel Bt wedine &bx i edéscaarhetlsse doigethe internogation gianngh #1990 4@W&ent han 6ani t  n.
Since 40 the gﬁﬁtj%ﬁ IS %édt APy 4Adivqnallyy delaycling 98 couldr ¢
different, at glagoa G SintiEE:, Uictor 4010RHEs DDA PROAS-hdpg t hrough
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the first n transceiver units and R is the signal 45 travel -time

di fference through the two channels, between consecutive units. Prefer- 45
ably, the lead-in cable section 17, see above, between the central station
and the first transcel ver un|t |s E construct ed that the propagatlon
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Is transmtted fromcontrol unit 4018 (Figure 43) and (n-1)R later a
control pulse is transmtted by control unit 4018, the control pulse wll
ovwertake and 55  intercept the interrogation pulse at unit n.

55 I't should be understood that both the interrogation and control

transm ssion Iinks could be characterized by identical propagation s .
#€3. Delay lines can be inserted in-one of the two channels at each
transc-r unit, to create an effective propagat|on velocity dlfference_
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t he i nt eA5r ogat litem fqy ekampleyt the kadm&igwdrthmpulwevemxs rﬂg85reﬂ y 4682 (RBpgure
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arter a gol ay gﬂﬁgtgi;mmmmw mp%g coglily nction”
performed by FneCAOG! :Qeaae s:nagal
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of flip-flop 4084f pither: i 14%&9 qrom&i ts of pme 4072. The
40 del aygot i me FETYER %ﬁ‘ tap 4085 is
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to tap 4085 being 600 as in the descrl bed enbodl ment. Wen the
interrogation’pulse arrives, it will first activate flip-flop 4080 in pul se
coi nci dence detector 4040. At a tine d later (600 ns 45 | ater, for
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opening the disabling switch 4050, thereby term nating further travel of
the interroga- tion pulse to units positioned beyond the transceiver unit

n. Referring nowto Figure 46, the tlﬂE—ShFFP—dj+S —i-mparted to the control
pul se 55 by a fixed delay |ine 4102*whén®switch 4104 is in the
posi t4d on.shown. The tinme delay 55 d through delay |line 4102 is the sanme as
the tine delay at tap 4085 of delay~line.4072, i.e. 600 ns in the :
illustrative enbodinment. If either flip-flop 4080 or 4084 is toggl y the
S|nultanegys presence of an |nterrogggogﬂ pulse and a control pulsessit
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which are the i :ém?fggbgﬁc@m SR D991 and data
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Fi gure 48, deskg B [1ind R6U8 KiE nguaed 031 g,t;me 45. Pul se
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desi gned ,in F| fhe e %FHN“PQ‘F%WE“P%Q%W i The pppferred Q@Yob"er at i ag
Interrogafion ¢ aﬂn )l e SROND AR RanSthiftE B WERbIRANIX gure
47. Control chatmelin ms:nakéaavesbﬂwﬁebym &d 4048 @ial pore@ failu me 47 but
it will bere r404fh, tipfa tdelay, ding) 4078y Sixj i unmgmesonéef latep theepulse pemdant | i nes.
As nore fgl Iyﬂ'ﬁb gh tap 41 gﬁ% QSZ 4 e the prRpsEives Wl BB A rreg , the
i nt e¥r ogat i on and gfteq esBRY oD 8 wig gtﬁﬁev\gsr&scggddr,g Th puI se
pr opagati on vebmecttgn - A gatt @07dy Figurt |4bie&noeahq381 pulsegis 11J260 nnwwkle r ogat i on
and control chathiegn felog dhetigley fipred781ib 10O te. I—ﬁ\méWé‘Pe ‘"d)é y l'ine 4078
in each tganscgiysPfy ] E R a%g?'f‘ W gatign
channel . Henceofﬂx @106/ (Erbit tal cdhitkol QuiSey 83 @istusséd s 10@5 Qldﬁ@uwmcursbty i §" | ess
40 in themwmemd m edowmsherebﬁ@@smanm utt ¢f ANID 1géte 4108ahannel 4091.
Thus, del ay g°£?0“l° g Iﬁ%é rltggia ‘ih??f 1‘_’:’6?1?%1 F'ﬁ‘f‘é‘i‘rogatlon
pul.se by gg fixgn %% uﬁtbs S 4 103 fe iR ac‘mve e RISE T ne 4978
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adj ust for m neppeadiof fther @wt,lln ﬂlP-ﬁQP #18i ng up the
i nterrogation Mﬁﬁtcmwgmé %Awbegatﬂﬁos will be iphibltedi ot i on, s

