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Relay timing equipment used July 16, 1945 at Trinity is

desoribed. Master timing equipment was at S 10,000 yards, and re-

mote control equipment was located in the vicinity of zero and also

at W 10,000 and N 10,000,

Id M

[} oo o
* o o [

. ] Ld [ J
[} e [
[} 3 °
e see oo
ee oeee [}
[ )
* o 0
~ o~ 2
-~ -
-~

APPROVED FOR -PULBI C RELEASE

1‘

ocxo0e
L]

to2030
(XX X]

]:JNGI.ASSIFIEIJ

-~-

L]
rrse0®
rJ3ee

L]




APPROVED FOR PULBI C RELEASE

JULY 16TH mucﬂéan‘mxenosrﬁnttmmax T IMING Uﬂ"ﬂ[‘lﬁiﬂ&iir:

Apparatus for 6bsamva%ion°or°tﬁﬁ'nuclear-bomb explosion as listed
in Tables 1 to 4 were turned on by means of the relay systam.described. The
qystem.waa selected by E W. uhrlowa and much of it was basic eguipment manu-
racturpd by Union Switch and Signaling Co. for railroad use. As will be more
apparent later, thies egquipment did not handle timing involving less than o1
seconds this was done by E. Titterton®s group using electronic egquipment and
separate lines. The master control station was South 10,000; Rsmte-.cont;rol
stations were located at West 10,000, North 10,000, and West 900. The latter
atation was simply a box in the ground with lines running to %the various points
as ghown on Table 4i - |

The remote stations were operated by a single twisted pair plus a
‘spare to each station. None of ihe spares was needed on the nuclear-bomb
test; however diffioulty due to line failure was experienced by Titterton
on the 100-ton test. Actually a 5 pair cable went to the W 900; this gives
small oross talk if comnected properly, and has about one-half the loop resis-
tance of the twisted palr whiich is 41 ohm per loop yurd. As it is easy to
connect up (it‘requirea no poles) it would sesm that it merits wider uee than
it was given at Trinity.

The system works as follows: A sequence of aigx;als is started
by throwing five manual switches, making 22 ﬁicmmitch closures on the drum
eystem, ahd then throwing again five manual switches, Each Opefation reverses
the current in the line, and each reversal causes a lcodins or é stepéing
relay chain to advance one step. On the 32nd step it held it for .2 second
" and returned to O position. In order to tell at S10,000 t_hat a remote station

was in position O or other tham position O a resistance was gut in at step O

-~
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APPROVED FOR PULBI C RELEASE




APPROVED FOR PULBI C RELEASE

As the code aysiom B Y wdvaneda® t:h'x.'ough the various steps it operates

a stick polar relay. Thsse-re.‘&ayr aro Mur. pble, double throws Permanent

magnets hold in either position quite firmly; in fact it takes quite a jar
to operate the reslay. Each relay hae two ;lndependent coils, of 120 ohms
each, haiing terminals mariked #£1, -1, £2, ;-2° The‘amature terminals are
marked 1P, 2P, 3P, 4P and make contact with 1N, 2N, 31,. 4N, respectively,
or with 1R, '23‘, 3R, 4R, respectively. Connecting £ side of coil 1o £ volt-
age makes P-to-N contacts; reversing the ccnnection mekes P-to-R contacts.
As we used it, P and N completed the customers® circuit so £ 1 was connected
~ to the terminal numbered the same sequence on coding unit. The circuit was
broken by -2 being connected to the terminal numbered corresponding to turn
off sequence. To save a few relays, certain éircuits wore completed by
series or even parallel arrangements of the contacts.

The remote stations bad lights to tell if they were working prop-
erly. The lights had the following meanings:

l. White light on far position 0;

2. Red light on for position other than 0;

3. Red light on for input line current off;

4o White lights on for customer circuits open.
These lights were 18—volf telephone lamps and were turned on by a toggle
switch when desired. White lights showed the customer circuit open rather
than on for safety reasona.

