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ABSTRACT : v_&;i
\ .*-a..ni- J}b‘:"'w

On Operation Hardtack,)ISsgemem, ausen-and-Grier,—Inc:—(Task-Unit-5) fur-
-ntxh:ed‘arming and firing signals for devices in addition to a sequence of timing

signals for the experimental programs.’ Baténaeglso responsible—for-providing a voice
countdown on all dry runs and detonations, monitoring vital information, and dgtermining,
where practicable, the time of burst and the Bhangmeter yielﬁéls M’W

The complexity of the shot schedule, which involved several differing modes of detona-
tion, necessitated a multiple timing and firing installation comprising seven independent
systems; three were operated from Eniwetok, two from Bikini, one on the USS Boxer, and
one on Johnston Island (Operation Newsreel). Besides the four control centers, the timing
and firing complex included nine island-based )signal-distribution stations, as well as several
shipboard stations.

A versatile timing system was devised for this operation which employed a coder-
decoder combination capable of transmitting twenty-four signals. Signals were transmitted
by telephone line or on radio frequencies as dictated by the individual shot requirements. The
timin - and firing system operated accurately and reliably, and all signals were transmlttedk
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Chapter 1

INTRODUCTION

1.1 OBJECTIVES
The objectives of the timing and firing program on Operation Hardtack were as follows:

1. To provide a reliable system for arming and firing the devices.

2. To supply experimenters with accurate wire and radio timing signals on all dry
runs and on all detonations.

3. To provide experimenters with an accurate voice countdown synchronized to the
timing system.

4. To furnish personnel as members of the arming and firing parties.

5. To monitor, by wire and by radio, vital information pertaining to the readiness of
the test devices and of crucial experiments.

6. To determine the time of detonation with respect to worild time as broadcast from
WWYVH, Honolulu, or JJY, Japan.

7. To provide and operate Bhangmeters, where practicable, for the preliminary de-
termination of yield.

8. To operate weather radar equipment.

1.2 PROCEDURE

1.2, 1 Timing and Firing

The timing and firing installation at the Eniwetok Proving Ground was far more exten-
sive for Operation Hardtack than for previous off-continent operations. Edgerton, Germeshausen
& Grier, Inc., (EG&G) provided seven independent systems to time and fire a total of thirty-
five shots, comprising barge, surface, underwater, missile, and free balloon detonations.

As on Operation Redwing (1956), the test programs at Eniwetok and Bikini Atolls were
conducted separately; however, for Hardtack, the firing capability at both locations was sub-
stantially increased by the installation of two standard hardwire systems at each atoll. Since
the two systems served different zero areas, two shots could be set up at the same time, and
less time was required for dry runs.

Shots detonated as part of the Los Alamos Scientific Laboratory (LLASL) test program
were served by the standard hardwire systems operated from the Eniwetok Control Point. The
University of California Radiation Laboratory (UCRL) program was conducted at Bikini Atoll
throughout most of the operation; however, five UCRL shots were detonated at Eniwetok Atoll
after roll-up at Bikini Atoll had begun.

The test program for the Department of Defense (DOD) was considerably more complex
than on previous operations, involving widely differing modes of detonation and, consequently,
special installations. Timing and firing for the DOD program was entirely independent of the
AEC activity. Three additional timing systems were employed to meet the individual require-
ments of the DOD shots: (1) a radio-signal system controlled from the Eniwetok Control Point
for the underwater shots, (2) a radio and wire system located on board the USS Boxer for the
high-altitude balloon shot, and (3) a radio and wire system at Johnston Island for the two mis-
sile shots of the Newsreel series.
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The shots detonated by each of the timing systems are presented in Table 1. 1,

The basic timing equipment employed in six of the timing and firing systems was com-
pletely redesigned for greater capability and flexibility. The new system, shown in Fig. 1.1,
was capable of supplying experimenters with as many as twenty-four signals at any desired
times in half-minute or half-second intervals from -60 min. to +1 sec. Changing or adding.
signals for individual shot requirements was accomplished simply by re-programming patch-
boards. Timing signals from the sequence timer were transmitted to each timing station as a
series of coded pulses. This method of transmission required fewer cables than the previous
system since all signals could be sent over a single pair of wires. At the timing station; a
signal decoder converted these pulses to relay closures for operating experimenter equipment.

The air-drop sequence timer used on John Shot of Operation Plumbbob furnished the
timing signals for the high-altitude balloon shot. A new model of the same timer was incor-
porated into the Johnston Island missile system together with the standard sequence timer,

1.2.2 Firing System

The firing line for each zero area originated in the Control Point signal decoder. Trans-
mission lines for the firing signals went directly from the CP to the surface and barge zero
sites, passing only'through the signal distribution stations where the firing lines were inter-
locked to assure the proper operation of vital experiments. The firing line was not otherwise
affected by operation of the timing station. The zero rack contained the interlocks essential
to the detonation of the device itself.

On the balloon shot (Yucca) and the missile shots at Johnston Island (Teak and Orange),
EG&G furnished a relay closure at zero time to the firing equipment,

The underwater shots (Wahoo and Umbrella) were fired remotely by the EG&G radio-
tone =vstem. Tone receivers, the zero rack, and the zero-site equipment were installed on
the br rge positioned above the device. The firing-tone system was so arranged that a com-
bination of any two of the three radio tones transmitted was necessary to fire the device.

