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‘fo3 TechnicalMrector9 JTF-1
ProjectHo.: Iv - 12
Subject: TimingSigmls

Prepmed byx ‘H.G.Weiss
Approved~ M.G. Holloway

Bnd

Ihascribedin

Bskerfor the

Discussedare the

thisreportare the radio-links

remoteoperationof the various

used TeatsAble

instrumentation.

thing controlfiboratoryad the portabletiming

units,theirdesign,construction,and maintenance.Also included

is a critiqueof the equipaenton the basis of the experiencegained

in the two tests.
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IWORT ON THE CR(ESROADSINkU&3.&ATXON TIMING-

1-1 6* ricalBaQkaQ@o

I!heneed far a coordinatedtimingsystxnxfor all the motive

itiespmticipatingIn the Crossroadsopexwtfonbecameevidentsoon -

aftm detailedplanningfor the operatim was Initiated;d a group

of meetingswereheld in Washingtm in mid=hnuary 1946

tlridIgrequirements. The @.ncipls deaandfor acourata

ationarosefrom the instrumentation&roupswho desired

to studythe

ttminginfm’l91-

to autivate

aquipwmt at s~cif@ timeinterwa~s~ior to the bombdetonation.

Praotitxlly all of these

oatedOLItar@t VSSMIS,

It bemw ewldmt thata

ingradio signalsto @l

P ing oqui~nt capableof

be required. The var$ous

in8trumerlt6 mereunmanned~and were to be lo-

on isla@s BikiniAtoll,ad in al.roraf’t.

centralcontwilstationcapabb of!transmitfi

the remote$nstallh%ionsaxxlsuitablereceiv.

respondingto the ta?ansmittedsignalewould

ins=nts requiredstartingsignalsat

the foll~ tim intervalss.30 nin.,4 min., 4?0 WM, .5 *G, @

=%ee. masured withrespct to the instant of expludon. A+ tb ti.sm

this programwas underdimmmion AbleDay ad had been aoheduledfor

My 15* and installationcf q@msnt was requiredat Bikiniby ~

lst. Te meet this sobsdulejproductionwouldhave to be aqiluted and

equipsmt made availablefa’ shipwmt beforeApril 15th. rt soonbeti

c- paAnfuUy dkhms that the mat formidabletask in tie Wdng

programwouldbe the deslgn~proouremnt~and manufactureof

htudrd specialmadioreaeivingunitsin the shcmtpried of 10 mmka.

The disouasiom in Washingtonindioatedthe

P
of placingthe responsibilityfor tie eompletotinlng

singleagan~. There=s no one Navy agenoypre~

Ca?iaability
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in tha *8WM +be. Sinoeclam 31asha bdmwn

pr&asa ad @e timingorganisation waa required,

pmsibilt~ forfiringthe Baker B* rastedWA

l!@aYaofa?adioli&sandtiEecmOISal w8i!lalrea@

fur that ~am, it appearedthat Ius AlAma9w

the bomb detonation

andslnoetblw-

k!s &t@I08, FLIId 8

wiar ccasideratian

the argalniaattoll
*

~rkiOi~tiIqJ b the CroesroadatOBtEi b@6t ~~ to Ud9rtab ~

timing pragrwie. However,the anlyhope of meting the reqd.red tfmo

sohedulerested in the use of equlpent alreadyavailalilmin Ax or

Navy supply@rots.

not

Ems

avail.dila at Lo8

the work, After

Xn eddttim a staffof q7praXimlta*-Y m,
,.!

A3amoa,wmlldhave to b rapidly-ted to oam7

1] The Owerau ?aMOnmhatixre and teehdoal reqmsibiuty mm tho

tixdngWWPaIB wxildbe ●ssigwd to LosAlamos.

2) A~Gtely ten Mmy edl.istedradioteohnidansand auit-

abla pgducttonfkuilities wcmlil be mde availabb at a West Coaet

l?a9yyardto amist in the mns~tion of tb tldng till, I!bsa

tsohnioianswouldbe~bb to aid inthefidd~oftha

UC@PSStiat BtklJxL,

3) Mlbatk Ma’tlmt proomawt fkotlzthlWand M Oqmg’ad

to O?YMllJLaeosearyelaetrodaaqutmd aotredmy MrdlaMJ f90B

~ StOoku*

4) A fbuttawotraadttm and IzMng 0am?031&mta13Mca Wnald

be made021taleLosAlamOsMmatm alp, tbe m 0u9berld sold,

ATT-17.

P 5) Fieldlxlstallathland Servhingof tsng WxLta Wmld be

urm3artaken bgLoa A3amoswitht?w&s Qflbvy amstad *S-.

!i?$hiim“-’—.
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be accomplishedms very greatcon~ideringthe time availabla,and a

work mhedule was laiddumn oall~ for a smja ‘orash”~oouremant and

were mdo upon the ManhattanDlstriotproouremntfaolllties,tho

TerminalIslandNavyDrydooks,and tlw EavyosCrossroadsEleotronios .

Offher. The fkct that the work =s eoqiLetedahead of sohedulotest.

liliesto the suecesatithwhioh eaehagenoyoamied’at its part of

theprogram.

BeoaueaDof the very limited the availabM for the designd ~~

duotion of equiwnt, the timingayatoMwouldhave to be as ainpleau

possibleand make mximm use of standad readily●vailablema-a.

It -s remgniaed tlmta syste=uelngmveral fkeqmdea or qmial

aodingmild pruvideaddedseourityand reliabilitybut it ms felt that
f-

—

a singlerooeiwr and simple

aatiofhetoryperf~e, and

be ueed to -at the required

filtereystem(mildbe made to prtide

that, this form of system wmld have to

tim aohadule. b to the largenumber

of reoeMng looathns and mnditbau, s- at sea1-1 and mar th~

- milesaway,

whiohwould

It apparql

utherhand,

and tlM desiraMlity at usingan eUaa~ antennasystem

lM leastaffeotedby si@m18 refleotedfr= SW objo~,

desirableto use a rehtiwely 1- radiofmqumoy. C&athe

theuse of a highradio~ mmld izmreasethe effiden -

c3yof a @y8ioally shortadmuw. Ihe availaMlity of SOR m raoaiv-

era~whiuhmre eultaliLefm thisappWxMon beuauee Iof perforhance,

si%e,and batteryrequiremeti,moessitatedthe uhoiceof an qperating

fraquenoyin the rangefrom 3.5 to 6.o -gmyoles per seoond. - use

(- d a standardradiormlever also necemttatedemplo~ modulation

● ●:*’ ●**

oyolesper second. Thus it oap#)+4&

‘%’:’’aie””t” -. .-. ~.- “ ●
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apedfioationsweredeterminedby the neossaityof working with available

P
~ -w@-ti only.

In orderto obtainmudmum reliabilityand freeda frm inter.

ferenceit was feltilqmativeto Ace we of thehighest-powered

standardshiptard transdtter thatw consistentwith wallabllity

and spaaerequirmxmta.To furtheraid in suppressinginterferenceit

ma decidedto keep the transmitteroarrieron the air whanavsrthe

tladng reoei.verewere enarghed and to niakeuse of highmodulation

paroentageue

Slnwa surveyhltmated that tie equipn t

couldbe autivatd IV mdtoh cbsings at jmt m ortwotimeintmwala

oidedto lisdtthetotalnmber ofo=lsin~ane-to ~.

& crdartca copewith ● pomlbledelayof tb tistaftarthe lp minute

P
or 2 minutesignalshadbeentransmittedIt appeared des-b~ to

incorporatea reoyolsohannelin the umit ~ioh odd O~n aIu’ralaw

mug closed. It did not ●ppearpraoticalto installRsohanioal

MkLng cirouitacm the relaysuithout&lay anda greatinomase in

thesizo ctPthbox andal.thm.gh* relqmohosenusratobaoapati

‘ of dth#tand,ing●ouelarationsof ‘&e orderof 20 QQs theymre nut

guaratesdto rimb ok-d dtn?ing the blast.

Bsoauseofths Mgh humidity ad fsaqwBntxwinemamhmd ia

the tsopicwit Was dedde’dto @am * Ufmpbtething Im$tin a

uatosproofMC andto e=pluy a ganerousquantityof silioagel to aid in
ksepingthe equi~ dry. In ●tual opratim it wcdd be msaary to

mmlm
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mud olook whichwouldenergi~ethe umit sharK& hfore

f- the explosiontime,therebyreduoingthe probabillw of Pf3ring oa

radom interferenceand at the same tl= consemdng txatte~~er. To

dmplii!y fie~, servlaing it was dedded to employdry bd+erios ad to

provideauffielentoapacityto operatithe unit for a periodgrea~

them _ hours. The range of si@al intensitiesavailablemde it

poesibleto omplq a shortantenna9and for convenience,proviston-o

mdo to installa whip antennaof ●djustableMngth directlyon ths

box that wouldaontainthe thing unit.

II.

2J~ ‘

& testJM.e,the solef’wmtiomof thetimingoontrol labor.

atoriosaboardtheAV-17wasto trammMta seriesof tom signalsat

suitablaintervalsbefore the exPloskQ of the bomb. lb.●xpeatedtixm .

of bombrelaaae,wasto be transmittedto tha AV-17by radioIn the form

of a breakof a 1 ku tom modulation.Shoe the time of fall (d *

order of 1 minute)before explosiom iuas aommtib Icnoq the time of the

axplosiomoouldbe predietedand the tone si~ls sent out auuordingly.

To rduoetha hwsm ●rror,the 1 ko tonsbreakwasused to startauta

matioallya motor-drivm htmval =*r *oh autmtioallykeyedout

thelastthraotomm$ =20seomdus-5 eemxxhsand eP seaads. b add-

iticmto this automatic‘elookn,time -8 req.ulred● tramamittor(l&wy

typo TM; 400 watts axtrut), ●udio osoillatas,a meanaof rcemding

the timesat ~iuh the toneswere‘bz’adcastand suitableoqui~t for

communicatingtith the babing plansand with WTF-1.

For TestBakersthere=s addedthe ftmctionof detonating

the bomb~ a mdio’kink origlna%ingaboerdthe AV-17. ‘i’he~hron-

(--

.

-8-
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p sentoutsbzultanmuslyby the actionof a singlehy for eacht-.

hi addition,a %epeat-baokn link=s mquired~whichimformd the ship

that the variousfiringstepsaboardthe t@b-carryingbargehad been

euccmef@ly completed.A ‘&maa t- iinkma dhJOrequired~tO

measurethe time intervalbetweenthe closingof the finaldetonator

switohand the startof the nuolearremtion, as evidenoedby the appear-

ance of ga=-rays at a ohazMw a few feet‘fromthe oentirof the Ixxib.

The basic~ns for the aboveequipem$tH laiddown at the

startof tie. program It was decidedto use a tripleradiolink f~ the

firingprooess,so arrangedthatno om linkwmld mffloe, Ink that w
.

oncJ link mild failtithoutiq=ir~ thefiring.ThusSfivetranmittm~

wererequired: one fm timing,threaforfiring,anda &are.

2.2. faudmda

,P Constructionof the le%oratorieaand installationof the

transmitterswaa done?V theNavyat theU.S.IkwalDrydmk Stationat

SignalBridgeof the AV-17. The StarboardIabmatmy, am 4)~ x u’ ●

contained the transmitters~ as well as threeNuvy type~ remlvera to

momitcm the.ftringtransmitters,an RBG to monitm the thing tam6-

4

mlttsrg and a epareRX. The portlatmatory(Fig.2) was fQr the

tking and firingcontrolequipt. Gxteroonnacthm betweenthe two

Iaboratdes and benoheswere

but the oon&ol ~Pnt =s

FieldGroup.