The customer circuit had a toggle switch in each to open for safety
so that the remote station could he operated for circults desired. Sim_ple -
relay closures were furnished at the 10,000-yard stationes. At W ‘900 all
circuiis were energized by 126 wolts of storege batteriéa; thie was desire

able from the safety standpoint since a short in a twisted-pair line to the
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customer could not operate hia circuit 9;', me bomb, It was also a saving in

batteries for the many cuat-ome:e.. As..the

jay contacts are not rated for
more than 1/2 ampere, protective resistance was placed in each circuit inside
the box so even if the terminals were accidentally shorted the relay would
not be damaged. | |

Care had to be taken that the customex_-s' relay could be operated
through the line resistance in his circuit as shown on Table L; these relays
were mounted in duét free boxes, BIX relays (begged from Brode's group) |
were furnished in two ratings, 28 volte (280 ohms) and 110 volts (3500 ohms)e
Also furnished were Allen Brédley Bulletin 20 relays in 32 volt {170 ohms)
and 110 volt (2000 ohms) ratings. These latter relayé were used for hoavy-" '
current circuits such as the inverter and the arming relays in the firing
unit. Automatic electric mercury reiays would have been good for thié sere
vice but were mot received in time. |

In operation a remote station cansisted of two input relays
(biased polar) connected to coding wnit (see accompanying diagram of W 10,000
station)s The coding unit and output relays, lights and switchs comprise
ihe remainder of the station. For the muclear-bomb test we mounted all this
in one upright wooden box for the 10,000 yard stations, and in a ‘horizontal
box for W 900. Three storage batteries operate the siationao -Care mt be
taken to commect the baiteries with the proper polarity or some snubbing
redtifiers in the coding unit will draw excessive current. Also the coding
unit fails tofwork if the voltage drops below about 12 voltss The stick’
polar relays will operate as low &s 4 volts =0 that they can be operated
in series. The manufaciurer recommends that they not be operated in semi-
parallel, but may be operated in seriese-parallel if needed. The reasomn
semi~parallel operation is bad is that the transformer action, if coils X
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in relays 1 and 2 are in parallel, then energizing coil‘ 2 :;.n relay l,; may
gause relay 2 to operate likewise, ‘

The reason for use of two input relays is to make for safer opére=
ation. The EP relays here afe also of the biased polar type with 1070-ohm
coils. Unlike the stick poler relays they return to P-to-R cox.xtact if the
current is hroken; this is done by not permitting the armature .to' get dose
snough to the permanent msgnet on the N side to stick. Thus by hook:ing the
input coils in opposing series one relay makes P=to=N oontacts; the other
P-to-R ®ntacts if a ourrent of more than about 2 mils flows. If no curremt
flows then both relays are in R position. 1In the first test we used this
latter to re=et the station to step O by means of a thermal relay of about
l-minute delay as shown by the diagrams of coding unite; this was purposely
left out ia the Ja st shot as being unnecessary and a possible source of trou-
ble if blast should break a line to a 10,000-yard station.:

It is to be noted that the coding units were modified after being
received from the factory. Diagrams for the connection before and after are
included. The modification was necessary so that they would not drop back
to step O if the input current to the biased polar relays was interrupted.

Gaution. If the current is interrupted too aoon‘(leas than one
second) on step 32, the unit does not return to step 0. If this happens it
locks and it is necessary to interrupt the power to the unit momentarily.
This difficulty occurs only on step 32 but did give trouble on the last shot
on test work, _

At S 10,000 was located the master equipment. This consisted

of the drum timer, the locked box for output circuits, and a station for

the local signals. The lines to the sw_'%io&lsscané i.a'toftimia box through

knife switches, through a meter to indiyg tir poiantty; d-paguitude of current

350
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thereby checking reast, thea-’l:xzrough ihe ?esratore supplementing line

resistance, through the rev?;';si.z%é ;t;n;;;;i.a”og @ common KP stick polar relay,
and to a 1l15«volt supply ofé b.a:t.;t;ri;;: "B.e;.anse on the 100-ton test people
picked up these signals by oross~talk, we put on a 2.mfd oéndenser on the.
'c‘mtput side of the reversing relay and 100 series resistances In addition
lines were well isolated on the final.shot. No eomplaints were made about
this cross-talk difficulty in the muclear-bomb test.

The awitches 5n the control panel on the drum housing and the
microswitches on the drum proper energized coils 1 and 2 on the stick polar
reversing relay in sequence, Two additional microswliches on the carriage
transferred the cont:tol of these relays from the toggle switches to the
drum and back to the toggles when the carrisge oame to the end of its travel.
Another microavitch operated a counter once each second for timing signals,

" As this 4id not seem enough on the first shot amother wheel was mstalled
which rang a gong at eolected times as given on Table.l. ' This went out over
the radio apd the public-nddress system at the bomb test and was interpreted
by S. K, Allison, The vabova drum ias to be operated off constant frequency
from a fork sourée. but since we did not get 1t into operation acon enough .
it wes ruled out on the bomb test. A dial plate on the end allows the time
of blast to be determined to about one tenth of a second if WWV can be heard
soon after the blast. Actually it could not be heard at the tims of the
bomd test. The drum was built by C. Turner.