1,2.3 Voice~-Time Announcements

The voice-time announcements, synchronized to the timing signal sequence, were
broadcast on all dry runs and on all shot runs. On dry runs, the countdown was broadcast
over the voice-time nets and the EGG net and patched into other nets as needed, such as the
Air Operations Control net for participating aircraft. On the shot run, the countdown was
patched into all user nets,

The countdown was given 'live" from -1 hour to -15 min. by the control console operator.
On the -15 minute signal the automatic voice-time equipment was started, and the countdown
was broadcast from a tape recording through zero time.

Two complete voice-time racks were included in the Eniwetok Control Point, one for the
two hardwire timing systems and one for the radio system for the underwater shots. One voice-
time rack was also installed in the control center at Bikini and on the Boxer.

1.2.4 Dry Runs

Frequent dry runs were conducted prior to each shot to allow experimenters to check
the operation of their equipment and to assure the reliability of the timing system. At least

12
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Table 1.1 - HARDTACK DETONATION SUMMARY

Shot Agency Date Location

Yvonne Timing System (Eniwetok Atoll)

Cactus LASL 5-6-58 Surface, Yvonne

Butternut LASL 5-12-58 Barge off Yvonne
Holly LASL 5-21-58 Barge off Yvonne
Magnolia LASL 5-27-58 Barge off Yvonne
Linden LASL 6-18-58 Barge off Yvonne
Sequoia LASL 7-2-58 Barge off Yvonne
Scaevola LASL 7-14-58 Barge off Yvonne
Pisonia LASL 7-18-58 Barge off Yvonne
Quince UCRL-DOD 8-6-58 Surface, Yvonne

Fig UCRL-DOD 8-18-58 Surface, Yvonne

Janet Timing System (Eniwetok Atoll)

Koa LASL 5-13-58 Surface, Gene

Yellowwood LASL 5-26-58 Barge off Janet
Tobacco LASL 5-30-58 Barge off Janet
Rose LASL 6-3-58 Barge off Janet
Walnut LASL 6-15-58 Barge off Janet
Elder LASL 6-28-58 Barge off Janet
QOak LASL 6-29-58 Barge off Janet
Dogwood UCRL 7-6-58 Barge off Janet
Olive UCRL 7-23-58 Barge off Janet
Pine UCRL 7-27-58 Barge off Janet

Glenn Timing System (Eniwetok Atoll)

Wahoo DOD 5-16-58 Underwater, near James
Umbrella DOD 6-9-58 Underwater, Eniwetok lagoon

USS Boxer Timing System

Yucca DOD 4-28-58 HA Balloon

Tare Timing System (Bikini Atoll)

Nutmeg UCRL 5-22-58 Barge off Tare
Hickory UCRL 6-29-58 Barge off Tare
Juniper UCRL 7-22-58 Barge off Tare

Charlie Timing System (Bikini Atoll)

Fir UCRL 5-12-58 Barge off Charlie
Sycamore UCRL 5-31-58 Barge off Charlie
Maple UCRL 6-11-58 Barge off Fox

13
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3
[ HARDTACK DETONATION SUMMARY (continued)

i Shot Agency Date

Liocation

Charlie Timing System (Bikini Atoll) (continued)

Aspen UCRL 6-15-58
Redwood UCRL 6-28-58
Cedar UCRL 7-3-58
Poplar UCRL 7-12-58

Johnston Island Timing System

Barge off Charlie
Barge off Fox

Barge off Charlie
Barge off Charlie

Teak DOD 7-31-58 UHA Missile
Orange DOD 8-11-58 VHA Missile
14
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one full-power, full-frequency dry run was held to make certain that circuit overloading and
radio interference had been eliminated. Experience on previous operations showed that dry
runs constitute a large proportion of the timing and firing effort. The multiple capability of
the independent systems and their division according to function helped to overcome the diffi-
culties introduced by the complex shot schedule since two or more shots could be dry run
independently without interference,

1.2.5 Monitoring

Indicator lights on the timing system control panel enabled the operator to check on the
function of the timing system at all important points, Distant functions were monitored by an
extensive tone-telemetering system employing Hammarlund tone equipment. This system has
been used on several previous operations; its advantage lies in the fact that several channels
of information represented by tones of different frequencies can be transmitted on one pair of
lines, Where proximity made it feasible, direct-wire monitoring was used. On the underwater
events zero site functions were monitored remotely at the CP by a radio-telemetering system,
. and radio-tone timing and firing signals were monitored by radio-tone receivers at the CP
which provided relay closures for operation of the indicator lights on the control console.

A permanent record of timing signals, station power and other important functions was
obtained from multiple-pen strip-chart recorders. These recorders were installed at the CP
and at each signal distribution station.

1.2.6 Weather Data

On Operation Hardtack, timing and firing personnel operated Bendix weather radar
equipment, Two radar consoles were installed, one at the Eniwetok and one at the Bikini Con-
trol Point. The Eniwetok radar console is shown in Fig. 1,2. Antennas were located on the
photo towers adjacent to each CP and were arranged so that the radar sweep covered the entire
atoll; thus rain squalis in the immediate vicinity of the islands could be monitored continuously
from the conirol room and the probable squall path predicted. The decision to fire depended
in part on whether there were rain squalls in the line-of-sight from the major photographic sta-
tions to the point of detonation.