600 ns. s Control pulses, corre: ndmg to the above-described DATEN (data enable) 4gs I n .
Figure 48, an interrogation pulse transmitted fromcontroller 132

propagates along line 4090, to line receiver or buffer anplifier 4048 via
power failure bypass switch 4044, into delay |ine 4078. Six hundred
nanoseconds |l ate, the pul se pro- ceeds through tap 4101 to line driver 4052
and on to the transceiver unit next in 50 line, i.e. the next
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55 (clock) input of D-type flip-flop 4106. If a logic-ONE is present
at the D input 55 of flip-flop 4106 (froma control pulse, as discussed
below) the Q output will--alse becore—and+erain—atlogic-ONE__t hereby
causing the output of AND gate 4108 to go to a logic-ONE. The trailing edge
of the@pul se wll therefore also generate an S2 pul se to cause R

controlfer| 132 (Figure-44) to initiate a convert cycle. As long as, 60
the D [ﬁ,t of flip-flop 4106 renains at |ogic-ONE, AND gate 4108 will "’
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consecutgsveunifkes ¢
central station 2 through the i'nterrogation channel to each unrt 111 in

sequence. Let the instant of arrival of S1 at unit Illa be [err] =0 The S1
arrival time at unit 111b will then be [err]=856.8 nanoseconds. 45 The
pul se propagation tine delay between units 1lla and Il b is nade up of the

45 cable deIay and the 600 ns deIay |n deIay l'i ne 4078 (Flgure 48) The
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end of each 856.8 nanosecond interrogation-pul se travel-tine interval. Sonme
time after an Sl pulse is transmtted through interrogation channel 55
4090, a DATEN pulse is transmtted 2 - annel 4091. The
55 signal propagation velocities in the' tMAsted wire pairs of the

i ntersrogation and control channels 4090 and 4091 are the same. However, .
because of the 600-nanosecond del ay*line 4078 in each transceiver ury he
effective S1 pul se velocity is |lower than the control  pul se vel ocit

because t'here are no. correspondlng dehg*,oines in 60 t he controls7
channel . & 3 e RSP fre—e-erigt-e—v-e S—F0r
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25 tine differ dfwgL connect & 90R1) [nputs p tjrguit. 1 he of .t he DATEN
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From t he above desciption and fornulas, it nmay be seen readily that by
proper selection of control pulse width and control pulse delay with
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output of a delay line for performng a second desired control function in
the data acquisition unit. 60 7. A systemaccording to claim5 or
6, wherein the control-signal delay tinmes 60 through the delay lines
are the sane. 8. A system according to claim 7, when appended to claim
2, wherein the selection circuitry is operable to make the difference in_
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output of a delay line for performng a second desired control function in
the data acquisition unit. 60 7. A systemaccording to claim5 or
6, wherein the control-signal delay times 60 through the delay lines.are
the same. 8. A systemaccording to claim?7, when appended to claim?2,
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channel i Nsignald daving)aifl l4eSondl ichufactetistics fbb ewitching ot mehanﬁelsﬁlsddflrst and
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channel i Ndsta Rl lﬁfnﬁi Qﬂuﬁﬁtc&amxels of all the data acquisition units in
30 14. A S tmhseahiverlﬂem conhadted,| followed Thy 4 Recond ddnehdf denfosti sdng neans in the
cent #&l gg{ |a§ﬂuﬁ!g°raueerwdom&elhfhecﬂhﬂ§ﬂgwatb§ spbgett he 40
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subset of tdpecitanepurt each seismid sgoalninpa resist@ocoupled to subset of data
acquitsit i oﬁa’ ﬂ‘FP‘E CP‘H“?‘ %d Eedcﬁ‘a‘ﬂﬂef’a‘ﬁ f'ﬂ""&‘ iﬁt“féﬁfe’f""é‘%bﬁgﬁf“or detS. 35 15.
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t he pext ddurationceuhs itite cluringn which) pnyi meanflsaltihe‘stmﬂsgtlale#Pahmlsof all the data
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capamtance Dis the duratlon of the t| me any one of the |nput channel s is
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connected in shunt wth the output channel. 20. A system according to any

one of clains 16 to 18, wherein the resistor 60 IS in series with the
out put channel _and is the input resistor of an operati onal 60 anplifier.
21. A system according to any one of ‘clains 16 to 20, -wherein in each data
acquisition unit, the selector switch has a further, offset-rermval 1 nput

channel 'to which a seisnic signal is mot appli ed u Hﬂ MUFMvaI -
capaC|tor bei ng connect ed 65 bet ween sai d .t nd sa
out put channel and of fset-renoval ci rcwtg%meS
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amplifier; a cont r'ig iy Rrpire Bk g ﬁfaﬁdiiﬁ @did Somrblei fog al | of

said anpl i i ers 1S5witching saqumpﬁﬂei Yo galhlgh gain state if the output voltage is less than the