In Piring the bomb the following steps were taken:

1. Inverter turned on -~ 10 minutes, Thie heated thyratron and |
rectifier filaments. The inverter Aado 1154volt 400<cycle power out of 28
volte of atorasa batteries.

2. HV turned on - 1 minute.- This charged the condengers in the

firing set.

. re0 o 9’!. ... .. i
. D

3. Close armins“rehyr at°-.,j; apqonde This connected the
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thyratron outpﬁt to spark gap pmbeé and spark gap output to detonators,

Lo Gave Titterton the firing signal at w~.1 second, -At
8 0,0 he sent a pulse out over a RO 5147A to cable which could haﬁs fired
the thyratron; Since an accurate timing of the interval botweeﬁ detona=
tion and the nuclear ezplosion was desired it was decided to remew this |
pulse at the bass of the ‘tower. There a 4C35 thyratron unit was set up also
operating off of the inverter. The output of this unit fed one pulaé to
Sutton’s timer end a pulse to the firing unit;

In order to guarantee aafety further measures were taken,

A seperate 1ine from S 10,000 operated contactor A in a locked box at the
base of the tower. This was hooked in series between the 28-volt storage-
battery supply and relay B (which wﬁa tuined on at -10 minutes by ¥ 900
remote station) and the inverter. Relay C operated at -1 minute to twrm
on inverter output to the HV transformers. Relay D connected the arming
relays to the same <8 volt battery supply again thrdugh Reley A, The

ebove relays were Allen Bradley Bulletin 20 with at least 2 contacts hooked
in parallel. Through N.C. contacts these relays turned on lights on the
locked box when in safe position.

For checking purposes & line want back t0 S 10,000 to indicate
voltage on the condenser system and a second to indicate operation of arming.
The first was merely a 0 to 1 milliameter mounted on the locked box at
8 10,000 Trouble was experienced on an early test dus to lightning surges

being picked up and causing the thyratron in the firing unit to be fired
prematurely. A condener choke filter was installed at the top of the tower
where our lines terminated in a box. The final shot was not made in a

L eoe® o CLE .Y ¥ ..

thunder storm so this aeemed Jo be gdequige : h'm:l.ng was accomplished by 6

relays. In order to insure tpaq d.l‘ e_re agfg & series connsction was made
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tion on each must be brokep, *In order to °tranm:lt thia information back

$o 5 10,000 over a twisted pq,i:: me.thx:?? Rgte:ﬂ; wires wore comnnected into
two XP b!.asad polar relm in the locked box at the base of the tower.

With boﬂr series and perallel connections made the J.ine was connected to
one polarity of a 22¢=volt battery in the box, bresking the series éonneo— |
tion broke the ;:onneétion to the battery and breaking the parallel connece
tion reversed the current in the line. To guarantee that the gadget did not
| get fired partially armed it was fixed sc that tﬁe fully armed signel had to
operate another biased polar relay in the station at § 10,000 and to indicate '
such failure by turning on & red light on the boxs For protection of the
arming party, lights on locked box at base of tower also indicated a:ries
and parallel comnection when made, ’

The arming box for the 5# charge gave us a bit of trouble becauce
we decided to use a fast relay for accurate timing. A EP biased polar wes
found to be best for this purpose as it is non-microphonic as well as fast,

A normally closed wntact by means of 6 volt battery 1it a lamp when safes
Tl};e output knife switch was DPDT and shorted the line for safeing while 54
c!;azge was being connected. The locked box, the inverter, an FM radio, and
two telephones were in & small shack @t the base of the tower. A private
telephone proved quiﬁ useful also, Telephones were installed at S 10,000,
¥ 900, W 800 for informer people who had a lot of test work to do, base of
tower and top of tower. By leaving the telephone at thé base of. the wower
connected to battery, operation of inverter could be heard as well as the

5 pound and 1/2 pound charge explosions used in the preliminary tests.

Each of the five lines going to 8 10,000 in the 5 pair cabl§ nas

protected at ® 900 as well as S 10,000 by lightning arrestora.j{ The negative

APPROVED F(]? PULBI C RELEASE
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side of the battery. supply -rgas-greumted aJ:sb.'to the well ground at W 900
and this was made ocoumon fo:;.aig.' i{x’sf&iei: c;r;zuita from this station.