Shortly before the operation began, EG&G was requested to telemeter weather data for
two shots, a 0- to 10-mv signal on two shots, and transmissometer data on three shots. Bristol
miniature strip-chart recorders located in the timing system racks at Eniwetok and Bikini were
used in these applications.

1.2.7 Blue Boxes and Fiducial Markers

In addition to timing signals, remote triggering instruments capable of synchronizing
equipment With the beginning of a high-intensity light flash were available to experimenters on
Operation Hardtack. The ac- and dc-operated Blue Boxes were compact photoelectric devices
which responded to burst light within a few milliseconds. For applications where microsecond
accuracy was required, the EG&G Fiducial Marker was employed. Full descriptions of these
units are included in the Timing System Manual for Operation Hardtack, EG&G Report No. B-1704.

1.2.8 Bhangmeters
EG&G operated Bhangmeters on all shots except the underwater and missile events.

Whenever practicable, yield was calculated on the basis of time-to-light minimum as determined
from the Bhangmeter traces.

16
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Fig. 1.2 - Weather radar console
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The Bhangmeters were located at the Eniwetok and Bikini Control Points. Each installa-
tion included two Mark V and two Mark VI Bhangmeters housed in a single rack. Photoheads
were mounted on the photo tower next to the Control Point.

On four of the thirty-one shots instrumented for Bhangmzter recording, the light intensi-
ties were insufficient totrigger the units, and no results were obtained. Time-to-light minimum

on twenty-seven shots was reported directly to the participating laboratories shortly after each
shot.

18
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Chapter 2

TIMING AND FIRING INSTALLATIONS

2.1 ENIWETOK TIMING SYSTEMS

Control equipment for Yvonne, Janet, and Glenn timing systems was located in the Eni-
wetok Control Point (Station 71) at the northern end of Elmer. A four-section control console
contained control panels for each timing system and for communications. The Eniwetok timing
and firing installations described below are shown in block diagram form in Fig. 2. 1.

The Yvonne system, intended primarily for the smaller LASL detonations, served zero
sites on Yvonne and off-shore barge sites. A timing station on Yvonne (Station 77. 01) distrib-
uted signals to experimenters on or near Yvonne, including the Mack and Wilma photo towers.
This station contained two identical sets of equipment since it was also employed in the Janet
timing system. Signals were also distributed from the CP to local users on Elmer and nearby

islands.

The larger shots of Eniwetok Atoll were detonated by the Janet timing system at two
separate zero locations: barge sites near Janet and a surface site on Gene. Separate arm,
fire and monitor lines were run to the two locations and selection of either channel was con-
trolled by a switch in the Janet timer rack at the CP,

The Janet system included three distribution stations: Station 77.01 on Yvonne, 77, 02
on Janet, and 77. 03 on Irene., Station 77.02 distributed signals to experimenters on Janet and
to the photo bunker on Alice. Shot Koa was the only shot detonated on Gene; special experiments
for this shot were served by Station 77. 03, which was disconnected after the shot.

Each system had independent timing equipment, including sequence timer and signal de-
coder; however, both systems made joint use of one automatic recorder assembly for voice-time
announcements and one radio-tone signal system to supplement hardwire signal distribution.

The Glenn system, used exclusively for the underwater shots, was completely independ-
ent of the other systems, with separate voice-time and radio-time equipment. The basic timing
equipment was identical to the other system but, in place of hardwire distribution, relay closures
from the CP signal decoder keyed radio-tone transmitters which supplied both timing signals for
general usage and firing signals to the devices. Since the major experimenter instrumentation
for the underwater shots was located on shipboard, a signal distribution station was set up on
each ship. These stations converted the radio signals to hardwire signals which were then dis-
tributed to the experimenters located on each ship.

2.2 ENIWETOK CONTROL POINT

Timing equipment at Station 71 (Eniwetok CP) included a four-section control console and
thirteen 7-ft racks of control equipment for the three timing and firing systems. The compo-

nents of each rack are outlined below:

Rack No. 1: Power Rack (Fig. 2.2)

This rack grouped most of the power equipment required for control station operation.
The top panel contained a twin-unit Esterline-Angus voltage recorder for monitoring 115 v-ac

19
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and 120 v-dc power. A similar unit in the next panel monitored 24 v-dc power. These units
provided a continuous record of fluctuations in control station power. Below were two panels
containing a General Radio 1000-cycle Multivibrators and Power Supply Unit, Type 1102A, and
a General Radio 100-kc Piezo-Electric Oscillator, Type 1101-A. The remainder of the rack
housed two EG&G Battery Chargers, Type PS-4 and PS-3, and the a-c and d-¢ rack power
switches.

Rack No. 2: World Time Rack {(Fig. 2. 2)

At the top of this rack was a Shasta Model 1201 Radio Receiver and below it the EG&G
World-Time Synchronizer, Type SN-1, and a Waterman Rakscope, Model S-12-B. The next
panel contained the EG&G World-Time Clock, Type TD-3, and its associated camera. The
lower panels contained a Brush BL.-809 Regulated-Frequency Power Supply and the a-c and d-c
rack power switches.

