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F. R. Firth and T. J. O'Sullivan, Project Engineers, Telex Division, P & E Department

The Solid State Remote Control Unit

and Polar Adapter

The Solid State Remote Control Unit 11272-A and its adjunct, Polar Adapter
11225-A, were designed to provide a universal remote control unit. adaptable
to all subscriber requirements in Western Union's expanding U. S, Telex Net-
work. Simplicity of maintenance, reliability and long life were the design goals
for these units. Alone or with the Polar Adapter, the 11272-A Remote Control
Unit can replace all existing remote control units, terminate all Telex subscribers,
and work with any type of telegraph send/receive apparatus.

In Western Union’s U. S. Telex Net-
work, the remote control unit (RCU) is
an integral part of the subscriber’s out-
station equipment. It initiates and dis-
connects calls and controls the subseriber's
communications equipment.

Early Development of the RCU.

Until recently, five different types of
RCU’s were used in the U. S. Telex Net-
work to meet various operating condi-
tions. The AC/DC, N and NL Remote
Control Units connected “local” subserib-
ers to the network, while the ND and
NDL Remote Control Units connected
“long-distance” subscribers.

Each RCU must generate and recognize
certain signalling eriteria to establish con-
nections between the subscriber and the
Telex Network. These criteria are:

« Generation of a “request-to-dial”

signal,

e Recognition of a “proceed - to - dial”
signal,

» (eneration of dial digits for call selec-
tion,

« Recognition of a
signal,

e Generation of a “disconnect” signal,

» Recognition of a “call-disconnect”
signal,

* In addition, the NL and NDL types
provide a control for connecting the
teleprinter to a local off-line circuit.

As the U. 8. Telex Network grew, it
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“call - connected”

became necessary to re-evaluate the re-
mote control unit equipment. There were
too many types of RCU's and all were
designed using relay circuitry only. West-
ern Union then designed an RCU having
greater reliability and more sophisticated
circuitry, using semi-conductors rather
than relays.

The New RCU

Western Union recognized a two-fold
problem in designing a universal RCU—
the device had to be designed to handle
make-break line signals but must also be
adaptable for polar signals. The majority
of Telex subscribers, termed “local” sub-
scribers, are connected to Telex exchanges
via make-break loops with a 60-milliam-
pere current in the connected condition.
“Long distance” subscribers, are con-
nected to Telex exchanges via two polar
legs. Consequently, the new RCU had to
be capable of handling both types of sub-
scriber.

The most satisfactory and economical
approach to the problem was to design
two units; a basic unit, Solid State Remote
Control Unit 11272-A, for “local” sub-
scribers; and a secondary unit, Polar
Adapter 11225-A, to be used with the
basic unit for “long-distance’” subscrib-
ers. The basic unit contains circuitry for
handling the RCUJ signalling criteria while
the secondary unit coverts polar signals
to make-break. Figure 1 shows the Solid

WESTERM UMNION TECHMICAL REVIEW




State Remote Control Unit and the Polar
Adapter.

Solid State components were used
wherever possible instead of relay cir-
cuitry. These components reduced size
and weight and provided the advantage
of inherent reliability.

There are two power supplies in Remote
Control Unit 11272-A. One is used to
drive the selector circuit only. The second
drives all the other circuitry. Two trans-
formers, mounted on the chassis, used
in conjunction with rectifier diodes and
filter capacitors (mounted on the two cir-

Figure 1.

Description of Equipment

Remote Control Unit 11272-A consists
of three removable sub-assemblies mount-
ed on a chassis. The sub-assemblies con-
sist of two printed circuit cards and a
dial-and-switch assembly. One printed
circuit card is mounted vertically in an
edge connector on the chassis. The second
card, supported horizontally, is electrically
connected to the chassis and to the dial-
and-switch assembly by means of remov-
able connectors. The dial-and-switch
assembly, mounted on the front of the
chassis, contains all the switches and in-
dicator lights used to generate and indi-
cate RCU switching criteria.

QCTOBER 1963

Salid Stote Remote Cantral Unit ond
Folar Adopter

cuit cards) comprise the two power sup-
plies,

Connectors mounted on the rear of the
chassis provide terminations for the two
wires from the Telex exchange, for the
teleprinter and for power.

General Operation

Depressing the START switch gen-
erates a request to the exchange for a dial
signal. The dial lamp is illuminated when
the proceed-to-dial signal is received. The
dial is then used to call the desired sub-
scriber. The receipt of a call-connected
signal is indicated by the connect light.
Communication can then begin.

S50LID STATE RCU AND ADAPTER = 135
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Depressing the STOP switch generates
a disconnect signal. On receipt of a dis-
connect signal, the connect light 1z extin-
guished and the outstation returns to its
idle condition.

Depressing the LOCAL switch while
the outstation 1s idle, connects the tele-
printer to a local circuit and lights the lo-
cal lamp. If an incoming call is received
while the teleprinter is switched to the
local position for preparing off-line tape or
hard copy, a buzzer mounted on the dial-
and-switch assembly sounds an alarm.
This warns the operator that the outsta-
tion can no longer be used off-line.

Storing Signalling Criteria

Semi - conductor memory circuits and
three relays on the horizontally mounted
circuit board respond to the switch oper-
ations and signals from the Telex ex-
change. The memory circuits essentially
“store” the generated and received sig-
nalling criteria. This stored information
determines whether the relays are oper-
ated or released and turns on the lamps
on the dial-and-switch assembly. Accord-
ingly, the relays switch the incoming line
and the teleprinter selector to “on-line,”
“off-ine,” or “idle” circuits.

Selector and Motor Control

The wvertically mounted circuit card
contains semi-conductor circuitry used
for controlling the motor and selector. A
transistor amplifier circuit on this card
converts a 60-ma current to 500-ma to
drive the teleprinter selector magnet. A
second transistor circuit on this card con-
trols the operation and release of a motor-
start relay mounted in the chassis. This
circuit is actuated by the memaory circuits
on the horizontal circuit card.

Circuit Operation

Figure 2 15 a functional block diagram
of Solid State Remote Control Unit
11272-A. The signalling criteria, desig-
nated (1) through (7}, in Figure 2 apply
to Outgoing Calls, Incoming Calls, and
the Local Position.