Before the arm.ng party ur'i's‘lo.oo £néiw’ 5aw that all stations were on
code zero and lines to them were thrown to a battey in the box for bolding
and checking purposes. The safe line was opensd and the firing coax 1ino
from Titterton which wenf through this box was opened and the output side .
shorted to ite shield. ALl this vas dome by knife ewitohes in the box. The
box was locked and the keys were taken by the arming party.

The party then went to ¥ 900 where all customer circuits were
ohecked to be off (actually they had been off for soine time so the cameras,
etc, , could be loaded) and various ;circuits were checked to be coamtinuous
by an ohmmster. The box was relocked,

The 28«volt switch as well as switches to filaments and BV on
the firing set and the pulse splitier and one to the informer battery supply
were opened in the locked box af base of. the tower. The cords between the
output box and the firing unit were plugged in onvths tower and the party
upstaire left, Next the 5 pound qharge was connected and the switches closed
in the locked bbxa Next the switches at W 900 vere closed checking of course
that lights were showing aafé. The party then ré;bii'od' to S 10,000 where the
remaining switches wexre t0 be closed

Men were also stationed at W 10,000 and N 10,000 to insure that
these stations were operating properiy.

A more elaborate checkeback system was purchaeed bus not used
for lack of time. This would have recorded by lights the fact that various
lines were continuous and did Opérate satisfactorily. We did not believe
that the extra trouble of setting up this carrier system was worth while,

particularly as the above system worked and we might mot get the elaborate
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system operating in time,

A movie recoi‘d wag taken of meters on the locked box at S 10,000

to prove that operation was satisfactory but results made it unecessary to

examine this record.

densers, Hornig watched the HV meter‘and vas prepered to open coniractor |
A by opening the knife switch to it in the box at S 10,000 if the HV showed
any misbehavior. This would have prevented the arming relays from closing and

since the fast'timing system muld get no signal, prevent the firing of the

thyratron.

»

I IOV
v

ARG

APPROVED FOR

T

-~ ~~
~ o

-

veweRw
Voeove e

@ £ ]

°e? »
@ ? @
@ @
@

414,

PULBI

~ e
R

During the time between the charging of the HV cone

®©
L
L)
]
L ]

L X% 2 X"
L]
[ X X X% ]
*oOEe

L
[ X A X X X
L)
L)
~
L

-«
-
L]

-

CevNew
yisee
L]
ryreew
L)
L)

»
Il U

C RELEASE




(*

APPROVED FOR PULBI C RELEASE

Imm.omak. AEHORAND' ee

12 June 1946

To: All Concerunsd
Proms 'J. L. MoKitben

Subjeot: Bleotrical Arming Protection of Gadget
and Auxiliary Charges

I, Protection of Gadget.
A.. To fire the gadget the following steps will be taken:

Inverter « 10

1. B, V, turned on at -1 minute, This heats the tubes and
charges high voltage condensers: ' : :

: 2. Close arnming relays at -.4 seoond, This conmeots thjrahon
output to spark gsp probes and the spark gap output to detonatorss _

3, 4035 thyratron is fired by a pulse from Titterton over a
RG64/AU coax line from 5 10,000 at t = 0. The output is coupled by transformer
to the probes which initiate a spark in the gap commeocting the high voltage
oondensers and the detomators.

B. locked boxes to control these operations are located at the
following positions: ‘ '

1. 8 10,000 - Master sequence stationy
2. W 900 ~ O area sequence station;

3. Base of tower - Contastors to perform 1 and 2 above.

The inverter is turned on by two Allen Bradley 200 contaotors
in series in the looked box at bage of tower. These are contactor A operated
from § 10,000 by a direot line and contactor B operated from W S00 sequence
station, Contactor C, also in this box, operates the arming relays and is
operated by the W 900 station., Tho battery supplies that operate these contsotors
are looated at the operated end so an acoidental short will not close & contactor.