Rack No. 3: Yvonne Timer Rack (Fig. 2.2)

The master rack for the Yvonne system contained an EG&G Stepping-Switch Sequence
Timer, Type SA-4; a Signal Decoder, Type SA-5A, for local signals; and two 12-meter Signal
Distribution Control Units, Type SA-2. Below these units were an Interlock Relay Patch Panel,
Type RE-1. and a Relay Panel, Type RE-2. The next panel in this rack contained the decoder
"ready" indicator lights for each timing station, three Hammarlund DRU-2 Tone Receivers, and
one Hammarlund DRU-12 Tone Receiver. Each of these receivers telemetered two channels.
The remainder of the rack housed an Emergency-5Stop Relay Panel, Type RE-4, and the a-c and
d-c rack power switches.

Rack No. 4: Yvonne Distribution Rack (Fig. 2.2)

This rack was primarily a signal distribution rack for the Yvonne system. The six sig-
nal distribution control units, Type SA-2, at the top of the rack contained a total of 72 meters.
Below was a Relay Panel, Type RE-2, and an Esterline-Angus 40-pen recorder which recorded
the transmission of each timing signal and the power conditions at each zero point and at the
timing stations. The next four panels contained six Bristol miniature strip-chart recorders for
the use of other experimenters and the a-c and d-c rack power switches.

Rack No. 5: Voice-Time Recorder Rack (Fig. 2.3)

This rack contained the Ampex voice-time equipment used jointly by the Yvonne and Janet
systems. At the top, Relay Switch Panel RE-5 controlled operation of the Ampex equipment.
Mounted in the remainder of the rack were the Tape Transport Assembly, Model 5700, a re-
corder for the voice-time countdown and a recorder for the 60-cycle reference signal, comprising
the Ampex Model 350 Two-Channel Recorder, a Playback Demodulator, Model 391, a 60-cycle
Amplifier, Model 375, and the a-c and d-c rack power switches.

Rack No. 6: Janet Timer Rack (Fig, 2.3)

The components of this rack were identical to those of the Yvonne Timer Rack (Rack No.
3) except for a switch to select telemetered tone signals from either the Janet or the Gene zero
gites. The rack contained the following:

EG&G Stepping Switch Sequence Timer, Type SA-4
EG&G CP Signal Decoder, Type SA-5A

Two EG&G Signal Distribution Control Units, Type SA-2
Interlock Relay Panel, Type RE-1

Decoder Ready Indicator
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Janet-Irene zero-site switch

Four Hammarlund DRU-2 Tone Receivers
Emergency-Stop Relay Panel, Type RE-4
A-c and d-c rack power switches

Rack No. 7: Janet Distribution Rack (Fig. 2.3)

This rack controlled the distribution of timing signals for the Janet system. Six signal
distribution control units were located at the top; below were an Esterline-Angus 40-pen re- %
corder, five Hammarlund DRU-2 Tone Receivers, and an ac-dc power switch panel.

Rack No. 8: Glenn Timer Rack (Fig. 2.3)

This rack combined the timing and the hardwire distribution equipment for the DOD Glenn
system. At the top of the rack was the Stepping Switch Sequence Timer, SA-4; below, the CP
Signal Decoder, Type SA-5A; an Esterline-Angus 40-pen recorder; four signal distribution
control units; a relay panel; an emergency-stop relay panel; and an ac-dc switch panel.

Rack No. 9: Voice Time Recorder Rack (Fig. 2.3)

The Ampex voice-time equipment for the Glenn system was located in this rack. The
components of this rack were identical to the recorder rack for the Janet and Yvonne systems
(Rack No. 5).

Racks 10, 11, and 12 contained the radio-tone timing and firing equipment used by all
three Eniwetok systems and control equipment for the voice-time and communications nets.
Radio-Time and Voice-Time No. 1 systems were used by both the Janet and Yvonne timing
systems. Radio-Time and Voice-Time No. 2 systems and the firing-tone system were used
for the Glenn timing system. Rack components are listed below. A

Rack No. 10: Radio-Time No. 1 Rack (Fig. 2.4)

Motorola Radio-Time No. 1 remote control unit for radio-time signal transmitter .
Radio-Time No. 1 tone generator

Remote control unit for firing-tone transmitter

TU-1 communications net receiver

Firing-tone generator

Radio-Time No. 1 Motorola 12-tone a-c receiver

Ac-dc switch panel

Rack No. 11: Radio-Time No. 2 Rack (Fig. 2,4)

Motorola remote control unit for Radio-Time No. 2 transmitter
Radio-Time No. 2 tone generator

Motorola 12-tone a-c receiver for monitoring Radio-Time No. 2
Zero-site telemetering receiver

Telemeter Decommutator, Model 3620-D12

Voice-Time No. 1 monitoring receiver

Collins power supply

Ac-dc switch panel

Rack No. 12: Communications Rack (Fig, 2.4)

Howler Receiver to monitor remote zero-rack power or arm clock
Voice-time No. 2 monitoring receiver

)
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Command communications net

Sandia communications net
Audio-distribution patch panel
Voice-time No. 1 remote control unit
Voice-time No. 2 remote control unit
Ac-dc switch panel

Rack No. 13: Bhangmeter Rack (Fig. 2. 4)

This rack contained four Bhangmeter recording sets, each with a polaroid-back camera
mounted on the front. There were two MK V Bhangmeters and two MK VI Recording Sets. At
the bottom of the rack was an ac-dc switch panel.

