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Subject: Timing Signals

Prepared by: H.G., Weiss
Approved: M.G. Holloway

4boiract
Described in this report are the radio-links used in Teats Able
and Beker for the remote operation of the various instrumentation.
Discussed are the timing control laboratory and the portable timing

units, their design, construction, and maintenance. Ailso included

is a critique of the squipment on the basis of the experience gainedh
in the two tests,
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REPORT_ON THE_CROSSROADS INSTRU#RNTATION TINING PROGRAM
1. General -
1.1 Higtorical Bgokeroupd

The need for a coordinated timing system for all the gotive

ities rarticipating In the Cromsrcads operation became evident scon
after detailed Planning for the operation wes initiated; and a group
of meetings were held in Washington in m‘iddammr& 1946 to atudy the
tinlrg requirements, The pr:lnciple ;.iemnd for accurate timing inforge
ation arose from the Instrumentation groups who desmired to activate
equipnaht at spscific iimé intem,f!.s prior to the boxb 'det'omtion‘.
Prectically all of these instruments were unmanned; and were to be lo-
cated on targot vasuels, on islands in Bikini Atoll, \and in aireraft,
It became evident that a ceniral coatral station capeble of transmitts
ing radio signals to g1l the remote i.nstalihtions and suitabls receiv.
ing equipment. capable of responding to the transmittéd signals would
bs requirod, The varjous instruments required starting signals at
the following timo intervals: -30 min., -2 min., =20 sec, =5 sec, and
<2sec, measured with respect to the instant of explasion, At the time
this program was under disecussion Able Day and had been ochédﬁled for
May 15th and installation of equipment was required at Bikiri by May
1st. To meet this schedule, production would have to be completed and
equipment made available for shipment bsfore Aprdil 15th, It soon bo-f
came painfully cbvious that the most formidable task in the timing
program iould be the design, procurement, and manufecture of egiroral
hundred special radio receiving units in the ahoﬁ-t period of 10 weeks,
The discussiony in Washington indlcated the advisability
of placing the reaponsibility for the complete timing program with a
single agency. There was no one Navy sgency prepgred to undertaks
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this large socale "crash" program altmo “and deliver conple'bod units

in the desired time. Since close lission betwern the bomb detonation
mricess and the timing organization was required, and sinse the res-
ponsibildty for firing the Baker Boub rested with Los Alamos, and a
systen of radio links and time cloocks was already under consideration
fm- that program, it appeared that Los Alamos was the organisation
participating in the Qrbaﬁroads te'stg‘ best prepared ';to undertake the '
tining program, However, tﬁe only hope of meeting the required time
schedule rested in the use of equiprent already available in Army or
Nevy supply depots. In addition a staff of approximately twenty paoplo,
not available at Los Alamos, would have to.bo rap!_.dly recruited to carry
out the work, At*ber cminidorable discussion the folloming arrangement
ms fimlly agrud upons | |

1) The overall ammmuw and technical raaponamnty for the
tizing pogrn would be assigmd to Los Alanos.

2) Approxisately ten Havy emlisted radio techniciens and suit. |
able production fecilities would be made availabls at a West Coust
Navy’ yard to aléisf. in the cbnat‘ructim of the timing baxes, These
toohnicumwmﬂdhtuihblotoddintheﬂnldnmm&th.
oquipmnt at B:lkin:l

3) Menhattan D:lntriot procurenwt facilitien waﬂ.d bt emplayed
to obtain nscessary eleatronie eqntmt‘not roadﬂ.y svailabls from

) A gsuitable trlmitter and tilingomtrd. installation would

be made on the los Alamos laboratory ehip, the UdS Comberlerd Sound,
AL |

5) Field instsllation and servieing of timing units would be
undertaken by Los Alsmos with the aid of Navy enlisted pérsommel,
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I3 was realized from theg oqts&t that'- ﬂx&-,amoxmt of work to
be accomplished was very great co.ns:ié:ring the time awvailabls, and a
work schodulo wae laid down calling for a major "crash" procurement and
producti.om program, Very haavy and frequently um-easomblo requirenents
were made upon the Manhattan Distriet procurement facilities, the
Ternj.nal Island Navy Drydocks, and the Navyia Crossroads Electronics ‘
Orﬂ@r. The fact that the work was completed a.hoad of schedule test-
ifies to the success with which oach agency carried out its part of
| the program_.
1.2. Deolen Phllonoky
Beoause of the very limited time avallable for the deaign amd pro-
duction of equirment, the timing system would have to be as simple as
possible and make maximum uss of standard readily avallable compoments.
It wmas recognised that a system using several frequencies or special
coling would provide added security and reliability but it was felt that -
a single receiver and simple filter system could be made to prowvide
satisfactory porforu&e, and that, this form of system would have to
be used to mest the required time seh«iulo. Dus to the large mmber
of receiving locations and conditions, eﬁs at sea level and over thirty
" miles away, and the desirability of using an elementary antenns systen |
which would be least affected by signals reflected from nearby objecty,
1t appeared desireable to use a relatively low radic frequency. (n the
other hand, the use of a high radio frequency would increase the efficien-
oy of a physically short antenna, The avallability of SCR 694 receiv-
ers, vhich were suitable for this applicatlon because. of perfornance,
size, and battery requirements, moasgitated the choice of an qperating
' #requency in the rangs from 3.5 to 6.0 megacycles per secomi. The use
of a atandard radio reclever also necesslitated employing modulation
frequenoles within its audio response ban#, that is, within 300 to 2000

t'.md'st of the basic system

oycles per second. Thus it oan:be‘beq;n
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apecifications were determinsd by the necessity of working with available
stendard equipment only.

In order to cbtain maxisum reliability and fireedom from inter~
ference it was felt inperative to make uss of the highestepowered
standard shipboard transmitter that was consistent with avallability
and space requirements. To firther aid in suppressing interference it
was decided to kesp the transmitter carrier on the air whenever the
timing receivers were energized and to make use of high modulation
percentages, |

Since a survey indicated that the instrumentation equipment
could be activatsd by switch closings at just ome or two time intervels
and because of the short production tiwe that was availabls it was de-
oidodtolinitthetotalmmberofohannehinmmboxtoﬂmo.

In arder to cope with & posaible delay of ths test after the m minite
or 2 minute signals had been transmitted it appeared doci.rabl; to
incorporate & recycls channel in the unit which could open any ‘relays
previously closed. It did not aprear practical to install mechanical
locking circuits on the relays without delay and a great increase in
the size afthabuxandalt!_lmghths relays chosen were to bs capabls
' of withstanding acceleretions of the order of 20 Gis they were not
guarentesd to remain clowed during the blast.

' Beowuse of the high humidity and frequent rain encountered in
the tropios it was decided to placs the complste timing m'd.t in a
waterproof box and to employ a generous quantity or siliocn gel to ald in
keeping the equimment dry. In sctual opsration it would be necessary to
abandon the timing units a day prior to the sctual exploeion.
Therefors, it was consdidered advisable to incorparate _'n spring-

e w
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wound oldék in. each box which wmldwénﬁergize the wnit shortly before
the explosion time, thersby reducing the probability of prefiring on
random interference and at the same tiwe conserving battery power., To
simplify field servicing it was decided to anpioy dry ba'b‘tlerio; and to
provide sufficient capmcity to operate the unit for a period greater
than thirty hours. The range of signal intensities available made it
possibls to employ a short antenna, and for convoniénce, provision wmas
made to install a whip antenna of adjustable length directly on the
waterproof box that would contain the timing umit. /

2.1 Background N |
In test Able, the scle function of the timing comtral labor-

atories aboard the AV-17 was to tra.nsrﬁit a series of tone signals at
suitable intervals befors the explosion of the bomb. The expected time
of bomb release, was to be transmitted to the AY-].'I by radio in the form
of a break of a 1 ke tone modulation. Since the time of a1l (of the
erder of 1 mimite) before explosion was sccurately known, the time of the
explosion could be predicted and the tons signals sent out accordingly.
To rduce the humn error, the 1 ke tone bresk was used to start auto-
matically a motor-drliven intorv'a'l marker which automatically keyed out
the last thrﬁ tones: <20 seconds, =5 seconds, and «2: seconds. In add-
ition to this sutomatic "olock", there was required a transmitter (Navy
type TBM; 400 watts output), audio osecillators, a means of recording
the times at which the tones were bmcadcaat and suitable Qqﬁipnent for
comrmnicating with the bombing plane and with CJ1F-1.

For Teat Baker, there was edded the function of detonating
the bomb by a redio link originsting aboard the AV.17. The synchrone
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izing problem no longer existed, ) g and firing signals were
" pent out simultanecusly by the action of a single key for each time,
In addition, a "repeat-back" link was required, which informed the ship
that, the varfous firing steps abosrd the bombecarrying barge had been
successfully completed., A "gamma timing" link was also required, to
peasure the time interval between the closing of the final detomator
gwitch and the start of the nuclear reaction, as evidenced by the appear-
ance of gamma-rays at a chanber a few feét 'from the center of the bomb,
The basie plans for the sbove equipment were laild down at the
start of the program, It was decided to use a tripls radio lirk for the
¢iring process, so arranged that no ome link would suffics, tut that any
one link coul:i fail without impairing the firing. Thus, five transmitters
were required:s one for timing, three for firing, and a dbare,
2.2, Gongtrustian |
Comstruction of the lsboratories and installations of the
transpitters was done by the Navy at the U.S. Naval Drydock Station at
Terminal Island, Long Beach, Calif, Two laboratories were built om the
Sigmi Bridge of the AVo'17.': The starboard laboratory, some 40' x 14',
contained the transmitters, as well as three Navy type REB recelvers to
momitor the firing transmitters, an REC to monitor the timing tnzk-
mitter, and a spare RBC, The port labaratory (Fig. 2) was for the
timing and firing control equipment. Interconnectians betwsen the two
laboratories and benches were provid@d by the Navy at Terminal Island,
but the control equipment was built and installed by the Los Alamos
Field Group.
| Work cn the Control equipment was started at Los Alamos during
Febraary, and several of the relay racks were completed there, but the
bulk of the work was done sboard the ship during the period from March lg
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.
until the test iteself. The sutormtic timing clocks were designed and
built by the Hathwwey Instrument Co, of Devaar, Colo., to speci!‘ieationa'
provided by Los Alamos. Two complete units were delivered aboard the
_4Va17 early in Amril.

When the 6 weeks® delay was ordered by President Truman, it
wes decided to build a Master control console at which all the monitor
and repeat-back pilot lights would be centralized and from which the
tones could be keyed-out and the automatic timing clocks operated.

