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MARKETING
our  TECHNICAL
KNOW-
HOW

The Western Union TEcHNICAL REVIEW

It is with great pleasure that I greet you, the readers of the Western
Union TECHNICAL REVIEW, on this oceasion of the first isgue of the publico-
tion 1 1963,

Today, when diversification is the keynote in communi catinns, technolog-
ical improvements in transmission methods assume a more important role
than ever before. Therefore, we have a responsibility to ourselves and to our
company to keep informed on these advances, s0 closely associated with our
own industry, and to be reasonably conversant about them. I ean think of no
hetter means of doing so than through TECHNICAL REVIEW, the contents of
which are preparved by men of echievement in their own right and who are
well qualified to speak authoritatively on subjects in their particular field.
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The Marketing Department, is chorged with the advertising, promo-
tion, sale of all our present services, and with the development of additional
ones. Understandably, we have a great deal more than passing interest in
TECHNICAL REVIEW, I'n order to effectively meet com petition and obtain the
best results from our efforts ta secure additional revenne, we must keep our-
selves up-to-date with all available information on the constantly changing
developments in communications. We jind the TECHNICAL REVIEW nf great
value for this purpose and I am sure that those of you in other departments,

with other funetions to perform, have also found this to be true.

So, I commend the Western Union TECHNICAL REVIEW and its staff for
the consistantly excellent editorial standards maintained and, wrge you, the
reader, to avail yourself of ench opportunity to thoughtfully read, and
treat each of ils issues as a source of future reference. The knowledge
thereby gained will broaden your concepts of our industry, stimulate your
thinking and interest, and, in turn, make you a more valuable representa-

tive of Western Union.

“r & @it

VICE PRESIDENT-MARKETING



R. L. Ernst and J. K. Fitzpatrick, Engineers, Radio Systems Division

VARACTOR DIODE

Part 1*-Theory

MAINTENANCE costs are a controlling
factor in evaluating the economics of pres-
ent day microwave systems. Maintenance
requirements for vacuum tube circuitry
are necessarily high. Therefore, the ulti-
mate objective of system designers, today,
is to provide higher reliability and thus
reduce maintenance.

Many electron tube circuits can be re-
placed with compact transistorized equiv-
alents, which require less power; vet, they
provide higher reliability.

Recent development of a solid-state de-
vice, called the varactor, promises to ad-
vance microwave techniques. With the
use of wvaractors, electron tube devices
such as klystrons and traveling wave tubes
may be eliminated in many microwave
applications.

The varactor is a semiconductor junc-
tion or diode which acts as a variable
capacitance. The term varactor 1s a con-
traction of variable reactor. Several typ-
ical varactors are shown in Figure 1.

Semiconductor Diode Physics

To understand the properties of the
varactor it is necessary to review some
semiconductor physics. Throughout this

= Part 1l on Applieations of the Varaetor Dicde will be
published in the April 1863 lgsue of the Western Union
TECHNICAL KREVIEW.

review a mnemonic scheme will be used to
represent doped semiconductor materials.
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(b) P-doped Semiconductor

Figure 2 Mnemonic Representations
of
Deped Semiconductor Material

Figure 2 illustrates two types of semi-
conductors, N-doped and P-doped. The
maobile charges are represented as minus
signs in Figure 2a and as plus signs in
Figure 2b. These charges are electrons in
Figure 2a and holes in Figure 2b. The

Fig T |

Typical Varacters
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associated fixed charges of the semicon-
ductor crystal lattice are represented by
a sign of the proper polarity enclosed by a
circle. As shown in Figure 3, when a p-n
junction is formed, the holes and electrons
combine so that there is an excess of posi-
tive or negative charges near the junc-

T

J_J unction

are shown in Figure 4b. Here, p(x) rep-
resents the density of holez and nix)-
the density of electrons. The resultant net

charge density is shown in Figure 4c. Here

[

e” represents the charge on one electron.
Notice that the entire piece of semicon-
ductor always has a net charge of zero.
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Figuru 3 P-N Semiconductor Diocde Moadel

tion. Because there are no mobile charges,
the area, known as the depletion layer,
acts as an insulator. The net charge distri-
bution across this depletion laver results
in a potential difference between the ter-
minals of the semiconductor crystal. This
voltage, the contact potential, is repre-
sented by the symbol, ¢. It can be seen
from the above that increasing the voltage
across the junction, Vy, by means of an ex-
ternal battery will increase the thickness
of the depletion layer. Since V, — ¢ — V
(where V is the applied voltage), it can be
seen that when V is made equal to ¢, the
depletion laver thickness approaches zero
and the capacitance effect ceases for V in
excess of d.

Two typical fixed charge variations are
illustrated in Figure 4a. If, on one side of
the junction, the impurity density is con-
stant, an abrupt junction diode is formed.
Howewver, it is also conceivahble to make a
diode with impurity density which varies
linearly with the distance from the junc-
tion. This 15 called a linearly-graded
diode. In Figure 4a, N(x) represents the
doping density and x represents the dis-
tance from the junction, x being positive
on the N side of the junction. The cor-
responding plots of carrier distribution

JANUARY 1963

Capacitance Voltage Characteristics

On a qualitative basis the reverse-
biased semiconductor p-n junction has the
property of a voltage variable capacitor
because charges are being effectively
stored. A quantitative expression, relating
the capacitance per unit cross section area
to the applied voltage V, is derived in
Appendix 1. There, the expression for the
graded junction varactor is calculated as:

L :El' eq -‘I.I
A IZeich — V)

In other words, a graded-junction diode
has a capacitance which varies with the
inverse cube root of the applied voltage.

A similar analysis reveals that an ab-
rupt-junction diode has a capacitance
which waries as the inverse square root
of the applied voltage.

A typical varactor characteristic is giv-
en in Figure 5. This voltage variable ca-
pacitance properly occurs when the ap-
plied wvoltage, V, wvaries from a small
forward wvoltage equal to the contact
potential, ¢, to a larger negative voltage,
the breakdown voltage. At this break-
down voltage an avalanche process, typi-
cal of semiconductor diodes, oceurs and

(1%

YARACTOR DIODE—PART | = 5§



ABRUPT JUNCTION
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the diode begins to conduct. Both the
contact potential, ¢, and the breakdown
voltage, Vy, are determined by the semi-
conductor material and the manufactur-
ing process used. Typically, ¢ varies from
+0.2 volts to +1.2 volts and Vi varies
from —3 volts to —120 volts.

Az the voltage varies, the holes and
electrons must migrate through all semi-
conductor material except the depletion
layer. This results in a resistance mecha-
nism in series with the variable or non-
linear eapacitance.