2.3 BIKINI TIMING SYSTEMS

~The Tare and Charlie systems, which detonated the UCRL devices at Bikini Atoll, were
operated from the Control Point (Station 70) on Nan. The systems were independently controlled,
although they shared a common voice-time system. A block diagram of Bikini timing and firing
ingtallations is shown in Fig. 2. 5.

The Tare system was employed on three of the smaller UCRL shots which were detonated
on barges near the tip of Tare Island. A signal distribution station on Oboe (Station 74.01)
served experimenters on the nearby islands of the Tare complex in addition to the William
photo tower.

The Charlie system, which served zero sites near Charlie and Fox for the larger UCRL
shots, included three signal-distribution stations, Station 74.01 (originally a triple station),
Station 76 on George, and Station 78, 01 on Charlie. Signals from the CP were distributed lo-
cally on Nan and to the How photo tower. Stations 76 and 78. 01 supplied signals to experimenters
in their respective localities depending on which zero area was involved. Toward the end of the
tests at Bikini, the equipment in Station 78. 01 was installed in Station 75. 02 on How. The latter
station had been deactivated when the missile system was removed to Johnston Island.

The Bikini timing and firing system included the capability for transmitting radio-tone
timing signals; however, the radio-tone system was not put into use since all experimenters
were adequately served by the hardwire system.

2.4 BIKINI CONTROL POINT

A three-section control console and thirteen 7-ft racks of equipment comprised the timing
and firing installation in the Control Point building. The two Bikini systems were nearly identi-
cal to the Yvonne and Janet systems at Eniwetok Atoll, Figures 2. 6 through 2. 8 include the How
missile installation, but the rack descriptions below reference only the components remaining
after the missile system was removed.

Rack No. 1: Power Rack (Fig. 2.6)

Twin-unit Esterline-Angus recording voltmeter for monitoring 115 v-ac and 120 v-dc power
Esterline-Angus recording voltmeter for 24 v-dc and a spare unit

General Radio Multivibrators and Power Supply, Model 1102A

General Radio Piezo-Electric Oscillator, Model 1101A

EG&G Battery Charger, Type PS-4 (120v)

EG&G Battery Charger, Type PS-3 (60v and 24 V)

Ac-dc rack power switch panel
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Rack No. 2: World Time Rack (Fig. 2.6)

Because of difficulties encountered in receiving the time signal from WWVH, Honolulu,
at the CP, the radio receiver was removed from this rack. The space at the top of the rack
was occupied by a single speaker, tied into the audio distribution patch panel in Rack No. 14,
The time signal was received either from the Holmes and Narver communication net or from a
spare Hammarlund radio receiver located outside the CP. At the audio distribution panel, the "
signal from either source was transmitted to the speaker and to the Waterman Rakscope, ‘Model

S-12-B, located below the speaker.

The remaining panels in this rack housed the EG&G World Time Clock, Type TD-3, and
associated camera, a Brush Regulated-Frequency Power Supply, Model BL-809, and the ac-dc
rack power switches.

Rack Nos. 3 and 4 (Fig. 2.6)

Rack No. 3 contained only the EG&G Divider Synchronizer unit, Type SN-1. The re-
maining blank paneis in this rack and the blank panels in Rack No. 4 had been occupied by the
timing and distribution equipment for the missile shots.

Rack No. 5: Voice-Time Recorder Rack (Fig. 2. 6)

A relay switch panel, Type RE-5, was located at the top of the rack. Below were two
Ampex Power Supplies, Model 3741, for the recorder. The remaining panels contained the
Tape-Transport Assembly, Model 5700, the Ampex Model 350 Two-Channel Recorder consist-
ing of an audio track recorder and a control track recorder, an Ampex Playback Demodulator,
Model 391, and a 60-cycle Amplifier, Ampex Model 375. At the bottom were the a-c and d-c

rack power switches.

Rack No. 6: Charlie System Timer Rack (Fig. 2.7)

EG&G Stepping-Switch Timer, SA-4

CP Signal Decoder, SA-5A

Two Signal Distribution Control Units, Type SA-2
Interlock Relay Patch Panel, RE-1

Relay Panel, RE-2
Decoder Ready Indicator, RE-3, for the Nan, George and Oboe decoders

Below were five Hammarlund DRU-12 Tone Receivers providing ten channels; an Emer-
gency-Stop Relay Panel, RE-4; and an ac-dc rack power switch panel.

Rack No. 7: Charlie System Distribution Rack (Fig. 2.7)

This rack contained six Signal Distribution Control Units, Type SA-2; a Relay Panel,
Type RE-2; an Esterline-Angus 40-pen recorder; five two-channel Hammarlund DRU-12 Tone

Receivers; and an ac-dc rack power switch panel.