Workon the Cautrol

pwvided Q theRavy at Teminal Ialand$

lmiltand installedby tlm LosAlamoeI

equipmentWM IYtarted8t us Alamosduring

February,and severalof the relayradm were com~eted there,but the
F

bulk of the work =s doneaboardthe sMp d-g W period_ Marohl?

-“*
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P

UMtil ‘th@ ikultitem! 0 The

Milt by the HAtbway InstrumentCo. of Dermem$CoUt.9to spcificaticme

~tidod by ha Alamoe. TWO CO10@&t4

4J47 earlyin

When

~ deoidedto

Awil .

the 6 -eks B delayw

builda oontrol

and rqmat-baok pilatlightswouldbe

units,xwerede13veredaboaN the

arderad& PresidentT&unan,it

consoleat which all the monitor

centralized

tones odd be keyM-out and the aut~tie tfming

TIM oonsoleoabinetnas designedand Milt during

and frcmwhich the

oboks operatid.

April,at Teminal

Island$but the detailed‘cimuitry$the actualinstallationof parts,

and the wiringwere done enrouteto Bikini.

2.3.1. j&mami~

The time-tested$heavyduty Tf14transmittersmowed
+-

to be e=ellent in everyrespect. After somedfffititiesof filse

ohannel operatim of timingboxesfromharmonica(e.g.a tlrulng

ohsnnelwith● I&Xl oycle filter operating when the tranaaitter mm

modulatadwith an 8W oyoletone)~ an oscilloecopowas installedto

monitorthe R-F envelopefrom the transmitter.The troublewas quiokly

tracedto the Improperprooedureof tryingto -t low parerby using

U We+l SWitth* It was f’oudthat the

witv+w-shapesewm at IOC$modulationtin

trammitters

cGrrectlyoper-

(Dwg.’#-7300550),pairsof linesweremxn from tie points33 and x

& the modulatcm to the ptoh panelin the timingmntrol rmg where
r

“-~-o. ”-i
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It will be SW?!tl tha~

/- these closures cause the keyingrelays’tooperatep~tting the carriers

on the air by remotecontrol. To controlmodulaihn$ tie pdnts 17 ati

18 in the modulatorwereus~d. Thesewere cunneotedto contactson the

keyingrelay,and mre short-circuitedwheneverthe carrieris

groundedhad an switchS=405Dwas removed,a linerun frma point18 to

this switchcontactsand anotherfrom point17 to ground. Thus,when

t+hokeyi~ relayopined,the cathodeof the modulatoramplifierwas

disconnectedfra groundsand the amplifierbecamedead. This was done

to avoidhighvoltagesat the fin~ rmdul.staramplifierplatethatexist

when the amplifieris excitedin tie absenced

of modulation,with carrieron, =S providedby

@ch PI whichaouldswitchthe signalInput

carrier. Remotecontrol

SPDT swttchesat the

line fi~ the modulator

overto a fixed600 ohm load. The signalsourcehence

f- ohmeirrespective of whethermodulationwas ,onor off.

finslamplifierws operatedat 2250voltsand200~.

dutyNayy verticalwMpe, 38 feet

2.3.2. ~.

Each transmitterwas

M.*9 weraused

providedwitha

lookedinto400

Thetranemltter

Standardheavy-

for antennas●

monitor.W2)2sistingof \

a receivertunedto the carrierfrequency,whoseaudio cutpxtms applied

to a multt-channelfilterunit. Figure318 tiecircuitdiagramof ●

typicalchannel. When the transmitteris modulatedat the filter
.

frequency,the ●udio outputbignalfrom the receiverwill pass throughthe I

filterand be amplif’ledby the trbde V-1a. The out@ of this ampli-

fieris ●ppliedto the cathodeof the diode-connectedtriodepV-lb9

oausingit to developa positivevoltige. The relay-tubeg V= g Is norm-

allybiasedfar beyond*8 cut+ff pointby a 45=voltbattcq$ but when

the voltage from the rectifier is appliedto its gridsit ecnducts,and
t

thepMw=cwrerrt$ pass&g throughthe relaywindingscauseeSt to op-

- . ..~af’r”~rate. Une’set of relaycontacts~%lb hol~q
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tmusrd”tter modulationis removed;the otherset9

.’

X-lb9lightsa @lo%

r. lampon the ,fiIter=unitchassis

Thisgivesthe oonsoleoperator

, out on the air“

and a secondlamp on the controlconoole.

dimot &ldenoe that a aignd has gone

hot of the modulatten control equiptmt =s mountedIn

O- re~ raoksmuted on ben&eEIagainstthe inboaidwall & the tirt.

ing controllaboratory,as shownin Fig.4. Figure5 showsthegeneral

natureof the Interconnectionsamongtheseraoksand frca the rinksto

tho transmitterroomandto the=ster controlconsols.Ftgum 6 is a

functionalKLookdiagrmaof theseinteroonneuticms.
!

Sevensudtofmquemoies used to

modulM+ thetransmitter. ‘i%eir fumtlons are Wnitatedbelow:

f-
mo -30minutes
610 a @lute8
300 -20 seoonds
850 -5 seuonda
M + seoonds
162Q --m--

Reoydo

Re4eraoku land 2udain

and twa spre oaoillatorsus wtllas a

Charga
0 ----

0 ,0.-

H,r9
Disarm

the sevenregularaaotllatars

panelof %ub8tilart$mnjaoks” ,

l%= the substitution PW1 -m leadsand a c==on ground

oarriedthe audiovdltagesto

30 Heretheywareappliedto

usedfortimingonly,andtwo

a voltmeterand adjustment

putenti~lxma~ one in the

an parallelin the Oase of

pmel in Raok

easeof tones

tonesused

buthtiraingand firing. An 11-poslticm selector switoh oonmoted ~

7’,
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one of the atiiovoltagesto a Hewlatt-Packardwacmm.tube voltmeter

P’ and also to a monitoringosclllosccqm

horizontalpbtes of the oseillosc~

mounted lower In the rack, The

wereUomec$ed to a Hewlett-Pmk-
●

ard 100-1000cyclefkequencystandard~ so that precieeosoil&dmr fre-

quenoieacouldbe establishedby observingthe Ma- jms Figures. The

frequencieswere set to 0.1% or htier~ and mre foundto stayconstant

to 0.3$ over

2.3.4.

long periods.

m smt~

Figura& showsthe COH@bte circuitfmm oscillatorto

mdulator for a typicaltimingtone.

two basicmethodsof keyingthe taw

smthdl~ therean 11 relays ~ for -oh

CMuure of one of theserelays,whose

aideredlater9putsthe correa~ing

P the second=thod, thereare pairsof

ton?; them are closedautcaatieally

Xt willd notedthat thereare

into the mduhtors. In the fIrst

of the timingand firingtones.

energizingciruuitswill be oon-

signal.Into the milulators. lb

oamoperataduwttohesforeach

in sequemseby.amotos-dxt’ma

aim that aompletee its cyoleoncea minute.Ws ~ is uswl

fortheprelimirW’Ytisting.It o.anbe seenthat eithertype of’key5ng

oan be seleotedfor eithergrmp of ~tters indqmdently. As

will be shownlater,wherea singtifrequen~ is used for both timing

and flringgthe coi18of’the two relaysare mmcted In ~lle~g 80

thatthe operationof a singleswita modulatesall transmitter

8imultaneou81y.

Under the operationsplan,if, far am reason,it was desired

to postponethe exploeionfor a periodgreabr &n a‘%alf-hour,tit less

thana day, it wouldbe reqtied to r~m~e t- bms~ At tie ==

time,the bomb was not “M be disamede sincethiswouldrequirea trip
f’-

to the bmb=ca~ng barge,re==lng by radiohi- impossible.Wch

!!p@p&etlxm
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-wmElllyoes switch =8 put in twrfw Ufth the disarmtme reluy

Mart of the MxmOnnodionfi 8mong the variouereky raoks ad

th aontsolmmaole wre MA In the *ads mmting we qdic Iceywrs

ad from* oiks emergedtxpmr@e
I

@g We _ to themodulators.The

in roT8d lSuM@# jaoks$ 60 th$t from

Cmld i?mlnot to the 8everal m0dulator8

Beo8use 0? the IOU input

age ●t th patoh ‘ml variedwith

lheretom$ ome the eystemmm aet

t_tBd h @loQO-@%l@,~

plugswere insertedinto jade

the Mllti@e row, ~tuh-oorda

illprallol, es ohm m Fig. 8.

hpdance of tale 80dUht*B$ the vdLt-

ti~ -m af aodaAor* $a pu’dlel,

Up$thethreofiringtxwnsmittera

mm ~ to Mwtitaltie ail eqylvdent Fe81stori.nthe %dulati.on

Of& p.aitiz?l,so *at ~ttwo muld be turnedCu#r off d will

WithmxtCN8tarbl.mgthe Voltaglklevels.

x% k! found that the

. Wre ~ eosl’$60,CbangLag gda

f-, m @l mn$aa mre

8pBeohgainOontmls m * Md@J?lto!m

in fixedutepscx<’tiomlOto ZO$. ?he

installedti]the timingodro3 lab, just

—
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I \

t- mittm o#ld bo uubetitutedfor

the mo4b2at&onpatoh+xds.

8tnoe,for a givenaudioinputvoltaga,the praentage mod-

ulatlm Uopnds on R# oarrierpoweroutput,all tr~tters were ‘
r

lcxidedtu ● fixedpower$ 200 ma in the poweramplifierplatecirouit.

For f- ● fixedfigureof ~ modulationwas selectedfor eaohtcme

used, Variationsin reoelverfidelltyand filter-wnitaenait%vi~-re

offset~ @n eatrol adjuatmentson eaohindividualuhannelin eaeh

filter unit . Similaradjustmentswe= not incorporatedin the _

baxesand the variationsin channelsensitivities~re ccmpenaated

for ~ varyfngthe percentagemduhtian with frequenoy. It waa f-

thatthefiltertranamimsioninoreaaedwithfkquencyby alxmt2 db for

filtersf’rm 300 to 1630 cpB,whilethe SCJL=6%4 receiversused in the

f- tisdng-S had a maxi.muresponse at abti @O epa. !lhepercentages

dim in the tablebelowwerefouxdto giveexcellentucmpen6stion:

channel -3CIBI am -20 Seo =45880 -2 w F&ayule

Freque~ Xlso 610 m 850 420 M20

Filterinput 2.7 2*4 2.2 2*5 2 ●3 2.8 ‘
voltage

It ahculd@ notedthatthisaetbod& eoa~tdon resultsin tie ~

bardehamm18** prthularw mnalt.lveta possible operationby

static) arashe# a otherextrane- Si@M&Je

The operationsplanfor TestAble caJledfcm the mnud

keying d! the -30 ninute @l the =&?mixutetme signalsat -s baued
P

an the baabadier’svoioeannouncements.The reaainfngthreetonesS

““”-.,,.,-.-’ =.,,,
. . .