15 a conpar aor f aefecgrpalgngnd he absol ute value of the a frJol?eF ascade
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cooperation with Sa’ééodatSd)ﬁtH tespective anrrphﬁew.tchl ng sai d anpl | fier to tge hizgh

gain state i35 t he outPud m@%»edmemcesrs% in the hi
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a selected amplifier 15 ‘greater than the gain of an am ifier having
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havi ng the | owest R g.aé;ﬁbv thja@m ﬂ£ uq;ubhanmdz or
23, when appended andapb:aimpolaﬁty wherein 30 on rok :
responsive t8%a cont r%ﬁr 7 gg.h %Edﬂgn‘?g ﬁéﬁ’&‘ wherp
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A syst em accordi ng g&ggfé‘%%‘ anal og to digital con-

verter connected bet ftoemymstdﬂ@rmwgswnd @étomm’eﬁéﬁnel for

digi tizing the anplebimgorst geragonennpadts H@ Iy saj d_di i@gnals to
said digital gignal, 45 plurﬁgmn anjl ntFol Ticks, M%%Eqmms % Launﬁ m‘gétedunl 60
coupl ed to edch seli’gﬁl ddhEtioh 45 “channel ; and a sei sm ¢ si gnal
processor .in the ce &l adislumnseﬂsouphxechom@mftdh@ﬂm @!dta!ﬂes‘t*@ﬁ’a f di ?“&’-d

transnission |ink fthﬂtealommdvmgfc'd‘! it cerresngpding ’§P"§1rf§?n§elﬂ‘ fnof?t‘dsgﬁ%“?é'ﬂ% units
and for sel ecd vel YRORDI 0, ) Rlibdth HBASHORRRor P MIBREDAESlase 65

different set® of el eRental® sersmc sensor uni to formdifferent
sei sm c-sensor array configurations. 50 28. A system according to
claim 27 and having: a wei ghting-coefficient storage 50 neans. for

programably providing a desired weighting function to selected digital
data 5| gnaI s from de5| red sensors; cali brat| on ci rcwtry for determ n| ng
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digital data signals prior to conbination thereof. 29. A system accordi ng
to any one of the preceding clains, and conprising the conbi nation of
conponent parts which are: a plurality of seismc cable sections containing
portions of said digital-data- 60 signal transm ssion |link, and said
| i nks, said cable sections being i nt er connected 60 by said data
acquyf 3i t)ion units; elemental seismic senjmum“mjlmjmmn d within said
cabj afé ctions, distri buted therealong a rrespondi'ng. i nput
S |n sai d data acqui SItlolrbsy%lts and 65 steerigg .

' 1, 5501e1ﬂ§1to said dlgltal dam sngnals prior to the oombmanon eréof to vary the
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subset of t he ceiitsyinCsaid adedtral G@fitnSiod byplying i fisst d)hﬁ&&fgﬁd t9 said first | N
spaced- aparentreblisk 4t gimehinervalse syst em conpr.i si.ng -

5 CII‘CUItI‘y i elssammeemr rding PPOPGFS%(E?F wseduescrhe 1 ol signal to
sai d i rst %ﬁ%%@; °“t&‘ls Flfﬁ’&latlf"i’w’f or ngtarding
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ad laftér EE%E%L%I% pp d:la:Il u?é)ixdl shown 10

vel ocity thekad
ti me i ncr ervemtol aign&émathh mh!t &lapdging i ﬁrstomtegmll topitiple of said known time’ -
10 a ltlon%ﬂfenlf?tp in.,aid central..station,for a ond
cont ™91 5i gg ggﬁggz et Ve e ddbay

fol | owi ng applsl catsyswm ; ,cmtuttq; ind:lﬂiﬂes deI ay be| ng a
first int eg dmr@mfsaldmcqnﬁmmbmal laraobe@@ a