Rack No. 8: Telemeter Rack (Fig. 2.7)

The top of this rack housed a circular chart, Bristol's Metameter, Model 3M1M500, for
recording meteorological conditions at barge sites. Located below were two Bristol miniature
strip charts for recording temperature and humidity at UCRL Station 2250, Seven two-channel
Hammarlund DRU-12-5 Receivers were mounted in the remaining panels above the ac-dc rack

power switch panel.
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Rack No. 9: Tare System Timer Rack (Fig. 2.7)

The timer rack for the Tare system was nearly identical to that for the Charlie system.
Its components are listed below:

Stepping Switch Sequence Timer, Type SA-4

CP Signal Decoder, Type SA-5A

Two Signal Distribution Control Units, Type SA-2

Interlock Relay Patch Panel, RE-1

Relay Panel, RE-2

Decoder Ready Indicator, RE-3, for the Nan and Oboe decoders
Four Hammarlund DRU-4A Tone Receivers

Emergency-Stop Relay Panel

Ac-dc rack power switch panel

Rack No. 10: Tare Distribution Rack (Fig. 2.7)

The following units comprised the distribution rack for the Tare system:

Six Signal Distribution Control Units, Type SA-2

Relay Panel, RE-2

Esterline-Angus 40~-pen recorder

Two Hammarlund DRU-2 Receivers and a Hammarlund DRU-12 Receiver
Ac-dc rack power switch panel

Rack No. 11: Bhangmeter Rack (Fig. 2.8)

Four Bhangmeters were mounted in this rack. There were two Bhangmeters Mark V
and two Recording Sets Mark VI. An ac-dc rack power switch panel was at the bottom of the
rack.

The radio communications racks, Racks 12 through 14 in Fig. 2.8, were originally set
up to provide a dual-capability system of radio-time signals and voice-time nets for three
timing systems; however, removal of the missile system also entailed removal of Radio-Time
No. 1 and Voice-Time No. 1 systems, i

Voice-Time No. 2 system was shared by the Charlie and Tare systems.
Rack No, 12

This rack contained the Motorola control consolette, radio-time monitoring receiver and
tone generator for the Radio-Time No. 2 system and an ac-dc power switch panel.

Rack No. 13

Rack No. 13 contained the monitor for the Voice-Time No. 2 system, an Air Force
communications-net monitoring receiver and speaker panel, and a Bogen Amplifier (Model
1. 6A). The lower section of the rack contained two Collins power supplies and an ac-dc rack
power switch panel.

Rack No. 14 .

This rack housed the control consolette for the Voice-Time No. 2 net and an identical
spare unit. Below was the Audio Distribution Panel for patching the voice countdown into the
user nets,
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2.5 TIMING SIGNAL DISTRIBUTION STATIONS

The function of the timing station was to isolate signals from the master timing system
and distribute them loecally to the individual users. Timing signals were distributed both from
signal distribution units in the Control Point and from timing signal distribution stations which
were set up in several locations around Eniwetok and Bikini Atolls and on ships in the Eniwetok
lagoon. Each of the timing systems included one or more of these stations. Table 2. 1 is a list
of the timing systems and their respective distribution stations.

2.5, 1 Island Stations

All stations were of identical design, each consisting of two 7-ft equipment racks similar
to those shown in Fig. 2, 9. A typical rack layout is described below:

Rack No. 1 contained three 12-meter signal distribution panels; an Esterline-Angus 40-
pen recorder; an EGG-net transceiver; a TD-5 Sequence Timer for special zero-site functions;
a Battery Charger, Type PS-3; and an ac-dc switch panel.

Rack No. 2 contained three 12-meter distribution panels; a Signal Decoder, Type SA-5;
an interlock relay panel; another 12-meter signal distribution panel; and four Hammarlund
DTU-1 Tone Transmitters. Line connections to and from the timing station were made on a
cable-termination board mounted near the racks. To facilitate connection, each cable was
identified by a placard at the termination point.

To protect the timing station equipment from voltage surges resulting from a detonation,
a line-filter box was inserted into the lines from the timing station to the zero sites.

Connection of experimenter signal lines to the signal distribution panels were made
through a box mounted on the side of one of the racks.

Timing station power came from a bank of lead-acid batteries arranged so as to provide
24 v-de, A-c power was supplied either from deisel generators located on the island or, as in
Station 77. 02, from batteries and an a-c converter.

2.5.2 Shipboard Timing Stations
The DOD (Glenn) timing system transmitted timing signals by radio to five shipboard

distribution stations. These ships, which are listed below, contained the bulk of experimenter
equipment for Shots Wahoo and Umbrella:

DD-474 USS Fullam
DD-592 USS Howorth
DD-593 USS Killen
YENBCZIZ ST

EC-2

Radio~tone signals from the CP activated the equipment in these stations, and timing
signals were distributed by wire to the users on the ships,

Components of a typical shipboard distribution station are listed below. The equipment
was housed in two 7-ft racks. Rack No. 1 contained two Zero Fiducial Receivers, Type N3620-

D19, an EGG-net transceiver, two Motorola 12-Tone Receivers, a General Electric a-c voltage
monitor, and an ac-dc rack power switch panel.
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Table 2. 1 - TIMING SIGNAL DISTRIBUTION STATIONS

Timing System Station No. Liocation

Eniwetok Atoll 71 (Control Point) Elmer

Yvonne Timing System 77.01% Yvonne

Janet Timing System 77.01% Yvonne
77.02 Janet
77. 03# Irerie

Glenn Timing System Shipboard USS Fullam (DD-474)
Shipboard USS Howorth (DD-592)
Shipboard USS Killen (DD-593)
Shipboard YFNB-12
Shipboard EC-2

Bikini Atoll 70 (Control Point) Nan

Tare Timing System 74.01%* Oboe

Charlie Timing System 74, 01;‘* Oboe
75, 02*# How
T6## George
78. 0144 Charlie

*Station 77.01 was a double station.
#Station 77.03 was disconnected after Shot Koa.
*Station 74.01 was a triple station until the How missile system was removed.
##stations 75. 02 and 78. 01 were decommissioned when the missile system was removed
to Johnston Island; late in the operation, however, the equipment at Station 76 was
installed in Station 75.02.
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- Fig. 2.9 - Typical timing station
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Rack No. 2 contained three 12-meter signal distribution panels, an Esterline-Angus
20-pen recorder, an EG&G Battery Charger, Type PS-3, and an ac-dc rack power switch
panel. .