The console cabinet was designed and built during A\pril s 8t Terminal
Island, but the detailed circultry, the actual installation of parts,
and the wiring were done enroute to Bikini,
2.3. Descrimtdon of the Eoulmment
2.3.1. Iransmitiers |
The tine-tested, heavy duty T M transmitters proved
to be excellent in every respect, After some difficulties of false
channel operation of timing boxes from harmonies (e.g. a timing
channel with a 1620 oycle filter operating whem the transmzitter mas
vodulsted with an 850 cycle tone), an oscilloscope was installed to
eonitor the R.F je::rwslopa from the tranamitter. The trouble was quickly
traced to the improper mrocedure of trying to get low power by ixsing
"Step 2 of the "Tune.up' switch, It was found that the tranmmitters
gave excellent wmave-shapea sven at 100% modulation when carrectly opsr~
ated,

Que smal}. rodification to the tranamitters was wade, Rew
ferrmg to Page Bw& of the TBM Preliminary Instruc'r.lon Mamual
{Dwg. #A1=7300550), pairs of lines were run from tie pointa 33 and 34
‘of the modulators to the patch panel in the timing control room, where

APPROVED FCR PUBLIC RELEASE
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s{vitchea were provided to short circuit;eaéh pair, It will be seeﬂ; that
these closures cause the keylng relays to operate, putting the carriers
on the air by remote control. To control modulation, tie poinfs 17 and
18 in tlﬁe modulator were used. These were connected to contacts on the
keying relay, and were shortecircuited whensver the carrier is on. The

~ grounded lead on 'switch S=405D was removed, a line ru.n from point 18 to
this switch contact, énd another from point 17 to ground, Thus, when
the keying relay opemed, the cathode of the modulator amplifier was
disconnected from ground, and the amplifier became dead; This was done

. to avold high voltages at ths fina]l modulator amplifier ‘plate that exist -

| when the amplifier is excited in the absence of carrier. Remote control
of modulation, with carrier on, was provided by SFDT switches at the
patch panel which could switch the signal input 1line from the modulater
over to a fixed 600 chm load. The sigral source hence looked into 600

| ohms irrespective of v}hether rodulation was on or off, The tranamitter
fira) amplifier ws operated at 2250 volts and 200 ma. Standard heavy-
dﬁt;r Navy vertical whips, 38 feet high, were used for antenms.,

2.3.2. Hopitors.
Each transmitter wms provided with s monitor’ consisting of

a receiver tuned to the carrler _frequency, whose audio autpib ms‘ applied
to a mlti«-—ehﬁnnel filter unit. Figuro 3 18 the ciroult diegream of a
typloal channel, When the transmitter is modulated at the filter

/ freqt;.ency, the sudio output signal from the receiver will pass through the

filter and be amplified by the triode V-la. The cutput of this ampli-
flor is applied to the cathods of the diode-comnected tricode, V-1b,
causing it to develop & poeitive.voltage. The relay-tube, V=2, is norm-
ally biased far beyond the cut-off point by a 45«volt battai-y,, ut when
the voltage from the roctiﬁer_ is applied to its grid, it conducts, and
the pléte«-current, paasﬁxg through the relay windings causes it to op-

erate, One set of relay contacts, Kelb h‘o:l.d,gﬂ A losed after the

APPROVED FOR-PLBI"
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Preed-Jidgmem. Filter
Signal Input Unity $12266-1thru 7

From RSB or AMC v-la
’
==
c .
| 10x
K-1t. o : : :
; r I 5 - .
. 63V - - R "
| b Gnd [ — @ ;&?— e N

Cs ~ Sslected to match Filter Tnit

Octa Basd Fln $umbs

The actual units are wired with an AN-3102-22-5FR connsctor
suitable for plugging into an RBC Peceiver Power Supply.
Figure 3. Typical Monitor Filter Unit Channel.
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transmitter modulation is removed; the othe‘r set, Kolb, lights a pllot=
lamp on the filters-unit chassis and a second lanp on the cohtrol console,
This gives the console operator direct evidence that a signal has gone
ocut on the air, | |
2.3.3. Modulation Equirment. |

lloét of the modulation control egquimment was mounted in
six relay racks mounted on benches against the inboard wall of the tim-
ing control laboratory, as showm in Fig. 4. Fiélm 5 shows the general
‘natuz\'c of the interconnections among these racks and from the racks to
the transmitter room and to the master control consols. Figure 6 is a
funstional block diagram of these interconnections. '
| Seven sudio frequencies from 300 to 2270 cps were used to -

modulste the transmitters. Their funotions are tabulated below:

Erequency 1isine Fanction £ixing Punction
150 «30 mimites ~ - o=
610 : - «2 minmites Charge
850 ' =5 ssconds Arm
420 -2 seconds - oo
]bm - o e o e ‘ Fi”
2270 Recycls _ Disarm

Relays racks 1 and 2 contain the seven r;guhr escillstors

and two spare oscillatars as well as a pnnel of "aubatimtioﬁ Jacks",
8o arranged that a spare could be gubstituted for any one of the rege

ular oscillators merely by inserting a plug in the appropriato Jaok,
| From the substitution panel seven leads and a common ground
carried the audio voltages to & voltmeter and adjustment panel in Rack
3. Here they were applied to poténtiouetera; one in the case of tones
used for timing only, and two in parallel in the case of tones used for
both timing and firing, Ax lleposition selector switch connected any

.?,12‘,

APPROVED FOR PUBLI'C RN




Rack Z
Clock B

APPROVED FOR PUBLI C

APPROVED FOR PUBLI C RELEASE

1. =5 sec, (850 epz
2, =20 sec, {300 c¢ps
3, =2 min, (610 cpo}
2, <30 mim. {1150 epe)
5, Recyele {2620 epe)

1, “Pire" (22%9 epe)
2, =2 sec, (420 eps)
3, Orvare

As  Opare

5, Substitvtion, Panel

1. 100-100C cycle Freg, Standerd

2, TI'M & Audio Voltspe Controls

3, Iefts TBY Foniter Uscllloszope
Right: Audle Voltage Moniter

1., loft: Camegetting Dial
Rights Record Chart
2. Iefit: Procision Clock
Rights "Secondsstoego™ Clock
3, Tone Keys & Filot ldghte
Top: Comnection Boxs Modulatien
lagter Galn Controlsg
Hiddies Moduletion Patel: Panel

Bottom: Cyclic Keyer
Precision Cleck Unit A

1, 1 ke Test Coelllator
2. 1 k¢ Autemstic Starting Device
3, RBC Recelver for 1 kc tone

on 5%5€0 ke
1 e Tone Menitor Useilloscope
Interlab Intercommplcations

Heilsnd Racording String
(geillozrath

Topt Timing Tone Wonitor Spealkey

Madle: BRBeceiver for 1 ke Tone
on 140,58 me

Bottoms RBC Receiver fov Audible
Yorlbor of Tising Signalsg
AL3E ke,

v

rd Wall

-~
AL s
bl

b

weat in each

~

Cor

-y

\__(Ef

&

,

o

Fipmre
{Hote:

Y

& Potboml

4
ts

£

o

1

fr o

LY

3

]

W



APPROVED FOR PUBLI C RELEASE

.. Rackl ) -Haok2 - Rack 3 | - Rack 4 wd
- T ) ‘ -/t. 2 Avudio 10031\736 0}53 | 'j
5 Budio e Oscillators .| Freq. Standard. [J, Clock B . | g
D g P . S ) : B — ~2 ¥ 'I‘iming Cam ‘::.g
| Ocitlavors Ll T Z Spare Audio P | , 'gzucgﬁmgg SW iy Tone Relays 5 &
’ i.y ) O.Séilla‘bors- R . - e : . - . TODB.PiIOtB mg
. EJ ."-i".*'"'f:;;‘—-‘-}f'?- i PERYM ! Avdio || | ome Keys 2 ’E
o . T T Substitution ‘Honitor| Sigral T - ' g
: l ezl . = Panel ‘ Monitor o - C
’ o ! ‘ 1. ,1;-1@
g __/.'\ b N/ A
¥aster Control 7 111 Gyolio Keyer g
Censole ; S " Chassis > o ®
3 ' o 1 Q
[ Tone Keys & ?il’é% i Firing Tone :
Vo S ' Relays 2.
Start & Stop ey . A e
) Switches N | Cyclic Xayer e .
Yonitor Filots i i
Yowc: Comncodicaz showm for Olock B, To shifé to Clook A, ' 7}{ 1y
remove plug B from Cyclic Keyer Chassis end substitute S ’ 1'\ A
plug 4. . 14 ) i
The Patoh Panel contains "Carrier €n" and "Modulation On" \ R
geitohes end two sets of paralleled jacks, for timing Clook A X3
and firing reepeciivelye ' _ g .
Co (See Clook B) LR
The Cress-cornsction Box conteains master gain controls NGO
for esch of the five transmitters. o
Ses elso Figse 6, 7, 8 and 10, - , L -

APPROVED FOR PUBLI C RELEASE



e Ty

APPROVED FOR PUBLI C RELEASE
' " |4 tone Relaya| -
Cyolis Eeyer

-~ ‘.

— ~— : — . & 4 Contaots |
TAudio | | 7 Spbekitu- |- Level Adjust~ - Cyolic Keyer

Oesillatore J | tion dacks ' ment Panel: —r
7 tone Relaye ' Piring Output

) ‘ ‘ A VIW with | ' OlookA | - Plug' = to Patch Panel

. 2 Spare S
: Seleotor ‘Switch | . [

.

o

3 Oscsllasors |

3.}t tonsRelayy]
- Olook B

R ) ’ DcoiIIOnoopd"‘
‘ . Monitor

3

RILI R : Cyclio
00-1000 6ps- | e 7 Keyer | L .
Freq, Standard bt lpns e : ' i : o

: NS § B ! Timing Sutpmt Plug

o : . to Patoh Panel

PI, 6, Blook Diagran of Nodulation Equipment

APPROVED FOR PUBLI C RELEASE ‘ .



APPROVED FOR PUBLI C RELEASE

one of the sudio voltages to a Hewlett~Packard véém:%ube voltmeter
and also to a monitoring oscilloscope mounted lower in the rack, The
horisontal plates of the oscilloscope were connscted to a Hewlett-Fack-
ard 100-1000 eycle frequency standard, so that preciee osclllator fre-
quencieg could be established by observing the Lissajous Figures. The
frequencles were sst to O.iﬁ or bstt';or, and were found to stay constant
to 0,3% over long periods. |
2.3.4. Keving Svstew
Figure 07 shows the complete cireult from oscillator to

modulator for a typical timing tone. It will be noted that there are
%o basic methods of keying the tones into the modulators. In the first
wethod, thers are 11 relays, for eﬁch of the timing and firing tones,
Closure of one of these relays, who?e energizing cirouits will be oon-
sidered later, puts the corresponding sigmal into the moﬁﬂatdrso In
the second method, there are pﬁira of cam-opsrated switches for each
tone; - these are closéd autcaatically in ssquence by .a motor-dri‘nn
ean that completes its cycle once a mimite. This mlj,gm is vszed
for the preliminary testing. It can be seen that either type of keyi.ng
ean be selected for either group of transmitters independently. A4s
w1l be shown later, where a singls froquancy is used for both timing
and firing, the colle of the two relays are connected in parallel, so
that the operation of a single switch modulates all transmitters
similtaneously, | |

Under the operations plan, if, for any reason, it was desired
to postpone the explosion for a perio& vgreater than s ‘halfehour, but leas
then a day, it would be required to recycle timing boxes, At the same
tize, the bomb was not 4o be disarmed, since this would require a trip
t0 the borbeearrying barge, rearming by radio being impossible. Such

a trip would result in a full day's delay. Therefore, a spring=return’

APPROVED FORWMOBL| C RELEASE




APPROVED FOR PUBLI C RELEASE
)

‘ o~ Firing Zeve/ Z’”? f Lel/f/
Audro © ' Adjustment jus men
Oscillator o
) G
T Substitution T
Jack = ?

/50/a #1019

Resistors Contact? on Jone Kelay

Clock A Relay Contact l l /n Cyclic Keyer Chassis
. o

T/ Cyc//c Heyer Contact

— 7o Correspondirng

Clock 8B Pe/aq_ Comfact ~/ j/ </
/L — Switch Contacts For

C yclic Keyer Contec?t j{

\

Other Cramne/s

!

!
?

T1rming /-‘/'/—/'/77

70 PRrrcs FPRANEL

Crecerr OF Typrcar Aup/o CHANNEL

F1G. 7

APPROVED FOR PUBLI C RELEASE



APPROVED FCOR PUBLI C RELEASE
cormally opemed, switch was put in serius with the disarm tame relay
calls to prwent ascidental diesrming, To disarm, them, this switch
had to bo devressad while the "disarm-reoycle® key on the cmtrol cone
sole ms pressed,

lmti of the interconnectionn among the various relay racks and
the control aonsole were made in the phnsail mouriting the qclie keyer,
an! from this chauia emerged tm corBa terminated in phane-plugs, carry-
ing the sigmly to the nodulato:j;. Tbe plugs ware inserted into jaoka ‘
in rows of multiple jacks, so thet from the miltiple rows, patchecords
could connsot to the several modulators in purallel, as shown in Fig. 8. |

Because of the low input !mpedance of the modulatars, the volte
age at the patch pansl varied with ths mmbur of modulators in parallel,
Therefore, onoo the system was set up, the three firing transmitters
were alwys left in parallel, and the timing transmitter was put ir.
;arallel with the spere. Audio voltages werv then set for these loads.