—.
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P’

=20 secmds~ -5 -cond~$ and 4 ‘eCon autmlaticauy

by the tith~y ClcMs9 (Fig.9) which wag to b S+=rted by tie beak Of

the 1 kc tons. KU seventcme relays (includingthe ‘Zerotone”for

shotBaker)were builtintothe clock,and sevenpush-buttanson its

frontpanelcouldbe used to closethem. Ieadafromthese~sh-buttons

werebroughtoverto the mastercontrolconsole,so thatthe eelayscould

likewisebe operatedf’ra there. Also in parallelwith four of the wsh-

buttom (thelastthreetimingtinesand tlwnzero”tiwe)were nicroswltch-

as operatedby a cam in the autmatic clock. The relaycmergidng

ccnnmtions are sham in Fig. 11. ‘i’hiacam =s arrangedto make one

completerevolutionim 60 seconds9and then stop. As it SWU31g acund~

it closedeaah of

cam was drivenby

volt sourcebuilt

the micro-switchesim turn for about1.7 seconds. The

a 1 rpa synchcnousmotor operatingfroma 60 CPS 315

intothe clink. This sourceconsistedof a precision

tuningfork oscillatorand a powerampl.if’ier9~nd was accurateto within

3 seamm% a day. Themicro-switcheswereattachedto a largefram whioh

couldbe rotatedto adjustthe intervalbetweenstartingand the ‘zero

tonem. A largedialengravedat ~ secondintervaleand a vernierin- ,

dioa%ormade it possibleto adjusttiis internalto wifiin~ .03 sewnds9

althoughcertainiccentrici%ies made it xmcessaryto reoalihratethe

systm whenthe intervalwas changedby a krge &=mn’to h additicnto

dritingthe cam9the precisionscums wasalsousedto drivewlocal

tin.ewclockson the automaticclockpaneland at the controlconsole,

%%ccnds.tc-gomclocksat tie samelccatiaastiand a recardbg dart to

raglsterthe exacttimesat whichtie toneswere sent out. The time

intervalsbetweentie startingof the can and the keyingout of the

tonesdependedm the react~siti~ at whichtie -m ~~ tO rest ~er

the cam trippeda stoppingmicro-swit~. This positionwas foundto vary ~

by ?:0~1 secondfromcycleto cyclebecauseof variationsin the aBcunt

-!!
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,of tmmtingaf%er re~val of Mq power. Therefore~ m electrical brake

c
WWJincox’porated.& the caa motorrelay9(K-1in DWG9 C=31295 of the

HathawayhmtructionBook) o~nedg Z$ voltsde was ewitchedacrossthe

oammotcr. Thisreducedthe coastingfrom 1 secondto about0.1 second,

and the variabilityfrom0.2 sec to an unmeasurableamount. A second

changeto impruvethe accuracywas to rewirethe recordingchartm“tarto

run continuouslyinsteadof starting,tithvarlableaecderation;simult-

aneously with

froma Em-tof

the cam. A

oontactson

startingw:: waa then plamd cm the record

the auxiliary startingrelayin the cyclic

Keyer chassis. It was found thatthe recordsthus producedwere.not

strictlyaccurate~=riations up to 0.06 seaondabeingnotedwhenrecord

mre made on both cbcks simltanecusly. ~is was due eitherto non=

unifmm +arvelooity of the chartitsdf, or to imp=tiectmgraving.

It ms overcomeby ~tting timewrkers”on a blank chart,using a syn-

P
chronouslydriven=rker caE Wt put d ‘PjIUaat 1 secondand 0.2

aeeondintervals.With these changes$the intervalsbecameconstant

and determinableto~.O.03 Seamdso

The mchanical remvttingmechaniem, whiehhad tobe pmxmd

aftereach cyclebeforea

causingerrori3due to the

fresh etartcouldbe made~was suspectedof

sF&iq#f~OeS exertedon the cam. It was re-

plaeedbyan electricalreset - a malay~K==2whichbridgedacrossthe
I

stoppingmicro-stitchmtil the w kd pssed Its rol.ler~It wm

focxxlthat cccaBiona~yrelayK-2 coulddrop out and releaeathe.start-

ing relayK-1 &&ir.gthe brief interml

of uontmts and the closingof the ~her Or the fJ~~ ~cr-stitche The

oqnse~,uentstoppingof the C10CIC9however9couldbe avoidedby keepihg

the ctmaob starting buttondepressedfor at least 3 seconds. Ifithis

P casagthe auxllliarystar%hg relay in the cyclic keyer chassis bridges ~

the @p. Care had tp be takento releasethe switchbeforethe first

=17-

? mm
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dllqnm!!se.ead,uwtonewas keyedtf a chartree

startingrelayheld the stylusup and obliteratedthe retardsof the
P

tonerelays.

me ~pr of, connecting the two clocksintothe ~rdl

circuit~s complicatedby the noccesityof conservingcablewiresand

connectingpins,whichbecamascarceas extrafeaturesmmre added.

Most of the relay coilcircuits,the clockstartingand stoppingcir-

cuits,and.the preoisionsourcecircuits=re interinvolvedso that it

was necessaryto keepvery uloee trackof the two sidesof the primary

lb ~ to avoidshort-circuitswhen powerplugswere reversed$eto.

Finally,it was arrangedto

It wQS distributedto Clock

and the automst$cstartar.

volt d.c. line~ one sideof

bringall powerintoClockB, from which

A, the cyclickeyer,the controlconsole,

SimilarprecauthnsW&S used for-the 28

whichwas grcnded at the generator.

Most of the interconnectionsamongthe varfousunitswere
P

=de insidethe cyclickeyer chassis$whichalso containedfour tone

I relays for ke~ng the firingtransmitters.&e cableoonneotedit to

the audiooscillatorVTVJdrack,and another to each of the clocks~
/

carr@ng the audiotonesin and out es well aa the startingand stopping

. conmctions~ The 2$ volt d.C.and the 115 volt prtiry pawM wer@/

carriedin on theseoables. An additio~l cableren to the Prtioular

clockselectedfar use+ It carriedtho precisionvolt@es for the

clockson the controlconsoleand the energizingpower’for the tone

rekys. Switchingfrom one clockto the otherthen wws accomplishedby.

removingthe cable i’hxu the one clockpand pluggingin the corresponding

cable

keyez’

fra the otber9folhsed by throwtngthe switchon the cyclio

chassisto selectthe prop= audiooutputline. ms sfia

.180 ..

““ “H!!lllm
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-
‘hada thirdPositionin w~oh the fiblat&8’ Mre connectedto the

qyulicIseyercontacts.

A stmllarswitchwas providedfm the firingtransmitters,

b& thishad onlytwo pxitionst Clookand ICeyer.The Clock position

connectedthe lim to the four

deriwsdtheiranergisingpower

removablecable.

tone relays in

froathe clockselectedthroughthe

The directstartingmechanismo: eaoh clockums a relay in the

with contactsin the cam motord.rculto This relaycmIld

be energizedby pressinga switchon the clocksand de-energl.sedeither.

thragh the actionof the stoppingmieroewitoh~at the end of the oyole,,

or by pessiqg a stoppingswitchan the clookohassis. To startand atop

both clocksin SPChrOniSm9an auxiliary startingrelaywas prtided

in the cyclicksyerchassispwith contactsin prallel with eaoh of the

individualclockstartingswitches. Thisrelayalso had two pirs of

oontactsfar operatingthe reccmdingchartstylussto given r=rk far

the startingtime. Xt was energisedeitherby a startingswitchat the

controlconsole ~ or by the closuroof contactson a relay in the auto-

=tlc tone-breakstartingdevice. Stoppingoirouitsto unlocktie clook
..

startingrelayswerebroughtout f&om eachclookto thecontrolaonsoleg

tit aeparatiby+asdng switcheswere providedthat made it possibleto

oprate eitherulookindependent~,even with the cablesto the console

unpluggeda
/

2.3.6. ~cj Startirg Dev~.

Figure22 is the cirouitof the

math startingdevice. Fundamentally,it is

unit eIlnilarto the onesused as transrnittar

f“-

fIlterchassisof the auto-

a filter4mplifier-relay

monitorso It iS provided

lm!l’
.
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‘9”
with switohesand relaycontactconnectionssuch thatwhen the ‘auto=

P matic-nual~ switchis in the “autonaticnpositiongvoltagefor the

startingrelay~a providedthroughthe filterdt relaycontac?%

When,due to ● 1 ko. s@nal, thisrelayIs operated,this starting

oireultis opened~but #e breakin the tae causesit to O1OSO,and per-

mits the dock to start,unlessthe circwitta

@ themdtoh in the ‘mmualn pasltlon.

then,* uwitoh1s leftin ‘manualHuntilthe

ThenIt is thr- overto ‘automatica,and the

the t- Is brciken,

interruptedas a result

DuringXlomalOpratioal,

1 kc signalis recisved.

clookstartsas soonaa

Themastercontrolcausoleis Shornin HgUzW 10,139W

P

I

,P

It eonmlstadf thueepanels,one with oleoks,one with indioatorlight@

ml switohosfar the ke~d tonesand the rewat-baok cixouits,and -

withthe startingmechanism.

I!heleft&and dock sh~o localtime,for eaohteat it was

aet mxurately with the ehip8o c~tero The right-haM e+ookstarts
i

whm the mm-motor in the ●utomaticcledk

the number of Aintng secondsbefwe the

thebaokof this prt of theounsolesaot

Crock.

The izldioator lights

groupedintor- aOCOS~ to

ohaeoiaetarta,md indlcatim

cxpeotedeqiksiontime. O n \

shown,is a Seoq “localtime”

in ‘tie right-hand~el (lMg.34)are

funotlonandmlumna aooordlngto time. I

Theuppr two rowsaretheindicatorIlghts for W rqmat-baok system{
Franleft to rl$lt, they ares eqme, generatom on, X4mlt ohargea~

-d, ti fixed. me whitelights●t the right of thisand the &hex

rom irldioate-t the Varicnls UXLttSara turned -0

A-k.. . ——
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Th next threerowsof lights~mihiehare &d9 aro the monitor

lightsfur the threefiringtransmitters.!lheselightup onlywhen
P’

the uorreqmadingtoneshave actuaUy”Wn transmiihed~The left-hand

lightis forthedim tone;the next threeare charge,armP and fire9

respectively.Sincethese operationr3oocurat timesused for tim$ng

WPOSeS g and are ~-ied out tiw tie sameaudiofkequenoies9they are

thereforeplaceddirectlyover&s correspladingtiXng monitorlights.

The sixthrow containsthe greentimingmonitorlights. From

I&t to ri@t, theyare$reoyoleg-30 tin.,=2 rztn.9-20 see.,-5 see.,

-2 sm., and ‘firo”. Belowthis row are tia

the tonerelaysti the clockchassisand the

thrownupward,theytillremaina? but when

sevenkeys wkiohenergize

O@.tC keyeroha8ai8. When

tbroumdownward,theydl

be &ehzrned ~ spxlng to the mutrd. posi’tionas soonas the pressureis
b

released. ‘”

Belowtheswitohesis a row of white indhatar lightswhioh
P

mere~ indbate thatthe correspondingkeyshave bsem thrown. These

also lightup when me tone-cirmitsare olosedfrom the clock,either

by pressingone of the keys there,or thrmgh the actionof the autcmatia

timingoan~ Theywork fromrelaysmuted an a ehasds insidethe ccw

solecabinet~ whichare prov$dedwith lookingcontaotsso thatthese

Ifghtsremainlit until clearedby pressingthe clearing~.~t~

at the extremsrightend of the rcm~

The left-handpanel,(Fig.13) of &e controloonsolehas

a ewitohat the top that was originallyitiendedto selectthe olook

used. It was fad to be too difficulta probbm to swlti the many

leadsrequ$redIn chamgingfrom CXM clockto the other-p this titoh

was nat used, exceptas a reminder,* lightingthe correspondingpilot,

as to WhiohClookwas pluggedin. Belusthis switchm the pilotsWhioh

indioatewhetheror not the clockoam motcmis running,andswlthesto

Star’kand to stop it. Stilllower,are lightsthat indioate
-21 ~
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are duplkatid on the automtie starterchassisO \

the firingsignals report.