The two Motorola 12-tone receivers picked up the radio-tone: signals transmitted from
the CP. Antennas were mounted on the mast. The receivers operated in parallel, one serving
as a back-up in case of failure of the other. The radio-tone signals were converted to relay
closures and the signal was transmitted by wire through the signal distribution panels to user
relays. The ten signals transmitted by radio were as follows:

-60 min, -15 sec
-30 min. -5 sec
-15 min. -1 sec

-5 min. zero test

-1 min. +1 sec OFF

The zero-test signal was used only on dry runs.. The actual zero signal was transmitted
over the zero-fidu net. All functions were shut off at +1 sec. To insure positive cut-off, the
two tone receivers operated in series whén the ''off’ tone was transmitted.

A-c power was supplied by the shipboard power system. D-c power was obtained from
lead-acid batteries located near the racks.
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Chapter 3

BOXER INSTALLATION

3.1 CONTROL CENTER

The control room on the USS Eoxer centained all the timing and firing equipment for the
high-altitude balloon shot (Fig. 3.1). The system included a control console, a timer rack, a
distribution rack, and a radio rack. The sequence timer for this installation was the automatic
airdrop timer from Plumbbob. A detailed description of the airdrop timer is given in the tim-
ing and firing report for Operation Plumbbob (WT-1494). Three 250-watt Motorola transmitters
were also located in the control room.

The timing sequence began at -30 minutes. Signals from -30 min. to -1 min. were
manually initiated by means of toggle switches on the control console. No more signals were
sent until a verbal "'go ahead" was received from Sandia, whereupon the automatic timing se-
quence started. The signals transmitted were as follows:

Manual Automatic
~-30 min. -30 sec
-15 min, -15 sec
-1 min. -5 sec
L8265 sec
- -1 sec
zero

From the distribution panels, signals were sent by wire to the cameras and to users
located on board the ship. These signals were also transmitted by radio tone. Special arm and
fire signals were sent directly by wire to EG&G relays in the Sandia trailer located on the flight

deck. These signals were as follows:

-12 sec Arm 1A
-8 sec Arm 1B
-9 sec Arm 2A
-8 sec Arm 2B
-3 sec Fire A
Zero Fire B

Relay closures from the manual signal switches and from the airdrop timer were brought
together at a terminal strip and tied into the radio-tone system. Radio-tone timing signals were
transmitted to the two airborne camera installations. This transmitter operated at a frequency
of 157,43 Mc, at a nominal power of 250 w.

The voice-time countdown was given live until -30 sec when the tape-recorded countdown
was broadcast in synchronization with the timing signals from the airdrop timer. The 30-w sec-
tion of another 250-w transmitter was used for special voice-time signals, The audio was also
fed into the audio distribution system on board ship, which included the local public-address
system, the 243-Mc AOC'-:_@’,t', and the Sandia and Bendix audio circuits. This transmitter oper-
ated at a frequency of 1'5"'”‘ Mc. The voice-time announcements were also broadcast to Nan
at a frequency of 154, 57 Mc,
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World-time equipment was not included in the Boxer installation since it was expected
that the burst could be seen from either Eniwetok or Bikini Atoll; however, the detonation oc-
curred out of range of the world-time fidu markers, and no record was obtained.

. 3.2 RACK DESCRIPTION
The components of each rack are listed below:
- Rack No. 1

EG&G Relay Panel, Type RE-7

Three EG&G Signal Distribution Control Units, Type SA-2
Two function relay panels for the airdrop timer

EG&G Airdrop Stepping-Switch Sequence Timer

Power supply for airdrop timer

Esterline-Angus 20-pen strip chart recorder
Emergency-Stop Relay Panel, Type RE-4

Ac-dc switch panel

Rack No, 2

EG&G Circuit Tester

Magnecorder Recorder

Magnecorder Amplifier

100-cps Generator

Hammarlund Receiver. Typz SP-600

Speaker Panel

Terminal Panel

Brush Power Supply, Modal BL.-809

€ §0-- ang ¢! v Battery Charger, Type PS-3
Ac-de »witch pane!

Voice-time Trarsmitter (Motorola L.43G-1)
EGG-net 25-watt Transceiver (Motorola L43G-1)
Radio-time Receiver (Motorola L03G-1)
Voice-time Receiver (Motorola L.03G-1)
Radio-time Transmitter (Motorola 1.43G-1)
Radio-time Termination Panel

Tone Generator

Ac-dc switch panel
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Chapter 4

TIMING SYSTEM COMPONENTS

4.1 CONTROL CONSOLE

The control consoles at Eniwetok and Bikini Atolls were of sectional design and included
a control panel for each timing system and for communications. Figure 4.1 is a photograph of
the console at the Eniwetok Control Point; from left to right are the control panels for the
Glenn system, communications, Janet system, and the Yvonne system. Above the console are
three boom-type microphones, one for each of the two voice-time networks and one for the
EGG net. :

Figure 4.2 is a close-up of a typical control panel. Three banks of indicator lights at
the top of the panel monitored standard and special hardwire signals, early and late interlocks,
the zero-rack arm, high-voltage, and fire signals, and the radio-time signals. An Electric
Time Company clock is mounted in the center of the panel. Immediately below the clock is a
counter which indicates time to zero in minutes and seconds.