A6 was memtioned earlier, the modulation switches on the patoh-pansl
were arranjed to substitute en equivalent resistor in the "modulation
off" p.sithn, so that transmitters could be turned onpr off at will
without cAsturbing the voltags levels.

\t was found that the speech gain controls on the modulators
ware very oosrse, changing gain in fixed steps of from 10 to 208, There- |
fare, smooth g\in controls were installed in the timing control lab, just
above the petch jsnel., While thess controln were not mutually independent
they wore neerly sawigh so that once the sprroximate setiings wers
found, small earrections could be made resdily. With these controls, the
overall spesch gains o all transmitters, were made equal and any transe

el -
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ritter oould be subatituted for another by simply retuning and changing
the modulation patch-cords, |

Binoce, for a given audio input voltage, the perdontage rode
ulatioh depends on R-El mrrier power output, all transmitters were l

'
A

loaded to a fixed powers: 200 ma in the power amplifier Plate ecircuit,
For firing, a Pixed figure of 90f modulation was selected for each tone
used. Varlations in receiver fidelity and filter-unit sensitivity were
offset by gain control adjustments on each individual chanmel in each
filter unit. S;l.nnar adJustaents were not incorporated in the timing
boxes and the variations in chanmel sensitivities were compensated

for by va.rying the percentage modulation with frequenoy. It was found |
that the filter transmission increased with frequency by sbout 2 db for
filters from 300 to 1630 cps, while the SCR=6%+C receivers used in the
timing boxes had & nximn rasponso at about 850 cps. The percentages
shewm in ths table below were found to give excellent canpenutions

Chamnel °3°. ® ..2’ n -20_ 500 -5» seg -2 860 Rncyglo

Frequency 1150 610 300 850 420 1620

% Hod 42 42 56 38 45 %

Filter input 2.7 2.4 2.2 2.5 = 2.3 2,8
voltage

It should be noted that this method of _coupamation results in the mid=
band chammels being particularly sensitive to possible operation by
statio orashes or other extraneous signals.
2.3.5. Iiming Clocks |
The operations plan for Test A'ble called fa' the mamal
keying of the =30 mimte and the -2 mimte tone signals ab times based
on the bombadier's voice amnouncements., ﬁe rmining‘ three ton‘os:}

15 -
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«20 seconds, o5 seconds, and <2 secon!were !o‘ !e keyed automatically

by the Hathaway Clock, (Fig, 9) which was to be astarted by the bresk of
the 1 ke tone, All ssven tone relays (including the "Zero tone" for

shot Baker) were built into fhe clock, and éeven push=buttons on its
front panel cculd be used to close them, I‘eads‘ from these push-buttons
were brought over to the master control console, so that the relays could
likewise be operated from there, Also in parallel with four of the push-
buttons (the last three timing times and tie "zero" time) were microswitch -
82 operated by a cam in the sutomatie clock. The reday energizing
commections are shom in Fig, 11. This cam was arranged to make one
completq revolution in 60 seconds, and then stop. As it swung around,

it closed each of the micro-switches in turn for about 1,7 seconds, The
can ms driven by a 1 rpa eynchonous motar operating from a 60 ops 115
volt source built into the clock, This source consisted of a preclsion
tuning fork oscillator and a power smplifier, and was accurate to within
3 geconds a day, The micro=switches were attached to a large frame which
could be rotated to z;djust the interval between starting and the "sero
tone®, A large dial engraved at # second intervals and a vernier in-
dleator made it possible to sdjust this intervel to within ¥ .03 seconds,
although certain ';ccentrici.ties made it necessary to recalibrate the
systém when the interval was changed by a large aﬁount. In additiom to
driving the cam, the precision sources was also used to drive "local

tire® clocks on the automatic cloek panel and at the control console,
"Seconde-to-go" clocks at the same locatiams, and a recording chart to
x?egister the exact times at which the tones were senmt out. The time
intervals botween the starting of the cam snd the keying out of the

tones depeﬁded on the exact position at which the cam came to rest after
the eam tripped & stopping micro-switch, This position was found to vary
by % 0.1 second from cycle to cycle because of vari.a.tions in the a.mouut
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Fimre 9, Hathaway Automatic Timing Clock Figure 10. Master Control Comsole

The Gamm-Tining Equipent is located
behind the curtain in the left beckgrowd.
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U

of ccasting after removal of the pewer, Therefore, an electrical brake

was incorporated. A4s the cam motor relay, (K-1 in DWG, C=31295 of the
Hathaway Instruction Book) opened, 28 volta de was switched across the
cam motor. Thi;a reduced the coasting from 1 second to about 0.1 ﬁeaond,
and the variability from 0.2 sec to an urmmsasurseable amount. A second

change to lmprove the accuracy was to rewire the recording chart motor to

run eontimiously instead of starting, with variable acceleration; simlt-

aneocusly with the cam, A sterting mavl' was then placed on the record |
from a set of contacts omn the auxilliary starting relay in the cyclie
Keysr chassis, It was found that the records thus produced were not
atrictly accurate, variations up to 0006- seaonds belng noted when record
were made on both clocxksi sinultaneoixslyg This was due either to non-
uniform angular velocity of the chart 1tself, or to imperfect engraving.
It mas overcoms by putting time markers on a blank chart, using a syn-
chronously drivén serker cak that put obt “"pipe® at 1 second and 0,2

.seecnd intervala, With these changes, the intervals became constant

and determinable to . 0,03 seconds.

The mechanical fesetting mechaniam, which had to be pressed
after each cycle before a fresh start céuld be made, was mspected of
causing errors dus to the syring forces exsrted on the cam., It was re-
placed by an slectrical reset = a relay, K-2 which bridged across the
stopping miero-switch until the cam had passed its rouero‘ It was
found that occasionally relay K<2 could drop out and release the starte
ing relay K-l durirg the brief interval between the opening of one set
of contacts and the closing of the other of the SIDT miwwéwifchq The
consequent stopplug of the clock, however, could be avoided by keeping

the consols starting button depressed for at least 3 seconds, I this

case, the auxilliary starting relay in the cyclic keyer chassis bridges
the gap, Care had to be taken to release the switch befdra ‘the fj.rst
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tone was keyed if a chart mcwm the auxilliary '

starting relay held tﬁe stylus ﬁp and ofliterated the rééo’rds of the
tons relays. | .

The mannsr of connecting the tm.a.clocks"iz.rt..o the overall
circuit was complicated by the ‘neéceaity of cohserving Eablo wires and
connecting pins, which became scarce as extra feafurésl were added.

Most of the relay coil cireuits » the clock starting and stopping eir-
‘cuits, and the precision source circuits were interinvolved so that it
was necessary to keep very close track of the two sldes ‘of the primary
line, to avoid ahoirt-circuitu when power plugs were revérsed, ete, -
Finally, it was arranged to bring all power into Clock B, from which
1t was distributed to Clock &, the cyclic keyer, the control comsole,
and the sutomatic starter, Sirilar precautions weve used for-the 28
volt d.c. ﬁm s one side of which was grounded at *t'.lxej generator,
| “Host of the interconnections among the warious ﬁnits_ were.
rade inside the cyclic keyer chassis, which also contained four tone
relays for keying thé firing tranamitters.. One cable comnected it to
the audio osciilator VIVM rack, and another to each of the clocks,
carrylng the sudio tones in and out es wall as the sterting and stopping
| conmections, The 28 volt d.c. and the 115 volt primery power were
carried 1n on these cables, An additiomml éabh, ran 'ﬁo the ﬁarticular
clock selected for use, It carried t.h. preciaion vo{l.taheé for the
clocks on the control console and the arlze'r‘gizinfg» 'powar.- for the tone
-relays, Switching from one clock to the other then s accomplished by
removing the cable from the ons clock, and plugging in the cc;rresponding
cable from the other, followed by throwing the switch on the eyclic
keyer chassis to select the proper audio output 1i.zna.""'Tluis' switeh

' -186
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had a third position in which the modulators were comnected to the
cyclic keyer contacts, |

4 pimilar switch was provided for the firing transmitters,
but this had only two positions: Clock and Keyel;. The Clock position
connscted the line to the four tone relays in the keyer chassis; these
derived their energising power from the clock selected through the
removeble cable, |

The direct starting mc&ﬂn o/ each clock was a relay in tho
clock chaasis, wijbh contacts in the cam motor circuit, This relay c&n.llﬂ
be energizéd by pressing a switch on the clock, and denahefgizod either.
through the action of the stopping mlcroswitch, at the end of the cycle,
or by pressing a stopping switch on the clock chassis, To start and stop
both clocks in synchronism, an auxilliary starting relay mas provided
in the cyclic keyer cﬁassis, with contacts in parallel with each of the
individual cloek sfarting switches, This relay also had two pairs of
contacts for operating the recording chart stylus, to give a mark. for
the starting time., It was energized either by a starting switch at the
control conaole; or by the closure of contacts on a relsy in the auto-
matlc toheobroak\ starting device, Stopping circuits to unlock the clock
starting rslays wo:r; brought out from each clock to the control consols,
but separate by-passing switches were provided that made it possible to
operate either _clock independently, even with the cables to the console

unplugged.

2.3.6, Automatlc Starting Device.
Figure 32 is the ciroult of the filter chassis of the auto-

matic starting device. Fundamentally, it is a filter-amplifierrelay
unit similor to the omes used as transmitter monitors, It is provided

=19 =
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I
with switches and reslay contact connsetlions such that when the "auto-
matic-mamal® switch 1s in the "sutomatic® position, voltagc. for the
starting relay 1s provided through the filter-unit ralay contacts.
When, dus ;l;o'n 1 ke, signal, tﬁia relay is operated, this starting
cireult 1s opened, but the break in the tone causes it to oloss, and pere
mits the clock to start, unless the circuit 1s interrupted as a result
of the switoh being in the "sarmal® position. During normal operation,
then, the switch is left in "mamual" until the 1 ke signal is recieved.
Then it is throm over to "automatic", and the clock starts as soon as
the tons is broken, |
2.3.7. Ihe Gairol Console, |
The master control conscle is shom in Figures 10, 139 Y,
T4 consists of theee pansls, one with clocks, one with indlcator lights
and switches for the keyed tones and the repeat-back circuits, and ome
- with the starting mechanism, ' |
The left-hand clock shiws local tiwme, for~each test it was
set accurately with the shipls clronometer. The right-hand clock starts
when the camemotor in the automatic clock chassis starts, and indicates
the mmber of ;.-omining seconds before the expsotad explosion tims, On
the ‘back of this part of the oansole, not shown, 18 a seconi "local time"
clock, | | __ B
The indicator 1ights in the rightshand penel (Fig, 14) are
grouped into rows sccording to function and columns according to time.
The uppsr two rows are the indicator lights forxt.he repsat<back gyatol.
From lsft to right, they aret spare, generators on, X-umit charged,
armed, and fired., The white lights at the right of this and the other
rows :l.ﬁd:lcato that the various units are turned cm. |

20 =
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Figure 13, Control Console - Iaft Foenel Fipure 14, Control Console - Right Fanel
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The next three rows of lights, whieh are rod ¢ are the monitor
lights far» the three firing transmitters, These light up only when
the corresponding tones have actually been tramsmitted, The left-hsnd
light is for the disarm tone; the next three are charge, arm, and fire,
respectively. OSince thease operations occur at times used far timing
purposes, and are carried out with the same audio frequencics, they are
therefore placed directly over the correspinding timing monitor lights,