&

{¢) Met Chonge Density V/I;

Figure 4 Distribution Curves for
Abrupt and Groded
Junction Diodes

3

CAPACITANCE

#,a«-f”/

VOLTAGE ¢

Figure 5 Capacitance vs. Voltoge
for a typical Varactor

WESTERM UNION TECHNICAL REVIEW



Equivalent Circuit

An equivalent circuit for the varactor
is shown in Figure 6a, This circuit is valid
only at high frequencies and at voltages
between ¢ and V. A more complete
equivalent circuit is shown in Figure 6h.
Here G,, conductance, takes into ac-
count the voltage-current characteristic
associated with a typieal diode. C,, the
diffusion capacitance, occurs only at ex-
tremely high frequencies. When the ap-
plied ac wvoltage drives the waractor
slightly positive, holes and electrons cross
the junction, become minority carriers,
and combine with majority carriers to
cause conduction. However, a finite time
15 required for this combination process;
this time is called the lifetime of the
minority carrier. If the frequency of the
applied voltage is high enough, a large
number of minority carriers will be pulled
back across the junction before recom-
bination. This periodic storage of minority
carriers is responsible for the diffusion
capacitance eflect.

In most applications of varactors the
eflects of Gy, and C,, are negligible, so that
the equivalent cireuit. shown in Figure
6a, 15 sufficient for analvsis.

ing of the applications of such devices
is a pair of equations known as the Man-
lev-Rowe power relations. These expres-
sions relate the power levels at the various
frequencies, when the nonlinear capacitor

15 inserted in a pgeneral circuit. This
G .
s |
A
(o) Simplified Circuit
'Cn/]
C
Rs /]
SN ¢ o

ib) Complete Circuir

Figure & Equivalemt Circuits for o
Varacter Diode

“ideal”™ nonlinear capacitor is lossless and
exhibits the property of nonlinear capaci-
tance at any applied voltage. The circuit
in which this nonlinear capacitance is in-
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o
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Figure 7 Circuit used in Manley-Rowe Power Relations

Manley-Rowe Power Relations

It has been shown that the actual
varactors behave as lossy, nonlinear ca-

pacitors. A guide to an initial understand-

JAMUARY 1963

serted is shown in Figure 7. The blocks
are ideal bandpass filters which pass only
the frequency designated within the block.
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The power, P, ., at each frequency, mf,
~+ nf., is then given by the equations:

1
e Ry 249
)3 Y Wmtasn 2
=1 ——
mn e =
fl = = oo L =

To illustrate the use of these equations,
consider a circuit in which only power at
frequencies f;, fs, f; + ., and f. —{, is al-
lowed to be dissipated. This circuit is
represented schematically in Figure 8.
The letters s, p, 1, and u stand respective-
ly for signal, pump, idler, and upper side-
hand.

To use the Manley-Rowe relations it is
necessary to select the proper values of
m and n. Because of the manner in which
the equations were derived !, both positive
and negative components of each fre-

Ly @+,

—."I @fz -f|

s @f —>

Figure 8 Schematic Representation of
Maonley-Rowe Power Relations

The equation (4a) is used to determineg
the ratio of output power to input power,
ie., P,/P,. Il the convention, that power
flowing into the nonlinear capacitance is
positive, is used, P, becomes positive and
P., negative. The gain of this device can
therefore be defined as the negative of
this ratio, which is positive.

quency must be used. Table I lists typical S R A i ) (E)
values of m and n for this device as fol- == =i P f o
ol TABLE 1
Circuit Manlev-Rowe
Fregquency m n_ Frequency
fe 1 0 I,
f. 0 1 fa
fu 1 1 fi+ fa
f| —1 ]- 2= Ll
—f | 0 =1
—FII G —1. —fg
—f. —1 -1 —f; — f;
—.'| ]. —I. fl — Eg
Substituting each value of m and n Since the term f,/f. is greater than

into the Manley-Rowe formulas vields:

P: a 'F.I f Pr -1
’ . : = B : — 6 (da)
fr + Jfr"-'.fr .fl_f.f.
Pr.-.] Pr.r 'P—J.r I:'Hh-}

f;-: i .|F1+J1rs . fu_f:_”

Expressing this in terms of the actual
circuit frequencies vields:

Pp P.-.l P{ _ﬂﬂ_ P“’ i e
.l+'?-:-|u_.fi_ x+ ||_.-F|' _{}[43.-3
and
f.ﬂ_'_ﬂ_!_i — ) (db)
A 5
i

unity, it represents a conversion gain. The
second term of Equation (5) is likewise
positive, because P; is negative when P,
is positive. This second term is an addi-
tional gain to the upper sideband caused
by the dissipation at the lower sideband.
This additional gain is due to a regenera-
tion effect. Because the power at the low-
er sideband is dissipated without perform-
ing a useful function by itself, it is called
the idler power. The mere dissipation of
power at the idler frequency is all that is
required for gain from the regeneration
effect. This device is known as a four-
frequency upconverter or as an upper-
sideband upconverter with a single idler.

WESTERN UNION TECHNICAL REVIEW



Varoctor Parameters

The Manlev-Howe power relations are
valuable tools because of the extreme
simplicity with which they predict gains
and losses in a frequency converting de-
vice. However, these devices must use
ideal nonlinear reactances. At present,
one of the best approximations to this
ideal nonlinear capacitor is the lossy vol-
tage-hmited varactor diode. It 13 there-
fore necessary to develop a design theory
which will indicate how to best utilize the
varactor characteristic.

Using the capacitance characteristics
shown in Figure 5 and the simplified cir-
cuit of Figure 6a for a semiconductor
diode, theoretical relations have been de-
rived for many types of varactor circuits.
In the derivations, certain expressions oc-
cur so frequently that it has become con-
venient to use new varactor parameters
for these expressions.

In performing the derivations®, it was
found that the mathematics could be
simplified 1if many relationships were ex-
pressed in terms of elastance, 5, rather
than its reciprocal, capacitance.

At this point it is important to compare
the variation of elastance and capacitance
with voltage and charge. Charge is con-
sidered an independent variable because
a sinusoidal charge vanation occurs dur-
ing a sinusoidal current vanation. The
equations for elastance vanation are:

ABRUPT JUMNCTION

S ¢ — v X
B _'( 5 —V; ) | Ga)
§ ( i i ) .
(Tal
{’u P ITIF' —
) g — 4 ,
({!’_]H) (tf-;r-—{.?r) (8a)
GRADED JUNCTIOM
& th — 1 2 o
"I-";m-u " = ( ":_ll-' i} IT i Gl
"h. q.ﬁﬁ 1"[ 2
_ [T —q s
Suas ( o — @ ”) ( Th)
fb it Qg — O A
o e, S P— T {8e)
( fh —_— I IE ) {r}-d s fgﬂ)

The plots of the elastance and capaci-
tance are given in Figures 9 and 10. The
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clastance versus charge curve in an abrupt
junction varactor is a straight line. This
means that maintaining a sinusoidal cur-
rent through the wvaractor will cause a
sinusoidal elastanece vanation. The signif-
icance of this fact will hbecome clear in the
discussion of harmonic generators, which
will be presented in Part II of this article.

