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BOMB ALARM

Display System 210-A
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THE prime requisite of any alarm sys-
tem is maximum reliability coupled with
safeguards which insure that the system
“fail safe” in event of trouble. A nuclear-
bomb alarm system has the added special
requirement that it never send a false
alarm. The Western Union Display Sys-
tem is designed to these specifications.

Energy Produced by Bomb

A nuclear bomb produces three main
types of energy which might be used as a
basis for detecting a blast. About one
third of the total energy is emitted in the
form of light and heat,—generally refer-
red to as “thermal radiation.” This in-
tense radiation travels almost instantane-
ously and can start fires or cause =kin
burns at considerable distances from the
point of detonation.

The second type of energy known as
“initial nuclear radiation™ consists of
gamma rays and neutrons. This comprises
only three percent of the total energy and
its intensity decreases sharply with dist-
ance. At a distance from the blast where
exposure to thermal radiation could pro-
duce serious skin burns, initial nuclear

¥

Configuration of Sensing Devices

fa{.ﬁat:iﬂn would not cause any obvious
injury.

The third type of energy, and that
which is responsible for the largest part of
the destructive action of the bomb, is the
“blast wave."” While this is intense, it is
relatively slow, and its arrival time de-
pends upon the energy yield of the explo-
sion and the distance involved. At a dis-
tance of one mile from a one-megaton
blast, the blast wave will arrive about
four seconds after the thermal radiation.

Any one of these three forms of energy
could be used as basis for detection; but,
considering available methods, the high in-
tensity and the high speed of transmission
of the thermal radiation energy make it
best suited to operate a bomb-explosion
detecting device. In addition, the ther-
mal radiation from a nuclear blast has a
unique wave shape which distinguishes
it from all natural sources of thermal ra-
diation. The nuclear flash wave consists
of two pulses of thermal energy, a fast-
rising short-duration pulse followed by a
comparatively slow-rising long-duration
pulse.
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Western Union Design

Detectors or sensing devices used in the
Western Union Bomb Alarm System are
designed to detect the thermal radiation
from nuclear blasts. They have an ade-
quate foggy weather range and observe a
field extending from 0 to 360° in azimuth.
They are used in groups of three, spaced
at intervals 120° apart and several miles
distant from the center of the area under
observation. Figure 1 illustrates an ideal
configuration of three sensors,

If a blast occurs near the center of the
area, it is reported by all three detectors,
since there is ample time for each detector
to report the event before the arrival of
the blast wave, which might destroy the
detector or its connecting wires. The con-
necting wires and other syvstem elements
are located outside the central area. If the
blast occurs sufficiently close to one of the
three detectors to destroy it hefore it can
report, then the other two detectors in the
group will send the alarm. While all
events are reported to central information
points, simultaneous reports from at least
two detectors will normally be required to
record a bomb alarm on the system dis-
play map, at each central information
point.

The detector, which is transistorized,
recelves its operating power from the
telegraph signal generating station, over a
pair of telegraph wires. Signals from the
detector to the signal generating station
pass over the same wires as audio-fre-
quency tones. Three tones are used: one
indicating the normal or “preen” con-
dition, the other two, used in sequence,
indicate an alarm or “red” condition. The
detector may be located some distance
away from the signal generating station,
depending on the line resistance and the
permissible line voltage.

The detector, shown in Figure 2, is
housed in a heavy, air-tight, aluminum,
cylindrical container, about 9 inches in
diameter and one foot high, which is sur-
mounted by a cylindrical Fresnel-type
marine lens. Within the lens is a eylindri-
cal perforated-metal shield, which has a
light-attenuation factor of 100: within
the shield are the photocells, mounted at
the focal point of the lens.

JAMUARY 1943
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B Western Union was asked, in May of 1959,
to submit a proposal to the Air Force for a
nuclear-bomb alarm system. |t was required
that this system should observe a group of
about one hundred selected possible target
areas in the United States and continuously
report their condition on display boards located
at a number of different military command cen-
ters. Plans for such a system were presented
to the Air Force in June 1953, Western Union
was given instructions to proceed early in
August 1959, and a prototype system was de
veloped and in operation by March of 1960,
W This prototype display system ohsarved
fourteen potential target areas in the eastern
portion of the United States. It consisted of
thirty-seven Detectors and Signal Generating
Stations, one Master Control Center, and ona
Display Center located in the Pentagon. After
a series of engineering tests, the 1.5 Air
Force accepted the prototype system on Febru-
ary 10, 1961. From that date until February 6,
1962 when the prototype was integrated into a
nationwide system, performance was satisfac-
tory, with no false alarms and with 98.1 per-
cent normal responses out of a total of
18,600,000 responses.