111. THETIMINGUNI’B

3.36 ~

lb purpom of the Thing Box VRM to W&ke possiblethe remata

opration of 8ucb devicesas cameras~blastreoorders$andvarims kinds

ofmeasuringinstruments.This WS to M accom~jlidhedby the closingof

switchesat certaintim Intervals prim to

r
explosionby a twqwnae bf radiosignals.

3.2.

Tlm ThalngBox consistsaf a six

a specialfilter=me~yunit~ a springwound

operatingunit far 50 hoursgan antwma and

tube superhetrodynermiuver,

clodt, batterLe8Oapble of

a waterproofwoodenbox to

It was the functionof tho TimingBox to receivethe 8i@aXs

trancmlttedfrom the AV-17$separatenodulmtionfrequencieswith audio

bandqaasfilters,anplifyand rectifyto tie thsm operaterelays.

Aftera’relaybad been closedby a suitableaudiosi~l~ an eleetrkl

holdingdreuit wasprovidedto keep it closed.Therelayc$odaotsin the.

tidingbox mre nut guaranteedto hold duringthe explosionand therefore

it was reoomwmded that some shook-proof@ten be ino~~ted in the

P externalinstrumen’bhtionto look cirmits closedMter the lastrequired

_ s%gnd had beenreaieved.
-22-
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f-=

!%9 audLomdulation tom. @ eorreB@nl&2ngtiue ill-
(

tervala am giwn ill

30 min. 1150C.p.s.
2 Ed& 6~ C.p.80

20 sec. 300 C.p.sti
5 Seu. 850 c. P.?3.
2 sec. 420 C.p.s.

The standardTimingBox mild be arrmngedto ~spond to any

threeaf the availabletiresintervals.Boxesthat containedeithera

3oEmor R2

Waa IleoeaBary#

bib mightnot

min. channelmwe suppliedwith ● reoyoleohannel. This

~rtioularlyin TeatAblewherethe decisionto drop the

havebeenfirmuntilaftertb 30 *. and2 *. relaya

in the TimingBoxandalso openeda set of nor=lly closed relay oontacts

whhh couldbe wad to Interuptan exlxmal oirouit.

3.3*

\

e

3*3L @ceivex

TheS.C.R. 6% reoeiverwas melaoted for use in the

TimingB= beoauseit satisfiedall of the requirementsfor the job at

hand. Thisreoeivercoveredthe desiredfkequanaybandand it c-d be

operatedwith dry batteries. The powerconsumptionof thereeeiverb

extawmely10W9 thus peralttbg sui~ble bat- life. tiportsfr=

Mval ResearohLaboratoryon its ~rf ormanoewere favorable.The

immediateavailabilityof the SOR @t was a130 a largefactorin #e t

seleetion,becauseof the volumeof boxesto be producedwithina short

period of tine. The rwtiver cirouitdiagrm is giwenin Fig. 15.

TheSCR694.was onlyavailableas a cmplete unit, ie; reoelvarand

transmitter.The metalshellhousingboththe transmittalati reeiwer,

mm
,,’

— — ——
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-t -’’l-”-’’’”-;

ions in the twnsmitter4xmxiver

of the filter-ralay*t for the

hou~ing~to accommodatethe sahxstitution

transmitter.

A seamh was made for a filter-reliayunit that couldbe

operatedwith low drainfrom portabletypedry battmzl.es.Itwasfand

thatno su6hdadce mm a~ilabls froaOoverment souraesoronthe

conneroialmarket. Therefore,it becane@cesoary to designand

producathe fXLter-relayunitsto be used in the TimingBoxes. 7he

cirouitused in the Filter=RelayUtit is a ata?aightformirdarrangement

of a knd-pass filter, audiosmpJMier, a deteetor,and a D.C.aap

lifiermntrolling a relay. (SeeFigures17 and 18).

r
h#?awy surplusstookswere searched for suitableaudio-

filters,and Wedd type X2266whiohhad beenused bg the Havy in the

ARWZ radio~controlledapparatusfur droneplanes~were boated. There

are ten filterslh thisseries,

fkequencyrangefrom300 c.p.s.

filtervariesf%m the adjacent

#W?66-1to #12266-109whiohmvar the

to 6000 c,p.s. Center freqtmnoyof eaoh

onesby f’ao&rof’about14. Thebard

tidthof any one ahannelis about~ lW d the oenter&equenoy. M.

jaeentchannelattenuationis approximately20 D.B. “

Skoe battery WnsUE@.on wis an important fautar in Seleoting

the lD&41.T.-s foundto be suitable. It eon-

triode,pntode, and a dide. It ~s not possible

-24-

m ,“

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



f-’ was used as the detector. Severaltypes~ rangingfromtwo to eight

ele~nts, wore circuitand iall smmed to functionproperly.

The four plate typd was selmted for

the fllter=relayunit.

The relayselectedwas the

use in the actusl.produd$om of

plugsintoa standardoctaltu&9 soobt. The plug-b featureWM part.

ioularlydeslreablefrom the l,tmd-pointof testirgaxx!amwicing. The

selay#coilresistanceis @CO ohm. The powerzvqwiredto operats

the relayis about900 m.w. 1%8 rlodlalpurred “eequiredto operate

the relaywas 3.$ m.a.~ and hherelayW.1 reopsnon a oument less%hen

2.5. a+~a

3*3*3* =a@QQQAJ!

U*S. Armysignal

P supplythe filamentand plate

Ccmp. Battery9up 13A-@,=s used to

voltagesfor the reoeiverand the filteir

relayunit. Two of thesebatterim wereusedin parallet.No cd’these

batterieswouldaffordthe completa~mhg IMx a periodof 50 to 60

htmrs of mmtinuous operation. The filamentconnecticnasupplyX.!%

and the ‘iBnconnectionssupplya ‘potnntialof ~. Overallsise af BA

48 is UY x 5~ Xw. The WR batterk used me the coamontypa ‘7.5

voltunits. Theyhave taps ●t l.%, 360v,4.5v8axd 6-w. Three of .

theseweraused~acmnectedh series. Becausetheirtiotion in the

drrxli.tW3e SiIBply

lifemls kngo

3.3.4. ~

to supplya bias vol~ at no cummt draintheir

f-’

Each box containeda spri~ woundclockwhichoperated

a microuwitohthatenmgised the receiver-filterunit. This olockEW&+

it possibleto Ieaw the box in an inertconditianand have it tux’Md

-25- (
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,,,.

.

on $mt prior

P and even I!mre

dom signals.

to theexplosionperiod. Thi.oconsermd bttery ~fe ~

iraportant$reducedthe probabilityof prefiringon ran-

The clockrmchmimrotated axmtched dialonceeach~

hours. The notchwas cut totnrm ontheunit for a sixhour period

eaoh24 houre. The clockhad a running time of approximately50hmrs.

3.3.5.

SCR 6%vwwe

each about3

The‘antmnaREM% base and antennasectionssuppliedwith tti
\

ueed with the TiE&ngBOX. Thereare ten antenhasections, ~

ft~ long,in one kit. This made possible’a -p antenna

fraa 3 ft~” to 30 ft. in length. The p&elain Znsulated basein-

cluded‘tworubbergasketsafi%rdi~a ~tkr~tigbtfittingin the3 in&

holeh thetopof th@ woodenbox; ‘
\

3.3.6. ~~oof’ BQ&

,Severalqyaliffoationswererequiredof the bax to contain

P theCaqxmentf!l

~OOf~ and had

pair of wooden

mrewed to the

of’ -&hati!dng @)aratus. TM box had to be sturdy,=ter-

to have a door providingacoessto the mx+onents. A

legswere pr~ded with eaohbox. Theselegswere to be

bottm of the box to gim it a firm foumlatton,and %0

elevate& bottoufr- the deck or groud. A circularhole,2’1in

diameter,was cut in the top of =eh box to providefor the inetallatlon

of the antennamastba$ao

The ouweror door on the box me supportedby a metalhinge

rutmhg the entirelengthof thebox. Whenclosedandmxnpremedagainst

the rubbergaaketseatedaround&o edge of the box, a wuter-tightseal

=$ f-d. A very sturdytype of constructicmwas empl~d in joining

the sidesof the box. [SeeFig. 19). Me owtsidedimensionsof the box

f-
mse m x 2@ x MJn. TIM t!bing unit intervaloablingdiagramis shown

in Fig. 20s .

— — -.
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3*367* M,@JJ*ti!&&R.J& -“.
tea%box

Btmm to

tidicate

@lugfor insertionin,atest jack provided Box. The box

la also eturdyand water-tight. See Figures 2Q, 21 and 22.

3*4. wti!ction schedu~ Faciw

The T- Unitswere produoedwith tlm aid of the Terainal

IelandNavalShipyard. ‘M semiom of the Shimss Eleotronie

PlanningD@., DesignLlepk.,and all the @hopewere available

to the pmduation of Thing Units. The RadarFtqmirShopms eeleeted
.

fm the Moation of the

A mm approximately40° x m ~ was completelyclearedand made ready

for this plrpme. (SeeFigure2.4)
P

The total memxfaotured-S fixed

at 300. This figureallowedfor an amplemnaberof sparesand for tlM

possibility thatfew of the TestAble boxescouldbe used again h

TestBaWm. Prooumnent of cmponmts of the timingunits,with the

axooptionof the SCR 694 unitspwas hmdlsd ~ the ManhattanDistrict,

Univeraltyof CaliforniaProoumment Qffice. An agent of tho Los An-

gelm afftoeWM aesignedto work dtreotlywith ths ~oduotion group

at TerminalIslandmxl was of greatvaluein

W= fiftyseparataitems,some of whichmre extremelymum, were

neededfor each unit. Those coaponcntsavailableat Loe Alamm were

allmated for thisuse. A total& 55 clockmnufadmrers districted

of tie couni%y9were canVasmd aloakcouldbe

P loosted. After designshad been frozenIt waa foundthat ID84T

*m.=

-’
.—
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weekstime ma outstanding.

It was origtnal.lyplannedto stowall mqikted units●board

the AV-17 priorto her aokluled

Unitsnot mmpleted by this date

press as they becameavailable.

sailingdab of Mwch 25? 1946. Haing

wem to be shippedto Bikiniby air ex-

Houever, the postpoqemmt of the teats

made it possibleto procureall ofthe TimingUnit compments$ priorto

the AVW17CShew sailingdate of April17, 1%6. Unltanot com~ted

A-l 17 were placedaboardtheA*-17to be amembled whileemrmte

Bikini.

* F’ebmary19th a mototypa Tixsxlgunit was hmlght to Tern-

inalItYIRndby LosXLamospermnnel. Aftera conferencebetweenthe

II@ AUuaoaMTUWentatives and the shi~rd ~sDesignDept.,drawingo

ware madefor the completeThing Unit. %The CarpenterSh~p$%&@&e

buildingthe 300 woodenboxesand 30 additibna3. smll waterproofIwxes

fcm the TimingBox TestUnits on Fez ~th. *

sukssarlblieeof

Simmanemlsly withthe box

frcalone to thremOhmrlela,

fiwer=m’elsyunit m6qxElentswere Started

building. SinceTimingboxeswere t~ ham

all 01Ms48 Wer9 pmolmd to aooomodate thrse

ohamels. Bakeliteresiata oardawere made with all the-mall om-

ponentsxnacessary for one ohannelmountedm them. Smalloablescodain-

ing madeup on speoialjigs. These

cableswere mnneeted to the fisldmr c&, so that when ths msist~

9

-.>, — .— —-—
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operation?xd?ore

During

beinginstell.adin the B=. (SeeFig.

the!earty‘@m s of TimingBcm ~OdUOticm,the number

of WOple wo~kingon the projeetwaried$rm day to day. Therewere fif’.

teenElmtronics Teobnic3anQsMatesand one ChiefETM~ workingcon-

siatantlyZim and one half days pr week. The civilianemployees M ,

the RadarRepairE&@. were availableat all times, Kowever,duringthe

slackperiodsoausedby slowdowns in 8Upp~e8$ these people were not

takenawayfrcw theirnozmd duties. These@riods Of retardedwov

ductionwem not the faultof the Prommmmt Officond ths Sht~rd.