One set of contacts on contacter A will olose the firing line

between W 300 and the G2 charge of Barschall's located near W 50, There will de
no pleotrical connection between this line and the inverter,

«lla
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These contactors will be visible through & lucite window
in the side of the box so oontacts can be cheoked. If proourement permits,
IC contaots will 1light 6 volt lamps for an additional cheok, Thus as long
as the lamps are 1lit the oontactors are in the safe positions,

As present plans oall for the inverter and battery supply
at the base of the tower, the following DPST switches are in the looked box:

1, Betweon (a) the oontactors A and B and battery supply
and (b), the inverter;

2. Between (a) the inverter output and (b) the firing sets

3. Between (a) the battery supply and contactor C and (b)
the arming rohyl.

Co The W 9500 aequenu station is operated by one twisted psir

of a § palr oable from 8 10,000,  The input relays of the sequence stations
are two biased polar relays hocked in opposing series oonnection, When >85
mils ocurrent flows in the ling if relay 1l is norml, relay 2 is reverse . :
position; if the ourrent reverses then relay 2 is normal and relay 1 is reverse;
but if the ourrent is gero both relays are reverse. The manufaoturer has
labgled these positions for their own reasons. To move the sequence station
from one position to the next it is necessary to reverse the curreant in the line,

Lights are provided in the output box of the station whioh
light only , . -

1. When sequence station is in position geros

2. When sequence station is not in position zeros

'3, When line curreat is zero;

4, When oustomer's oircult is off. This 1ight goes off -
'lhcn the customer is oomnected and vice verss. There is a light for each
customer. Toggle uitchaa are provided to inactivate customer's cirouit whioh
inolude contaotors B and C, All arming and firing cirouits are inmotivated by
opening the cirouit, .

D. At 8 10,000 is looated the magter cantrol station. Betwen
the oontrol switohes and timing drum and the output lines is a locked box which
oontains switohes to insure nonoperation of output stations while arming party
is at work, .Meters to indicate direotion and maznitude of ocurrent in each line
are mounted on this box, In detail it contains:

1. Switches in lines to remote station., Theas are DPDT.

r~Oe
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One position is operate, the other,tongedts e. nw.to a battery in this box
which indicates through the meter thnt-thé renofd seduence stations are ocomnnected
and on posltion zero by the amount’ of-nn-ent'to'it, On all positions exoept
goro & resistance in the remote station is cut out so that the ocurrent rises

from 7 to 16 mils. The observer at 8 10,000 can not only keep check on position
of remote stations but alao on 1line contimuity;

2. Switoh on line to contactor A. Meter on this olrcuit will
indiocate proper ourrent when operateds .

3. The coax from Titterton's fast timing oirouit to the
thyratron in firing set pesses through this box. A SFDT switoh opens the con'bor
aconduotor and shorts it on the firing set side to the shield;

4, Switoh in line to Mack's large flash bombs,

- B. The procedure for the erming pai-ty is as follows:

1, At S 10,000.

a, Cheok that sequence stations are in position O and
connected to battery in box which will then indicate line continuity as well as
station position;

b. Open and short Titterton‘s firing line;

6, Cheok that safe line condusts proper oixrrent and
then open 1t,

" do Look box and take all keys,
2; At W 900,

a8, Cheok that sequence O light shows and sequence not 0
does not. Also that light indicating no line ourrent does not shows

b, Cheok that all lights on customer's cirocults show,
These lights are operated by KC oontacts on the output relays and these contaots
will break when oustomer cirouit operates:
0o Check that all oustomer oircuits are inmotives
d. Lock door.
3. A% base of tower,
a, Cheock that oontaotora are opens

b, Open two kni fe switches that connect mvert-r and
arming rehy to oontaotors and battary supplys

6, Open inverter to r:lring set lines

APPRO\/ED FOR PULBI C RELEASE
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dO mk thO :0

4, At bage of tom aﬁ:or charges are all fused.

~ 8. Repeat 3a,
b. Close knife switches;
o. Lock box. |
5, At W 900 after ocherges are all fused,
&, Check by telephone to S 10,000
b, Repeat 2a and Zbs |
0, Activate all oustomer oirouitn'
d, Look doors. ‘
6, At S 10,000 after charges are all fused.
&o | Comect all sequence aﬁtiona to drum switoh systems
bo connoét Titterton's line ‘I.:o firing set thyratron,
0. Operate contactor A noting that ourremt is correct.
Operating sequence system will now fire the charges.
1I. Arming Proteotion on the 5% Sound Velooity Charge,

It is assumed that the party that fuses the main charge fuses
the 6# oharge for Barschall., After step 3 of above the firing line between
the W 900 sequence station and the S# arming box is open by contactor A, The
DFDT relay which fires this oharge on closure lights & 6 volt lamp if in safe
position. A 67 volt battery is supplied to fire the charge. An output knife
switoh protecte while oharge is being connected. Arming 1: affected by closure
of relay 4.