B Nationwide expansion of the system was
completed early in 1962, Following a series of
tests, which included the successful reporting
of an actual nuclear detonation, the system was
declared “fully operational” by the 8ir Force.
This system i5 known as Western Union Bomb
Alarm—Display System 210-A,
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Figure 2. The Detector
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Operation of the Detector

The photocells are the silicon “sun bat-
tery” type. The individual cells are thin
plates 1 by 2 centimeters. Three plates are
mounted in a triangular structure, 2 ecm
high and 1 cm on a side, with the sensi-
tive surface on the outer face. These
photovoltaic cells respond to the visible
and infrared energy produced by a nu-
clear flash. Their response time is only a
few microseconds.

A double-peaked electrical pulse, illus-
trated in Figure 3, is generated in the
photocells by a nuclear blast. This pulse
is amplified by two separate amplifiers
and fed into two separate discriminating
circuits. The first discriminator requires a
fast-rising, high-amplitude pulse to cause
it to trigger and shift the oscillator in the
detector to its intermediate warning fre-
quency. The second discriminating cir-
cuit is designed to respond only to pulses
of sufficient magnitude and of a shape
unique to a nuclear blast.
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Thus a series of tests is applied, to as-
sure that an alarm will be given only in
the event of a nuclear flash and not be-
cause of lightning or other natural causes.

Lightning does have a fast rise time,
but its intensity is low and its spectral dis-
tribution is such that much of its energy
falls outside the acceptance range of the
photocell. Lightning also does not last
long enough to produce sufficient energy
to satisfy the discriminator. Even multi-
ple lightning flashes fall far short of satis-
fying the energy requirement of the alarm
system.

Environmental Conditions

A desiccant is mounted in the sealed
aluminum container to maintain a low-
humidity atmosphere for the detector
components.

The aluminum can is painted white on
the outside to reflect solar heat. The de-
tector circuits are designed to operate
over a wide temperature range.
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Remote Control Tests

The detector includes a built-in test
simulator which can be triggered remote-
ly. It operates to produce a flash from
a group of small neon and tungsten fila-
ment lamps which are mounted inside the
attenuating metal screen and around the
photocells. This flash is similar in shape
to a nuclear flash. The detector will re-
port an alarm upon the receipt of such a
test flash.

A test of the complete system is possi-
ble from the photocell and the detector,
the signal generating station, the Master
Control Center, and all the interconnect-
ing telegraph network to the Display Cen-
ters.

Signal Generating Statien

The signal generating station shown in
Figures 4 and 5, is located at some con-
venient point within approximately twen-
ty miles of the detector. It supplies power
to the detector and receives signals from
the detector as a steady “green” or all-
clear-and-operating signal or as the “red”
sequence of two tones which constitutes
the nuclear alarm.

The signal generating stations, connect-
ed in series loops, together form a system
for reporting the status of detectors.
When queried, each signal generating sta-
tion will report “green” or not report at

al l.dg'h: .ﬁuil&mlll'r s'wunﬂ G-Pqn

Figura 5.
JANUARY 1963

Figure 4. Signal Generating Station—Front View

all. The “green” report indicates that the
normal tone is being received from the de-
tector and that the signal generating sta-
tion is in working order. No report in-
dicates trouble; either a detector is not

b} Back Door Opened showing logic Assembly

Signol Generating Station—Rear View
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working, the line to the detector is faulty,
or the signal generating station itself is
not in perfect working order.

Message Transmissien

Each signal generating station is a re-
generative repeater and is capable of re-
transmitting perfectly, even badly dis-
torted signals. Each station can receive
only from the next preceding station and
can send only to the next succeeding one.
Each such loop is under the direct con-
trol and supervision of a Master Control
Center. Under normal conditions the
Master Control Center will periodically
send to all loops connected to it a polling
signal in the form of five-letter word. The
first signal generating station on each loop
receives this signal and repeats it to the
following station with an 11 millisecond
delay. At the same time the message is
decoded within the signal generating sta-
tion and, on decoding, causes a probe to
be made on the detector line. If the green
tone is present, the signal generating sta-
tion will transmit its green report directly
following the poll message. If no green

tone is found, no local report will be made.

The second signal generating station
will receive and repeat the poll request
and, on decoding the poll message, will
prepare to send its answer as the first
station did with the exception, that now
there is further traffic on the line in the
form of the reply of the first station. The
second station will have to wait until it
sees an idle incoming line before it inserts
its reply. This procedure is followed all the
way down the line, each station relaying
all incoming traffic and appending its re-
port at the end. The last station on a loop
will relay back to the Master Control Sta-
tion, the original poll request and the re-
ports of all the other previous stations and
append its own report as the last message.