Some varactors will be neither perfect-
ly abrupt nor perfectly graded, but will
vary somewhere between these two con-
ditions. Mathematically, this is equivalent
to saying that the exponent of elastance
variation in Equations 6a and 6b is some-
where between 1/2 and 1°3. A sketch of
the distribution of the net charge density
for such a varactor is given in Figure 11.

.
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I
L [
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| | !
I I I |
| — [, — |
! i
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Figure 11 Density Distribution Curve

for o
Diffuseed Juncetion VWaoractor

For small applied voltages the varactor
behaves as a graded junction as shown by
the corresponding depletion laver thick-
ness [),. For larger applied voltages, cor-
responding to a depletion laver thickness
of D., the left-hand edge of the depletion
laver is in a region where the doping is
uniform, and the right-hand edge does
not vary appreciably with voltage. Thus,
for large voltages, the varactor appears
as an abrupt junction.

A convenient varactor parameter, call-
ed the “cutoff frequency,” {., 15 defined as:

rgr j.___n:-l in { q%l

In many cases 5., is much less than S_,,.
=0 that it becomes correct to say:
1

f o=
¥ N (10}
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Figure 9 Elostance and Copacitonce
Curves for an Abrupt
Junction Varactor

This parameter may be physically in-
terpreted as that frequency at which the
quality factor of the varactor at break-

down voltage, Q, is equal to one. From
this the Q of the varactor at any given

frequency, f, may be obtained from the
relation:

fo_

Q= f (11)

Another parameter called the “modula-
tion ratio” is given by the expression:

10
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Figure 10 Elostance and Capacilance
Curves for o Groded
Junction Varacter

S |
Sh'.'r:l.l:‘ — Silﬂﬂ

my =

(12)

Here |S,| is the magnitude of the kth
component of the Fourier exponential
geries expansion of the elastance varia-
tion. The significance of the quantity
myew,. = my (2wf.) will become clear, when
various varactor applications are dis-
cussed in Part Il of this article.

The maximum value of m, depends on
the variation of elastance with time. Maxi-
mum m, values are of the order of 0.25.

WESTERN UNION TECHNICAL REVIEW



1t is convenient to define another quan-
tity known as the normalization power,
| AR
_ ¥
MOFM Ra

There is no practical physical interpreta-
tion of this quantity. P,.. ranges from
watts to kilowatts; but it must be remem-
bered that this is not an actual value of
power existing at any point within the
circuit. Actual values usually range be-
tween .1 and 1 percent of this quantity.

dh}

P (18)

Varactor Packaging

Due to the extremely small size of the
semiconductor crystal, it is necessary to
enclose the varactor in a case, similar to
those shown in Figure 1. Such a package
usually consists of a cylindrical or tapered
contact to the semiconductor, surround-
ed by a ceramic or glass dielectric as
shown in Figure 12. The resultant exact
equivalent circuit for the packaged varac-
tor thus becomes that shown in Figure
13a. The impedances, 7, and Z., of the
line are not constant throughout its
length.

Because the length of the varactor is
much smaller than a wavelength, a lump-
ed component equivalent network may
be drawn as in Figure 13b. The junction
capacitance and series resistance associ-
ated with the semiconductor material are
C; and R, respectively. Cpyy, represents
capacitance through the dielectric, L. rep-
resents the series inductance associated

Metallic Confetf—-_

Ceromic Insulglor —

g A -k
Semiconducior Lryafal ——

Metallic Cantact —.

Figura 12 Crosi Section of a
Typical Packoged Varoctor
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with the case or package, and C, is a
shunting capacitance or that portion of
the case capacitance associated with the
series inductance. The package param-
eters do not affect the theory of the
varactor diode and its applications. These
parameters are merely considered as para-

ll
|

oo
Q_T*

L 4

fa) Exact Equivalent Circuit

Ks.
|
[l

o + &

(b} Lumped Parometer Approximation

Figure 13 Equivalent Circuit of o
Packaged Varactor

gitic elements in the circuit into which the
varactor is inserted. The complete circuit
must therefore be designed by including
the package parameters and adjusting for
their effects.

In general, as the varactor package be-
comes smaller, the residual elements be-
come smaller and the ability of the

VARACTOR DIODE—PART I =+ 11



package to dissipate heat generated with-
in the semiconductor is less. Therefore,
at low frequencies, a large package will
be commonly used because the effects of
the parasitic residual elements will be
small and the heat dissipation require-
ments for the large input powers will be
large. At high microwave frequencies, the
package is usually very small becanse the
effects of the parasitic elements will be
severe if the package is too large. Also,
the amount of power to be dissipated is
usually much less,

Applications

Western Union is presently using vol-
tage variable capacitors in the WLD-6
cross-country radio beam equipment.

Most future microwave systems will in-
clude the use of the varactor.

These and many other applications of
the varactor will be described 1n Part 11
of this article which will appear in the
April 1963 issue of the Western Union
TECHNICAL REVIEW.
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APPENDIX 1

CapaciTaNcE VoLTAGE CHARACTERISTIC
of a GRaDED JuNcTION VARACTOR

Consider the graded junction diode.
Here

N(z) = ax (I-1)

where a is the concentration gradient.
The net change distribution becomes:
d d
e e B
P T ea.r, E- E X Ly .5‘-".- r
where d is the depletion layer thickness.
Applying Poisson’s equation,

(1-2)

vie=— £, (1-8)
to this one dimensional case gives
e g e
i —— ¢ = (I-4)

where @ (x) is the electrical potential
and € is the permittivity of the semicon-
ductor., Integrating,

didp == ear?
dx - Pe

LK, (1-5)

is obtained. Inserting the boundary con-

dition that:
dp . a
—-=0 at r— L?, (I-6)
vields:
ea [ d Y
0= % | 2 ) + K, (1-T)
and
. ead”
K= — vy (I-8)
Therefore;
i e . d2 _
- = E—E{‘“ 3 T)‘ e
Integrating this gives:
e xd idy - : _
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Inserting the boundary condition:

P—=0oaftr—=o, (I-11)
results in:
= ;—E (o) + K, (1-12)
and
K; = o.
Therefore:

eaf x* d*z\ earf2x* d? ) r
— — - — — |(I-13
P=2\T 3 ) Ze\ 3 4 )

The total potential difference across the
junction, V;, consists of the sum of the
contact potential and the applied nega-
tive bias voltage, or

V,=¢— V.