This charge will be fired at -3,0 seconds,

111, Arming Protestion on Maok's 48 1/2 Torpex Sources and
] FF; gords .

These are operated by 54 latoh on relays and looal batteries,
arming boxes are being manufactured by Maok's group, An output knife
and 20 £t. of wire commeots each nming box to its charge. This is long
to be u!‘o ts fiza chnrgoo

gag
88

These are hookod on 6 lines coming into & box at W 100 wnich

w18 - 7

. o en
. &
20 onm cee o

oo o‘o L] g

- o ) e & »
- - M - -

-~ - »

APPROVED F(]? PULB RELEASE

O))J).:



APPROVED FOR PULBI C RELEASE

oontains a relay, 135 volts of heavy duty B batteries, an output DPST knife
switoh, and & 6 volt lamp that lights for normal relay psotion. After the
54 oharges are cormected, the output knife switch in this box is olosed prior
to the fusing of the main oharge.

The location of this box is fixed by the necessity of having
the battery supply at the junction of the six lines.

Iatoh on relays are made necessary by the requirement that
they. fenmain olosed after W 100 is destroyed. Thege relays have eleotrical
resets and these terminals will be brought out on the local boxes., After a
dry run each box can be checked for closure and reset elootrically by
applying voltage to this pair of contaocts, .

These charges will be armed at -.4 seconds.
IV, Mack's Five large Flash Bombs.

-~

' These have not been located as yet, Details for firing
have not been worked out either s they normally fire 16 seconds after a
£iring pin is pulled upon release n'm plans, If fired by our group a stepping
relay system will be used, .
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I, Protection of OGadget
A, To Pire the gadget the following steps will be taken

1, Iaverter turned on -10 mimtes to heat filaments. This is
done by relay B at base of tower.,

2. High voltage turned on -1 mimute. This is done by relay C

. at base of tower,

'3, Arming relays closed -4 sec. This is done by relay D at bage of
tower. Arming connects thyratron to spark gap probes and apu'l:
gap ou‘bput to detomtors,

4, Thyratron is fired by a pulse from Titterton over a RG54/AU coax
line from S 10,000 at t = 0, This pulse is sharpened and split
at the dase of tower.

| B. To indicate operation of firing unit.

1, A meter to read voltage is located on box at S§ 10,000,

2. A meter to indicate arming is looated on same box., In addition
unless all relays are in armed position no signal oan be given to
Titterton at .1 second to start fast timing, :

C. Safe line |

1, A relay known as A is loceted in the box at base of tower and
operated by a line from 8 10,000 which controls the 28 volt supply.
Unless this is operated neither the inverter can start nor can the
arming relays be operated.

D. Por operation of W S00 code station see June 12 memorsandum

II, Cheok List

Ao my
1, Chaok all lines
2, Check all storage batterics phcins fresh ones in aervioe for

’.nvemro

B, At 8 10,000 before leaving with arming party
1, All lines are continuous and remote stations are on code O,
2. look on code O all remote stations.

. Cheok safe inverter line,

The operator relay A which turns off

28 volts bettery supply and line to fire Barschall S#oharge.
Miok's flash bomb line should already be off and left mo,
Open and short Titterton firing coax. -

Leave on voltmeter and arming signal baok,

Look box and take both ssts of koyso

. oe o oo
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Af. Bagse of Tower

1. Open all knife switches.
2. Check that all relays are actually open,
3, lLook box _ N

At W 900

1. Open all customer circuits. :

2. Cheok with ohmmeter that they are still attached.
3o, Cheok that ocode O light shows,

4. Check battery voltage again.

6. lock box :

At Tower

1, Arm Mack's 54 arming box. Cheok that the jumper to
"D contaot is removed,

2. Cheok finally storage batteries for conucotiono

3, Cheok that s'elays A, B, C, D are open.

4, Connsct irming check lead and note that both lights are
on and the meters at S 10,000 reads to the left.

§. Conneot voltmeter lead. ’

6, Conneot arming, power, firing, and informer leads,

7. Conneot and arm 5# charge.

8. Leeve phone connected to hear inverter.

9. Close all knife switohes in box and lock dox,

10, Conneot search lights to relay operation.

1l Turn on plane sigmal lights at 8 100,

At W 900 on way out

- 1o Turn on lights and ocheck,

2, Turn on all tazggle switohes.
3. Turn off lights and look box.
4, Flace on oover,

5. Plane signal lights on,

At § 10,000 on return

1. Cheok that all sequence station are in proper sequende.

. ®¢ By observationa of ourrent,
be By word of Bailey and Treibel.