The sixth row contains thesl green timing moritor lights. From
left to right, they ‘ares recycleg =30 min,, o2 min,; 20 sec., «5 sec.,
R soé., and "fire", Below thia row are the seven keys which energize
the tane'relnys in the clock chassis and the ¢yelic keyer chassis., When
thrown upward, they will remain on, b\rt. when throm domnward, they will
be returned by épring to the mutral poai‘tio? as soon as the pressure is
released, 7
Bslow the switches is a row of white indicator lights which
rmerely indicate that the corresponding keys have been thrown. Those
also light up when the tone«circults dre closed from the clock, either
by pressing one of the keys there, or through the action of the‘ automatio
timing cam, They work from relsys mounted on a chas_sia inside the con
sole cabinet, which are provided with locking contascts so that these
lights remain 1it until cleared by pressing the clearing push-button
st the extreme right end of the row, |

The left<hand panel,l (Fig. 13) of the control console has
a switch at the top that was originally intended to select the clock
used, It was founl o be too difficult a problem to switch the mny
leads required in changing from one clock to the other,coy this switch
was not used, except as a reminder, by lighting the corresponding pilot,
as to which clock wes plugged in, Below this switch are the pilote waich
iﬁdicaﬁa whether or not the clock cam qqtor is running, and switches to

start and to stop it., Still 1dwer,‘ are lights that indicate whether
o2l -
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or not a 1 ke tone is being received; this helys the operator decide at

.  whieh time to throw the sutomatic starter switc) from "mamual® to "auto-
matic”, At the Bottom is the "sutomaticemanunl' switch, and lights to
ghow which positicn it is in, Thess last four Lights and the switch

\

are duplicated on the .automatic astarter chassis,
2.3.8. BometcBack ik | |
. A detailed description of the rersateback link is given in
the firing signals report.
ITI., THE TIMING UNITS
3.1. Fupction _
Thé purpose of 'Bhe Timing Box was to mike possible the remote
operation of such devices as cameras; blast recorders, and verious kinds
- of mé.ming instruments, This was to be accon;q‘:’lidhe& by the closing of
switches at certain time interwvals prior tb the wmoment of the boeb's
explosion by a sequence of radio sigrals.
3.2, Gemeral.Descripticn |
The Timing Box consists of a six tudbe agperhztrodyne reclever,
8 speciél filter-relay unit, a spring wound clock, batteries capable of
operating unit for 50 hou;'s, sn antenna snd a waterproof wooden box to
house these components (see Fig. IAA) |
It was the function of the Timing Box to receive the éigm‘ls
transpitted from the AV.1l7, aeparate roduletion frequencies with sudio
band-pase filters, aiplify and rectify to make them operate relays.
After & relay bad been closed by a suitable sudio signal, an electrisal
holding cireuit was provided to keep it closed, The relay contacts in the
timing box were not guaranteed to hold during the explosion and therefore
1t was recormended that some shockeproof system be incomporpated in the
external instrumentdtion to lock circnits closed after the last required

timing signal had been recievsd.
. - 22 <
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Fig, 14 A ~ Timing Unit
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The audio modulation -tonem "ths corresponiing time ine

tervals are given in the tebls balow:

Tiwe imterval prior  Frequency of
40 explosion Avdio Sigua)

30 min, 1150 ce.p.s.
2 min, 610 c.p.s,
20 sec. 300 c.p.8.
5 sec, 850 c.p.s.
2 sec. 420 c.p.s.

The standard Timing Box could be arrmnged to respond to any
three of the avatlable time intervals, Boxes that contained either a
30 nin, or a 2 min, channel were supplied with a recycle channel, This
¥as necessary, particularly in Teat Able where the decision to drop the
bozb might not have been £irm until after the 30 min, and 2 min, relays
in the Timing Box and also opened a set of normally closed relay contacts
which eould be used to interupt an externsl circult.

3.3. The Tinink Unit Copponents. |

3.3.1, Beceiver
- The S.C. R. 69 receiver ﬁs selocted for use in the

Timing Box because it satisfied all of the i-equiromants for the job at
hand, This receiver covered the desired ﬁequency band and it could be
operated with dry batteries, The power consumption of the receiver is
extremely low, tlus permitting suitable bettery life. Reports from
Naval Research Leboratory on its performence were favorsble., The
izmediate availability of the SCR 694 was also a large factor in the
seloction, bacause of the volume of boxea to be produced within a short
period of time, The receiver cireuit diagrem is giwen in Fig. 15.

The SCR 69, was only availsble as a complete unit, ie; receiver and
trensmitter. The metal shell housing both the transmitter and reciever,

-« 23 .

APPROVED FOR PUBLICRETEASE ™Y

.




OF RADIO RECEIVER AND TRANSMITTER BC-1306

27  Resistor, carbon, 33,000 ohm
28-1 Resistor, carbon, 100.000 ohm
28-2 Resistor, carbon. 100.000 ohm
3 Resistor, carbon, 100,000 ohm
sistor, carbon, 37,000 ohm
istor, carbon. 10 megohm
istor, carbon, 1 megohm
e ., 1 megnhm
. . carbon, 1 megohm
K. Resistor, carbon, 1 megohm
IZ3§ Resistor, carbon. 60.000 ohm
Resistor} carbon, 1.25 mexohm
- Resistof, variable. carbon, 1 megohm
Resistor, ¥ariable, carbon, 1 megohm
d . carbon, 270.000 ohm

’ﬁa-t Resistor, carbon. 25.000 ohm
= J~2 Resistor, carbon. 25.000 ohm

37 Resistor, carbon, 51X 000 ohm
Resistof, carbon, 30,000 ohm
Resistor. carbon, 2.500 ohm

ﬁ < Coil Asgembly, antenna

U

et ~
i serial No. 1 to No 21[ was 20000 ohn ~ Faguipments b
in the by changing Resistor 29 to 47,000 chins, 2 WOW . 7wt o

alibration ancilator.

“* Coil Assembly. R-{
42  Coil Assembly, H-f osc,
43-1 Transformer. I-f
43-2 Transformer Assembly, 1.1
43-3 Transformer Assembly, T-{
44 Coil Assembly, cal. osc.
45 Coil Assembly, beat freq. osc.
46  Transformer. audio output,
47 Switch, HIGH-MED-L 0“ :cnsm\lly
48 Switch, PHONE-CW-NET-CAL.
49 Switch. output tmp. (250 and 4000 ohms)
50 Switch, dial light
51-1 Jack, phone
51-2 Juck. phone
Jack, antenna connector
Jack. ground
Plug. male, 6 pin power
Voltage Reg. tselemum rectificr)
Sachet, dial hight
Socket, 200 ke ervstal
Socket. R-f amphitier tube. 114
Sachet, converter use tube, 1RS
Sochet, 1~! 1-f ampe tulwe, 104
Sochat, Und 1 amp. cab ow tube IRG
Sochet, diode audw amp. tube, 150
Suchet, audio output tube
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was rotazined for use in the Timin&.‘ Irg-ran!mtters were yemoved and

returned to lWaval sitoren., The spece in the hous:i.r.;g vacated by the trange
mitter, proved sultable to hovse the special filtererslay wnit. (See
- Fig. 16), A small modi:‘é’ica'tién had to be mede in the Jones plug connecte
ions in the transmitter-receiver housing, o accomodate the substitution
of the filter-relay unii for the transmitter.

3.3.2. Ellber-Relay Unlt:

A search was made for a filter-relay unit that could be
operated with low drain from portable type dry batteries, It was found
that no such ‘deviee mes availabls from Goverrment sources aron the
commercial market, Thereforé, 1t became necessary to deaign and
produce the filter-reiay units to be used in t;he_ Timing Boxes, The
circuit used in the Filter-Relay Unit is a atraight farvard arrangsment
of a bandepass filter, an audio amplifier, a detector, and a D.C.mpo
lifier controlling a ralny. (See Figures 17 and 18). |

AmyoNavy surplus stocks were searched for suitable audio-
filters, and Fredd type 12266 which had been used by the Nevy in the
ARil=2 radio/controlled apperatus fou; drone planes, were located. There
are ten filters 1n this series, #12266-1 to #12266-10, vwhich cover the
freqnency range from 300 ¢.p.8. to 6000 cap.a. Center frequency of each
filter varies from the adjacent ones by factar of sbout 1.4, The band
width of any one ohannel :I.é about 3 10% of the center ﬁequmcyo Adf
jacent chaxmel atteration is approximately 20 DB,

Since battery consumption was an important factar in seleoting

a tube for the eircuit, the 1D8-G.T, mas found to be sultable, It cone
tains in one envelope a tzfi.ode, pentode, and a diode, It was not possible

-24@
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Fig, 18 « Filter - Relay Toit
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to use the Jicde aseticn of the tube ng the detmw

is common %o the other scotions and is grouaded. A uzlenium rectifier
was used as the datecter., : Several types, ranging frow two to sight
elemsnts, were tried in thy cireult and all scemed to function rroperly,
The four plate typé was selicted for use in the actuel produstion of
the filter-relay unit. |
The relay aelected #as the Advance type 6('04-013. This relay
plugs Into a standard octal tuhe socket. The plug-in feature was part-
lcularly desireable from the itandepoint of testirp and servicing. The
relayf coll resistance is 40(0 ohms. The power rrquired to operate
the relay is about 900 m.w. The nominel current wequired to operats
the relsy was 3.8 m,a., and the relay will reopen on a current less then
2.5, Me8o |
3.3.3. DBaktery Sumply | |
‘ U.S, Army Signel Corp, Battery, Type BA«48, s used to
supply the filament and plate voltages for the receiver and the filter
rolay unit. Two of these batterics were used in paralld.. Two ct_ these
batteries would afford the complets Timing Box & period of 50 to 60
hou:;a of contimious operation. The filament cornections supply L15v
and the "BY comnections supply a potuntial of 50v. Overall sise of BA
48 18 10" x 5" x2", The "G" batterieg; used &re the coamon type 7.5
volt units., They have taps at 1l.5v, 3.0v, 4.5v, and 6,0v. Three of -
thess were used, connected in series., Because their function in the
oirquit was simply to supply a bias voltage at no 'current drain their
life was long. |
3.3.4. Glogk
Each box contained a spring wound clock which operated
] gicrpawitch vtha'c. ensrgised the receiver-filter unit, This clock made
it possible to leave the box in an inert condition and have it turned
-25 e | ‘
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Al

on just prior to the explosion period. This conserved battery life,
and even more important, reduced ﬁhe probaﬁiiity of mfiring_ on ran-
dom signals, Th_e‘clock mechaniem rotated a notched dial once esach 24
hours. The notch was cut to turn on the unit for a 8ix hour period
each 24 houra. The clock had a running time of approxiziataly 50 hours,
3.3.5. Antenms

' The antenna mast basa and antemma sections aupplied with the
SCR 694 ware uaed with the Timing Box. There are ten antenna sections,
each about 3 ft. lmg, in one kit. This made possible a whip antemna
from 3 £t, to 30 ft. in length. The parcelsin insulated mast base ine
cluded two rubber gaskets offording a watsrstight fitting in the 3 inch

~
]

hale ixi_ the top .of the wooden bok;
3.3.6. Baterproof Box, |
. Several-qualificatioha were required of the box to contain
the cmpunénts of the timing aﬁparaﬁus. The box had to be sturdy, mters
| proof, end had to have a door providing access to the camponents, A
pair of wooden legs were provided with eacfx box. These legs were to be
serewed to the bottom of the box to give it a firm foundation, and to
elevate the bottom from the deck or ground, & cireular hole, 2" in
diam_eter;.was- cut in the top of each box to provide for the installation
of the anterma mast bass.
The cover ar door on the box ms support.ed by a metal hinge
.running the entire length of the box. When closed and compresaed against
| the rubber pasket seated around the edge of the box, a water~tight seal
wms fcmned.r A vei-y sturdy type of construction was 'enplo'yed in joining
the sides of the box. (See Fig. 19), The outaide dimensions of the bax
are 20" x 20" x 10%, ifhe timing unit interval ecabling dhgram is shom
in Fig. 20, -
| - 26 o
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¥or purposes of testing Timing Baxes in the f:i.élc'{, a8 gmall

o L g e 8 f RETO 8
3,347, Eipduy Unit Tesh Dex,

{est box wey designed. This teat bor cﬁnzia'te& of @ three ronge volte
woter to check batiery voltages, and a set of three plioct lamps to
indicate relay action. & cord 3 ft, long terminated in a 12 pin Jones |
plug for insertion in a 'besf. jack provided In the Timing B&. The box

1s also sturdy ard wmterstight, See Figures 20, 21 and 22.