Certain mterids were just na+hmll.yaoarceand were flown to %rmind.

Islandin mall quantitiesfromall mar the aountry. At the peak of

producti(xl** the last two weeksof Me j%, a ma@lllmof 60 peopls

f- wereworkil.ngon the projmt.

resentswmk requiredfar the

bllngthe TMng Bmms. This
,

,.. .

A rou@ of 10,000XmM-hoursml-.

blli~~ th@ ~lt@r-r#~+:Wiit@●nd U8~
,.

f’igtzredoesnot include&e work d- by

the Carp@wr Shop or the Shed Metal*OP. The coopemtionreaeived

by themrlous departmentsof the Shipyardmm splmdid. -

3*5e X@’ ~ s.

Appxhately tio=tMmM of the timingunits.&adregeived

aompletetestpat TerminalIsland. Facilities installedto mnttmm

production testsaboardthe AVW17. A 3aboratorythir& feet by _

fivefeet Mth benohesaroundthreebul+kbeadswas used f= tist purposes.

Two tea% mtipe we= ussd. W inwol+inga HewletWmkard audiooe-

aillatorand an AC

the filterunits.
P

Vmnim tulmvol*eter

‘me CqleretingJVoltage

~’29 ~.

WJ+Wused,fm”the oheoktng&
,’-.

for ea6h channelwas measumd

, ‘-
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r’ the specialtest bmms was used to ind%aaterelay qxmation. The deoond

test SOt+~Upemployeda b!oddU-5 iaigml&WKWkOl? dX31Y&l~y !aoddated

by an audio asaillatm. The audioautIM%voltageof the reoiemr was

measuredwith a portableH.lqkackreatifiertypevoMmeter dnilar to

thossused in makingfieldahmks. RelayoperationREM indlaa%eaon a

testunit.

Measurementson the SCRM@&C reaeivsrsindicatedthat the rf

in~t requiredto obtainthe mat satiafaclmryAVO actionoaauredat

3000ZWlmWvolta● Calculationsindiaatedthat thip fIeld should

.beobtainablein practicmby using two to fi~ aeottms a? the SOR 6%

tip antenna,the ahoicedependingupon the operatingrangeand Lmation.

The audiotnput

‘ frm the filter

r- ~ 2.5 Vd& at

the benchtests

signalrequiredto obtainsatisfactoryperformance

ahassiswas depmdeat upon frequency,and a signallevel

830 uyaleswm ahoeemas the test standard. Therefore

an the reaeiver Pincip ally consistedof adjustingM

audiogain mntrol to produce2.5 volts of audio cmtput,aaraesthe

tap,with an inmt signalof 3000tiarmolts, 30 pmaent modulated

at 8% eya,lmpm aqond.

A shcmtreceivingantennawas Installedcm the signalbrim

laboratoryand signalfrom the timingtrsmenltt.rwas aarriedby maxial

cabl.oto the WE@ box te$tbenchin ths semnd platfam labaratmy.

Using signalsreceivedan the pilotantenna,the transmittermodulatim -

percentagesmm adjustedto praduaoequalmdqmts at emh of the ●udio

frequencies. Shoe theremm SOBSvariationon the pick-upof the pilot

tmtmnap preknmably oausedby awingia$aram bocm S the timingboxas

wore normallyadjustedwith sipls fr= the slgnslgeneratmr.

.-alla!mm
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rmponm

transmitterfor each C& the audiotows, but all the solutibnsrequired

aajormodifioationain the receiversand were +izer~~~ nd Incmporated.

The 3U0 timingbo%m producedat Islandware deliv-

ered aboardthe KW=17a few daysbeforesailingand stowedin two Iooatimsm

Appraclmatel~W of them were dxmmd in the Qir-conditionedlaboratory

spreesand theotherhalf in #8 hold. 3W problemof mwtng the boxes

from the hold to the tiboratoriesfor testswas greaterthan antioi=+

pitted and considmablelaborwouldhave been awed if all the unitshad

been c@@ally stowedmar the laboratory.The bmes are bulkybut it

=s foundpossibleto stowall tits in two laboratorieshaving●

wid%hof thirtyfeetand a lengthof mwenty five feet. The effect

s3194uM rectifiersin the unitswMoh were etowedin # hold ●year-

to be ehorterthanthose in units stowadti the air+onditionedMxzya

stories.

XV. FIELDACTIVITJBS

44. m

The activitiesof the

be dividedinto fourcategories.The

these3s the *si@l installationof/

tiqdng-unit fieldpmties my

firstand Eost tim~camuming of

the bcueaaboardtargetmmsel.a

and on the islands~ Sacondis the oheq Of p=fomince, whiohhad

to be done at frequenttitema~ to M& UP ti~bleE as *Y davelo~.!

Thirdwas naintmanee;prkmlly mpl-aaementof batteriesand of ssall”

otaponents that failed● F’ixml&9

aquipwnts on gmicmto the actual

P

there

tests

wa8 theprooefmof turningthe

tlnmclehes.

slm-
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4.2.

fOllowing

A typicalInstallationPrty wouldleavethe AV-17tith the

material: timingbaxes$whip and hmtzontd antennae,batter-

ies, sparetubes9relaysand seleniumreet?iere~am ela~mics repatr-

kits s timing=unit teat box, and miscellaneousmountingand lashing

saterhla. (SeeFig.26).

TIM boxescamefrcm *O laborat@y fhllyadjusted,so as to

~oduce an audio mt~t voltageat 850 cps. of 2.5 voltswhen a‘3CXM

ticmmolt signalsproperlymodulstedswas impressmlm We antenna

temxinal. This audiovoltagemay be alteredeither?qyadjustmentof the

audio* oontrol= by var@ng

UI&a’8 conditionsin the field9

r.flevel,ohosonwith regard to

settingtheaudiogainIn such a

the inp.tt stgmd skngth. To obtdn

It was deeidedto operate●t a fixed

optima AVC @dtiOZIS* ~ P

way that

mltage wmld be obtaind far a 8pedfSed

podb~ to adjust* antennato produoe

a definitevalueof audio

inpltvoltage,it bma=e

thisYOlt4@ uithmt ~

elsbmata aqui~nt into tie fieldo b prac$tice,this pmoedme Wmkod

very mll~ and the pMies were mm able to 1- the lengthof antenna

r.q~ in ● giventypeof MM&m. kter, therulsot ncm-adjustmaut

of tb audiogainccmtrol In the field=s relaxedsmnhat, particular-

ly h ths oasad tnstalldions in FOOr looatiom, wheremm cmld

*en the audioWltige failedto mm up to Standardgor ex-

Oeedndit greatly,it nas Rlm’lmedtlmt * reoeiv’mhad h s- lmy

Ohanged idnoa

Inoidemtally,

t- Umld

ad$ustingtlM

the labmatury ad~nt, and N wmld

in nearlyem~ easewheresuchohangea

be Ouredin the laboratoryw -**

uCmtroL

raplalmde

W8re fOmdg a.’

thetubasand ro-

—. — -.
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D’
Th@ hams were long piemmd’ mod screti

darn insidethe cwvsr. In the

of &e uutmide& the box~ and

whena suitableIooatim would

field,thesewere fastemd to the bottom

fomed a firm foundationfcs?the b-s

be fad. In general,the requirementsd

goodsignalpiok=upwere predcminant~altlmughwherepossible,prax.

hity to the custmerms equipmmt was considered.The box wouldbe set

in this positionand fiimlyseoyred$usuallywiti Mm lashhgs around

the legs or thrmgh the carryinghandles. The box wouldthen be opened*

the cmer-plate averthe hols for the antennamat baseknookedout,and

the mastbase installed.Tho set wouldthenbe turnedcm and the test.

bax pluggadin. Afterconnectingthe audiovoltmeterin the eleotroniea

repair=kitto the audiooutputjaok SCR 6%4 maeiver~ the set

wouldbe tuned

timingaontrol

P L=minuteoycle

up and the

IRboratory

all of the

audiovoltagenotede The oyclickeyerin the

mm arrangedto key out in mmoassion mm a

timingtones. The 850 cp tonewas Lingerthan
.

the restsand was usedboth fcm tuningup and for selectingthe antenna

hngth While this tonewas baingreoeived~antenna

untilthe required 2.5

G‘ boardthe

Edgnal-piolmppointof

vOltS =S obtainedo

targetships,~ i?arthe best

view was the forecastle.l?=

seeti.onswere added

locationfrou the

sh5pswell clearof

the centerof the array,two xectbns of antennawere more than mff-

ident$ h contrastto the minimumof threefor any otherlooation,and

in no ease was more than threerequired. That fr-dm fim Mmrfereme

by superstruotumms more iwportantb elevatiimis olearlydemonstra=

ted by the fact thatin the fourraft installations,wherethe base of the

arrttenna-S only slx feet abom the watersa twO-sectionaubma

was adequate$in spiteof tlm closepraxidty of maw targetships.
,0

Signal-bridgelocationswem usuallysatisfactmrypalthou@ some oaaes

‘ “w “’ .
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o
showedgreatvariabilityin signalstrmgth~ dua to the swingingof the

tihipin %0 wind. In suchInshzmes$ the timingunits wre

fOFt3CeWtb, with ~eet %+@Kmment in WWtincy of signal.

and turretswere oftenused wtth auooess;theseare usually

IMYvfildto the

Gun-mounte

mm Olear

of the ship”ssuperstructure,(SeeFig. 27). Arqaunftionready-boxes

mm convenientainoethe fastenersmde gW loopsfor the lashings.

hstallatiom on the fantailand aftargummmts Wre oft@lmade. In

mist0WWS9 them workwd~but oannotibe regarded

the AVC ohammteristioof the SCR 69&=craceiver

q, the choiaeaf locationwouldhavebeen less

the audiosignalhad to be confinedto the range
.

ta avoidb~ mn-opmat$on and operatkn of the

hmuonics generatedwithinthe reoeiver.

The mmnt of work involvedin a .fleld

P frcm the fsot thata hard-workingPrty of three

as fbllyreliable. If

had been more satisfao&

Oritioal;W it =s ,

from 1*8 to 3*5 volts

wrongohamel frm the

W“& =Y be gauged

mm aouldsake about

eight instdldicms in an dght-bur day, a partyof two men muld

oheckfma U? to 20 installations~ depding on Iouatianand the nmber

of repairsthat had to be made.

The Installations on the i8k~S M mmsiderablylonger.

lkst of them mre made in the various@mtogra@ic and instrument

A simpMJislandinstimt~m on BMi iS she= fi Fig- 28.

. TIM hams twinegwmally Wt under rover,i~ide the tomr enolmm

em inside a hut on the groundssothat exteml an- mm requAred.

This involvedmunting a mastdmse bracketmmewbere, w stringingup

a suspendedwire antenna. Also, for the tmmrs, ccmsiderableeffort

was requiredto liftthebomae Weh wei@ about70

P
test g9arand installationmatertils$to the tops of

UM. as mm. as

the 75-foottowers.