Outgeoing Calls
Depressing the START switch gener-

DCTOBRER 19463

ates a “request-to-dial” signal, designated
as (1) on the chart in Figure 2. A “pro-
ceed-to-dial” signal, (2), is returned to the
RCU from the exchange and is stored in
the dial memory circuits. The memory
output operates a dial relay which con-
nects the dial to the outgoing line. The
dial lamp lights, indicating that dialing
can commence. [Dialing generates selec-
tion dial digits, (3). Receipt of a *call-
connected” signal, (4), from the exchange
sets the connect memory circuits. This
memory output operates a connect relay
and connect lamp. It also resets the dial
memory circuits. The connect relay turns
on the teleprinter motor and places the
selector “on-line” for two-way communi-
cation, (5).

After the message is completed, de-
pressing the STOP switch generates a
“disconnect” signal, (6) to the exchange.
The exchange returns a “call-disconnect™
signal, (7) which resets the connect mem-
ory circuits to return the position to idle.

Incoming Calls

When the outstation is idle and the
exchange wants a connection for an in-
coming call, a “call-connected” signal,
(4}, from the exchange sets the connect
memory circuits. The operation, (5), (6)
and (7) 18 similar to that above.

Local Position

Depressing the LOCAL switch sets the
local memory circuits. The set output of
these circuits operates a local relay and
illuminates the local lamp. The local relay
turns on the printer motor and switches
the selector to a “local” or “off-line”
position for off-hine use of the teleprinter.
If an incoming call is received while the
selector is in local position, the connect
memory circuits (4) operate, actuating
the reset cycle of the local circuits through
the time delay. When both circuits are
activated, the huzzer sounds. After the
local circuits are reset, the huzzer stops;
the teleprinter motor remains “on™ wvia
the connect relav; and the selector is “on-
line” for two-way communication, (5).
The remainder of the operation, (6) and
(7). is similar to that above.

S0OLID STATE RCU AMD ADAPTER - 137



Polar Adapter

Designed for use with the Solid State
Remote Control Unit 11272-A, the Polar
Adapter 11225-A connects “long-dis-
tance” subscribers to the Telex network.
The RCU 11272-A can operate only with
the 60-ma loop of “local” subscribers.
However, with the Polar Adapter as an
adjunct, the RCU can operate with sub-
scribers connected to Telex exchanges by
means of polar signals,

The Polar Adapter is mounted on top
of the 11272-A Remote Control Unit, as
shown in Figure 3. When connected elec-
trically, the two units make up a single
polar remote control unit,

Figure 3. Model 32 KSR with Solid State R.C.U, ond

Polor Adopter (cover removed

i -
LI T RN T T P P
0 Vel e L s L

Model 32 KSR with Solid Stete R.C.U, and
Polar Adapter

Figure 4,
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Advantages

#A. Fewer Relay Contacts

Solid State Remote Control Unit
11272-A has fifty fewer relay contacts
than the earlier RCU’s, This was achieved
by using diodes and germanium tran-
sistors, wherever feasible, to replace relay
circuitry,

. Reduced Weight and Volume

The use of diodes and transistors in
place of relays greatly reduced the weight
and volume of the unit.

A [onger Life

“Worse case” procedures were ap-
plied in the design of this unit, which
logically result in longer life expectancy
and greater reliability.

4. Ease of Trouble-Shooting

The transistors are used in satura-
tion switch circuits.' This mode of design
reduces the transistor to a switching logic
element, i.e., it is either in the “ON,” “1,"
or “SET” state or it is in the “OFF.,”
“ZERO,” or “RESET” state. This, in
turn, makes it possible to check the state
of each transistor with a simple wvolt-
meter. The voltmeter reading clearly
shows whether or not the transistor is in
the correct state and eliminates the need
of an oscilloscope.

4. Simplified Maintenance

Maintenance for correcting a viola-
tion of the signalling criteria has been
reduced to checking one of the three
removable sub-assemblies, The circuits
associated with each of the criteria have
been unitized on the sub-assemblies, This
type of packaging simplifies maintenance
tests by restricting investigation to only
the circuit components involved.

L # #® L
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Applications

The new remote control unit can re-
place many types of units now in use.
Used alone, the Solid State Remote Con-
trol Unit 11272-A can replace the AC/DC,
N, and NL Remote Control Units now
working in the U.S. Telex Network.
Used in conjunction with Polar Adapter
11225-A, the Remote Control Unit can
replace the ND and NDL Remote Con-
trol Units.

Originally, both the Polar Adapter and
the Remote Control Unit were designed
without a separate cover, for mounting
under the cover of a Model 32 Tele-
printer, as shown in Figure 4. However,
their inifial success spurred interest in
their application with other types of
equipment used in Telex.

A cover was designed to enclose the
two units, allowing their use with equip-
ment other than the Model 32. Housed in
this fashion, the versatility of the units
was greatly extended. They now can be
used with Type 19 ASR Sets, as well as
with Model 28 and T-100 Teleprinters.

At present, they are used as a separate
switching element in the New Orleans
Type 600 Switching System [installed
for the National Aeronautics and Space
Administration (N.ASA.), in April
1963.]*

The versatility of Remote Control Unit
11272-A with Polar Adapter 11225-A
allows it to terminate any type of Telex
subscriber. Tt can be used with any type
of telecommunications intelligence send/
receive unit operating at telegraph speeds.

Me. F. R. FirtH, an Engineer in the Telex Divi-
sion of the Plant and Engineering Department, is presently
developing a solid state computer interface for Western Union’s
Telex System and the in-band signalling equipment for the
Tvpe 600 Telex Switching System.

He joined Western Union in 1959, when he was
assigned to the Automation Application’s Engineer. He assisted
in the development of Plan 5 before being assigned to the
Telex Division in 1960,

Mr. Firth received his degree in Mechanical Engi-
neering from Stevens Institute of Technology in 1959, He is a
member of I EE.E. and has several patents pending.

Mr. T. J. 0'Sullivan has been a member ol the
Western Union's Telex Division since its organization in March,
1960. He has been concerned with the applied engineering aspects
of the TWHB-WU Telex Concentrator and the tariff circuitry
for the TWhHE and TW39 Telex Syvstems. Prior to that, he as-
gisted in the first Western Union Telex installation at Mew York
City in 19568,

After joining Western Union in 1855, he was
assigned to the Apparatus Engineer's Section. He assisted in
the development of regenerative repeaters and small office
reparforation equipment and apparatus associated with Reper-
forator Switching, He also assisted in the development of
Switching Systems Plan 55, Plan 57 and Plan 38.