Si gnajy coi i %&gﬁmgﬁﬁéﬁ% }b ﬂaz of sai g each
said 15]% y%,ﬁj ’ﬁfﬂ ,ﬁneoes,h gg;ujs presence of
the two contsel signals. 31.. A system accordl ng to claim 30, wherein said
addi tional i ﬁéuAtSYS;em sredrdiog: to lewf&igWMMﬁyﬂafawiw y#hg the duration
of sajid sed‘i‘fﬁﬂe 8-5]5:5 I f sakd known
ti meaz:sncr err&p&néi Q))éenkj?(%mﬁb %lg tg(r:%cg?é?%%h%ﬂ froaf’ let S

i ncl uded i n S aeminau bigmt pmwdmﬁg) mgpqnhe a!ppdui (sgnalowmdtmee del ay- of ,sai d
20 second ?foﬁ"f@I I AHHIGID pdlas SING 1o be

i ncl uged | Jih ,,," 6“ or 34 wherein
each data acqlsssuys:eﬂ abwmngltm u 2, thecontrol circuitryds Qieumakdgy of anél0g

i nput  chanreiser co gk edd ﬂ@taldetelsmssm mmdsbw Issmﬁrlmrmd central 25 respecCti ve

sei smi ¢ serf&gfm g fesponsi ve to
sai d B gnalrﬁ.;B gn%“(i%mgoée?nﬁg{;%: ;;%‘ msm& 3{,@@:"@ n caggditioning
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and Convel’tak:c[i:gu:ﬁiﬂuﬁ&a 0g sel sm Cc sig from one I hpu hannel to a digital
dat a signal , i Bes : Za tog) Ry ml °fd r@@ﬂmg claims, s s%Ibrl ved from
anot her ch A’gg;‘ ] ot % 30 33.
A sysfoem a abiChighd) s Bon@kMtd & f6d Bcdoks ri/ i s spper abl e

in a nannerfam%ﬂmanesfasadcchdgatdtaisbdmna Si. gnal s are received by, and stored

in, said cent B %P’G @Pduwaqlvamewg °¥°r?5r’f§°m ssion link by
r anks, Ao %ﬂﬁ%q T B especti ve dat a
acquigsi ti omghuw irsm &ﬁdu&&f signal 438 akect he apal 09

i nput - chanregtui ol faelg wbnwywne bfmldr emtpauexsdmhn 35

acqui sition ﬁ?-té-.-_--' fﬂf S%a‘iﬂfus‘f‘% pr ecedi ng
clai ms, whefgl] lﬁm‘;ﬁ | 10 Y éf"’esf’ggﬁl‘m:gﬁl fh8rf"°IdI°ﬂIf Thel udes ~
tri plse-redund&aﬁsmtIi{gQ&ieUaaglﬂltsﬂﬁmwaﬁ,ac@ﬁﬁmtﬂ central stationsgncl #des
error-detect moly-tmlsettwﬂmﬂemn# sigenl m@cemmgatadﬁqmsx- di gi t al

dat a- si gnalti*®; frng)mrpman’}( A ree. Jcﬁr(s)rs al’ nd for detecti ng
ﬁﬁﬁg bt w e Sl

a 40 faulgg @Yﬁfe'mseeaaﬁd Seheld 60 P hpsystem  «
accorsdi ng tmenmayofamaaiedtsﬁwetprseﬁﬁduﬂgac@hmoﬂﬁmtsMere| n- one of thess

control - S|gnal37IAnkﬂ;°d”| @pééglm Shemmﬁ @esthmtepﬂtéarlleﬂ-undant

conduct-or [ﬁ%ﬁm@ dd %ﬁd‘ﬁﬁeﬁgﬁé&% tﬁéﬁj ority- votje-

circuit forgsfg, I H L€ Qb andsmdﬁ spf sai d

condust or paecteﬂ:ms,\ﬂmeaj | 18 aamoﬁnddenettremyd:ﬁtedieselectedﬁmm rcedt for, -
sensing a faam ne d: conductor airs i-s broken. 36. A - :
net hod for SI ﬂ%}?@a 6?‘ BTs‘néfh‘§ Ofi ¢ data acquisition units
in a system a Ralif o CbﬂEktaﬁfiall}hﬁntMleQﬁﬂHpﬂgnﬁﬁLaiaﬁﬂil, &he nethod com
pr|5|ngthe steps of 50 transmtting a first signal to the
seism c data acquisition units; ' 50 transmtting a nore

rapidly travelling second signal to the seisnmc data acquisi- tion units;
and del aying transm ssion of the second signal with respect to the first
- signal, so.