2. Close all switches in locked boxz.

3. Turn on all customer oirouits in § 10,000 ocode ohtiono
©  Check that red light on arm sigual baok is off,

4, Cheok that drum is set and all mlcroswitches work,

- 8, Cheok that gong and oounter are properly set and turned on.
6, Camora and lights are set to take piotures,

7. Plane signal lights on,
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which gets off flagh bombs at

TMis 1ine operates a 2500 position stepping relay |

45
105
225
465
945

SRR .
o ede @ ove oo0 ce® o G
- o o [ ]
g s 3 =2
b = , 8 © =
g | B Time in sec. 2 & 3
User Service R Signal & On ore S 8 o
Relay | - ‘ ‘
1 |Houghton |Heiland Locel [Closure| 1 =10 300} 8 | 29
il
2 | Walker " " " 2 =10 300 g 29
3 Barschell " _ " " 3 =25 301 {12 | 30 12
4 | Moon - \ " " 4 -1.0 10 |14 |28 |3
5 | Titterton|Start fast timing|{ " " 5 -l 1000 {19 | 31 |4
6 | . . . |Buzzer o " 6 -45 44,5 | 5 K
=10 «9,5 g 5
.100 -07' 14
Meck 5 flash bombs Line S6 'évery second

Over the radioc and public address system will go the sound of e counter

avery second starting at -45. In addition, a gong will sound on same at

-40, -31, =30, -20, -10, -2, -1, O, 10, 20, 29, 30, 40, 50, 58, 59, 60

and repeats the pattern every minute

Sequence times of oberation of
coding units.

Normal position
=600
=599
=300
-60
-45
44 .5
=22
-10
=045
=5

FOOooOpaGnoHO

O

.

L oo o
e @ L L
- - [

L - -

LR ) LR X ] L
- ® - L]

.13

11
12

14
15
16
17
18
19
20
21

- w " L]
00 0:u0 000 0.0 wo

=3 22
=25 23
-2.0 24
-1 .0 25
=047 26
~0.5 27
=0.4 28
=25 29
-~0.,005 31
0.2 32

[EEAENE ]
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" . W L
L

TAELE 33 5 i°0 .0

- @ L] HO® w ow

a5 S

® - -

L owe @ 00 oo L]

. 5|8
3 S E
i ‘ : Time in sec. § § E
g Usger Servitfe Loca’tion Signal | On \ ore 0?,‘ 5 s
7 | Mack Slow Fastax Local | Relay |-2.0 -7]13 115 |1
] Closure ‘
5 Mack 16 mm Cine " " =5 10001 10 a ‘ 2
5 | Mack Mitchel Camera | * | " |5 w00 {10 [=m |3
2 |Mack Aero Camera " " -45 1001} 5 32 14
3 | Mack Pinhole Camera " " -10 1000 8 31 |>5
8 Maok Gen. Radio Recorder " " -1 4114 -] 26 6
1 Mack Hilger Motor " " =300 11 3 23 7
4 Mack . | Hilger Pip Gen, e " " -9.5 5y 9 27 8
3 | Mack B & L Spectrograph " 110 1000} 8 |=m |9
6 Mack { B & L Spectrograph " " ., 1-.25 1001 18 32 10
9 | Meck Color Temp. Camers " " -1 10/14 {28 |11
1 Mack Photo-Cell Motor " " =300 1 3 23 12
2 Bright | Heiland " " -45 10013 S 32 13
10 | Ttterton| Shutter L " |- -.25}16 {18 |14
11 Buzzer " " =45 -44.,5f 5 6
=10 -9.5.1 8 9 15
-1.0 -.7{14 {15 |16
12 | teck Fast Fastax " nof. 17515 |24 |16
‘fé Mack Photo-Cell Shufter " " =425 1.75§18 |24 |17
Over the radio and public address system will go the sound of a counter
every second starting af ~45, In addition, a gong will sound on sams at
-40, -31, 30, -20, -10, -2, -1, O, 10, 20, 29, 30, 40, 50, 58, 5@, 60,
and repedts the pattern eye.ry; t.nuta_: : . ;': |
13 | Meck Rec. Spectro ’:. .5 S:.n.;. :]. E.-:s -.1 300 |19 29 18
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. 1 ‘ : I
s : ! ! : oI 7
ne ! i Time in Sez, R
A . : : o] &, ¢
e Usar Servina ¢ Loration | Signa) 2n 2EE D e
e ? B - - Relay 1 A -?~~'f
5 Mack  Slow Fastax © Looal | Clogure . 2.0 =G.7 13 18 7
. . f ‘ ; I
7 N 16 mm Cine " i " -5 1200 - 1031 2
7 " |Mitchel Tamnsra . j " - +13097 10,31 3
3 " thery Camera " i' ’ E ~45 o0l 6 ar . 4
5 " Pinkole Camera | " o 0 voeg s 31’ 5
| ‘ ‘ | |
11 " lienaral Redio . ™ 121,00 4,0 14,25 s
% Rerorder : ﬁ i
7 { . !Hilger Motor " " L =300 1.0 3 23 7
! f
6 " |Hilger Pip ;
: i Geanerator * " f=9,8 0.0, 9 27 8
5| " % and L Sperto- * " -10 +1000 © 8 :31 9
| graph o
B . " " =25 1001 1832 )10
. t ' . i : |
10 " ‘Colar Temp ! " S -1.0 410,014 2811
; Camera i : é Co
i .
: C
8 Berechall ;Hailund " " % =249 301 12 30 12
t i
! o :
i ! : S
4 Houghton | " AR 1> BO0 8 29 13
4 Walker | ® " AR S P 300 8 23 14
11 Moon P " " 21,0 t4.0 14 126 015
2 [Leat Seismograph N 3600 "l .80 #3014 3o 1g
i - . |
2,7 ™ ; " " " ) 301 (10 30 17
| L ’ -
: ‘Razier Losal " -45 -44,5 5 ' 5 18
: ' -13 -9.5 8 3,15
| : =1,0 -7 Qs |24 |18
! : : : i
121 Mok | Fast Fastax " . aTn  -.C06 162319
157 Maek ‘Xaa, Sneatrg e -j:- $ Mol seeire w -1 t3.0 i 19 2% ‘ on
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~