Mr. O'Sullivan received his B.E.E. degree from
Manhattan College and 13 a member of the LE.E.E. He has
previously written an article on the TW56 Telex Concentrator
for the Western Union TECHNICAL REVIEW.
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B. E. Codd, Project Engineer, Patron Systems Div.—Plant and Engineering Dept.

Switching System—Plan 56-B

Eniitchjng System Plan 56-B is the successor to Switching System Plan 56-A.
a private telegraph communication system originally designed to meet the
communications requirements of brokerage firms!. Subsequently Plan 56-A was

applied to other industries.

Plan 56-B was designed to meet pres-
ent day requirements for 100 wpm oper-
ating speed. Plan 56-A was limited to 75
words per minute. The maximum speed
of the main telegraph unit of the Plan
56-A system, a composite typing reper-
forator and transmitter-distributor unit
called the FRXD is 75 wpm. Plan 56-B
has three different operating speeds, 60-,
75-, and 100 words per minute, and uses a
typing reperforator and transmitter-dis-
tributor called the LRXD which has a
manual selector for these different oper-
ating speeds. Plan 56-B also provides for
sending to either 20 lines, (the same as
Plan 56-A), or to 40 lines to accommo-
date the needs of larger customers.

Switching System Plan 56-B is a “store
and forward” message switching system
which automatically interchanges mes-
sages between stations on different cir-
cuits through a fully automatic switching
center. The switching center receives mes-
sages in the form of punched paper tape
and automatically transmits them to
their destinations, Switching System Plan
56-B was first installed for Olin Mathie-

140

son Chemical Corporation with the
switching center located in New York
City.®

Switching Center Equipment

The switching center equipment is
housed in rows of cabinets, as shown in
Figure 1. A “switching aisle” between
rows provides access to the cabinets for
monitoring or supervisory purposes.

Messages from the outstations are re-
ceived in Reperforator Switching Cabi-
nets which terminate two incoming lines.
Each Switching Cabinet has the necessary
equipment to automatically direct the
messages from the two lines to their des-
tinations. Two LRXT) units are mounted
in each Switching Cabinet. Each umit
is composed of a typing reperforator sec-
tion and a transmitter-distributor section.
Messages are received in the form of
coded punched tape in the typing reper-
forator section, and are then sent from
the transmitter-distributor section. A
chute, located between the two sec-
tions of the unit, directs tape from the
typing reperforator section into a tape

WESTERM UNION TECHNICAL REVIEW



Figura 1,

accumulator bin for temporary storage
until it can be transmitted. The tape
reading head of the transmitter-distribu-
tor is mounted on a pivoted arm. This
allows the transmitter to read the tape
up to and including the last character
punched. Thus, it eliminates a need for
control equipment to provide a tape feed-
out between messages.

The Send Circuit Cabinet contains
relay banks and auxiliary equipment for
a maximum of 40 outgoing circuits. Each
outgoing circuit is terminated in one re-
lay bank to which the Switching Cabi-
net transmitters are connected by means
of their directing equipment. These relay
hanks keep the outgoing lines closed dur-
ing idle periods. When a connection is
made to a circuit, its relay bank provides
a “busy” indication to all other switching

OCTOBER 19463
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Plan 5&-B Switching Center

position transmitters seeking the circuit.

Plan 56-B is a single storage system
which requires no “cross office” reperfora-
tion equipment, as do some automatic
switching systems. The switching equip-
ment in Plan 56-B makes a direct con-
nection to the outgoing line. However,
“cross office” reperforation, within the
switching center, can be accomplished
with tape repeater cabinets which termi-
nate outgoing lines. Special control fune-
tions can be performed by the tape re-
peater cabinets before the messages are
repeated to the outgoing circuits. These
cabinets are similar in appearance to the
Reperforator Switching Cabinets. They
use LRXD units, but have no directing
equipment because each position always
sends to the same circuit. Applications of
Tape Repeater Cabinets will be men-

PLAM 56-B = 141
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Figure 2. Routing Conscle

tioned under Special Features.

The Routing Console, shown in Figure
2, is a supervisory monitoring position
which displays visually the traffic pattern
at the switching center. Switches on the
Routing Console are provided for “closing
out” any outgoing line when an equip-
ment failure or circuit failure occurs. A
patching panel located in the lower por-
tion of the console allows the supervisor
to set up alternate routing, by means of
a cord and plug, for any circuit which is
closed out. Traffic destined for the closed-

142

out circuit will then be automatically
re-routed to the circuit to which it has
been patched. Traffic may also be re-
routed to a local switching center position
for disposition by the supervisor.

=several alarm signals are provided on
the Routing Console to give the super-
visor a centralized indication of any
trouble condition existing in the switch-
ing center. The supervisor's desk is lo-
cated as close as possible to the Routing
Console, so that its monitoring capabili-
ties can be utilized readily.

WESTERN UMNION TECHMICAL REVIEW




Figure 3. Two-Position Reperforator Switching
Cobinet showing Two LREXD Units

Operation

Messages received, in tape form on an
LRXD in a Reperforator Switching Cabi-
net, shown in Figure 3, feed from the re-
perforator into the transmitter which
reads the address code of the designation
cirenit. The address code generally begins
with the first character in the tape. When
the system capacity is 20 circuits, the cir-
cuit address is a “one” character code. It
may be any character of the alphabet ex-
cept T, O, M, V, Z, or the message ending
character, which is usually H. With a sys-
tem having a 40-circuit capacity the cir-
cuit address is a “two” character code,
the first of which is either A or U, and the
second of which is any one of the twenty
characters of the alphabet used for 20-
circuit capacity.

DCTORER 1963

As the destination address in the tape
steps through the transmitter, directing
equipment in the switching cabinet re-
sponds to the address and sets up the
proper route to the destination, by oper-
ating a rotary stepping switch. This
switch has moving or stepping contacts
which can stop at any one of twenty
separate points and connect the switch-
ing position transmitter with the out-
aoing line relay banks located in the Send
Circuit Cabinet, shown in Figure 4.