(1-14)

Equating this to the above expression
gives:

p—-V=50| i — b | (1-15)
F v - T -_f
which becomes:
ead?
2z — I-16
oV 12¢ ( '

The total charge, @, on either side of the
junction is found to be:

/2
—jf—: f ear dr =

|
icu (I-17)

By combining with the above expression
this becomes:

a4
Q e [r’d:— V) me] (1-18)

il

A &

The resulting capacitance per unit area
is then:

& diE) [ ea ]”
A di¢g—V) — | T2 —V) | (119
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H. F. Burroughs, Project Engineer, Electronics Division

ELECTRO-QUOTE*

DISPLAY SYSTEM

THE Electro-Quote Display System translates telegraphic
code into an alpha-numeric display composed of matrix-
type indicators which produce and store letters of the alpha-
bet, numerals or symbols. The indicators are adjacently set
in a display panel to permit viewing a block of information.
Each block or information is erased and renewed in accord-
ance with the received telegraph signals.

Alpha-Numeric Readouts
An alpha-numeric readout is an indi-

cator which is capable of forming all

the letters of the alphabet as well as all ‘.\\ ‘/7
of the numerals 1 through 0. A numeric
readout is an indicator capable of forming
numerals only. The principle involves an
arrangement of elements or segments
such that any letter and/or numeral
can be formed by selection of the appro-
priate segments. All numerals can be
formed by selecting from the seven-seg-
ment pattern of Figure 1. All alphabet
characters and the numerals can he
formed from selections from the fourteen-
segment pattern of Figure 2.

Most alpha-numeric readouts presently -
available use lamps, electroluminescence
or electromechanical motion as a means of _//"' \\\\.4
energizing the segments. The alpha-
numeri¢ readout used in the equipment -
to be described is of the electromechan-
ical latching type.

Figure 1 T-5egment Pottern (Mumeric)

* The Electro-GQuote Diaplay System was developed and consiructed st Western Union's Water
Mill Laloratory under a development contraet with the Trans-Lux Corporation.
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Fach of the metallic segments is fast-
ened to a ferrite rotor mounted between
the pole pieces of an electromagnet. The
segments are aligned behind glass, which
is masked in the pattern of Figure 2.
Magnetically induced rotation of the ro-
tors causes the segments to turn either
into the viewing area of the mask or out
of it. The segments operate in response
to a de pulse and thereafter remain oper-
ated until pulsed again. This built-in
storage aids in reducing the amount of
supporting circuitry. The readout oper-
ates at speeds of 25 milhseconds or less.

The Prototype

The phototype system developed by
Western Union comprises a Display Panel
and a Control Cabinet. The Display Panel
contains all the readouts or indicators.
The display may be made up of one panel,
as shown in Figure 3, or several panels.

S 7

7 AN

Figura 1 14-5egment Pattern [Alpha-Numeric)
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Figure 3
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Tronslation Equipment

The translation egquipment, contained
in the Control Cabinet of Figure 4, em-
plovs all solid state circuitry mounted on
printed cards., The cabinet is composed
of three vertically-mounted drawers: (1)
Power Supply, (2) Storage and Decoder
and, (3) Counter and Encoder. The Dis-
play Panel, shown in Figure 3, 1s twelve
feet wide and contains seventy-five alpha-
numeric readouts, each measuring 115
inches wide by 214 inches high. The indi-
vidual readouts plug into a series of print-
ed circuit boards.

The segments of the readouts are
treated with a phosphorescent paint which
glows when illuminated by the ultra-
violet. light supplied by three coated flu-
orescent tubes. A dimmer control pro-
vides adjustment of the intensity of
ultra-violet light to permit viewing the
display over a very wide range of ambient
hight levels. The present egquipment is
limited to the operation of three display
panels in parallel.

Operation

The equipment will accept 7.5-unit
telegraphic codes at rates of 60-, 75-, or
1000 words per minute. It 15 presently
programmed to process symhbolic weather
messages. Upper case characters are those
of the standard weather keyboard, exclu-
sive of the period, (). The primary
weather message 15 fifiy-six characters
maximum, followed by varying amounts
of secondarv supporting information.
Therefore, the text of a message may be
of any length but the number of displaved
characters in any one panel is limited to
seventy-five.

Selection of the equipment i1s made by
a three-character address. Characters are
then posted sequentially on the Display
Panel from left to right with simultane-
ous erasure, of the previous message at a
point two characters ahead of the charac-
ter being posted. For any message less
than seventy-five characters, the remain-
ing portion of the Display Panel is erased
automatically. No functions other than
space are posted and only one is posted
regardless of the number received in
sequence. An end-of-message condition
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is generated by either a three-character
received end-of -message or, automat-
ically, by any text exceeding seventy-five
characters in length.

Circwitry

The block diagram of Figure 5 illus-
trates the intelligence or signal path
through the equipment. The series train
of intelligence pulses is stored, in parallel,
by means of an electronic start-stop re-
ceiving distributor. Code rates of 60-, 75-,
or 100 words per minute can be processed
hy merely plugging in the printed circuit
card containing the approprnate tank cir-
cuit for the start-stop oscillator.

The storage section is of the flip-flop
register type, sufficient to store three char-
acters. Decoding gates are provided for
all twenty-six characters as well as for
letters shift, figures shift, space and the
unigque three-character sequences corres-
ponding to start and end-of-message.
Any three-character sequence may be
wired into the egquipment by a simple
strapping arrangement. Two gate paths
to the Encoder, corresponding to upper
and lower case, are provided for each of
the decoded characters. These gates are
controlled by a flip-flop, which switches
in accordance with the shift functions.
Each time a character 1s decoded, a pulse
is furnished to the Character Counter
which, in turn, controls the sequential
posting of characters across the Display
Panel.

The Character Counter consists of a
units counter and a tens counter. Each
section 15 a ring counter of the flip-flop
shift register type. Combining gates pro-
vide seventy-eight sequential outputs,
each isolated from the others.