The sequence-start switch is located to the right of the clock and the system reset button
to the left. The sequence-start switch initiates the automatic transmission of the timing sig-
nals. If necessary, the timing sequence can be halted at any point and then continued from that
point.

Four lights on the left side of the panel indicate the stepping rate of the sequence timer.
A 900-cps time tone can be transmitted manually over the voice-time net by means of a push
button just below the sequence-start switch. The switch at the lower left was used on dry runs
for transmitting a signal to deactivate radio-tone relay units. Operation of the switch at the .
lower right of the panel opens the firing-line relays, positively preventing detonation of a de-
vice if an emergency stop should be necessary. Once the relays have dropped out, a power
reset button located in the equipment room must be operated before the timing sequence can be
started again. A

4.2 WORLD-TIME SYNCHRONIZER

The EG&G World-Time Synchronizer, Type SN-1, provided the means of referencing
the timing and firing system to world time. A binary divider system supplied three separate
outputs derived from a single frequency standard. Feedback switching networks were employed
to synchronize these outputs to the world time audio signal broadcast from official radio sta-
ticns.

Figure 4. 3 is the front panel of the world-time synchronizer. A schematic diagram of
the unit is shown in Fig. 4.4. A 10-kc output derived from a stable 100-kc oscillator (General
Radio Type 1101A crystal-controlled oscillator) was fed into a series of binary dividers where
it was reduced and shaped to provide 2-ppm, 2-pps, and 1-pps outputs. The 100-cps output of
the oscillator was.divided by a single binary to obtain an output of 50 cps.

The 50-cps output controlled the world time indicator in addition to driving the clocks and
the time-to-zero indicators on the control console.
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Fig. 4.2 - Typical control panel
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4.2.1 System Synchronization

The 1-pps output of the synchronizer triggered a Waterman Rakscope which displayed the
audio-time signal from WWVH, Honolulu, or JJY, Japan. The 440- and 600-cycle tones broad-
cast once each second by WWVH are interrupted for about 20 msec; in approximately the center
of this break, a time tick of six cycles of a 1000-cycle tone appears on the precise second. Con-
trols on the front panel of the synchronizer advanced or delayed the trigger pulses in 1- or 10-
msec increments until the beginning of the sweep coincided with the first cycle of the six-cycle
tick. These adjustments were made every day and after each shot to correct for possible oscili-
lator drift. In this way, accuracy was assured, even if the CP should be without a time check
for long intervals.

The 2-ppm and 2-pps outputs of the synchronizer were used to drive the stepping switch
in the sequence timer. In order to synchronize the 2-ppm output (indicated by a flashing light)
to the minute and half-minute audio signals, the operator determined the interval and operated
a switch which advanced the output signal the required number of seconds in 1-sec increments.

4,2.2 Construction

The synchronizer was designed to require a minimum of maintenance. Almost all tube
circuits were in the form of standard plug-ins except for the thyratron circuit designed and
manufactured by EG&G. To facilitate isolation of malfunctions, jacks were provided at appro-
priate points in the binary system.

4.3 STEPPING-SWITCH SEQUENCE TIMER, TYPE SA-4

All timing signals originated from the new stepping-switch sequence timers designed by
EG&G for Operation Hardtack. The new timer, shown in Fig. 4.5, was a single rack-mounted
unit for transmitting timing signals in the form of encoded pulses to decoding equipment in the
distribution stations. The new timers were incorporated into all of the timing and firing systems
except the Boxer system.

Prior to Hardtack, the sequence of timing signals had been determined by a cam-shaft
with removable cams. On the Plumbbob timer the number of signals was limited to fourteen.
Since each signal required a separate pair of lines to the signal distribution station, the number
of signals was also limited by cable capacity. The complex experimenter requirements for
Hardtack necessitated a greater number of signals and greater flexibility in changing or adding
signals.

The basic mechanism of the new timer was developed from the airdrop timer used on
John shot of Operation Plumbbob. In conjunction with the signal decoder, the new timer made it
possible to send all signals from the timer to the distribution station over a single pair of wires,
thus reducing the time and effort required for installation,

A schematic diagram of the stepping-switch sequence timer is shown in Fig. 4.6, From
the outputs of the divider-synchronizer, the base-time selector circuit selects the desired step-
ping rate. From -60 min. to -2 min. the timer operates at a stepping rate of 2 ppm. At -2 min.
the timer automatically changes to the 2-pps rate. These pulses, originating from the divider-
synchronizer unit, are fed to the contacts of the base-time selector relay, which, when de-ener-
gized, passes the 2-ppm signal to a monostable multivibrator. The multivibrator generates a
pulse 80 volts in amplitude and 130 milliseconds in duration for each base-time pulse. These
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