LUTOMATIC WESSAGE SUMHEFR NG
MaCiIMES

SERIIANG EQUPMENT

Figure 4. Send Circuit Cobinet
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In a 20-circuit system, each switching
position has one directing rotary switch
providing access to all circuits, The one-
character circuit address code selects the
proper outgoing line by stepping the ro-
tary switch to the point corresponding to
the required line.

Each switching position of a forty-cir-
cuit system has two directing rotary
switches which provide access to two sep-
arate groups of twenty lines each. As pre-
viously mentioned, a two-character ad-
dress code is used. The first character
selects the proper rotary switch and the
second character steps the selected rotary
sawitch to the required line point.

When a rotary switch has reached the
proper point and the circuit is not busy,
a common switching center “allotter”
will allow that switching position to con-
nect to the line. The allotter prevents
more than one switching position from
sending to a line at one time. Any other
switching position, whose directing ro-
tary switch stops at that point seeking
a connection, will get a “busy” indication
and will not be able to transmit. When
the connected position has completed its
message, the “busy” condition will be
removed and the circuit will again be-
come available to all switching positions,

If a switching position has a message
for a busy circuit, this message must wait
until the circuit becomes available. Tape
may begin to accumulate between the re-
perforator and the transmitter of the
LRXD. Therefore, tape accumulator bins
have been provided with a capacity to
store up to 150 feet of tape. This is equal
to thirty minutes of receiving time at 100
words per minute and proportionately
longer periods of time at lower operating
speeds.

The switching center supervisor may
dispose of waiting tape by manually di-
recting the message to a standby or
“spillover” switching position, from which
the message will subsequently be auto-
matically switched to its destination. The
supervisor directs the message to “smll-
over” by throwing the SPILLOVER
switch associated with the particular
switching position. The “spillover” posi-
tion has the same LRXD unit and di-
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recting equipment as a regular switching
position and, therefore, can automatically
process any message directed to it.

After the message which caused the
tape to accumulate has been disposed of
by the supervisor, the following messages,
destined for idle circuits, will be switched
to their destinations.

When a message having an invalid ad-
dress code is received at a switching
position, it will automatically be directed
to a supervisory “intercept” position. This
i a local position in the switching center
consisting of a printer and/or a printer
perforator which copies the invalidly ad-
dressed messages. The supervisor may be
able to determine the correct destination,
by a visual inspection of the message at
the intercept position. If the invalid ad-
dress is due to “garbling,” or interference,
on the incoming line to the reperforator,
and the garbling iz such that the message
is rendered unintelligible, the supervisor
will request the outstation to resend the
message.

A message with a valid address but
garbled text, if detected, may be manual-
ly disconnected, lest the garbled text be
sent to the destination. This is accom-
plished by pushing the DISCONNECT
button on the Switching Cabinet. The
supervisor must then send the garbled
text to “intercept’” by pushing the IN-
TERCEPT hutton on the cabinet. The
station which originated the garbled mes-
sage is then requested to retransmit.

Message Format

Careful attention to preparation of the
message format is required of the origi-
nating operators, as is true with all other
automatic switching systems.

The directing equipment will only in-
tercept messages with invalid addresses.
If an originating operator addresses a
message to the wrong circuit, the equip-
ment cannot detect the error and the
message will be switched. The operator
who receives the message will then be re-
sponsible for re-routing it.

The message format requirements for
Plan 56-B are: 1) Only single address
messages or group call “broadcast” mes-

WESTERN UMION TECHMICAL REVIEW




sages may be sent, since multiple address
messages cannot be processed automat-
ically by the system, 2) Messages must
hegin with the circuit address code and
end with the message ending code. No
other control characters are required dur-
ing the message text. (To insure clear-out
of the switching positions before each
message, the message ending code may
be inserted by the originating operator
before the circuit address code, as well as
at the end of the message.)

Other special functions such as “form
feed out” or “horizontal tabulation” may
he provided at the patron’s option but

are not required for the operation of the
system.

Test Procedure

Test facilities on the Routing Console
allow the supervisor to determine to
which sending circuit a switching posi-
tion transmitter is connected, and to in-
dicate which other transmitters mav be
waiting to send to that particular line
circuit. A test lamp and test push button
are provided on the Routing Console for
each transmitter and each sending line.

When a test button for a particular
line is pushed, the following procedure
OCCUrS:

1) If the line is busy,
a) the test lamp for that line will
glow hrightly,

h) the test lamp associated with
the transmitler will glow bright-
lv, and

c) the test lamps associated with
any other transmitters waiting
to connect to that line will glow
dimly.

2) If the hine is idle,
a) the test lamp for that line will
glow dimly.

Any transmitter position, can be tested
by merely reversing the above procedure
and pushing the test bution associated
with the particular transmitter.

1} If the transmitter 15 connected to a
line,
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a) the transmitter test lamp and
the test lamp for the line to
which the transmitter is con-
nected, will glow brightly,

b} the test lamp associated with
any other transmitter position
waiting for a connection to that
line, will glow dimly.

2) If the transmitter is not connected
to a line,

a} the transmitter test lamp will
glow dimly,

b) the test lamp for the line to
which it is waiting to connect,
will glow brightly,

¢} the transmitter test lamp, as-
sociated with the position con-
nected to that line, will glow
hrightly,

)} the test lamp associated with
any other transmitter position
waiting for a connection to that
line, will glow dimly.

The zupervisor may choose to manually
direct waiting messages to “spillover” or
let them switch normally. A study of the
traffic pattern shown by the test push
buttons and test lamps will assist the

supervisor in the disposition of these mes-
sages.

Special Features

The standard message switching equip-
ment of Plan 56-B can be supplemented
by optional equipment to provide the fol-
lowing features:

4. (n heavilv loaded incoming circuits,
message switching may be speeded up by
alternately receiving messages from one
vircuit, on each of the two separate reper-
forator positions of a two-position Switch-
ing Cabinet, shown in Figure 2. This
“flip-flop” receiving arrangement is par-
ticularly effective when the number of
outgoing circuits is large and the traffic
is evenly divided among them. For ex-
ample, if a message, received in the upper
position, is destined for a busy circuit it
will have to wait; the next messapge will
be received in the lower position and if it
is destined for an idle eirenit, it will be
immediately switched.
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4 A Message Waiting Indicator
(MWI) shown in Figure 2, can be added
to a Switching position or tape repeater
position to avoid “tight tape” delays in
transmission, when a transmitter oper-
ates at a higher speed than the reper-
forator and tends to run intermittently.
The MWI counts the number of mes-
sages waiting for transmission and will
prevent a transmitter from seizing a cir-
cuit until one complete message has been
received. The transmitter will then run
at full speed for the entire message and
i-vill not be interrupted by tight-tape de-
ays.