The Timing Units were produced with the aid of the Terminal

Ieland Naval Shipyerd. Thé services of ithe Shipyard®s Electronio
Flanning Dept., Design Dept., and all the shops were made available
to the produstion of Timing Units. The Radar Repair Shop wes selected
for the location of the main assembly 1line to ﬁ-oduce ths Timing Units,
A room spproximatsly AD' x 30" was complstely cleared and made ready
for this purpogé. (See Figure 24) . |

.~ The total mmber of timing Units to be mamfactured was fixed |
at 300. This figure allowed for an ample mmber of spares and for the
possibility that few of the Test Able boxes could be used again in
‘T‘ast Baker. Procurement of componeuts of the tmﬁg units, with the
eicept.:lon of the SCR 69, unite, was handled by the Maphattan District,
University of Celifornis Procurement Office. An ',gsnt of the Los Ane
goles office ws assigned to work directly with the production group
at Terminal I-sl&nd and wag of great wvalue in expediting components,
Over fifty separate items, some of qhicﬂ were extremely scarce, wers
needed for each unit, ‘I’hos§ conponents gavailable at Los Alamos were
allosated for this use, 4 total of 55' clock mmmfacturers distributed
all of the country, were canvassed before a guitable clock could be
iooste&. Aftei' designs had been frozen it was found that ID8«GT |

. o2
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Fig, 24, « Vnin Timing Unit
Aagembly Line - Termiual Islanmd
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vacunn 'h'ubas fz"aq_uiremen-::. SO wore 'z:m'i; in p:s;)duc*ésiurx end these had to T
obtalned in evall quantitics from numerous sources. dudio filters were
located in RFC surplus stores and were obtainmed in time only by byepass~ :
ing considerable red-tape, The job accomplished by the Manhattan Prcﬂ Y
curement Office in obtaining the necessary componsnts in just a few
weeks time was cutetending.

It was originally planned to stow all completed units aboard |
the AV~17 prior to her achedulsd seiling date of March 25, 1946, Timing
Units not completed by this date wers to be ‘shipped to Bikini by air ex-
press as they becams gvailable, Howewer, the postponement of the t@stﬁ
made it possible to procure all of the Timing Unit components s prior to

the AVe1l7's new sailing date of April 17, 1%6, All Units not coupiefed
by April 17 were placed aboard the AV-17 to be assembled while erroute
to Bikini, | _

On February 19th s protatypa Timing Unit was brought to Term-

| inal Islend by Los Alamos personnel, After a conferenéo betmn the
Loa Alamos répresentatives and the Shipyard’s Design Dapt. s drawings
wore made for the complete Timing Unit The Carpenter Shop o“ndctﬁ -
building ths 300 wooden boxes and 30 additismal amall waterproof bcnma
for the Timing Box Test Units on February 24th, i >
Sub-assszblies of filter<relay unit components were etarted
simltaneously with the box building, Since Timing baxes were to have
from one to three channels, all chassis were punched to acoanqdato three
channsls, Bakelite resiator cards were made with all the-srall come
 ponents mecessary far one charnel mounted on them. Small cables contein-
ing all the wiring for one éhambl were mede up on special jigs; These

» - } , _
cables wers comnected to the resistor cards, so that when the resistar

e 28 »
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cards wore wountsd on the chacols thews wore few slectrical comections
to be :ade. The completed fi.lier wilt was ‘Lested fer correet electrica]
opera'hi;:n before being instailed in the Box., (See Fig. 25) |

' During the early pheses of Timing Box production, the number
of people working oﬁ ths projéct varied frbm day to day. There were fif- '
teen Eleotronics Technician’s Mates and one Chief ETH, warking cone
sistantly five and one half days per veék. The civilien empioyses of
the Radar Repair Rept. were available at all times, Hmver, duriné the
slack periods caused by alowdoms in aupplies, theae people were not
taken away from their normal duties. These periods of retarded rro=
duction were not the fault of the Procurement Office nor# the Shipysrd,
Certain materials were just raturally goarce and were flown to Perminal
Igland in small quantities from all over the conmtry. At the poa.k of
production during the last two weeka of the job, a mxi.nm of 60 people
were working on the project, 4 rough figure of 10,000 mn-hours repn
resents work roquired for the building ihe filter-rulay wiits and asgem-
"bling t.ho Tia:lng Boxes. This figure doea not include the work done by
the Carpenter Shop or the Sheet Hata‘l $hop. The cooperation rec_aived |
hy the various departments o‘fv the Shipyard was sﬁlendid. -

Approximately two-thirds of the timing units had received
complets tests at Teﬁinal Island, Facilities were instaq.léd té contirme
production tests aboard the AV-17, A4 laboratory thirty feet by thirty
five feet with benshes around thro;e.bﬁ:_t;khead was used for test purposes,
Two test seteups were used. Gne involving a HewlettePackard audio ce-
oillator and an AC Vacuum tube voltmster ws used for the checking of
the filter units. The operating woltage for each channel wﬁs meaam'ati

.29 -
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to determire<if 1t fell within the limite of 0.8 to H se Ve of

the special test boxes was used to indicate relay operation.' The second
test seteup employed a Model LP-5 gignal generator externally modulated
by an audio oseillator. The audio ocutput voltage of the reciever was
measured with & portable H:lqkoék rectifier type voltmeter similar to |
those used in making field checka. Relay opeéauon was indicated on a
test unit. | |

Mogsurements on the SCRe694<C ‘receivers indicated that the rf
1n_put required to obtain the most satiafactory AVG action ocoured at
3000 sicrovolts. Calculations indlcated that this field intensity should
be cbtainsble in practice by uaing two to five sections of the SCR 604
whip aritenna, the choice depending upon the operating range and locatiom,
The audio input signel required to obtain satisfactory perforzance
from the filter chassis was dependent upon frequency, and a signal level
of 2.5 volts at 830 cycles was chosen as the test standard., Therefore
the bench tests an the receiver ';n-incip ally consisted of adjusting the
audio gain control tp‘produce 2.5 _voj.ta of audio‘qxtput, acroaé the 250
ohn tap, with an input signal of 3000 microvolts, 30 percent modulated
at 830 eycles per segond. | -

A short receiving antenna was installed on the signal bridge
laboratory and signal from the timing transmitter was carried by coaxial
cable to the -tining box tast bénch in the second platform laberatory.
Using aigmis recsived on the pilot antemna, the transmitter no@ilaticn
percentages were adjﬁéted‘ to In-odwb_o oqual outputs at each of the sudio
frequenciea. Since theré was some vériation on the plckeup of the pilet
antaﬁnh, presuwably caused by swinging crane bdmu s the timing boxes
were normally adjusted with signals from the signal generater.

“30 .
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An ottempt wes mede to imgrove the audie frequency responss
o~ . of the reesiver, to meke possible equal modulation pm'céntag@m at ths )
transmitter for cach &f the audio tones, but all "the solutions required
zajor mddifiéati‘cns in the regeivers and were thersfors not incorporated.
| The 300 timing boxes produced at Terminal Isiand wore deliv-
ered abosrd the /AV=l7 a few duys before salling and stowed in two iocationa.
Appraximately half of them wers stowed in the aireconditloned laboratory
spaces and the ofher half in #8 hold, The probleﬁ of moving the boxes |
from the hold to the laboratories for tests was greater than anticle
pated and considerable labor would have beem saved if all the units had
been ariginally stowed near the lanboratory. The boxes are bulky but it
was found possible to stow all unite in two laboratories having a
width of thirty feet and a length of seventy five feet. The effect
of temperature upon the equipment is not definstely lmom but thé 11fe
—~ of selenium rectifiers in the units which were stowed in #8 hold appear-
ed to be shorter than those in units stowed in the air-conditioned labore
atories, |
Iv, FIELD ACTIVITIES
4.1. General ,
The activities of the timing-unit field parties may
be divided into four categories. The first and most time.consuming of
these is the physical installaﬁon of the boxea gboard tai-gat vessels
end on the islands, Sscond is the checking of performence, which had
tov be done at frequent intervals to p‘lcl? up troubles as they developed,
Third wes maintenance; prinarily replagement of batteries and of amall-
components that failed. Finally, there was the process of turning the

equipments on prior to the actual tests themselves,

o 31 w
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© 4e2. Ipatallationa, o |

4 typical installation party would leave the AV=17 with the
following materials ti-ing boxes, whip and horizontal antennss, battere
les, aparé tubes, relays and selenium recttiera, ‘an electronice repaire’
kit, a timingaunit test box, and miscellansous mounting and laahing
materials. (Seo Fig. 26).

The boxes came from the laboratary fully adjusted, so as to
w@co an audio output voltage at 850 cps. of 2.5 volts when a 3000
microvolt signal, properly modulated, wes impressed on the antenns
terminal, This audio voltage may be altered either by adjustment of the
audio gain control or by varying the input signal strength. To obtain
untform conditions in the field, it was decided to operate at a fixed
r-f level, chosen with regard to optimum AVC conditions. By pre-
setting the audio gain in such a way that a definite value of audio
voltage would be obtainod for a specified input voltage, it beceme
possible to adjust the antemna to produce this voltage without carrying
elabarate equimment into the bﬁ.elﬂ. In practice, this procedure worked
very well, and the ;nﬂ’.ies were soon sble to learn the langth of antemns .
required in a given type of location. Iater, the rule of non-adjusiment
of the sudlo galn control in the field was relared somevhat, particulare
ly in the case of installations in poo:r locatiors, where once could
not obtain 3000 microvolts with a fivemssctian whip antenna. In gemml,
howsver, vhen the audio voltage failed to come up to stmdard, or exe
ooedod 1t greatly, it was assumed that the receiver had in some my
changed since the labaratory adjustment, smd it would be replaced,
Ineidentally, in nearly every case where such changes were found, tho\
troubls could be cured in the laboratory by replacing the tubes and re-
adjusting the comtrol. |

 =2e
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Fig. 26, Timing Box Party leaving AV=17
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The bozes were provided with two long pieces of wood screwed
domn inside the cover. Im the field, these were fastensd to the bottom
of the cutside of the box, and formed a firs foundation far the boxes
when a suitable location would be found. In gemeral, the requirements of
good signal pick-up were predominant, aithough where possible, prox-
inity to the customer?s equirment was considered. The box would be set
in this position and firmly secured, usually with line lashings around
the legas or through the carrying handles. The box would then be opensed,
the cover~plate over the hole for the antemnz mast bese knocked out, and
the mast base installed, The set would then be turned on and the testw
bax plugged in. After comnecting the sudio voltmeter in the electronics
repairokit to the audio output jack on the SCR 6%4<C receiver, the set
would be tuned up and the audlo voltage noted. 'fhe cyclic keyer in the
timing control laboratory was arranged to key out in muccession over a
l-mimute cycle all of the timing tones, The 850 cp tone was longer than
the rest, and was used both for tuning up and for selecting the antenna
length, While this tone was being received, antenna sections were added
until the required 2.5 volts was obteined,

Oa board the target ships, by far the best location from the
signal=pickup point of view was the forecastle, For ships well clear of
the center of the array, two sections of antenna were more than suff-
icient, in contrast to the minimm of three for any other location, and
in no case w8 more than three required. That freedom f;'cm interference
by superstructurs ws moi'e important than elevation 1s clearly demonstrae
ted by the fact that in the four raft insfallations, where the base of the
antenna was only about six feet above the water, a twO-section antemna
was adequate, in spite of the close proximity of many target ships,
Signal~bridge locaticns were usually satisfactory, although some cases .
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showed great veriability in signal strength, due to the swinging of the
ghip in the wind ,A In such instances, the timing units were movad to the
forecastle, with greet improvement im constancy of signal, Gun-mounts
énd turrets wers often used with success; these are usually woll clear
of the ship’s superstructure, (See Fig. 27). Awmumition ready-boxes
wers convenient since the fasteners made good loops for the lashings,
Installations om the fantail and after gun-sounts were often made. In
rost cases, these mrkod,,. but cannot be regarded as fully reliable, If
the AVC characteristic of the SCR 694-C receiver had been more satisfacte
ory, the cholce of location would have been less critical; as it was,
the audio signal had to be confined to the range from 1.8 to 3.5 volts
to avold both moneoperation snd opsration of the wrong chammel from the
harmonics generated within the recelver. .