9
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Thereis someeviilmoethatequipmxt failurein the i~lmd

$netallationswas lessfrequaatthanin the EMp installations.If this

be m, it

the SW.

boxesare

E!ezrtation

is probablydue to bettershelt~ &m the intenseheat of

Shelterfrm rain 1S ~obabQ less

quitetight.

The installations~ &craft mm

iqortantB as the wooden

made mostly~ the instru-

water-tightboxes

an existingLoran

The t- lad%componentswere remnmd &m the

andma ftm the bulkheadon shockwnmts. Usually,

antenna~s used,whichprmluded the possibilityof

levelsso the mdio gain controlswere set whilethe

--

planewas orbitingin approxlqatelythe ccnmeotpositionaboutthe

target area.

Oim mmber of the Los AlamosField

tlma priorto TestAble gettingthe airbozme

P problm was ccaplicatedby the factthatthe

Group spent mostof

equi~nt in shape. His

planesconnecting the timing unit to the cameras was defective~a fact

whichwas uncoveredtitilaboutthreewxka bef’meXestAbla.

In general,when the installationweremade$the AV=17wmld

be in her berth insidethe lagoon,closeto

the finaladjustmentof antenna lengthe was

ship wouldammo her stationqqmximately

renterof the arrw.

the targetarray. l’herefore~

mde on specialdayswhen the

15 mutical files frm the

‘ Havingcmpleted the ~ical installation,tlm~field-y

wmld thencheck the box. Checkingconsistedof smmming the voltagea

of the As B$ and C batteries$cheokingthe audiovoltagecm the &$O

P
ope,tone$and observingthe properfmotioning of the relays. Battery

voltagesand relayopmat~on were conveniently&served with the spmial

-35’=’

..- ~~
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test-boxprovided.
-,

Thiswas pluggedIntoa test-pluginsidethe timing

P
unit. It contsineda voltam+xw~three~sh=buttonsand threepilotlight

Batteryvoltagm registeredm the interMmMJyby depressing the but-

tons arid opration was indicatedby the lightsas the

relayuontaetsclosed= Timingohannd contactsam normallyopened,

the %qmiteneontactm are normally Closade Threfore, the nor-
.

pcwition of @quippedwithreeyde channelswouldshowthe tmo

left-handlightsout and the right-handw on. As the varioustones

oami over tmmsmlttsr9firstthe MY-&and Iight8and then the tid-

dle lightwouldcaneon$ stayinglit Ixmausoof the lookingcircuith

& filterchassis. Then the reoyclepilotwouldextingdsh$and with

the other two pilots, as the reoyde relay clearedthe cmrespmding “

ehanne16. The oyclewouldthenlm repeatedfor each sequenced signals

Wm2mrec!ia

f-

Two types of!failurewem frequentlyobservedin the field.

b onestlm charnelwouldfail to ?prata even thoughthe voltmter

Aomd that the receiveroutputmm stadarda In nearlywery

uasa~ thishas foundto be due to the failureof the aelenim reotifiere

At first,suohdofeotivechassiswerehrmgh% lmok intotie labaratmy

for repair9but as * numberof mushfailuresincreased it was de-

eidedto make repairain the field. In the emend type of fkilure~

mnoiderably less frequent$the relaywouldbe *served b opereted

as soonas the power=s t-d m$ whetheror audiosignalwas

present. This w invariablydue to a defeotiveID8GTtubesand was

on spot replaaemmt.

lo% of the reoeivershad to be changedat one time m

P tV tie the of the actualtests9tie PCXX had

bee= vmded outsand no overalli’ailumin eithertheAble ar the Balom

-1
.../,

“% ““9-
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shot was definitew tracedto reoeiver

P Many of the batteries were changedti spiteof the fact &t

few if - of tie unitswere aver opmated for the 50 or 40 hoursthat

tha IxMafies shouldWuvide. ~is =S probablydue to the fact that

my of the batterieshad exceededthe =nufmturer ‘areccmaetiedshelf

lifeby from six monthsto a war. ~ose titteriesw=@ Wed ~=use

theywere availableand the Moation of new batterieswouldwssibly

&ve delayedthe prcgr-. No ease of failurewas evertracedto batter-

ies* ourl?3tandard6 sufficientlyMgh$ so thatthe unit Was still

in an operatingmnditicm with the oldbatterleu~n a new set was in-

stalled~
●

L40

ThetimingunitswexwactuallyWed ~er operaticmalaonditima

to opmata equipuent cm four oocasionszthe two tests,Ableand Baker,

P and the rehearsals,Gueenand William. k Queen-Dw~ someWxible was
.

exprienoedwith pemature operationdue to titerferenoe~ so it was

decidedto work at a prooedureeuehthat no tid.ng lxx -d be ener- b

giseduntil the actualday of the test.

l!heC1OCIKSin the units were providedwith a a= whiohall-

a microswtt~ to turntie equipwmt on for six out of the twentyofour

tuln

of that

left turnedoff. After1400$the boxeswere testedand left in

theWclo@ poeition,and thoseboxescuveredIn the maning were revisited

P
and the ewitobesturnedto “cl@W $ withoutopeningthe Imses● Befme

theWilliamand Bakeradjustmentsit =S dcicidedthatth chckrinding

“n”,0.’
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and settimgtripsM the normingwereumecessary, so the tiole job was

P aeoonplishedafter3400the day beforethe test.

The finaloperationtherefme consistedin ramming-the

customerQs plug (rmessary~to prevdnttie cross-omnectiane the

tmt=bcucft?a e~rating or short=drcuithg his gear),Bemnzring

battery voltagss~checkingthe C= settingswindingthe chx?k,setttng

100s1time and reconnectingthe plug. Thistook an W-

eight minutes$9xolu!3tve

4b5e ~

The effectthatinterferenw

to muSO OIM Or nom of its channalsto

of hanspcirtatim time between

,

uaslhaveonatmlng

operate’at the wrong

unit ia

time. Two

typesof talse operationshouldbe noted. & the firsttype,a -

operateO~ematurd.y9 causingthe instrumentatimto go off at\

P the wrongtime. In the seaondtypo,the rwycle channeloperatesafter

one of the tine obannelshas operatedproperly,aauelngits looktngair-

ouitto release$ad preventingor 9toppingthe operationof the equipent.

Eithertypais eqyallydisastrousto the oustmr~ Wt the -cmd t~

leavesno evidence,and my be inter~etedas a failure& the time-

Ohamd to Operatao

In general,interferencewas mnfhwd to-voicemodulatedslgnala

of greatetrangthon carriarsin the 2 to 5 =3. band, strongatmo8@mio

disturbances-Iprirmri~ tieot lightningflashes,and @sad si~

acre the pulserepetitionfrequ~ ~~ned to c~ide fi~ ~

passbandfrequencyof om of the filtera~ h m Oase,it =8 foundthat

the ~ minutesignalwas usedto turncm ● sxk=ooil fcr ptting

secods after this 6igMl ma r00eiv0d9

mere reamed Up$ ad the resulting spark

-38.

the*heaterpof

signalpraaptYy

-.
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and effective~ bgqwbd the reoyah channel,”The tube h this channel

P ws rezuved~and then it was foundthatthe -2 chanhd wouldoperatefrom

the sparknot=~ oausingpranatureoperationof the oquipamt. This is

oitsdto showthe impmtsmme of overallsystemstest%

Interferencefrommdulated cafiers uloseto the timhg trans-

frequenoyis quiteIntangible,dependingas it does cm the inter-

aetlonbetweentwo or more carriersat the grid of’the firststage.oftho

SCR 69&C redeiver. It was tipossibleto prediotfusttit conditions

wald prervialat a $&en tism and location. Cases & falseoperation
—

were frequentenou@ to be a real pr6bleE,yet infrequentencn@ to

make it alnmt imFossiblsto @n themdownto particulartiranmittera.

Capleta radio silenoewas requestedbut =S not obtainableand ~

opsratimaleircuitawererunningduringthe tests.

Tw6 csaesof prematureopration reoeivedspeoial@liclty

P as they involved$2Bsh-bmbs tbt couldbe seen by the entireflee%. The

firstfailurewaa almostoertainlydue to atnos~erics;therewas a heavy

rain-equdl mm the izwtallation at the time the set ma turnedan by

the olook,and the flashwas repca%edat justaboutthistime. In the

seeondeasesthe elooklmd turnedtie set cm aboutan hour beforethe de-

tonationtodc PW?8. But bMMWe of a delayedbomb run * Postpona

of the teatsa sudden- of radiommunications was startedamong

the shipsand planesof the task foroea% thg time of’the explosianad

thismay have had aamatMng to do with givingaufflcientstraysignal

at the unit’ to setit off, Recommendationsfor

units to r+uce the U3.-effadm of interference

thisrepmt.

“39Q

-sti *e-

are sade elsawdmrein

e
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4.6.
/. “-

Listedby ** ‘graupaWing th9 tiainguiXLtsthe folkw~l

( @e the installationsmdo fcm TestsAble and Balmr~
I

4.6.1. MB ~ Shot ‘~m

Bu@hips, Eleotrcmics,Mr. Moran,AG 76

A(X!@?,Top of RadarTower (notused)
ACMCEN$Radar%railsr
ACIKEN,RadarHut
AWEN, RadarW

. USS Ax Island$RadarBridge
USS AvesyIulandaRadarBridgs
ACMCEN$Radar%nailer
USS AveryIsland~ RadarBMdge
Am(EN, SonsBuoy Hut
AUWN, ScmaBUOy Hut
USS AveryIs@nd~ RadarBridge
lXSSAweryIsland$RadarBri~
BIKINI$Hut @t-en Towers#4 and #5
BIKINI,Top M Tomr No. ~

h. Ship8~ kmmgra@ic, W CO*. Morris.
f=

t? ua
n Rn,

.,,
! !

Lcm Alsmos3WYMgr4phyj e. B+em, AT-17
:,

-B= ~i ;’

??:
BXKINI~B~s”q Tower#3
ENYU$Br~rU8 Tmez

“~:timux ‘
P’

B?fXNX;BrixmerOsT- #3
n M’YU,Brikqras Toner

-m-

‘_““-”” ‘ ~~~.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



3w!!LE&

H’

w

f-

R’
$?

R

H

n
w
w
w
n
II

c>

Bu. Ships5Ehuto@@y~ M .Ccadz?&JwM!’ton~USS HhVEl?

.-

20s= 2s
20s
n
11 ‘
16
n
v
X“
n\
n
11 ,

m

N

3-+2S

BB 389 Foremast
W 3$ Forwrd Sky Lookout
DD 419$FlyingBrMgo
EN!lUa~LifsGuardnTomr
APA 61$ Bm
APA 759 Forecastle
APA 87~ SignalBridge
BIKINISRLifeOuardHTowar
DD 402 (nut-d)
m 38992nd GullPlatform
DD 722$
DD 723,
X.ST661~Bow
fib Eugen,HO. 2 Turret
SS 335@Fommrd Gun Station
SS 384$ForwardGun Statim
c=% Photophne

- ‘,-
.-
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Bu. !hdicim, Lt.Eicher$UBS H’L~I?

B=

2112ti R APA 869StarboardFantail
.

2mp R A$A 83$Aft, StarbcardOun Mmnt
awn .A13Kt?7~A?t,StarboardGun Mount
nno BB 3S9 No. 2 Turret
term CV 39 Aft, StarboardGun Mount

s APA 81, SignalBrld@

ArmyMr Fames, Cdl. Culleri,hjalein.