The Encoder is a diode matrix having
fifty inputs corresponding to the fifty de-
codable upper and lower case characters
and fifteen outputs corresponding to the
filfteen segments in the alpha-numernc
readout. The fifteenth sepment 15 used
for the purpose of underlining certain
characters. Each output of the matrix is
coupled to the coil of a dry reed relay,
Each relay has one “make” contact with
an operate time of approximately three
milliseconds. Four relavs are mounted on

ELECTRO QUOTE =+ 17




a printed circuit card. When energized,
the relays supply battery to one side of
the “set” coils of the alpha-numeric read-
outs.

The operation of the Display Panel is
as follows: For any given character, bat-
tery is supplied to the appropriate “set”
coils of all seventy-five readouts. How-
ever, it finds a path-to-ground only
through that counter amplifier (power
switching transistor) which has then been
made to conduct, by the appropriate out-
put of the character counter. In addi-
tion, the transistor which provides a “set”
path through one alpha-numeric readout
also provides a simultaneous “reset” or
erase path through the readout located
two characters ahead of it.

Following receipt of the address, the
first two readouts are erased by the sec-
ond and third address characters shifting

Message Control circuit so that pulses
fed to the Character Counter are derived
from a free-running multivibrator (F.R.
MVB) instead of from the decoded char-
acters. The remainder of the board is
then erased. The frequency of the free-
running multivibrator 1s chosen so that
erasure proceeds at a rate slightly greater
than one-hundred words per minute. If
the text exceeds seventy-five characters in
length, the Character Counter supplies a
pulse to the Message Control circuit
equivalent to that of the received end-of-
message and also locks itself on the 78th
count. The cvcle is repeated only when
the next selection characters are received.

Maintenance features

Jacks are provided for local monitor-
ing of the telegraph signals and testing of
the equipment. Insertion of the sixty

..—-.II| REG. DIST
CHARACTER ERCODER
BN ——— 1
DECODING
STORGGE i
il 2% =

CHARADTER AL PR = MUBERG
EMCODING ’ DIBFPL &Y

= | |
RECEIVING
POLAR BELAY I I_____'I
|
|
SHIFT i
I____"' coNTROL | |
| |
' |
! |
MESS AGE
l:____.' GontTROL [
|
|
|_ L SPACE
— ™ comTROL
Figure 5

out of storage. The first character of the
text is then posted in the first position of
the display, while the third position is
erased, etc. Ifthe textislessthanseventy-
five characters long, the three-character
received end-of-message conditions the

|
|
=]

!

t

LR

|
¥

C TER
i CHARACTER
ACCESS I— — - —

CONTROL e

|
l
|
FR |
I
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Block Diagram of Intelligence Path

words-per-minute oscillator card allows
complete testing with a 2B printer. To
facilitate testing the Display Panel, two
push-button switches are provided. One
switch serves to operate, sequentially, all
the segments of each alpha-numeric read-
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out while the other switch serves to erase
them. The switches provide a rapid means
of checking all the readouts as well as
some of the circuitry. The circuits are
arranged so that, if testing or erasure is
in progress when live traffic is received,
the testing or erasing operation is pre-
empted and the traffic is posted in the
normal manner.

Applications

The Electro-Quote Display System has
a wide potential application. It can be
used wherever there is a need for a rapid,
automatic display of intelhgence. The
prototype was designed for posting weath-
er messages In aircraft control centers.

It can be adapted for posting any tele-
graphic data.

Any number of parallel display panels
located in remote areas and operated
from a single, central control unit are
possible.

The readouts can be large enough to be
viewed from appreciable distances and,
therefore, readable to many people simul-
taneously.

Indicators, with either colored or fluo-
rescent segments, can be grouped into a
multi-line display to accommodate vari-
ous types of information.

Satellite display boards can be pro-
vided to duplicate or select the informa-
tion of any one display panel.

Mr. Harry F. Burroughs has been most recently
associated with the development, production, installation and
nationwide Display Swvstem 210-A (Bomb
Alarm). Some of the techniques developed in that program
have been embodied in the design of the Electro-Quote Display

testing of the

described in this article,

The author's previous experience in facsimile
systems prompted an article on eddy current speed control
published in the January 1960 issue of the Western Union

TECHNICAL REVIEW.

Prior to joining Western Union, Mr. Burroughs
Engineering from
Brown University in 1950. Since then, he has been a member
of the staff of the Electronica Research Engineer at Western

received a B. 5. degree in Electrical

Union's Water Mill Laboratory.

JANUARY 1943
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P. F. Recca, Senior Project Engineer, Telegraph Equipment Division

Data Card Transmitter

Topay, many companies are devoting much effort toward the development
t.:f more sophisticated and faster computers, However, little attention has heen
given to the problem of data collection for eventual transmission via telegraph

facilities,

For some time, Western Union has been acutely aware of the need for a
device which could automate data at the collection source. It haz developed the
Data Card Transmitter 11313-A as a means of satisfying this need.

The Data Handling Problem

MosTt business data originate in hand-
written copy and usually include very
basic information. In a data communica-
tion system data processors and telegraph
operators have the task of accurately
transcribing this data for telegraphic
transmission. Also, they must follow a
prescribed format designated by the data
system. Such formats vary according to
the system used and are frequently so
complex that much skill is required in the
preparation of the data for transmission
to the processing center. The format is
usually as essential as is the primary data
itself and, for this reason, many data cen-
ters cannot accept data unless the format
is correct. Ultimately, the data is received
at the destination where it is finally proc-
essed for such purposes as warehouse ship-
ping, inventory control, payroll, billing,
etc. At each of these data collection points
skilled personel are required. In addition
there is considerable delay in the prepara-
tion of the data for transmission.

The Data Card Transmitter 11313-A
was designed primarily to eliminate the
manual transcription of original data for
a typical data handling problem, as shown
in Figure 1. With proper application, this
unit can effectively reduce costs and save
valuable time at many points in a data
processing system. In some cases it can
be used to obtain the end product di-
rectly from a hand-marked card.

20

CRIGIN OF DATA
- HAKNDWRITTEM

o BT A TR CaRo

DATA CARD TRAMSMIT TER +
H3IE-4

DATA RECEIVED
e e e —— ] AT FINAL DERTMATION
FOR  PROCESSING

Figure 1. A Typical Dota Handling Problem

The Data Card

The cards used in Data Card Trans-
mitter 11313-A are of the form shown in
Figure 2. They are printed with a con-
ductive ink for the purpose of obtaining
an electrical path between the styli in
the unit and the information entered on
the card. The cards are specifically de-
signed for the particular needs of the data
system in which they are used.

On the upper portion of the card shown
in Figure 2, are nine columns of ten mark-
sensing boxes for numeric data entry;
each box has been assigned a digit from
0 to 9. Left of each column of boxes is a
vertical line. The offset projection of this
line below the column is a control mark.