If the signal generating station fails to
receive a polling message for an interval
of 214 minutes, it will send its green re-
port automatically. This feature aids at-
tending personnel to locate breaks in the
series loops, if they occur, and informs
them as to the number of stations still
capable of reporting red alarms under
such conditions.

Figure &,

35

Master Contral Center
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Should the incoming tone from the de-
tector shift to the alarm sequence, the sig-
nal generating station will generate its
characteristic alarm signal and, if the line
is idle, immediately transmit it down the
line. Should the signal generating station
be busy when an alarm is detected, the
transmission of the alarm is delayed until
the end of the message then being relayed.

After receiving an alarm from the de-
tector, the signal generating station then
inserts the alarm message and shunts any
further incoming traffic into storage. The
traffic in storage is retransmitted directly
following the local alarm report. Handling
traffic in this manner assures that an
alarm can be handled with a minimum
of delay and that no traffic is lost. It is
important that the incoming traffic, which
is stored when the local alarm is inserted,
be preserved and retransmitted, for it,
too, may be an alarm message.

Master Contrel Center

The Master Control Center, shown in
Figure 6, is the automatic control cen-
ter for the system. All the signal generat-
ing station loops begin and end in Master
Control Centers, Loop polls are initiated
from this point and all answers are re-
ceived here. The Master Control Center
knows the number of signal generating sta-
tions which should report and recognizes
their call letters. On completion of a poll,
all the stations reporting are checked off
and the “green” reports are relayed to the
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Display Centers. The Master Control
Center generates an out-of-order or “vel-
low” report for any station not reporting.
On completion of the report to the Dis-
play Centers, the poll request is again
sent out to all signal generating station
loops, thus beginning a new cycle. Figure
7 18 a functional block diagram of a
Master Control Center.

On receipt of an alarm message the
Master Control Center immediately ceases
all normal functions. All “green” reports
in storage are erased making the storage
register available for recording “red” re-
ports as they are received. At the same
time the function of the storage register
is changed, the Center begins a high
speed scan of the register and within a
millisecond it begins the transmission of
the “red” reports to the Display Centers.
After all “red” reports have been cleared
out of the storage register and all in-
coming traffic has ceased, the Master
Control Center initiates a poll. On
completion of this poll the storage register
is scanned for “yellow” reports only and
a corresponding report is made to the
Display Centers. At the end of this re-
port the Master Control Center reverts
to a normal status and initiates a normal
polling sequence,

“Red” Test

In addition to the continual testing
and reporting program which the Master
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Functional Block Diogrom of Master Control Center
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Control Center performs automatically,
provision is made for the attendant at the
Center to perform a complete test of the
“red"” reporting circuitry, loop by loop,
or for the entire center at once., On in-
sertion of the proper message on a loop,
each signal generating station will trig-
ger a built-in simulator in its associated
detector and cause a “red” test to be
made. Loops are normally taken out of
service to make such tests and the “red”
reports merely appear on a test printer
and are not relayed to Display Centers.
Messages originating in this manner are
maodified so they are easily identified as
test messages and if inadvertently they
are relayed to the Display Center, they
will not be decoded as alarm messages.
Full over-all tests can be made when
properly authorized and initiated.

All trouble reports and “red” alarms
are automatically printed out on a second
printer at the Master Control Center. All
maintenance functions can be initiated
from this point immediately at the first
appearance of trouble.

Regional Layeut

The prototype system included only
one Master Control Center. In the system
covering the entire country, six such cen-
ters are employed in two groups of three;
each group covering about one half the
country. Figure 8 is a theoretical layout
of the nationwide system. Each Master
Control Center transmits to all Display
Centers. The system is designed so that
each of the three detectors, associated
with a given target area, is tied into a
separate Master Control Center by way
of separate facilities. Reliability and con-
tinuity of coverage is improved by this
triple diversification. Each Master Con-
trol Center polls all associated circuits
every two minutes,

Display Center

The Display Center consists of the de-
coding equipment, shown in Figure 9 and
two display panels illustrated in Figures
10 and 11. The decoding equipment de-
codes the telegraph traffic so that the
designated lamps light up on the display

JANUARY 1943

panels. This equipment also keeps track of
the mistakes it makes as well as those
caused by a faulty circuit to the Display
Center. Attendants are called in case of
trouble. Figure 12 is a block diagram of
the display control equipment.

The display panels consist of a map,
shown in Figure 10 and a tabular listing
of the target areas, shown in Figure 11.
On the map display only the “red” status
report can be made and this, only, if two
or more Detectors in a given targel area
have sent in “red” reports, or if a single
“red” report is received while the other
two vircuits, to a given target area, are in-
operable or “yellow.” A red lamp lights
up behind a translucent panel, which has
a map outlined on its front surface, so
that the area under attack may be lo-
cated. The locations of target areas are
visible only when alarm situations exist
or are simulated.