‘U---B 2s UnitsDelivered

Taak Group1.6.3.,Cdr. =Ilard,
/

1—2m 20s R Unit installedb =5, NO. ~.

Bu. 0rdnanc~9 It. Comdr.Cheesesan,- AV-u.

k!2!wu!

ENIU, h Hd
ENYU, Xn Hut
AFA 57,SignalBridge
AV l& SignalBridge
APA 70, SignalBridge
~ l& TOP StarbSdSide
APA 60 SignalBridge
Frillsl!!ugen
DD 722
MM(EN, Tower ‘iC1~
BIKINISWhiteBeachTo-r
BIKINI,WhiteBeaohTower
BIKINISWoodenTower
BB~, lJo.4Gun Tllrret
WA 73.,Frame lm, Strb”d
BB34,1%4GunTurret
BB 38$ I’oreqaatle
tiA 66s Mme I@, StrbBd
APA 57,Foreoast~
APA 70,Frame 140~S&bM
CVL 22, F&ward @n Deok
BB ~, ‘PopStrbtd5a Turret
AM 71, ForemmMe
AM 57, s- -~
APA &, Fureoaetk
AM 65, SignalBri@
APA 66, SignalBrMm
AFA ~, SignalBridge
BE 33, 19earStrbUdCrane
CA 25, No. 3 _ =ti
DD 367,Farmrd ofMO. 3 *
m 3m, IJO. 3 @n, Stmrb@d
DD @& Top No. 4 ht
DD 413$Farwardof’Moo 3 *

-42-

Ihs

LowFrequenoyMewlul?e-at
LowFrequmpyBleaeuremnt
ShockVelocity
Radiodzy
shock ELatom
m n II m
n m m *

ShockVekci*
For Dr. O:Brien
no

BowonCamera)
Far Mr.Wyooif)~
ForDr.
ShockVoUMi~
Tlm-Pmssure & Free Pistxm
w n n m

lue-melmre
n. *
?I a
n n
11 n

mlto!i ‘
n
n
n
n
n
N
n
0

1!
< .,.

P

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



Ja@&aJ T.iJ&

n 2s SS I&& ForwardGun Platfcmm Free Piston
n SS 308,Formrd Gun Platform n n
$1 APA 85 Not Used

%mMight on BB 36, NEVADA:

2--A3FECIALBoxes on the Foremast.

P

.

f’-

WE
North End

-3i&2Mk Nwth End
.5s=2s Top of Hut

Narth of Hut
-30M- 2M - R North of Hut

- 2s T$p of Hut

2CS-5S Tower4
-2S No. Pipes

s&Pipes
-2S Bet.tmso 2 & 3
5s.2s NorthEnd

Clook spare

ldm#wL!
Seifmh Rut

s&JnclcEtrt

, Mr. Henderson (AV-14
u. Durx (AV+ I

MB-33
CV-3
BB
AIY45
APA-66
CA=25
BB+6
RB-x
AE!A&5
A.FA-71
BBL--38
BB
APA060
CVL

ArkazlsarJ
sarato$a
r?agato
Gmgcmade
Brulo I

Salt Lake’

?&da
$’k3WYcmk
Brisooe
Catron
Felwwlyle
EUGH!
Bmxmbr
Indep!Jndetnm

Stbd, FOOELU,Fr-20
Stbd,F1.t.Dk.Fr-20
FantailF9-310
~“u5 ?’Qrt401J@l
Fr-135stMm @m
Fantail
Stln!l● Fcto81e* Frao
#z turret
W&t Foeale.Fr<O
PcmtP’oosle.

Fooole,I&X)
Stbd. Focsl.e.
StM. Foesle~I&&?O
40MM MnlntM.

-43-
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BUSHIPSBLAST MMSUREl!E&

p 3:Ib2&=R
n n

n n n
n n n
W n n
n n n
n a tl
w n n
n n W
u l! n
n n n
a t! r!
n n n
n n n

APA-85
APAc=85
APA-65
APA&5
AI&64
APA&$
APA&3
AM-63
DD=@$
DD-@$
DD0408
DD408
--87
2 130x@m

lit.Cdr. Dellamsno[AV==l@

Sig.Br. Stbd.Gun Tub.
(1 n n Htl

Foosl.e.
w
n
!8

Sig.Br.

#; +

#; ~.

stg.Bx.
on each of L raftsto be insta13edmriorto

tlB~R -S ~fl .

Clooka with fm=-hr.cam = 7 furnmled to Lt. Codr. mmmanoe

BIEEIFSPHOTOGR(IJP, Cmldr● Shd?imn(cvE-117) .

2os- S%3$4 Parohae ConningTower,
w DD.389 ~ lhlgfard Me#2 Gun
n D%389 Mlgfard Fwd. @m smlslt
2QS.20S %B938 Pennsylvania Fore=st
2CS - 20S BB-38 Pennsylvania For8mast
2W ISTm661 F%olllso
n APA-61 Barrow MaimDk. F*.

P n DD+ Wainwrl@ht DirectarPlate
.a 2a DD-419 %inwl?ight DirectorPlate

APA-75 Cortland Focsls.
a ;: APA-75 Cor’wand S+ Br.

20s BB Eugen #2 Turret
APA-87 Magma Sig.Br.

22!!2; AI&=87 l!liagl’a Sig.Br*
tt~ APALu70 CarterOt. Sig.Br.
~n RD-3’71 coqygham #2 Qun shield
mn IST+45 c Coml.
ttm ICL+49 Coulll.
nw BikiniTower4.
Bn E- Life GuardTowaY
2CS Bikinikit%GuardT-r (Comdr.Lznger)

z= EqyuIt.i’eGuardTomw(Cdr. Iariger).

w~ 9 -PI$TC$IGRU?P,M&.CMis (AV-I.4)

~ Mevada E%* F’oosls.
Nevada BB-36 Aft. ‘

t! kgato BB Aft. Portma(x)
n ‘ Nagato B3 Stbd.Foosle4%30
n salt Idm #3 -t
@ Salt Lake cA&?5 Aft.Part &n Tub
n Hughes D%?llo #4 Turret

P
n Mstin Dzl-413 SearohM* mtx?!
n G6tsgonade AFA-85 FoosM
v Gaugonade AM-85 Skbd.Aft.
‘n hW Yark B%-% Aft. Pmtl
w Nsw York I@-% #5 Turret
w Br%sooe APA’45

““-a’””:”
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* ● ..: ●0: ● 8...: ● .

●* **.
● S

(ii ‘9

● . . . . .● 8.:*

::-: ●:

● * ●*: ●:0

9 I’emacola w-a “I?oos&●

p w Ihlle A&& Foosln
1! Brule AI&66 i Stlld.Mt.
w Zrippe DD+03 m.
R w~ant D&402 m.
R saratoga OV-3 Stbd FM. m. FX’-UO

CUP,’Mr. Carr (N-U)
J&. Kismr (AV-14)

P

yli!p MBgato
I’Jagato

nw PeXulaeol&
nn Pmaamh
Wn New York
am Now $!*

* l!heseborestillb

BUSHYE - EJxo- 9

2M-5S-R
2X-5S-R

20s

2M.5S%
2M=5S-R
20s - 5s
20s-5s
5s-2s

s-a
s

g

al
Zerb Tim

BB FocIBI.e.Aft.
BB Foosle,Aft.
CA-24 StbdmAmidahqm
CA4?4 Stbd.Amidships
BB.jL$ #5 -
BB-~ & Turret

convm?tedto 2?J+S perverbalreqwst af Mr. CUT
7@

Mr. Moren (AGO-76)

Amn RadarHut
Radar&t
Salo Iillt
$onOHilt
MPd-1!Erailar.

ARen m-l mailer
W-76 Stbd.l?wd.2? ~~
AG-76 m n

AG-76 n # n n

u-76 w o w #Jn’

Bikini Tele.Hut
Bmni Tela.Eut
APA-65 Bri800e- Sig.**
APA=& Bra&en - Sig.Br.
ARDO-13imetalledstbd.wall aft far m ~.
ARDC-13imtalled *M. w aft far W= day.

2a3w AP&=70 Fd.
2W - AIM-w Fti.
l%gato BB -St.

=-~-R ~~ Stbd. F@ail
2M - 5S-R AM-@ &t. WM. am Mount
21U-5S 43 Am-a’? Mt. Stbd.Glm Malnt
2#-~-R cV-3

*h%
Dir. Plate●

5S-2S-R APA-71 Fmi,
B Al&al Sig.Br.

.\-:i4iillm,... :~---..- .—
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●*b ● - ● ●a:-
● : ..{ ”**: ● 9:

●*: ● ●

mmr 3
Tcmer3

am

lwwuu&m,
2M - 2s
20s

Tomr
Tmxr

Wyooff
Tumr 1
Tower1

~g hi. Snavely
30hf-20Sm . Eut
30M -2(33. I?ut

,

(

# 0
2M .20-B Anl%M-5 #84607

Atotdbf

f-
itmtlmis, rafts

trol laboratoryand all

in advaxweof the Queen

timingunits installedin airoraft,on

shi~ ~-Ct@illg in Test Able. The titingo~-
1

fieldtitillationswere oompletulon mhedule

Day reheamd. BeforeAble Bay eaohof the boxes

hadbeencheokeda u$nimm of fourtimeswtth the AV-17anohoredwiti

thsAtollend,withbut one or two exaemiom~ the perfmnoe & ea@h

installationwan ohet?kedcm two differetidayswith tie AV-17at to sea.

The resultsof theseiatisindioatedthat mar 96 pe~ent’of ~e bcmos

%mm3 to 8&tiaf6@tol?y two

of twoperoent pm The principtl failxm =8 due to the

Mleaium reotif%w m dMmoeed b SeotianlV-e of this rmport.

performnoo on AbleDW ma pwtially wured by the late

of three of the ti~g eigna16. Beoauee

bcab mleaee tone from tlm baabaarrylng

dun, the cxmsciteopgma~a was darted to. .

of fkihlm

droref$

the need for a
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●✎✝✛✍✚ ●

● ● ✎✎✛●☛✚

● ☛✘✎✎
● *m **mm*. ““~”m!mmanualclockSt-art.Since de

●
● ●:0●*9 I

routineoperation$whichbad been rehearsedmay tinesbefore~ it bemme
P

necessaryfcm the conmle operaturto mke a lastminute decision.

receiveda the livebomb run. Due to the unusual raental tensioneIqmq@t

abmt by the lastminuteohangein plans,the casole o~atar prematurely

s~ the automaticclookin operation. QI the basis d the standml

voicebroadcxustfrcm the aircraftthereappearedto be adeqnatetime
●

ava%tiblato let the clook~ thrmgh a cyoleand returnto the initial

startingpositionbeforethe actualbomb release,and the consoleoper-

ata electedto do SO. The actualb~b releaseooouredfustbeforethe

auto-qaticolook=6 readyfor a new startand it was thereforeneoeesary

to key out the signalsnanually.YhIs lasttinuteshiftingof plansdia.

ruptedthe thing laboratory@?ooedureto the extentthatno exacttiw

of bcaabreleasetone-breakwas obtained. Therefon signalswere manually
f-’

keywdat using the startof the IMmberdiers-2 minutetme signalas

signal-s actuallytrandtted at

+ 5 Secondsrsspeotively. _

It is difffcult to estimte the exact MM of inslmmmtation

data due to the delayedai@als; * in nearlyall oasesthe instrtwnts

expeotingthe -20 eeoondsignalwere in operatld well beforethe blast

ad eatisfaatory data obtained ● Sam of the imtrmaentsmpeoting the

-5and 4 secotislgmls mm opmathg seisaia equipwnt &

mrding bhst gmmmres and wave heighti looatias

milesdistantfromthe blast. Theseinstrumentsshouldhave

maw re-

eweral

produoed

satisfactoryreoorda. Instrumentswhiohare knownto hve suffered

r- bwause of the latetransmissionof signalsare the high-speedoamems

and free pistonblastpressure~uges~ No definite

APPROVED FOR PUBLIC RELEASE
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\

of the timingllnlts

from user’s reports and frm an operating check on Able plus five with the

AV-17lceatadwithinthe Atoll. 84 percentof the installatim cuvered

by users”reportsopezmtedsatiaf~~orllyand sam of the failuresolaimed

abcwscouldhave been due to faul~ withinthe inetrummtationgear since

it is an

vey made

standard

owarallfigure. % perccmt

on Able plusfiVf3 perf~d

test transmissionsfr- the

of the installationscoveredin a sur.

satisfactorilywheneheokedagainst

AV.17at its berthin the lagcm.