The apount of work involved imn a field mrfy may be gmuged
from the fact that a hardeworking party of three men could make ab_dut
eight installations 1n an eight.hour day, and a partj of two men could
chsck from 12 to 20 installations, depending on location and the mmber
of repairs that had to be made, | |

The installations on the islands took considerably longer,
Most of thess were made in the various thotographic and instrument
tomers, A simple island installation on Bikini is shown in Fig. 28,
The boxss wers gonerally put under cover, inside the tower enclosure
or inside a hut on the ground,so that external antennas were required.
This involved mounting a mast-base bracket somewhere, or stringing up
a suspended wire antenna,- 'Also, for the towers, cmsiderable offort

' was required to 1ift the dbaxes, which weigh about 70 1bs. as well as
test gear and installation materials, to the tops of the 75-foot towers.
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. There is some evidence ﬁhat equipment failure in the :L'land
installations was leqs frequent than in the ship installations, If this
be so0, it is probably due to better shelter from the intense heat of
the sun., Shelter from rain 1é probabl;r less important, as the wooden
boxss are quite tight. |

The installations im eireraft were made mostly by the instrue
mertation groups. The timing wnit components were removed from the
mater-tight boxes and mourthed® en the bulkhead on shéck mounts, Usually,
an existing Lorﬁn antenna yms used, which precluded the posaibility of
adjusting the r-f level, so the eudio galn controls were set while the
plane was orbiting in approximately the correct position about the
target area. 7

| Gne member of the Los Alamos Field Group spent most of his
time prior to Test Able getting the airborne equimment in shaps., His
problem was complicated by the fact that the wiring within meny of the
planes comnecting the t:lming unit to the cameras waa defective, a fact
which was not uncovered witil about three wesks before Test Abls,

In general, when the installations were made, the AV=17 would
te in her berth inéide the lagoon, close te¢ the target array. Therefors,
the final adjustment of antenna lengths was made on special days when the
ship would assume her station approximately 15 mautical miles from the
center of the array. |

4.3. Field Vintensmce. -

Having completed the physical installation, the fleld party
would then check the box, Checking consistsd of measuring the voltages
of the 4, B, and C batteries, checking the audio voltage on the 850
ops tone, and observing the proper functioning of the relays. Battery
voltages and relay operation were cenveniently cbserved with the special

|-35rp
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Mg, 3¢ Closeup of Timing Bax
Installation of Fig, 29

Fig. 31 A Raft Tanstallatlion
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. |
testebox provided. This was plugged into a test-plug inside the timing

unit, It contained a voltmeter, three mshehzttons and three pllot light
Battery voltages registered on the meter directly by depressing the btute
ton# in turn, and relay operation was indicated by the lights as the
relay contacts closed. Timing chammel contacts aré normally opened,
while the f'recyﬁla" contacts are normally elosed, Therefore, the nore
pal position of boxes ‘aquipped with recycle channels would show the two
left«hand lights out and the right<hand one on. As the various tones
eame over the tramsmitter, first the ]ertuh'and— light, and then the mid- |
dle light would come on, staying 1it because of the locking circuit in
the filter chessis. Then the recycle pilot would extinguish, and with
1t the other two pilots, as the recycls felay cleared the corresponding *
chamnels, The cycle would then be repeated for each sequence of signals
reseived, |

Two types of failure were frequently observed in the field,

In one, the charmel would fail to dperate even though the voltmeter
showed that the receiver output was up to standard., In nearly every
cass, this was found to be due to the fallure of the sslenium rectifier.
At first, such dofective chazsis were brought back into the laboratary
for repalr, but as the mmber of such failures ‘,1ncreased, 1t was de-
cided to make repairs in the field, Im the second type of failure,
eansiderably less frequent, the relay would be observed to operatéd

as soon as the power was turned on, whether or not an audio signal was
present. This was invariably due to a defective IDBGT tube, and was
repaired on the spot by tube replacement.

Perhaps 10% of the receivers had to be changed at one tirme or
another, but by tl;e time of the actual tests, the poor receivers had
beern waeded out, and no overall failure in either the Able or the Bakey

, - 3% -
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T
‘shot was definitely traced to receiver failure,

7 Many of the batteries were changed in spite of the fact that
few if any of the units were ever operated for the 50 or 60 hours that
the batteries should provide. This was probebly dus to the fact that
pany of the batteries had exceeded the mamfacturer’s recamended shelf
life by from six months to a year. Those batterles wers used because
they were available and the location of new batieries would possibly |
have delayed the program. No case of failure was ever t\raced to battere
ies, Our standavds were eufficiently high, so that the unit was still
in an operating condition with the old batteries when a new set was in-
stalled.

4o The Final Oceratdons.

The ¢iming units were actu:lly‘uezeészxmdor operational conditioms
to operaté equirment on four occasions: the two tests, Able and Baker,
and the rehearsals, Queen and William, On Queen-Day, some troubls was
experisnced with premature operation dus to i;xtorfarenoo s 80 it ms
decided to work cut a procedure such that no timing bax would be ener-
gized until the actusl day of the test. '

The clocks in the units were provided with a cam which allowed
a microswitch to turm the squipsent on for eix out of the twenty-four
hours each. daj until the movement became w. The cams were set to
twrn on the equipment at 0730, Bikint time, so that once they were set
the day before the test, the squipment would‘ be energized wmntil 1330
of that day, and tﬁan would be off until 0739 of the following dey. So,
on Able day, those boxes visited before 1400 received a battery test and
then were left turned off. After 1400, the boxes were tested and left in
the"clock" position, and those baxes covered in the morning were revisited
and the switches turned to "clock", without opening the boxes. Befare
the William and Beker adjustmentes it ws decided that the clockewinding
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and setting i;rips in the nofning wera \mmceséaz-y, so the whole job was
| éccomplishad aftor JAOO the day before the test,

The final operation therefore consisted in remowing . the
customar’s plug (necessary, to prevént the créaaoéomectima in the
tastebox from operating or shortecirculiing his gear), weasuring the
battery voltages, checking the cam setting, winding the clock, setting
in the correet local time and recomnecting the plug. This took an eve
erage of about elght mimites, exclusive of transportation time between
installations,

4s5. Interference. : |

The effect that interfersnce can have on a timing unit is
to cause one or more of its chanmels to operate at the wrong time. Two
types of false operatiom should' be noted. In the first type, a timee
chammel operates mematurely, causing the instrmmentation to go off at
the wrong time. In the second type, the recycle channel operates after
ono of the time cﬁannels ‘ha;a operated properly, causing its locking cir-
culit to release, and mreventing or stopping the operation of tho equipment,
Either tyre is equally disastrous to the customer, but the second type
leaves no evidence, and may be interpreted as a failure of the time
channel to operate.,

-In general, interference was confined to voice modulated sigmls
of great strength om carriers in the 2 to 5 mo. bénd, strong atmospheric
disturbances « primarily divect lightning flashes, and pulsed sigmla
" where the pulss repetition frequemcy ha?pm:ed to coineide with the
passband frequency of ome of the filters, In one case, it wmas found that
the =2 minute signal was used to turm om a sparkecoil for putting markers
an a film. Ten seconds after this signal waa received, the ‘heaters of
scms thyratrons were warmed up, and the resulting sperk sigmal promptly

w 38 =
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and effectively bperated the recycle charmel, The tube im this channel
was removed, and then it was found that the «2 chanhel would operate from
the spark noise, csusing premature operation of the squipment, This is
oited o show the importance of overall systems tests.

Interference from modulated carriers close to the timing transe
mitter frequensy is quite imtangible, depanding as it does on the interw
action between *!.'.v.o or n&re carriers at the grid of the firat stage of the
SCR 6%,-C redeiver, It was impossible to predict just what conditiona
would previal at a given time and location. Cases of false operation
were frequent emough to be a real problez, yet infreqﬁent enough to
Qake it almost impossibls to pin them down to particuler transmitters,
Complets radio silence was reguested but wos not obtainable and many
operational circulte were running during the tests, |

Two cases of premature operation received special publicity
aﬁ they involved £lash-bombs that could be geen b}l' the entire flest. The
first failure was almost certainly due to atmostherics; there wes a heavy
rain-squali over the installation at the time the set was turned om by
the clock, and the flash was repartsd at just about this time, In the
second case, the clock had turned the set om about an hour before the de=
tomtion tock place. But because of a delsysd bomb run and postponement
of the test, & sudden flurry of radio commmmications was started among
the ships and ﬁlanes of the task force at the time of the explosion and
this may have had something to do with giving sufficient S'i:ray signal |
at the unit to set it off, Recormendatlons for changes in the tiwming
units to reduce the ill-effests of Interference are made elsewhere in
this report. |

ol
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Idsted by the groups using the timing units the following

. ¢

are the installations made for Tests Able and Baker:
| 456.1’. | \

* Bu/Ships, Electronlcs, Mr. Moran, AG 76

Iyme Box Location
30 2¢ R A(mCEN Top of Radar Tower (not used) -
LA , AG&CEN Radar Trailer
" LA ACMCEN 'Radar Hat
" "0 ACMCEN Radar Hut :
30 208 R GSS Avéry Islend, Radar Bridge
308 55 R USS Avery Island, Radar Bridge
24 5 R AGEN, Redar Trailer
205 55 USS Avery Island, Radar Bridge
20S AQMCEN, Soma Buoy Hut
205 AMEN, Sona Buoy Hut-
58 25 USS Avery Island, Radar Bridge
wa USS Avery Island, Redar Bridge
£5 BIKINI, Hut between Towars #} and #5
8 BIKINI, Top a Tower No. 4
" Bu. Ships, Oceanographic, It. Comdr. Morris.
Ayre Box, Igcatjon
30 28 R NAMJ, Vest end of lsland
" LI NAMU, West end of island
" v n IUEO On the beach
LA !URO On the beach
55 55 BIKINI, No. 1, Television Tower
# CHERRY, Seismic Hut
55 mmn Seismic Hut
b Saisnic Hat -
2 mﬁx Nopth Line of PIFES
n BIKINI, Center Iine of PIIES
" BIKINI, Betweea Towers #2 & #9 (So.‘:.s-ic oquip)
" YORO, In Hut
a ,NAMI s Top of Hut . ;
Los Alamos Photography, Mr. Brin%e:n, AV.17
28 5 R BIKINI, Bri:ner“a Tower #3
W ow " ENYU, Brixmeris Tower
2§ with DELAY BIKINI, Brixner®’s Towes #3
] ]

ENMU, Brixmer’s Tpmr
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Gesma Measuroment, Mr, Tuck, AV-17