On the tabular listing, referred to as the
communicator’s panel in Figure 11, three
lamps are provided for each detector; red,
vellow and green. One of these lamps is lit
at all times. Ideally, only “green” lights
should appear indicating all equipment
and circuits are in working order. A “yel-
low” light indicates that equipment or
facilities associated with a particular de-

Figura 9.

Display Control Cobinet ond Printer
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Figura 10. Maop Display Pansel
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tector are faulty and are incapable of
responding to the test sequence but may
still be able to respond to an alarm se-
quence, depending on the type of fault.
The “red” light indicates an alarm se-
quence has been detected. A target area

System Reliability

The Western Union Nuclear Bomb
Alarm System has been designed with
many safeguards to insure continuous
operation. This system will maintain a
constant watch over the selected locations

name becomes readable only when an
alarm situation exists or iz simulated for
that area. The attendant at the com-
municator's panel knows the status of all
detectors at all times.

with maximum reliability assured by con-
tinuous testing. If a nuclear explosion
should occur within any of the observed
areas, instant notice would be flashed to
the important military posts.

—_—

Mg, CrareEncE R, DEIBERT, Senior Engineer, is
in charge of the Water Mill Laboratory Staff who designed
and developed the component equipments of the Western
Union Display System 210-A, He has been a member of the
Water Mill engineering staff since 1941; was appointed As-
sistant to the Electronics Research Engineer in 1947,

On joining The Western Union Telegraph Com-
pany he was assigned to research in the field of infra-red sig-
nalling, first for Western Union, later under contract to the
NDRC. Since 1947 he has directed the development of the
High Speed Facsimile Terminal, of Telegraph Terminal
AN/FGC-29, and most recently the design and development
of the Bomb Alarm System.

Mr. Deibert is an Electrical Engineering gradu-
ate of Northeastern University, Before joining Western Union
he was an employes of the General Radio Company and a re-
search assistant in the nuclear physics laboratories at MTT.
He is a co-inventor of the concentrated-arc lamp, holds several
patents in the facsimile field, has contributed to the technical
literature in both these fields and is a member of the IRE.

JANUARY 1963
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To o Western Unton engineering, research, scientific or technieal worker who has
wiade @ maost sigrificant eontribution to the telegraph art

Mr. Buckinghom receives the 1962 d'Humy Awerd from
Mr. W. P. Marshall, President
of The Western Union Telegraph Company
—_—

Mr. WiLLiam D. BUCKINGHAM, Senior Engi-
neer in the Electronics Laboratorvy at Water Mill, New York
has had a major role in developing the sensor for the Bomb
Alarm system. He received the 1962 D'Humy Award for “his
original ideas, fruitful research and inventions in many areas
of communications and national defense.’”

He joined Western Union in 1925 and since
then has designed the optical system for a facsimile scanner,
the concentrated arc-lamp, the depthometer, equipment for
night fighter trainers, and character recognition equipment
amongst others. He won the Franklin Institute Medal for his
development of the Concentrated Arc-Lamp.

Mr. Buckingham is a graduate of Case In-
stitute of Technology where he received his degree in Electri-
cal Engineering. He is the author of numercus technical pa-
pers and iz a member of the IRE.
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TECHNICAL REVIEW FOR ’63

EDITORIAL

Perhaps you have noticed the changes in the cover and in the format
of articles of the TECHNICAL REVIEW which occurred in 1962, Many of
our readers have, and have commented fovorably upon these changes. You
may not know, however, that the magazine has hod a new FEditor for the
past year and that, in large measure, the new Editor has been responsible
for what hos taken place,

The plans for 1963 include a series of special issues relating to par-
tieular subjects of interest, ie., o Communications Switching issue, a
Microwave issue, and others which will document Western Union's de-
velopments in advanced telecommunications.

Western Union’s new services such as Private Wire Alternate Rec-
ord Voice Serviee, Broadband Switching Service, AF DATACOM, TELEX,
and others ore subject matters to be reported and published in the near
Futwre. The advancing field of Data Communications is of continuing inter-
est, alzo. We know that our readers—the employees of Western Union and
our customers and friends in industry—are eager to keep abreast of the
new developments in these fields.

Sinee this is a magazine primarily concerned with changes in the
state of the art relating to fields in which the Telegraph Company is inter-
ested and particularly with Western Union accomplishments, most of our
articles are prepared by members of the R&E Department and Plant De-
partment on the solicitation of the Committee on Technical Publications,
based upon the knowledge of committee members of eurrent engineering
projects and impending changes in our Public Message System or Private
Wire Services. In addition fo these solicited papers, articles in keeping with
the objectives of the magazine are invited for eonsideration from all em-
nloyees regardless of department.

COMMITTEE ON TECHNICAL PUBLICATIONS
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