Twenty4wo timing bcms were destro@ by the blast and incompleteinfom-
:

ationis availableon approxim9te~y~15of tie othirAbb D= installatlone.
,,

53*

A total.mmber of
●

=de for testBaker. All of

P the AV-17at sea and several

;,
..

129 fid.d; installationsof timingboxesmm

theseunitswere testedat leastoncewith

times“with

I.agocn.The operationon BakerDay was

the timingSigmls behg transmittedon

the %Imingcontrolship in the

completelyroutinewith all of

scheduleIn synchronismwith the

bab firing signals. A recordingmade on the M-76 idicated that the

sm?otime signalwas transmitted 0.05secondsof the mhdduled

%# hourof 0835(Bikinitime),

of the difficultyafterthe test~a scattered

informationon timingbux perfmnce iS a=ilable. Existinginf=tion ‘

indicatedthat tie ova=ll perf~oe & tie b-s was ucqxwabh to

that af ~ble Dey.Beeaueeof the greateznumberof dual

is anticipatedthat averallpeticmmmcefigurewill h

percent.

VI. ~CU?@ENDATIONSAND CCX@WIS ON PRCGRAM

P
6.1. _ ‘

he’tallationsit

betterthan m

m-
,

.
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“** w ●
.

● ● ..; ●0:

● * ●.*
● * ● ** .*●*0:* “::-:●...

csaqhyundmlying #e thing syst%$#IV#Op4!fifcnroafm durlnjgthe Able
●

● ●:.●0=
md Baker Atomictestsis mm-ml.

7-
In view of the difficultyin servicing

complicatedelectronicequi~nt underfieldconditims the elemexbary

f- of Wdng sptmn that was employedhas eoneiderablenerit. If any

largequantityof installationsis to be requiredf= a similartiming

we it ~~d a-r ad~s~ab~e *O @~P~OYa a~~rab~ systemficorP=

oratingqyipmmt refinementsratherthan any basic changes. If, however,

&e totalnumbm of fieldinstallatias&ild be reducedconsiderably

then complexsystemmightpram advantages.

The radiofkequemy chosenfor the timingsystenmm eatia-

factq in all respects. Unlessthereare .srelatiwly few installations

to be made~ whichmightsake directionalantennaspractical~it is

cmended that the - general employed. Ccmplete

radiosilencewas originallypromised5n the two to fiveMsgacyoleband

to minimisethe ~sibllity of interference;but in actual

cmmnicatiom equfpsentswere dedared essential and allowed

to operatein thispart of the frequencyqmtrum on Mile and Baker days.

I’kmycmmnication doesnot nordlly operatein the standard

broadcastbandsand therefore~ it may be advantageawto shiftto a

frequencynear me negacyele secondto avoidinterfwrmm.

6.2. TMWZ C@Zd- hdmr-C

Thehqprtanceof eliminatingthe necessity of makingtug hat

minutedecisionswithinthe controllaboratorycan not be esqiuusisedtoo

ratherthanImuuanjudgementduringthis periodof intensivementalstress.

Ik an operationinvolvingtimingand firingcircuitsthatare tied into

P -49”

--d .
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in the evant of faultyfiringrepeat-linkdatamay be adwlsable.For an

air drop,similarto Able day, the @xiatlngf- of startingmmhamien

should prwe sdJi8factory. However s two radio @annals ad starting de.

tioes should be employed for

With the mcoeptionof thoseitem ~nticmed in the abovepar-

a~am, the equi- was tnstalledin the timinguontrollaboratoryhas .

proveni’beelfaatT19faotqb all majar rets~ts, severalminorx@b -

-8 CQdd be hcorgumatedto dvanta@. A recmrding(xdllogram or

dmllar instrumnt shouldbe used to make a tinerecordof the signals

whiohare tsansmittadand if poe”sible,thesesignalsPIUSraferenoetime

stgnalsfromWV or NFU and signalsof the maaterelookfkeqwmy should

be bduded on the cametape. Beoauemof the high -r of tfmingand

firingtransmittersmarby, radioreoepttonfrom the Iabmatory in the
Q

P
2 to 10 aa~eyele regiomwaa diffioult. &me fundamentalwwrk a this

problem,using filtera~and possiblythe looat~ of recei~ antemaa

nearthe fcsre=etlear fantailof the chip

difficulty.T&e use of ~ walkis-tdlkies

alar~tipinwldddng the aerioumms

prdblem. The pl@oal factlittesmudded

may help to alleviatethis

fm?fidd partlssuouldbe

of the interml interference

In the tim$ngocurtrollati-

atoryaree%oollentwithbut a exoeptla; the noidwss of

comdtti- system. Shoe thereis ● lar~ volmn of radio

neoessarywithinthe oontrollaboratorythe addedbaolqgrti

be’eliminated.k aotua~~OttOO~ the air-o-iti~ fan

tm dl?-

Oummioathi

noiee should

mu wmured

duringthe%ital parhls of theAM.eandBakerDayopmwtione.

severalinprovementashouldb bcmrpmcatedIn tialingI?aYem

n mmstruotedfur ~ almilarwo$ra=o ThM8 am dimmwed belm~
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M3ity of falssOpexation● No difficultyehauld-be anmnrhereulin
P

kaepingthe aud~om~tion toneswithinane percatiof theiraaaigned

frequenciesand a filterunit with a bandwidthof 3 m 4 pmant wmld

pcmtde a considwablygreaterdegreeof pruteetionagaim)thterferenoe

%&W tha 20 prom% filtq now in W390

2) The onlylu?ljerCaq%nlentIXlthe presextti%ng bclxesllbioh
(

has aaueeddiffbulty due to failureshae been tbe dazdm reotifiero

Abm$ 1.5prcent of ths reatifierehve failedduring* four months

that they wereunder Obeermtion. Sinoethe reotifim%tmm operating

wellwithixitheir’mtings$$he weasonfcm this &art lifei8 hot Immn; ‘

but it may poestblybe attriti%d to f=pmtme. A at- relidiLoform i

of xwt$fier ehould be emmepd.

3) Eaah - unit shouldh aaPliY-aof resxing %0 all ~

the time intervaletrmmitted fxm the aantraletation. This wouldeL-
f-

fninatethe needfor having berm mnetimuted in aaeordamoawith a ~s-

ar2pt$on. It has ‘beenfalnd in praatioetkt Wtrlmmta tion persclmnel

frequentlyalter&eir n@=enW @ ws uni~ ttmingwould sim-

a m’t of’

paadble

I/8 mtt

of be$ng

lights indloatingthe stati d W relays. It ahotild

to Wtooqmiah thiswith 8 M@igibla pmar mastalption

ma tmlbe in the plafnd.mul” of t- d4 tnibwo

5) A

B&’ to

spring Wmad ClodkWMoh with an adjustablemm

w detied intervalas w1l as aonw time would

be \

~ Ileing

capable

bean

clods shouldbe oapatibof praMng at he% 24 houre

before

P indicatingtM time ●t whichreleyoperationowwed wmld be helpW9 but
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erab?yili

beatsand

VII.

Crotmwxds

ottheke

:;’.:O“‘*~N@j$&j&o”i;;::::.:
6) ~ ~ter and hJO bulky watiir#&O baxw~d h@llpmnsida

handlimgthetimlng unitsinoa theymuetbetransported inea@l
\

wUTbd UP d down @n@ay’s.

~L
Whiletheadm.tnistratiun and teohniaaldiraoticrnof the

tiningPogram was the responsibilityof the tMng eeetia

AlarmsGroup&the executionof the projeotW3 greatlydepnd.

etiupm theeffortsofmanyotheragencies.Thecomparativemnner

withVM.ohau theVariotlsCtrgar!isathns pxrtloipating in the cro8ermds

timing wogram carriedout theirpartof the workis mtstmdlng~ TIM

prcgramwas faoedwith a very diffioulttime schedulewhichm mRtis.

faetidly mot * becauseof theemrget$u and mthwiadio ~

displayedQr the Perecmel involmed ●

Exoellentcooperationwas &tainad frcmthe @mmoada Eh)tr@o

f- Coardi.natingOfficer,CaptainC.L.Englmmnn In ~ equi~nt -
,

I&my peremnel to assistin the work. The staffof theU.S.~ Dry.

dodks,%rdnal IsIand,Cal.$ participatingin the timingbox production

pogram ad the installationof transmittingequi~ and Iaboratwy

faoilitim on the IISS Cumberbnd %upd, turmd in m exceptionally fi3M job.

Gaptain lkmiltan, ‘Y&d Cmmandant; (Mr.Reecm,Yemi Flaming (M’ficer;

Lt. Cdr. Lo@, ElootroniosPlanning~mr; Mr.Peters,EIEJotronios

emperviar;and Mr.WmerS Khmtronica DeetgnQffieer;and

theirStaffllwere

mrmk.

Ll

Oxt&emelycooperativeandCmtributedgreatlyto the

Diatriet,University

f-~
and pxn+red,aiirmls

tiYpiteof the very shurttime available,the knhattan

., .

of (xmfurnia procureleentgmllp8’uooeuaftlllyIooated

haml-to-findoompcaentsrequired far the pqpn~
.

.

iv3!@ifrk.ZM’’——
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- his tltaff,. krtiioular~ worthyid note’was the work of Mr. KknnyCOX

, of the Los AngelesProcurementOfficefa his untirelngeffortsin

I-ting productioneupplies.” ~

‘Ths

Capt.%rnlbys

with mateiisl

whilem were

displayed

Uted in a

ahff’of the USS Cu@erland fhzil~underthQ directionof

capablyhatileda continuousseriesof problkmsin coqmmtlon

\
afowing~our heavy,boatingrequirements,snd shipmovemn~ ,.

uondtmting epeoid testsat sea. The excellentcooperation

by all the ships~staffduringthefourmonthsat eea contrib-

majorv&yto thework ac~omplished. ,,

The foll~ oonstitut@ the Tting %mtton of the Lea Alamoe
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WilliamBlaokford
LawrenceDienm
X;L. Dodds
Erie Durand

P Noman Baley
J.F.Stiles
R.O. Webster
JercmeWiesner

The followingofficers
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@up for the durationof the Te~tsi ..

Lt. O&. RiE. Hildebrsd R; FaWley ‘
Lt. Cdr.,s..Burrik R. Flrat
OhfefETH Lamti@t 1?.Gordon
F. Andrews
J. Bartlett
J. BegIinger
B. Brunemier
R. Christianson
H. Cmk
w, Deputy

‘&* Dunham,“
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