MWTI’'s are also generally used on
switching positions receiving from sta-
tions which originate messages from key-
boards. Since manual sending from a key-
board is usually slower than sending from
a tape transmitter, delays due to tight-
tape are likely to occur at the switching
position in the center unless an MWI is
provided to assure a complete message at
the position before the transmitter starts
sending.

4. Automatic Message Numbering Ma-
chines can be installed in the Send Circuit
Cabinet, shown in Figure 3, to transmit
a channel identification code and a se-
quential number preceding each message.
Numbering machines can normally be
provided for a maximum of eighteen cir-
cuits,

4. (Group call or “broadcast” messages
can be sent to a fixed group of circuits
simultaneously by means of repeating
relays mounted in the Send Circuit Cahi-
net. Broadeast transmission requires the
use of one of the outgoing line relay banks
and therefore, one less outhound circuit
15 available when this feature is provided.
In a forty-circuit system a separate broad-
cast pattern can be established for each
group of twenty circuits if one overall
pattern is not required.

Broadeast transmission may cause de-
lays in the switching center because a
switching position with a broadcast mes-
sage must connect to every circuit in the
pattern and “busy” it out before the
transmitter can start. If there is a long
waiting period to connect to anyv circuit,
no other position can send to the circuits

145

already connected and busied out, and
tape back-ups may develop at the switch-
ing positions.

4. Automatic multi-channel equpiment
can be provided for destinations whose
traffic volume is too great to be handled
on one channel. The channels to one
destination must be assigned consecutive
circuit codes in the same group of twenty
circuits. To make the most effective use
of the multi-channel arrangement, mes-
sages should always be addressed to the
first channel. Although multi-channelling
heavily loaded destinations speeds mes-
sages transmission, it should be recog-
nized that similar circuit facilities and
outstation equipment are required for
each channel and, therefore, similar
charges apply for each channel.

. ‘T'ape repeaters can be used to send
two types of messages to the same cir-
cuit: routine messages and priority mes-
sages. These two types of messages are
terminated in the two positions of a tape
repeater cabinet from which they are
sent on a sharing basis to the same cir-
cuit. Normally this type of tape repeater
is arranged so that all priority messages
are sent before any routine messages are
sent; however, any routine message in
the process of transmission will not be
interrupted to allow a priority message to
be sent. Provision can also be made for a
so-called “bust-in priority” operation in
which the priority transmitter will im-
mediately interrupt routine transmission
and pre-empt the circuit as soon as a
message arrives at the priority position.
In both modes—prionty and routine op-
eration, two separate Model 28 receiving
teleprinters are generallv used at the
destination, one for priority and one for
routine messages.

4. Changing of transmitting speeds can
be accomplished in a Tape Repeater Cahi-
net when an outgoing circuit operates at
a speed different from that of the switch-
ing position transmitters. The reperfor-
ator of the LRXD unit in the Tape Re-
peater Cabinet operates at the same speed
as the switching position transmitters and
the transmitter of the LRXD unit oper-
ates at the speed of the outgoing line.
Speed changes on the LRXD are made
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by means of separate three-speed manual
selectors on the reperforator and trans-
mitter.

4. The use of tape repeaters is also
recommended on two-way operated single
circuits to prevent switching delays and
tape “back-ups"” at the switching posi-
tions. Unless a tape repeater is used as a
local termination in the center for mes-
sages destined for stations on the single
circuit, the switching positions will be
unable to make a connection any fime
inbound transmission is taking place. The
tape repeater reperforator will receive all
messages sent from the switching posi-
tions that are destined for the way cir-
cuit, The tape will be stored in the ac-
cumulator bin of the tape repeater until
the single circuit becomes idle. The tape
repeater transmitter will then send to the
desired station or stations on the circuit.
A switch is provided to give the tape re-
peater transmission priority on the cir-
cuit at the discretion of the switching
center Supervisor.

& “Controlled” single and duplex way
circuits, i.e., those on which sending from
the individual stations is controlled from
a central point, can be connected to the
Plan 56-B Switching Center by means of
tape repeaters. The tape repeaters con-
tain line control equipment to regulate
transmission from the way stations to the
awitching center. Thizs is done by auto-

matically generating “invitation to send"
(ITS) characters. Each way station
transmitter is controlled by a distinct
ITS code.

Applications

Switching System Plan 56-B 18 an auto-
matic switching system for general pur-
pose use. The simplicity of the message
format and the flexibility of the switch-
ing center equipment allow the use of a
variety of outstation equipment depend-
ing on the requirements of individual
patrons. Custom-designed outstation
equipment is not required for this system.

The expansion capabilities inherent in
the system allow a patron to install the
system to meet present-day requirements
and then add to it on a “building-block™
basis in the future as communications re-
quirements increase.
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. AUTODIN
= Fxpands

Overseas

The AUTODIN program is being expanded to several points
in England, Spain, Japan and Hawaii under a contract spon-

sored by the Electronics Svstem Division of the Air Force
Svstem Commission.

Work has been underway for the Defense Communications
Agency since June 18, 1963,

AUTODIN is a development of DATACOM which was de-
signed by Western Union for the Department of Defense.

DATACOM was formerly known as Comlognet.
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Typical Control Area in the AUTODIN Switching Centers
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COMMUNICATIONS

of the
FUTURE

This particular issue of Western Union TECHNICAL
REVIEW should prove to be of great interest to anyone
who is either engaged in the business of providing commu-
nications services to others. or is a user of such services in
large quantity and variety.

The term “switching systems” has many applications and
connotations. Fifty vears ago it meant some mechanical
means of manually connecting one communications circuit
with another. Today, it means not only that, but mav also
refer to a highly complex solid-state switch gear, capable of
effecting circuit interconnections at extremely high speeds
in many different arrangements for a multitude of purposes.
For such purposes, the human eve and hand have become
too slow and much too unreliable. The human brain has
designed far beyond the bodv’s physical capabilities.

The communications svstems of tomorrow will continue
to increase in complexity. The switching technigues, which
make such systems possible, will set the speed and direction
of this trend. It is, therefore, of great importance that close
attention be given to the development of modern switching
methods.