that the first and second signals are present substantially simultaneously
at the 55 menbers of the sel ected subset of seismc data acquisition
units. - 55 3.7. A net hod-according-to-claim36, the
met hod conprising the steps of adjust- ing the duration of the delayed :
second signal so that the | eading edges of the fji I gnal s
arrive substantially sinultaneously at a first 5”]“' lmimﬁﬂﬂﬂm the @
trailing edge of the secend signal and said first* si¢gnal ®&res coi nci dent

the | ast 60 63 sel ected unit, \/\herebxstsﬂnmo si gnal s ar_e coi nci dent63at
every unit t-e—be—sel-eetee —pri——frg ‘ . L

sei smogr aphi ¢ si gﬁ%ﬂ“ﬂ“ﬁ‘b “P:‘ﬁrfﬂrsf’%‘?drﬁ“f Hﬂﬂ‘*g?sa*asfe&mlyp%\/mgo aﬂ'&éﬂ!rﬂal
statiion;, di sposi nd® b sl SRS LR il b1 €21

mul ti pl'e i nput - chann erco acquisition units with said central station by a digital

1, 550, 701 5 data-signal transmission channel and by two control-signalc@ansmispion Shanhaddsy uni t s 5i n

spaced- apart relati Oﬁﬁgﬁ?ﬁgm‘mﬁ,mﬁ res’flgféé c%?rolfﬁ@gh %?utgr ahe St.ation;

connecti ng sei sm a

i nterconnecting sal ing Cfldih smloaﬁ:au&hﬁoa MisdcbhdS évhol Ceippdl r @bing taafiriton by a
digital 5 10  dszhasmctriginthrotghaths wihers oomol cdhannelednd ¢ db'g riropagatenfr @id- si gnidl

transm ssi on chanf® s‘gnalbyalmwn B ! °§ e di st ur.banc
transmitting f romc&%;f Lge éﬁﬁoﬁsaﬁ %‘E g ﬁtﬁg"g" o m%“mgldﬁaevo?nng a
desired- duration tfisst Quk)secsdd Qighiddire cﬁie:@l’kﬁkheﬁhﬁiibae of aldésa@bsbdet;ialg from sai d

central station a seewsius oy dia @W%\Ibﬂ@lﬂ&d@tpmm@@f said two signals 15
characteristic thr’bﬁggf""i‘cﬂ s‘(ﬁ’t“g\c'g’ﬁ il Eﬁf“lan gr&r&e&m estersegfardl ng propagation
of said 10 se&em’ﬂ%& B o A o oLt Lo 5 o e o GRbet
acquisition unit; c&i&c&j#ﬂﬁ@r&d@ﬁsaﬁd‘oﬂféﬁf&x&ﬂ&@ﬁlﬁnsﬂﬁlioﬁ c]fahr[eBt control signal
with respect®to saj gl seneings ircesclo prierted den epaaibiicy 41 pvingof s 0d

known tine i ncrem{ﬂi1 ?:"%ggsgﬁ gg @‘dg ‘3 i andgbmnmﬁ{ wmgm dent

at the nenbers ofﬂﬁrﬁ@gl(,f%dn S@teringd ehp ach data
acqui sition unit, ptohsssed:digimtlsmﬂttsx ale&anmh ec&dld tamszﬁmgmalmsequazﬁe,as a

dat a- acqui si%®i on- tmeeid esawad plyando cl ai m238
and conprising the s&é‘y;\é“ sfm “‘15 “gggflon a

second control si gna @myn,gnsam&;gcmmdsa{a Mbu@t he
control” si gn;il t r saibseropd ickamcetigione| ; sen3| ng, | n each

sel ected dat’d acquj stpifgnin ‘thsele%ﬂ d‘t% onc Bt pads) e gon-. 20 I d
second characteri gfij;g“ sﬁﬁ%ﬂa %‘éﬁ . fbnal S
from a¥sei snic sesdsdic gER beineécli Sledted 41 luElﬁ(Hlt 58 | centraldstdtib® GRES| NG

sai d signal S by tﬂmt%m sginals o b idesiged ﬂumlbtreuf inpyt, cheongdd bafve/ bepmytranamiged; -
digitizing And t Ah smttl st%gl dsa@roagse_ésl algl‘tsaJ seallssmac salggnals from
each sel ected datgiéﬁqzw ug,n 'S v lae TEEE R T cent ral