Location

APA 68, Aft, Deck House

AFA 69 Afy, Deck House

APA 70, Aft, Gun lount

BB 33, N. 4 Gun Turret

CA 24; N, 2 Gun Turret
Nageto, Main Mast Starboard

Ivpe Box

BOM 205

sanzanﬁ::
2 g 22280 8a

e

e

IS s3I R B

Bu, Ships,

Blast Measurement, Cdr, Gerlock, AVel,

locaidon

APA 57, Signal Bridge
APA 65, Signal Bridge
APA 6/, Signal Bridge

1

~ APA 63, Sigmal Bridge

DD 404, No. 4 Turret

DD /08, Forward of No. 3 Turret

To be installed on Iife Rafts)

To be installed on Iife Raft

To be Lnstalled on Iife Raft) og to she AV-14
To be installed on Life Raft

APA 64, Signal Bridge

AP 65, Signal Bridge

DD 40, No. 4 Turret

205208
n

“

Bu, Ships, Fhotography, Lt.Comdr.Shafton, USS HAVEN

Igcation

BR 38, Forenast

CV 3, Forward Sky Lockout
DD 419, Flying Bridge

ERYU, "life Cuard" Tower
APA 61, Bow

APA 75, Forecastls

APA 87, Signal Bridge
BIKINI; "1ife Guard" Tower
DD 402 (not used)

DD 389, 2nd Gun Phtfm
DD 722,

DD 723,

1ST 661, Bow

Prinz Eugen, No. 2 Turret
SS 335, Forward Gun Station
5SS 38}, Forward Gun Station
C=5/ Phcto plane
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Bu, l‘x"ﬁdicim, Lta EiCher’ USS I’L‘LVEH

Location
2 205 R AP4 86, Starboard Fautail
28 335 R APA 83, Aft, Starboard Gun Moumt
R % 0 APK 8’7* Aft, Starboard Gun Mount
" =& o BB 38, No, 2 Turret o
#® n o CV 3, Aft, Starboard Gun Mount
5 APA 81, Signal Bridpe '
| Avmy Alr Forces, Col, Cullen, Kwajalein,
‘lyeeeetS 25 Units Delivered
| Task Group 1.6.3., Cdr, Ballerd,
lowao2l 208 R

Unit installed in PEMs5, No. 84607,

308 205 R
" n x
28 23 R
n n n
24 28 R
o n oo
. n u
" I
a "noon
" " 0
#® N &
n no®
n LI
M 5 R
208 &G
208 25

205

n

"

n
" :
58 B

53

25

n

"

"

n

"

n

n

®

n

"

Bu, Ordnance, Lt. Comdr.'Cheesemn, = AVall.

ENYU, In Hut

ERNY0, In Hut .

APA 57, Signal Bridge

AV 14, Signal Bridge

APA 70, Sigmal Bridge
ARDC 13, Top Starb'd Side
APA 60, Signal Bridge
Prinz iugon

DD 722

AMEN, Tower "C"

BIKINI, White Beach Tower

BIKINI, Wihite Beach Tower

BIKINI, Wooden Tower

B8 34, Ho. 4 Gun Turret
APA T1, Frawe 150, Strb'd
BB 34, No, 4 Gun Turret
BB 38, Faregastles

APA 66, Frame 140, Strbtd
APA 57, Foreocastle

APA 70, Frame 140, Strd'd
CVL 22, Forward Gun Deck

EB 38, Top Strb'd 5° Turret |

AFA 71, Forecaestle

APA 57, Signal Bridge
APA 6, Forecastls
APA 65, Signal Bridge
APA 66, Signal Bridge
APA 79, Sigpal Bridge
BE 33, Near Strb‘°d Crane

CA 25, No, 3 Gum Turret

DD 367, Forward of No. 3 Gum
D 390, Fo. 3 Gun, Starbfd
DD 404, Top No, 4 Turret

DD 413, Forwerd of ggo 3 Gun
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Ugs

Low Frequency Measurement
Low Frequency Measurement

Shock Velocity
Radiometyy .
S?ock Vog.ooity & Free Piatom
] ]
L. o L] »
Shock Yelocity

For Dr, O'Brien
n n un

Bowon Csmera)

For Mr. Wycoff) Parallelad
For Dr. O'Brien) '
Shock Velocity .
'ra.me-Pr:ssm-o & Fﬁu Pi:tcn

Tim" -Pro,nssm'e
) n
" ”
" o=
Free Pistom
o n
" n
n ®
" n
n fn
" n
) n
" »
" "
" ]
" )
" 0n
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Iyre Box location - lge
25 S5 184, Forward Gun Flatform Free Piston
w SS 308, Forward Gun FPlatform “ n

" ‘ APA 85 Not Used

Searchlight on BB 36, NEVADA:
| 2~«--SFECIAL Boxes on the Faremast,

North End

«30k=- 2 <R :
=30M. 2H R North End
= 55 =28 Top of Hut
0
=308 2} - R North of Hut
«30M~ 2¥ - R North of Hut
- 28 Top of Hut
208 « 55 Tower 4
25 No. Pipes
«28 - So.Pipes
=25 Bet,twrs. 2 & 3
55 « 25 North End
Clock Spare
- ENIU_ISLAND \
53 Seismic Hut
&S Skismic Hut
BUGED - TINE PRESSURE GROUP, Mr. Henderson (AV-M;
20S MBe33 Arkansas Stbd, Focale, Fr-20
t cv¢’3 smtm Stm’ Flt.nk DHQO
" BB Nagato Fantail Fre310
® APA.85 Gasgonade Frel35 Port 4LOMM
W APA =66 Brulo _ ' Fr=135 Stbd, 40MM
" CA-25 Salt Lake Fartail
n BB=36 Revada Stbd. Focsle, Fr«20
" BB-3/, New York #, turret
" APAHS Briscoe Part Fossle, Fr-20
® APA 71 Catron Port Facsle, Fr«20
" BB=38 Pernsylvania FPort Focsle, Fr-20
L BB EUGEN Stbd. Focsale.
# APA=H0 Bammer = Stbd. Focsle, Fr=20
“ CVL Independence AOMM Mount fwd,
o L3 =
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BUSHIPS BLAST MEASUREMENT,

30M - 205 - R
" n

n

n f ]
fn woon
n " n
" n "
" v "
n " n
n " "
" n "
n n "
" n "
n " u
" ) "
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APA-85
APA-85
APA65
APA=65
APA=64, -
APAGL,
APA-63
APA-63
DD=/.04
DD~/ 0,

- DD=408
DD=/08
AR =87

Sig. Br, Stbd,
2 § a n

Focsle,
n
L)
1]
Sig. Br,
n n

#4 Gun,
n o

- #3 Gun,
n n

Siso Br.

It. Comdr. Dellamano (AV-14)
Gun Tub.
] L]

2 Boxes on each of 4 rafts to be inatalled prior to
YBAKER MINUS (HE",
Clocks with 6whr. caps = 7 furnished to Lt. Coudr Dellamano.

BUSHIFS PHOTO GROUP, Cowdr. Shafton (CVEw117).

Comning Towsr,

208- SS=384 Parchae
" DD-389 Mugford Fwd. #2 Gun
" DD=389 Mugfard Fud, 40MM mount
208 ~ 208 BB-38 Permaylwvania Foremast
208 = 208 BB-38 Pemnsylvania Foremast
208 IST=661 Fooals,
n - APA=61 Barrow Main Dk, Fwd,
L DD« 10 Wainwright Director Plate
21 208 DD=419 Wainwright Director FPlate
208 APASTS Cortland Focsals,
24 208 APATS Cortland Sig Br.
208 BB Fugen # Turret
r APAL87 Niagra Sig. Br,
2M 208 AP A087 iam Sigo Br,
LA APATO Carteret. Sig. Br.
L DD=371 Conygham #2 Oun shield
n n IBT°545 ’ £ GO}Jn.
non ICI=549 Comn,
L Bikint Tower 4.
# n Enyu Life Guard Towsr
208 Bikini Iife Guard Towsr (Comdr. Langer)
208-28 Enyu Idfe Guard Tower(Comdr. Ianger)a
BUGRD . FEEE-PISTON GRUUP, ¥r. Curtis (AV-14)
58 Bevada BBe36 Focsle,
n Revada BB=36 Art., .
v Nagato BB Aft, Port Fr-200
n Napgato BB Stbd, Foosle -FRe30
L Salt lLake CA-25 #3 turret
4 Salt leke CA=25 Aft, Part Gum Tub
a Hughes DD=410 #4 Turret
" Nustin DD«/13 Search light Flate
" Gasgonade APA-85 Focsle
. Gasgonade APA.85 Sthd. Aft.
" New York BB=34 . Aft, Port
" New York BEB=34 #5 Turret
n Briscoe © APA6S & Stbd, Aft Gum Tub.
e b = -
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CV;:a Stbd F1t. Hk. Fr-130

p, Mr. Carr (AV-14)
I'b. Kismer (AvV-14)

Nageto BB ' Focale . Aft,

30m 5 Lo
won Nagato BB Focsle, Aft,
LA Pensacola CA=2L Stbd. Apidships
n n Pensacola ‘CA=24, -Stbd., Amidships
LU New York BB-3/, #5 Turret
non New York BB=3/ #5 Turret

 # These boxes will be converted to 2M 53 per verbal request of Mr. Carr

718
BUSHIFS - ELEQTRANICS, Mr. Woran (AGC-76)
2M - 53 - R Amen Radar Hut
208 Aven | Sono Hut
208 : Amen . Sono Hut
M .55 -R Amen NPG-1 Trailer.
2 - 55 « R Amen NPG-l Trailer :
2&‘3 o 53 AG"76 , S'bbd. F'd. 20m lo\mt
208 -« 5 ' AG<T76
55 - 25 . a76 I T "
58 -« 25 AG-76 » " " n
55 Bikini Tels, Hut
5 Bikini Tele, Hat
20 APA-& Bracken - Sig. Br. '
Zerb Time ARDC-13 installed stbd. wall aft for "N® day.,

)
E

ARDC-13 instelled stbd. wall aft far "H® day.
GAMMA MEAS,, ¥r. Tuck (AV-17)

208 = APAST0 wd.,

208 - APAST? Fwd,

Ragato BB Mairmsst.

BUIED, It. Comdr. Swith, Lt, Eichmr.

2« 58 =R APA-83 Aft, Stbd. Gun Mount :
2 « 55 R APA-87 Aft. Stbd. Gun Mount S
2” -5 «R CV-3 Dir, Plate. ‘
55 « 26 « R APATL Fed,

55 APA.81 Sig. Br.
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2B -5 «R Tower 3

28 Tower 3
- 2«88 -R Tower

28 Tower

¢ Mr. Wwoff

26 « 25 Tower 1

208 Tower 1

w’ m’-'o Snavely

30 M « 205 - :

30K - 208 - Hut

1,8, 1.6.3, , Ondr. Ballard.

2¥ - 208 - R mmu-s#&w?

V. SWAURY OF FESULTS
5.1 Jest Able
A total bf 127 timing units were installed in airoraft, on

islande, on rafts or on ships mrtleipating in Test &ble, The timing com-
trol hbmtory and all ﬂe]d mstallationa were corpleted on scheduls
in advanes of the Queen Day rohaar_aal. Before Able Day each of the baxes
had been checked a minimm of four tises with the AVs17 anchored within
the Atoll and, with but one or two exceptions ; the perfarmance of each
installation was checked on two different days with the AV-17 out to sea.
The results of these to!wta'indicaud that over 96 pevcent' of the baxes
were found to be in satisfactory operating condition two days following
the prw:l.oua oheck and that the rate of detarioration was on the order
of two psrcent per day, The pr:l.ncipal cause of failu:ro wms due to the
selenium rectifiers as diﬂeuased in Section IV-¢ of this report.