WESTERN UNION TECHNICAL REVIEW
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The lower portion of the card is reserved
for fixed alpha-numeric data format in
standard Western Union five-unit tele-
printer code with the additional unit, a
zero, used for a parity check. This zero
position is included for checking the card-
reading function only and is not trans-
mitted to the line.

In the lower, fixed-data-format area
three rows of possible control marks are
located between code pulses 1 and 2, 3
and 4, and 5 and 0. These control marks
are connected with their respective code
pulses.

The control marks, in the upper and
lower portion of the card, trigger the elec-
tronic circuits contained in the transmit-
ter and permit the card to be fed through
the unit, at a constant speed, without the
need for punched feed holes.

The item description may be typed at
the top of or at the side of the card, so
that it may be easily read when placed
in a card rack. A symbol, or other infor-
mation not intended for transmission,
may also be printed in the same conduc-
tive ink on the card without interfering
with the data to be transmitted, since no
control marks are associated with it.

Data Entry

To insert the variable information on
the card, it is merely required that a
single, firm stroke, of an ordinary soft
pencil, be placed so that it connects the
desired box to the vertical line to the left.
Since pencil lead is a conductor, the stroke
completes the electrical path through the
conductive ink from the control stylus to
the electronic circuits.

Figure 3 illustrates an arrangement of
variable and fixed data used for process-
ing payroll data. The employee enters all
the data on the card, except the hourly
rate. This is entered manually by other
personnel or obtained from a designated
place in a computer memory or storage.
With proper programming of the card
and an associated computer, the final
products of the process will be the em-
ployee’s check, ledger sheets, and other
statistical reports.

The variable data entry need not be
exclusively numeric. In fact, using the
card illustrated in Figures 2 or 3, it is
possible to have nineteen variable alpha
characters in the mark sensing area. If
the card is made a little wider, the com-
plete alphabet may be included, as shown

HOURS "IN, DOLLARS CENTS
jUc 8o 8c Bo 186

o Bellio
I IR X
N (HE
iz [ B3I B
| & B+ j0e
A= i= |Bs
me e |Be
| |3 | 3 | E
| [ Hs 0=
[ k) | B3 | B

17
i 1

|

Data Cord For Poyroll Processing
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in Figure 4. This card illustrates another
feature important to specific data sys-
tems. Below each column of variable al-
pha data an additional box may be
marked “omit,” when it is desired that
no information be transmitted. This en-
sures that there always be one mark in
every variable data column, to retain the
protective readout feature of the Data
Card Transmitter.

with a non-conductive writing implement,
such as a ball point pen, the error will be
electronically detected and further trans-
mission of the card will be stopped. Simi-
larly, if two or more marks are erroneous-
ly placed in a single variable-data column,
the error will be detected and the trans-
mission stopped.

The fixed data format at the lower sec-
tion of the data card is also protected in
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Figure 4,

Protected Readout

The reliable transmission and reception
of information is essential to all data sys-
tems. The transmission of data from Data
Card Transmitter 11313-A is electronical-
ly and mechanically protected =o that the
rechecking of the data or the format at
the processing point is unnecessary.

All data cards are designed so that only
one mark is required in every variable-
data column, even if no information is to
be transmitted in that column. If a col-
umn is not marked, or marked improperly
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Daota Card for Varioble Alpha Data

its readout by the addition of a parity
unit to the five-unit code. This parity unit
15 added to all code combinations which
add up to an odd number of pulses, =o
that the total of all code combinations is
an even number of pulses. When using
standard five-unit code receiving equip-
ment, this “even parity” is checked inter-
nally to ensure accurate transmission.
However, the parity unit is not trans-
mitted to the line. If improper parity is
detected, further transmission of the data
on the card is stopped.

DATA CARD TRAMSMITTER = 23




To further guarantee the transmission
of data, electronic and mechanical pro-
tection is provided to prevent two or more
cards being fed through the mechanism
at one time. Although such a malfunction
is not likely to take place when the me-
chanical unit is properly adjusted, this
protective feature is still advisable for
accurate transmission of data.

To protect against placing a card up-
side down, backwards, or otherwise in-
correctly into the machine, the Data Card
Transmitter provides a mechanical means
which prevents the card from being fed
under the reading styli.

Mechanical and Electronic Sections

Data Card Transmitter 11313-A is a
complete unit, having its own self-con-
tained power supply. It may be physically
separated into two parts; a Mechanical
Section and an Electronic Section. OUne
mechanical section may serve a number
of different types of electronic sections
depending on the needs of the customer.

Figure 5 shows the machine completely
assembled. The base of the unit measures
954 in. wide, 20 in. long and 8 in. high.
The unit rests on five rubber feet, weighs
approximately 33 pounds, and is made
portable by means of the front handle.

Figure 6 illustrates the machine sepa-
rated into two sections.

The mechanical section of Data Card
Transmitter 11313-A consists of the sens-
ing styli and a motor-driven, card-load-
ing-and-feeding mechanism. The card-
loader is capable of holding approximate-
ly 100 cards and feeding them, one at a
time, from the bottom of the stack be-
tween two sets of pressure rollers. These
rollers feed the card under the styh, out
of the unit, and into a basket. The design
of the card loader is such that cards of
varving length may be fed through the
machine at random without the need for
any readjustment of the loader. This per-
mits the data card to be as long as is re-
quired by the data printed on it. Thus
blank areas in the cards are eliminated
and transmission time is fully utilized.

The information sensed by the styli in
the mechanical unit is transferred to the

24

Data Card Transmitter—11313A

Figure 5.

electronic section of Data Card Trans-
mitter 11313-A where it is read and trans-
lated into the line signals required by the
specific system. The fixed data on the
card is read into the electronic “flip-flop”
storage and then transmitted via an elec-
tronic distributor located in the machine.
The variable data is first translated into
the same code as the fixed data and then
stored and transmitted via the same cir-
cuits as those used for fixed data.

Figure 7 is a functional block diagram
of a model unit showing all the basic com-
ponents. The output to the line is via a
polar relay contained in the machine, but
it may also be a multiwire output if the
application requires it. A Polar Relay
Type 202 is provided to operate from the
electronic circuitry and to pass the gen-
erated start-stop signals to the telegraph
line.

The electronic unit is a solid state de-
vice employing mostly flip-flop and nor-
zate circuitry, mounted on printed circuit
cards, These printed circuit cards may be
easily removed and replaced if mainte-
nance tests indicate this to be necessary.

The power supply for the unit is con-
tained in the electronic section. Both
negative and positive potentials of 12
volts are developed for the solid state
circuitry.