S A

Vice President
Operating and Marketing Department
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AUTODIN

Switching System

Technical Control Facility

The AUTODIN Switching System con-
sists of five large, solid-state intercon-
nected switching centers each having its
own group of 100 to 150 tributary out-
stations. These centers are located at
Andrew AFB southeast of Washington,
D. C.: Gentile AFS near Dayton, Ohio;
Tinker AFB-Midwest City, Oklahoma;
McClellan AFB-Sacramento, Califorma;
and Norton AFB-5an Bernardino, Cali-
fornia. All centers, except Tinker, have
a capacity of 50 lines in the message
switching unit and 50 lines in the circuit
awitching unmt. Tinker has a capability
of 100 lines in the message switching umt
and 50 lines in the circuit switching umt.

The outstation equipment presently
tied into the system 1s comprised of Com-
pound Terminal outstations (CT) having
a transmission rate of 150 bauds, High
Speed Card-Teletype outstations (HS-
CT) having a rate of 1200 bauds and
Magnetic Tape outstations (MT)—2400
bauds. Other Military Teletype Network
(OMTN) interconnections are also pro-
vided. These have transmission rates of
100, 75, or 65 words per minute. The
trunks on the message switching umt are
operated at the rate of 2400 bauds and
those of the circuit switching unit are op-
erated at the rate of the connected out-
stations. The information on the lines i=
transmitted in an 84-character record
consisting of framing, control, block parity
and 80 data characters. The character
code 15 a modified Field Data code. The
bit rates are equal to 75 x 2% Where N is
a positive whole integer.

Every tributary line, with the excep-
tion of the center supervisor, and every
trunk, except the interchange frunks he.
tween the message switching unit and the
circuit switching unit, are link-encrypted
by a hit encryption device requiring ex-
ternal clocking. This requires an encryp-
tion device at each end of a tributary line
or trunk. The clock is of the stability to
keep the cryptographic devices in step for
one hour, on loss of the connecting link
between them, at the hichest rate (4800
bauds).

Circuit Configuration

Figure 1 shows the layout of the tech-
nical facilities for a 2400 baud trunk or
tributary. The signaling scheme, used on
hoth the bit or line clock and the data
or information lines, is a polar v 10ma
signal. The transmitting end is a solid
state + 12v polar device, with a 600 ohms
internal impedance. The line is alwavs
terminated in 600 ohms at a receiver to
maintain the correct signal levels. The
receive bit clock is a 2400 cycle square
wave with the negative cross-over in the
middle of the data bit. This signal 15 de-
rived from a double-transition synchro-
nizing adapter {(SYN-1). The send bit
clock is similar to the receive it clock
hut is generated by a single-transistion
synchronizing adapter (SYN-2) on cir-
cuit switching lines or a simple driver on
message switching lines. The synchronizer
is used on a circuit switching send line
because of the different phases the data
hits assume depending on the connected
receive line. A simple driver from the mas-

Editorial Note: This is the first of a series of articles on AUTODIN,
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ter clock suffices on a message switching
send line because it determines the phase
and rate of the line.

At each patch bay the data circuit and
the line clock circuit pass thru the same
jack set. With this arrangement plus the
adopted signal philosophy, back-to-back
testing or equipment substitution can be
made at all points in the circuit.

The circuits were designed with the
electrical and physical separation between
the decrypted (Red) and encrypted
(Black) areas as a prime objective. Shield-
ed cable was used for all data and clock
paths, A separate battery was provided
in each area. One of the functions of the
drivers, clustered around the crypto units,
18 to provide electrical separation of the
two areas as well as signal level conver-
sion. A common ground, provided in each
area is connected to the earth ground at
the erypto at only one point.
Synchronizing Adapters

Figure 2 shows a Receive Synchronizer
rack with 50 double-transition digital
svnchronizers (SYN-1) mounted in it.

Figure 2. Rec. 5TYN

The SYN-1 looks at a stream of data
bits and dernives a square wave with the
negative cross-overs in the middle of the
data bits. Theoretically, if the line facility
could pass signals with a total distortion
of 49 percent, the SYN-1 would still de-
velop a bit clock with correct phase rela-
tionship. A clock is also available from
this device for timing a synchronous mo-
dem such as the type used on a 2400-
baud circuit.

Figure 3 shows a rack of 50 send syn-
chronizers (SYN-2) at the bottom, plus
drivers for 50 message switch send lines
at the top. The SYN-2 is a single transi-
tion digital device that counts over to 14
of the bit and develops a clock. The sig-
nals, that the SYN-2 sees, are always
regenerated but assume different phase
positions.

The time base provided to the SYN-2
and -1 adapters by the Master Clock is
128 times the bit rate which is 307.7 kc
for a 2400-baud circuit. The timing to
the drivers for the message switching unit
is at the bit rate. The time base to each

lllll

couriesy of Stelta, [nc.
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synchronizer and driver can be changed
by the movement of a simple wire strap.
All time bases from 75 cycles to 614.4 ke
are distributed to the appropriate units.

Master Clock

The heart of an AUTODIN Center is
the Master Clock, shown in Figure 4. The
Master Clock provides the time bases for
all devices in the facilities area and also
the buffer units into and out of the mes-
sage switching unit plus the basic timing
for the circuit switching unit. The Master
Clock was designed for reliability, sta-
bility, and continuous duty even with in-
ternal failures, A large amount of redund-
ency is designed into the Master Clock.
If the Master Clock experiences a com-
plete failure, the center would stop.

courtepy of Stelma, fwe,
Moaster Clock

Figura 4,

The basic timing is derived from one of
three crystal oscillators at a frequency of
1.2288 me, The crystal is temperature-

QCTOBER 1963

controlled and compensated for aging to
hold a long term stability of 5 parts in 10°
per week. The three oscillators are con-
stantly compared with each other so that
if the one, which compares unfavorably
with the other two, is driving the system,
it is retired from service and the oscillator
designated as the fallback takes over its
duties. This switch is hardly noticed since
it occurs at the megacycle level. The
three oscillators are mounted in the
second shelf of the equipment in Figure 4.

The output of the driving oscllator is
counted down thru three 14 stage count-
down chains in the main cage section to
obtain the useful rates. Each level of each
chain is majority-gated in such a manner
that a single stage failure can be tole-
rated without interrupting a complete
chain. This chain is restored starting with
the next stage after the failed one.