The perforl'anno’ on Able Day wes partially marred by the late
traaamiﬁa:l.om of three of the timing s:l.gmls. Beoguse of failure to .
. recsivep the bdnb release tone froui the boab-oarrvyingraircraﬂ on the
Able Day dry stun, the comole operatm- was alerted to the need for a

T
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pamal clock start. Since this mj.\ml: .sﬁar'v'w;.b a. depgure from the |

|
routine operation, which had been rehearsed rany tixaes before, 1t became

necessary for the conscle operator to mke a last mirmte decision, After
preparations for a msrual start had been made a tome signal was actually
recaiyed on the 1ive bowb run, Dus to the umsmal mental tenslion, brought
about by the last mimte changg in plans, the comnsole operator prematurely
started the automatic clock in operation. On the basis of the standard
voice broadecast from the aircraft there appeared to be adequate time
avallabls to let the clock fun' through a cycle and return to the initial
starting position bafore the actual bomb release, and the console opere
ator elscted to do so. The actual bomb release occured just before the
auto-gatic clock was ready for a neﬁ start and it was therefore necessary
to key out the signals mamually. This last mimute shifting of plans dis-
rupted the timing laboratory mmocedure to the extent that no exact tize
of bowb release tone-break was obtained. Therefore signals were mamally
keyed out using the start of the bombardiers - 2 mimte tone sigml as

a time reference. The -20 second signsl wes actually transmitted at

~9 ssconds and the =5 and -2 second signals were transmitted aty 2 and
+5 Beconds respectively. ‘ \ |

It 1e difficult to estimate the exnot loss of instrumentation

data dus to the gielayed signala; but in nearly all cases the instruwents
expecting the -20 sscond signal were in opsratich well before the blast
and gatisfactory data obtalned., Same of the instruments expecting the

-5 and «2 second sig:ﬁls were operating seismic equipment Zr were re-
cording blast presasurss and wave heights at island locations several
miles distant from the blast. These instrumente should have produced
satisfactory records. Instruments which are kmown to have suffered
because of the late transmission of signals are the highespeed cameras

and free pistom blast pressure gauges, No definite performance figure
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i available but it is believed that o BG-pe.;ccgpt or T
recaived adequate timing signals on Kﬁle‘ﬂaya .. ‘

Information 18 availabls on the functioning of the timing units
from user's reports and from an opsrating checi on Able plus five with the
AV-17 located within the Atoll. 8L, percent of the installations covered
by users! reports operated aatisfaﬂ;orily and some of the failures claimed
above cauld have been dus to faulté within the instrumentation gear since
it is an overall figure. % perqeut of the installations covered in a sur.
vey made on Able plus five par:tor,ﬁ_ued‘ satisfactorily when checksd against
standard test transmissions from ﬁe AV=17 at its berth in the lagomm,
Twenty«two tining boxss were dastroyed by the blast and inecomplete inform-
ation 1s avallables on apprmdmately 15 of the other Able Day installations.

5.2. Zegt Baker

A total mmber of 129 field installations of timing boxes were
made for test Baker. All of these \mits were tested at least once with
the AV~1l7 at sea and geveral times with the timing control ship in the
lagoom. The operation on Baker Day was completely routine with all of
| the timing signals being transmitted on schedule in synchromism with the
baob firing signals. A recording made on the AG-76 indicated that the
zero time signal wes transmitted within 0.05 seconds of the schédulsd
"Hdm“ hour of 0835 (Bikini time].

Because of the re-entry difficulty after the test;only scattered
" Information on timing box performance is available, Extsting information
indiecated that the overall parfdmnce of the baxes waa,ocaxiarable to
that of Able DayBecause of the greater mumber of dual installations it
is anticipated that overall performance figure will be better than 90
percent, | |

yI. FECGMIENDATIONS AND COMMENTS ON PROGRAM

6.1. Genexel
The actual f:leld ‘reazlta ha?o proven that the basic phil-
-....1,3.'.' '
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ssophy underlying the timing sysf.em déve;'lopéﬂ for atse curing the Able

and Baker Atomic tests is sound, In view of the diffieulty in servicing
complicated electronic equimment under field condlitions the slementary

form of timing system that was employsd has comsiderable merit, If any
large quantity of installations is to be required for a similsr timing
yrogram it would appear advissable to employ a comparable system incorp-
orating equipsent refinements rather than any basic changes. If, howaver,

the total muber of field installations ;ould be reduced conslderably
then a more complex system nmight rrove advantageous.

The radio frequency chosen for the timing system was satis-
factory in all respacts. Unless there sre a relatively few installations
t0 bs made, which might make directional antennas practical, it is rec-
ommended that the same genoral frequency range be employed. Complete
radlo silence was originally promised in the two to five megacycle band
to minimise the possibility of interference; but in actusl practice
mmercus commnnications equipments were dec.lared ossential and allowed
to operate in this part of the frequency spectrum on Able and .Baker days.
Havy communication equipzent doss not normally operate in the standard
broadeast band, and therefores, it may be advantageous to shift to a
fregquency near one megacycle per second to avold interferemse.

6.2. Iiming Contyol Isboratory

The mmr;bance of eliminating the neceaslty of meking any last
mimite decisions within the control lsboratory can not be emphasized too
strongly. It appears desirable to start the operation in wotion several
mimites in advance of 3he explosion time and rely &fi autamatic equipment,
rather than Jmwan judgement during this period of inteﬁaive mental stress,
In sn operation involving timing and firing circuits that are tied into
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in the event of faulty firing repeat.back data may be advisable, For an
air drop, similar to Able day, the existing form of starting mechanies
should prove satisfactory. Howsver, two radio chanmels and starting de-
‘wices ahould be employed for reliability. "

With the exception ‘ot those items mentionsd in the above pare
agraph, the squipment was installed in the timing control labo;'atory has
proven itself satisfastory in all major respects. Several minor refine-
werrts could be incorparated to advamtage. A recording oscillograph -
similar instrument should be used to make a time record of the signals
which are tranmf.ud and if possible, thess signals i:lus reference time
signals from WAV or NPG and signals of the master clock frequency should
be included on the sxme taps. Because of the high power of timing and
firing transmitterse nearby, radio reception from th.e laboratory in the
2 to 10 megacycle region was ditfi:m:t.' Sowe fundamental work on this
problem, using filters, and possibly the locating of receiving anternas,
pear the forecastle or fantail of the ship may help to alleviate this
difficulty. The use of VHF walkis-talkles for fiald parties would be
a large step in minimizing the seriousmess of the imtermal interfersnce
problen, The physical facilities provided in the timing control labore
atory are emcellent with bul cne exoeption; the noisiness of the air-
conditioning system. Since thers is a Iarge volumn of radio commumnication
necessary within the control laboratary the added background noise sheuld
bo' eliminated. Im actual praotice, the air-conditioning fan was secured
| during the vital periods of the Able and Baker Day operations,

4.3. Tiaiug Unite |
Several improvemsnts should be incorporated in timing boxes

‘constructed for any similar program. These are discussed belows:

o
e See
-« 502
]
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1) Sharper sudto £iltets, ﬂxonld o jieed" to reduce the pro: NLLASS/IlED
abllity of false operation. No mrmm& ;ﬂé\hd be encoumtersd in
keeping the audio modulation tpnes; within one percent of their assigned
frequencies and a filter unit with a bandwidth of 3 ar 4 percent would
provide a considerably greater degres of protection against :Lntarrerenco
thak the 20 pereent ﬁltera now in use, |

2) The only mjor conponent in the presonb timing baxes which
has csused ditﬂculty due to failures has been the selsniun rectifiem
Sbout 15 percent of the rectifiers have failed during the four momths
that they wers under obssrvation. Since the rectifisrs were operating
mil vithirn thei.;':iatinga, the reascn for this short life is not lnown; °
but it may possibly bs attributed to temperature. A more rellable form o
of vectifier should be employed. o

3) Each timing unit should be capable of responding to all of

the time intervals transmitted frc- the oontral station, This nould ol-
1n1nata the need for having boxas constructed in aocondanoo uith a Pres~
eription. It bas been found in practice that instrumentation persommel
frequently alter their requirements and this universal timing would sim-
plify beckeering and 1ast wimte modiffcations.

4) It would be helpful to incorporate within the timing unit
a set of lights indleating the status of the relays. It should be \
 possibls to accomplish this with a negligible pm consumption by using |
‘1/8 watt necn bulbs in the plate circuits of tho relay tubes,

5) 4 spring wound clock which with an adjustable m capable
of being set to any desired interval as woll as "o:_z" tine would be an
advantage., The clpck should be ocapatle of providing at lsast 24 hours
of "off® period befors entering the "o® peator. A recorm dial
indtcating the tine st which relsy operation oaeured would be helpful, but
“not vital. | | |

UNCLASSIFIED




APPROVED FOR PUBLI C RELEASE

UL .

é) A lighter and less bulky mte'm-oo: bax #ould help conside
erably in handling t.he tirming unit since they must ho_trmpc!rtod in small
boats and carried up and dc;wn gangraya.

VII. 4G

While the administration and technical direction of the
Crossroeds timing program was the respmmibility of. the timing section
of the Los Alamos Group, the execution of the projocf was greatly dopsnd-.
ent upon the effarts of many other agencips; The cooperative mammer
vith which all the various organiszations participeting in the Crossroads
timing program 'eafrried out their part of the work is outstanding. The
mrogram was faced with a very difficult time echedule which was Batis-
factarily met only because of the ‘emrgotic and enthusiastic manner .
diaplayed by the personnel involved. |
Exeellent cooperation was obtai.nad trcn the Crosaroeds Elsotronic
™ Goardimating Officer, Captain C.L, Englemamn in sepuring squiment, and
Navy perscmmel to assist in the work, The staff of the U.S. Havy Drye
docks, Terminal Island, Cal., rarticipating in the timing box production
prograr and the installation of tramsmitting equipment and laboratory _
facilities on the USS Cumberland Sound, turned in an exceptionally fine job. .
Captain Hamilton, Iard Gmmandant; Cér. Roeoe, Yard le:!.ng Qfficer;
Lt. Car. Lovei, Eleotronics Planning Orfioer; Mr, Peters, Electronics
production superviosr; and Mr. S_tgr_e.r, qutrmics Degign Officer; and
their staffs were extremely cooperative and contributed greatly to the
work, : | _
In spite of the very shart time available, the Manhattan
District, University of California procuresent grmﬁ successfully located
and prooured mumerous hardsto-find components required for the program.
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The work received special expeditin'g ‘dt Los-&lams H.S, Allen and

his staff, Farticularly worthy of note'was the work of Mr. Kemny Cox

of the Los Angeles Procurement Office for his nntireing efforts in.
locating production supplies, - ‘ 3
The staff of the USS Cumberland Sound, under the directlon of
Capt, Hormey, capably handled a contimous series of probibma An conrbction
with materiel stowing, our heavy boating requirensents, and ship movements
while we wers conduotin'g speoial tests at sea, The excellent cooparation
displayed by all the -shipa® staff during‘ the four nmonths at sea contribe
uted in a major way to the work accomplished.
The following constituted the Timing Section of the Los Alsmos
Field Group: ' '
William Blackford
Lawrence Diener
E.L. Dodds '
Erie Durand
Norman Naley
J .F- Stiles .
R.0, Webster -

Jerome Wiesner
Herbert Weiss

The follouing ofﬂcers anil N wers migmd to the I.oa Alaxos
. Group for the duration of the Tests:

Lt, Cdr, R.E. Bildetrand R, Fadeley

It, Cdr. S, Burris R, Pirst

Chief ETM Ialbreoht ¥, Gordon

F, Andrews R. Hanson

J, Bartlett G, Haydon

J+ Beglinger v Hombings

B, Brunemeier R. HHI11 : )
R, Christiansen L, Ine _ :
H.' GOOk '. Ilnﬂ

W, Deputy D. Tolles
" A+ Dunhem
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