A potential of 120 volts is also devel-
oped for the four control styli to provide
adequate tolerance to the electrical re-
sistance of the pencil markings on the
data card.

WESTERM UNION TECHMICAL REVIEW



Figure 6.

ELECTRONIC SECTION

= -

"START" PUSH BUTTON

INCICATOR | LIGHTS

STYLI

' "RESET” BUTTON
CARD LOADER

Dota Card Transmitter

Component Parts of Electronic and Mechanical Sections

Included in the mechanical section of
the machine are five micro-switches, one
pushbutton switch, and two indicator
lights which function as follows:

Loader Switch—Operated whenever
cards are in the loader.

Card-Out Switch—Operated by a
card shortly after it passes the sens-
ing styli and released as a card leaves
the unit,

Two-Card Switch—Operated only if
more than one card is inadvertently
fed through the machine.

Reset Switch—Operated to reset all
the alarm circuits.

Line Blind Switch—Operated when
the “RESET” switch is depressed to

Start Button—When the “Loader”
switch and the “Card-Out” switch
are simultaneously unoperated, all
power to the machine is removed by
means of a relay contact. In order
to restore power, the “Start” button
must be depressed. The power will
remain “on”™ as long as either the
“Loader” or “Card-Out” switch is
operated.

“On” Light—Lights “white” to indi-
cate that power is “on.”

o Auto-Stop Light—Lights “red” to in-

dicate that the unit has detected an
error, caused by an improperly mark-
ed card, a parity error, or the opera-
tion of the “Two-Card” Switch.

Other switches and lights may be in-
cluded at the customer's request to suit
his particular requirements.

prevent any information subsequent
to an error from being transmitted
to the line.

JAMUARY 1963 DATA CARD TRAMSMITTER = 25
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The electronic and the mechanical sec-
tions are connected together with a multi-
contact plug and receptacle, thus allow-
ing the two units to be completely
separated if necessary. With the mechan-
ical unit removed, it is now possible for
a maintenance man to plug in a test
device especially constructed to stimulate
card reading functions.

Operation

Only a few minutes of instruction is re-
quired to teach one to operate the Data
Card Transmitter. It is only necessary
to place the cards in the card loader and
depress the “Start” button, which initiates
the power to the unit. Cards will then
feed automatically, one at a time, through
the machine, When the last card in the
loader has been fed out of the machine,
the power will return to its normally
“off” condition.

In some applications, the depression of
the “Start” button may be deferred until
a circuit connection is established. For
example, when this machine is used in
conjunction with Western Union’s Telex
network, the operator can dial the de-
sired destination before transmitting the
data information.

The only other need for an operator
is to reject and correct errors in the card
information.

Reject of Card Information

Whenever an improperly marked card
or a parity error is detected anywhere on
a data card, the entire card information
must be invalidated to ensure the proper
operation of the data processing center.
The procedure necessary to reject a card
will vary according to the requirements
of the data system.

Whenever an error is detected in the
Data Card Transmitter 11313-A, the mo-
tor is electro-dynamically braked, card
motion is stopped, and the “red” AUTO-
STOP light is illuminated. A visual in-
spection of the card in the machine by
the operator indicates which tie-up con-
dition caused the unit to stop. When the
RESET button on the mechanical unit
is held depressed, the card is fed out of
the machine and into a basket without
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transmitting any further information on
that particular card. If there is more than
one error on a card, the card will stop at
each error, even if the RESET button is
held depressed, so that the card may be
properly and completely corrected before
rerunning. Since the depression of the
RESET button also stops the loading of
subsequent cards, an operator may, by
means of a teleprinter keybhoard or a spe-
cial “Bust This"” data card, eradicate the
information sent from the errored card
before the next card in the loader is trans-
mitted.

The routine for retransmission of the
errored card will vary in different data
systems. In systems which require the
cards to be in consecutive order, it will be
necessary to restack the cards, thus plac-
ing the corrected card on the bottom of
the stack before resuming transmission.

In systems where the order-of-card
transmission is not vital, much time may
be saved by setting the improperly marked
cards aside and retransmitting them after
the entire stack has passed through the
machine.

These procedures of retransmission are
predicated upon the ability of the opera-
tor to correct errored information in the
cards. In some cases it is necessary that
the operator refer back to the data source.

Another method of eradicating the in-
formation transmitted is one in which a
given character sequence, such as two or
three “Xs,” will be transmitted when the
“RESET" switch is depressed. The re-
ceiving equipment is programmed to rec-
ognize this sequence as a card “reject.”

In other versions of the unit, it is possi-
ble to eliminate the necessity of stopping
the card when an error occurs and in-
stead, mark the card so as to indicate it
is faulty. In this type of application each
card has a character sequence which indi-
cates the beginning of a card and another
character sequence signifying the end of
the card. When an error occurs, no fur-
ther information is transmitted on that
card including the “end of card” se-
quence. The receiving egquipment must
necessarily be programmed to recognize
this as a “reject.”
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Typical Applications

The versatility of the Data Card Trans-
mitter makes it suitable for not only ex-
isting data systems, but those data han-
dling systems where the output of the
data card may be a teleprinter, perforated
tape, business machine cards, or all three
at the same time. The fixed data area of
the card permits the use of more sophis-
ticated formats which segregate the card
information through the programming of
the receiving equipment.

A system utilizing this capability is
illustrated in Figure 8. This sales order
system processes data efficiently using
only telegraph equipment. The output of
the Data Card Transmitter is transmitted
over regular telegraph facilities to four
different receiving areas: (1) Order De-
partment for completion of records, (2)
Billing Department for pricing, (3) In-
ventory Control for stock records, and
(4) Shipping Department for shipping
papers. Each teleprinter, at these four
areas, is programmed by means of its
“stunt box"” to receive only that portion
of the data information pertinent to that
area. For example, the shipping papers are
produced only at the warehouse station
which fills the sales order. Except for the

pricing operation, all equipment shown
is automatic and unattended.

In addition to payroll and sales order
applications, the Data Card Transmitter
may be applied in many other areas, such
as:

e Stock broker reports of sales and
purchases,

* Production schedules for manufac-
turing plants and steel mills,

e Transmission of meter readings for
utility companies,

¢ Bills of lading for freight handling.

Transportation and hotel reserva-

tions.

Invoicing charge accounts.

Billing labor charges.

Inventory control.

Data storage retrieval,

Encoding and decoding.