The output from the three chains are
majority-gated to buffers called *“cable
drivers.” These drivers can tolerate a
single failure on any one of three inputs.
A cable driver is a group of three drivers
that are ORed together at their output
so that if anyone of the three fail, a use-
able output is still available. A required
time base is distributed by more than one
cable driver so that the distribution line
can be shorted or open-circuited and still
not affect the whole center. The cahle
drivers are mounted in the bottom cage.

The main cage, which contains the
count down chains, has controls on its
front door. These can be used in conjunc-
tion with switches mounted on individual
cards, to completely check the failure de-
tection circuits. A periodic check is made
of the alarm circuits to guarantee their
reliability.

One central Master Clock is chosen as
the system's time standard. A test instru-
ment, called a clock comparator, mounted
in the black patch bay, uses a time base
from the master clock and compares this
with the data bits on a trunk or tributary
line. In this manner, the oscillator fre-
quency, at the remote center or outsta-
tion, can be determined in relation to the
standard. Each center is responsible for
its own complement of outstations. The
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top shelf of the Master Clock provides
5 OMTN teletype time bases,

Monitor and Crypte Control Censcle

The Monitor Console and Crypto Con-
trol Console, shown in Figure 5, was built
at Western Union's Chattanooga Works.
The Monitor Console, shown on the left,
15 the central display of all alarms and
on-line bias indicators. It contains a push-
button selection of a circuit in either the
Red or Black area, as shown in Figure 1.
These are used to monitor the selected
circuit with various pieces of test equip-
ment such as an oscilloscope, a bias and
distortion analyzer, a pattern generator
and a character reader. The character
reader is a device that “frames” on the
Idle line pattern, present on the circuit,
in the absence of data and is then capable
of reading certain control and co-ordina-
tion characters and making a constant
character parity check.

This console can be used to contact the
outstations by teleprinter, thus bypassing
the synchronous equipment and crypto.
This means of communication can be used

¥ = v
AR

for special functions or in case of certain
equipment failures to help restore service
on the line. A telephone provides voice
communication between centers and to
certain military offices.

On the right, in Figure 5, is shown the
Crypto Control Console. This unit has
up to 300 crypto displays and controls
(i.e. one per line) for establishing bit syn-
chronism between crypto units on all
trunks or tributary lines. These controls
work in conjunction with two semi-auto-
matic devices, a call detector on the re-
ceive line and an alarm check on the send
line. The call-detector prepares the re-
ceive unit for bit synchronism on detec-
tion of a call generated at the opposite
end of the circuit. The alarm check pre-
pares the send unit for bit synchronism
which sends a call to the call-detector at
the remote end. Bit synchronism can be
established on a circuit by depressing two
control buttons. However, on a duplex
circuit an operator must be present at
the other end of the circuit. Means are
provided for master synchronizing of the
crypto or for group synchronizing for fast

- ..:'.:‘:._ . .
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Figure 5. Moniter Console and Crypte Conscle
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recovery from catastrophic troubles such
as power failure,

The crypto console has a push button
line selector and a character reader, simi-
lar to those in the monitor console. These
units are used to determine if bit set was
obtained with the remote units by detec-
tion of the idle pattern. As in the monitor
console all synchronous equipment can
he byvpassed to talk to the remote stations
by teleprinter in the event of extraordi-
nary problems, concerning the crypto
units at either end of the circuit.

ADU Switch

At point S, in Figure 1, a switch is being
added to move circuits from the input of
one section of the message switching unit
to another. The line terminating section
of the message switching unit is broken
into three or five separate sections called
Accumulation and Distribution Units
(ADU). If one of these ADUs fails, then
the circuits which were terminated in that
ADU can be reterminated in the ADU
which is designated as a spare or is han-
dling the lowest priority traffic. This
transfer is accomplished by operation of
a switch which affects the transfer with-
out loss of bit set on the circuits,

Potential of AUTODIN

The AUTODIN Technical Facility was
designed to provide maximum support
with ease of operation to the switching
units with a minimum amount of equip-
ment. Manual, semi-automatic and auto-

varsity.
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: The technical Cfacilities for the

. AUTODIN System were designed to
provide support to the switching cen-

_ ters in the communication circuits
area. The technical facilities are re-

- sponsible for monitoring and maintain-
ing the signal levels between the line

. [acilities and the input to the switch- |
ing unit; establishing "cryvpto hit” set,
1.e. synchronism, on the circuits; reator-
ing service on certain equipment fail-
ures and providing manual alternate |
routing. This area is under the opera- |
tion and supervision of military per- | '

; zonnel with only one man required per | g

| shift.
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matic functions were provided. The choice
from these three was determined by three
factors—the rapidity, importance, and
complexity of the function.

In future systems where some of the
tasks to be performed in the facilities
area bhecome more complex, all traffic
handling functions, presently performed,
could be transferred to a central traffic
control position associated with the
switching unit.
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THE 1963 D'HUMY MEDALIST

B. L. Kline

“For his development of new concepts of
clectrosensitive rm*ur{“ug phenomena. and for the

embodiment of the results of his research in [acsimile

"

rt'{'urdiug papers.

A eopy of the Certificate of the Award presented tis Mr. B, L. Kline
appears on the opposite pags. 1t was printed on TELEDELTOS paper,
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The Western Union Telegraph Company

“For his development of new concepts of

electrosensitive recording phenomena, and for the
embodiment of the results of his research in facsimile

recording papers.”

o
e

PRESIDEMNT

WewYork , September 25 wés




1963 d’Humy Award
to
B. L. Kline

“For his development of new concepis of electrosensitive recording phe-
nomena, and for the embodiment of the results of his research in farsimile
recording papers and in the guality control of many materials to insure maxi-

mum communications efficiency.”

Mr. B. L. Kline, physical and chemical
engineer in the Plant and Engineering De-
partment, was awarded the 1963 d'Humy
Medal for his “significant contribution to
the telegraph art.”

Past awards have been given for ad-
vances in the state of the telegraph art
which were largely electronic or electro-
mechanical in nature. This ninth d'Humy
Award is given for advances due to re-
search and development in the chemical
field.