* Voltage will be maintained on lines S 15 and S 33 and will go off to
operate equipment. 'nlia insures against failure due to broken line due
to gadget. Line resistance is estimated. Protective resistance of
value shown is wired into circuit in box. One side of each output

line will be grounded.a.t .§h1;.s siet ien
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e avim aves o \
, PR E S g |5
: BhP AL - 1A
i " | Line | Volt. Time in sec{ § g
2 User Service Loeation | Line| Res. | Res.| Sup.| On ore :’: i
8 | Barschall |Fire 5§ charge| ¥ 30 S 10| 150 | 90 | 126 |-3.0 3] 11 |25
4 |Horntg  [H. V. 0 s11]1s0 |90 | 126 |-60 2| 4|2a
14| Arm firing set| O ' 512}150 |90 | 126 |-.4 5119 |22
13 | Mack Arm'54 flashes| W 100. | S 14 150 | 80 | 126 |-.4 3|17 |25
10 | ¥oon Gamma cameras S 275 S 15| 300 | 100 | 126 |[=2.5 ' 5] 12 |27*
10A | Richards yeufrcn valloop SW 460 | S 16| 300 | 50 | 126 |-1.0 =-.005] 14 |20
1 | Segre Garma balloon-| NK 600 | S 17| 300 | 50 | 126 |-600 41 |26
6 " n " NW 600 | S 18| 300 | 50 | 126 |-22 4| 7|26
7 |Hornig  |Inverter 0 519|150 | 90 | 126 |-600 sl 2 26
15 | Titterton |Camers Shutter| W 800 | S 20 300 | 10 | 126 |=.4 3| 17 | 25
6 | Moon Camera motor S150 | S 21| 300 | 100 | 126 {-22 al 726
9 | Mack Blow Fastax | N800 |S 25| 300 | 120 | 126 |-2.0  1000{ 13 | 31
9 | = B R Weoo | S26] 30 |10 | 126 |-2.c 1000| 13|31
1m | " Fast Fastax N800 | S 27| 300 { 120 | 126 |-.7 1001| 15 | 32
m | " " weoo | s 2830010 | 126 |-.7 1001 15 | 32
12 | Wilson  [Camera Sautter N 1000 | 29| 300 | 140 | 126 |-.5 -1 186 19;
1| " Test ~ N 1000 | 8 30| 300 | 140 | 126 |-.005 .2| 20|21
7 | Mack Search lights | E 10,000 s 35| 300 | 1000| 126 | -10 10| 8] 2e*
Marley motor thrn off safing myitch o 2 21
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