* 2 % 8 @

Besides the commercial applications,
the Data Card Transmitter has many
military applications in the communica-
tions and supply areas where message
format is a major factor.
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Patents Recently Issued to Western Union

Facsimile Transmitter

W. ). BuckincHam, N. R. LANE,
G. H. Ripce, F. T. TurNER

3,056 ,034—5SEPTEMRER 25, 1962

An optical scanning svstem for a flat-
sheet facsimile scanner of the tvpe de-
scribed in Patent No. 2,903,512 designed
to blank out transmission when the scan-
ning beam moves offside on narrow mes-
sage blanks. Light from a single source
passes via a folded path including an
oscillating spherical mirror to the message
sheet and is there reflected to an enclosing
cylindrical reflector bearing elongated
apertures for passage of the oscillating
beam. It is then reflected to a message
photocell. When the beam passes offside
the message sheet it reaches a blanking
mirror and is reflected instead to a blank-
ing photocell which controls circuitry to
interrupt signal transmission. Dimension-
al design of optical path lengths, con-
jugate foci of the cylindrical reflector and
optical center of curvature of the oscillat-
ing mirror, all are integrated to provide
selectivity between the two photoeells.

Telegraph Switching System

M. D. Apams, C. W, JoHNsON,
E. J. CHosnowskr, A. M. Eisner,
H. GLICK

3.057,956—0cToRER 9, 1962

A telegraph automatic switching system
employing a number of switching centers
wherein each incoming line position is
provided with a storage printer-perfora-
tor, and directors under allotter control
process message routing indicators to
direct the messages cross-office to reper-
forators at outgoing line positions. Multi-
address messages up to a predetermined
number of addrezsses are switched directly
but if the number is exceeded the message
passes to a multi-address position for
handling. Also, a single address code may
direct a message to several different ad-
dresses via successive switching centers
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and means are provided for preventing
transmission of the message to addresses
handled by previous centers. A parity
check assures accuracy of cross-office
transmission for all characters.

Ticker Tape Projection System
P. L. MvEr

3,060,799—0cTorer 30, 1962

Sinece a single ticker tape projector can
project on the screen only a few inches of
tape a coordinated system of a number of
projectors handling adjacent sectors of
tape is used for projecting a long continu-
ous length of tape on an elongated screen.
Each projector employs a separate ticker,
together with its tape puller, taut tape
loop contacts, and a relay type of tape
snubber each of the latter located at a
respectively increasing distance from its
ticker for maintaining proper registration
of the tapes. The tickers and, by means
of a system of relays, the tape pullers all
start simultaneously when slack tape al-
lows all of the taut tape contacts to close.
The snubbers stop all tapes simultaneous-
ly when the first taut tape contact opens.

Telegraph Pole Line Insulator

W. F. MagkvLEY, J. L. SLATER
3,061,667T—0cTrorer 30, 1962

A rubber line insulator embodying in
its formulation a heat cured mixture of
substances providing improved qualities
at high frequencies and comprising, in ad-
dition to fillers and pigments, an elas-
tomeric rubber compound and a hvdro-
carbon polvmer both of low dielectric
constant and together providing elasticity
and resiliency to support the line con-
ductor without bending and abrasion,
and a wax compound to provide long-
lasting non-wetting surface characteris-
tics. Some carbon black is added to pro-
vide resistance to ageing but not suffi-
cient to impair the dielectric properties.

PATEMTS ISSUED = 31



C. R. Deibert and W. D. Buckingham, Electronics Division
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BOMB ALARM

Display System 210-A

i el
Rl ST 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
tvpes 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 skin
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

31

Configuration of Sensing Devices

radiation would not cause any obvious
mjury.

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.

WESTERN UMNION TECHNICAL REVIEW



Western Union Design

Detectors or sensing devices used in the
Western Union Bomb Alarm Svstem 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 svstem elements
are located outside the central area. If the
blast occurs sufficiently cloze to one of the
three detectors to destroy it before 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 syvstem dis-
play map, at each central information
point.

The detector, which is transistorized,
receives 1ts 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 “green” 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 1959, Western Union
was given instructions to proceed early in
August 1959, and a prototype system was de-
veloped and in operation by March of 1950,
M This prototype display system observed
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 one
Display Center located in the Pentagon. After
a series of engineering tests, the LS. Air
Force accepted the prototype system on Febru-
ary 10, 1961, From that date until February 6,
1962 when the prototype was integrated into &
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 Air Force.
This system i5 known as Western Union Bomb
Alarm—Display System 210-A.
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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 em
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 trngger and shaft 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 158 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-
hle 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 Station

The signal generatling 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

a} Logic Assembly Swung Open

Figure 5.
JANUARY 1963

Figure 4. Signal Generating Station—Front View

all. The “green’ report indicates that the
normal tone 15 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

- A

b) Back Door Opened showing Llogic 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 Transmission

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 1z 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 relaving
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 215 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 &,
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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 Control 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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CODER

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 “vellow™ 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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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
modified 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 imtiated
from this point immediately at the first
appearance of trouble.

Regional Layout

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
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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 1s 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 circuits, to a given target area, are in-
operable or “vellow.” 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 egquipment or
facilities associated with a particular de-

Display Contral Cobinet and Printer

Figure 9.
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Figure 10. Map Display Ponsel
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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
name becomes readable only when an
alarm situation exists or is simulated for

Display Center Control—Block Diogrem

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
with maximum reliability assured by con-
tinuous testing. If a nuclear explosion

that area. The attendant at the com-
municator’s panel knows the status of all
detectors at all times.

should occur within any of the observed
areas, instant notice would be flashed to
the important military posts.

——

Mg, CLARENCE R. DEIRERT, 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 employee of the General Radio Company and a re-
search assistant in the nuclear physics laboratories at MIT.
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.
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Toa Western Unton engineering, research, scientific or technical worker who has
maede o most significant contribution to the telegraph art

Mr. Buckingham receives the 1962 d'Humy Aweard from
Mr. W, P. Marshall, President
of The Western Union Telegraph Company
e

Mr. WiLLiam D. BucKINGHAM, Senior Engi-
neer in the Electronies Laboratorv 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 iz the author of numercus technical pa-
pers and i= 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 had o new Editor for the
past year and that, in large measure, the new Editor has been responsible
for what has taken ploce.

The plans for 1963 inelude a series of special {gsues relating to par-
ticular subjects of interest, i.e., o Communications Siwitching issue, a
Mierowave 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 Service, Broadband Switching Serviee, AF DATACOM, TELEX,
and others are subject matters to be reported and published in the near
future. 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.

Since 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 current engineering
projects and impending changes in our Public Message System or Private
Wire Services. In addition to these solicited papers, articles in keeping with
the objectives of the magazine are invited for eonsideration from all em-
ployees regardless of department.

COMMITTEE ON TECHNICAL PUBLICATIONS