station through sai d4xliAgmbdidd sbadrdings toQdlaith 4braaa&8m1ﬁsin@mzecfﬁmnedep oftbeh-
25 recei vi ngpand bining,i inp predetdrneliiedi manher,sia seigricentrgl sptigh thej stored adigitelosaismia |

station. 40.7A rre@' ‘g’gtegf“é fhyensoryg %Mdﬁcﬁ’ﬁ‘ﬁ?"l d4th, gapipjilony it ey 40
¢

steps of: repeat ed! Vad T ARG uﬁ%n&hy,smgtﬁglamoggl cond

Sit
control signal havppﬂygxgsaadﬂreﬁ toeﬁhe s signals originating g&mm ng in

each sel ectgg dat splea m g et rapsmite con- 430
trol signal s and, stbdle e dl ofag%n%f’ Ar ent
I nput channel , s@lta 15!31 Pt,fa,a&gn;ttl ng

the processed d| gduragtlsetegnﬂwmbx aI s from each seI ect ed dat a acquisition

unit to saidgcent raI 44st*“atﬂ?eﬁ‘ﬁd i Flg ly ppe biC c335¥° ) Fﬁ“ﬁrglea reg
purber o 1t TS %m‘f R
ed | taI

35 receiving and gdiddthen Gontréllsigndl ¥ sm e s gnals In a
storage matrix in. sairasiging rsadl sg:b!at mml sﬂl@al Kavine tahﬁrsi @a!awrdmmmomél ai m 40,

and compri sisgg thée“?‘ﬂrsiaﬁﬁﬁ‘rmé‘t‘ @a“o?c Qghs&ﬁd ’nanngg
in said cent ral s 9 ml al multid feg,@a
originating from h&&h@iﬁ:éedirehiaﬂuindchannel s of se ect ed ata acquisition

units 40 to forwd!&gn ragelected datrpeguisitiopsunit, the mudeu;meﬁegcfrqﬁwdmgmd 42. A

met hod accoggli ng g“a S
appl ying a desi r egyu dﬁmguﬁ ?ﬂ&mﬁaﬂ%ﬁﬁ%‘?ﬁ oumegxf%%“i ﬁiﬁ%%

originating from ﬁﬁés addlayifig) sﬁiamnsfl saidsedond eighah By atdifereat ammbmh ng. 45
43. A nethod acct;!ndw t liffe: tallbmtwﬂ'éﬁmcq'ﬂsﬁmandtswmél tuge addi ti onal

45 step of yarying., ﬁi"g %ﬁﬁ‘g%omﬁ;&@m 4 ﬁ““ﬂgi abpl yi pg
phase del ays to respec [ ve ones di gl ersmc-signals originating

fromsel ected i nput channels during the step of conbining. 44. A nethod
according to any one of clainms 38 to 43 and conprising: 50

i nterconnecting said central station with said data acquisition units by a
third 50 control signal channel having a signal propagation velocity
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transmtting said second control signal having a first characteristic from
said central station to said data acquisition units through said other
control signal channel; 55 transmitting a third control signal

through said third control signal channel—-and__ . 55 del aying transm ssion
of said third control signal by an |ntegral wltlpmﬂ‘knom time

L?zz@zt » az:i sensing, In . selected ?sr gumuﬂmuwmum

acqu tion- unlt di sconnect si 9”31,550%’1 . sA *met hod %gcordl ng
to any—es - eatedly
transmtti ng tﬁeAfmnﬂmsl @lsgmra udingy® system qonuiingi tgylad h pl ural +ty of

times and siptially o95s hereinbefgre S‘Is“@&} d’“ge’l?%ﬁEFengW&I“WP%PY’BFf f er entae@mount
each tinme so T d| fferentygssh acqw sition units are sel efted.
46. ‘A system for seism c dat mmgﬁ@ﬁ&r ding to claim1l and

substantially as 65 hezrselsrﬁth;fitoflel]s;ded?crl bed with reference to the
acconpanyi ng draw ngs. , douthampton ngs, 64 -
1, 550, 701 Chancery Lane,. London WCZA Rt 84 47, A nethod of

sei smogr aphi ¢ . si gnal Téne Gt Hiusl, TonsplecGAe BriBolBSY6PD Cl ai m 1 and
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