Of Mr. Kline's many contributions to
communications progress, the most im-
portant was his rile in the development
of the various types of electrosensitive
TELEDELTOS paper—which are so im-
portant in modern facsimile telegraphy.
More than 50 million telegrams are re-
ceived on TELEDELTOS, annually, on
Western Union’s automatic Desk-Fax ma-
chines,

In modestly accepting the d'Humy
Award from President Walter P. Mar-
shall at ceremonies held in Mr. Kline's
honor—at Western Union headquarters,
the medalist paid tribute to the hard work
and constructive ideas contributed by
members of his staff. Mr. Kline heads the
physical and chemical division of the
Plant and Engineering Department.

During his career at Western Union,
Mr. Kline has done important research
and development work in inks, lacquers,
resins, wood preservatives, rust-proofing,
corrosion, wax compositions and deter-
gents. He is best known, however, for his
work on electrochemically sensitive coat-
ings for facsimile recording papers. He
has had more than 25 patents issued in
that field and is regarded as one of the
world’s leading authorities on electrosen-
sitive recording papers.

Previous d’'Humy Awards

1962 William D. Buckingham
1961 Robert Steeneck

1960 Garvice H. Ridings
1959 Harold F. Wilder
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1958 W. Dail Cannon

1957 J. Edwin Boughtwood
1957 F. Beaumont Bramhall
1956 Willham B. Blanton

1963 D'HUMY AWARD
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Traffic Evaluation
For Western Union Telex Network

Part |

. The Western Union Telex Circuit Switching Network is a nation-wide network
in Whlﬂh‘ subscribers can establish a connection to one another for Teleprinter
communications. A continuous analysis of the traffic must be made to ensure the
proper operation of the network. Special evaluation equipment is used to report
changes in the traffic pattern so that exchanges can be planned to meet these
requirements and to predict future needs as the network expands. This article
15 written in conformity with industry practices with respect to service desig-
nations—a 1%, designation means that a call has a 1%, chance of finding a
“busy” condition and a 99%, chance of immediate completion.

Western Union Telex is a nation-wide
circuit switching system for digital com-
munications in which thousands of sub-
scribers can be connected to one another
in a few seconds through various combina-
tions of switching stages and trunk sec-
tions. In some instances, these combina-
tions are arranged directly by dial digits.
In other cases, they are arranged by com-
mon control equipment which utilizes
dial digits. The number of switch stages,
trunk sections and common control units,
provided to maintain an acceptable and

PACIFIC TIME |

economical service is determined by a
continuous analysis of traffic.

Various considerations must be taken
into account in a traffic analysis of a
Telex network. While the network shown
in Figure 1, encompasses all aspects in-
volved in an analysis of our present West-
ern Union Telex Network, it eliminates
the complications of a large complex net-
work. This illustration will serve to ex-
plain the prnnciples involved in trafhic
evaluation and some simplified calcula-
tions are added to prove them.

CENTRAL TIME EASTERM STANDARD TIME
| CHICAGO
1900 5U85
HIGH usnas'
SAN FRANCISCO 22 ERLap NEW YORK
: 12, 750 SUBS.
e

LOS ANGELES |
B00 SUBS [

Figure 1.
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| WASHINGTON
I 50 sSUB%

Simplifiad Telex Metwork
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Trunk Analysis

The principal part of any circuit switch-
ing network is the trunks that intercon-
nect the various exchanges. The quantity
and type of trunks (direction of seizure)
to be provided economically between ex-
changes depends upon the following:

Busy Hour

Frobability

Grade of Service

Accessibility

Direction of Seizure
Automatic Alternate Routing
High Usage and Final Trunk
Group

* & & & & 9 B

Busy Hour

Traffic load is measured in Erlangs
(Erl). One Erlang is equivalent to using
one trunk for one hour or the sum total
usage of all trunks in a group for one hour,
For example, if a trunk group between
two exchanges contains three {runks, and
over a twenty-four hour period it is ab-
served that the first trunk was used for
7 hours, the second for 4 hours and the
third for 2 hours, then the traffic load for
the twenty-four hour period is 13 Erlangs.

The daily traffic load carried by a trunk
group is not sufficient to determine the
number of trunks required in a circuit
switching network. The dailv traffic load
is the sum of periods of no traffic, {even-
ing and early morning hours), and the
peak traffic periods which occur just be-
fore noon and in the late afternoon. This
peak period is used to evaluate the num-
her of trunks required in a given group.
This peak period, called the “Busy Hour,”
15 composed of four consecutive 15-minute
periods in which the traffic load iz the
heaviest.

Probability

In a circuit switching network, the traf-
fic oftered by wvarious subscribers to a
particular trunk group is usually inde-
pendent of one another with respect to
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lime and length of message. This traffic is
referred to as “random” traffic and is gov-
erned by certain laws of probability. For
example, Bernoulli Law, for traffic offered
by a number of subscribers, states that,
(1) the probability of the arrival of a call
is proportional to the number of idle suh-
scribers, and (2) the probability that
an existing call will terminate, never
changes regardless of how long it has
existed. These rules have lead to the for-
mulation of tables which can be used io
predict the number of trunks required in
a particular group, for a Busy Hour. Table
I has been extracted from these tables'. In
this table—N is the number of required
trunks, B is the Grade of Service and K
is the accessibility of the trunks. If we
consider a Grade of Service, B, of 19 and
a K of 20, it can be seen that 40 trunks
are required to carry 27.3 Erlangs during
the Busy Hour. The best trunk efficiency
that can be determined is 68,2,

Grade of Service

During the Busy Hour it is not econom-
ical to provide enough trunks to allow the
handling of all probable calls; therefore,
a certain percentage of attempted con-
nections to the trunk group will fail to
find an idle trunk. This percentage is
designated Grade of Service, B. There-
fore, a B of 1% means that one in every
hundred attempted seizures, of trunks in
any one group, will fail to instantly find
an idle trunk during the Busy Hour.

From Figure 2 it can be seen that the
higher the percentage of lost calls-the
greater the trunk efficiency; however, B
must be such as to provide an economical
and satisfactory grade of service to our
subscribers. A percentage that is too high
will cause redialing of the failed calls:
thereby, increasing the number of at-
tempted calls during the Busy Hour. This
will, in turn, be reflected in an increase in
the required common control units needed
to process each call. Consequently, the
Grade of Service chosen for each trunk
group 1s not only a requirement for serv-
ice to subscribers, but it is also a func-
tional requirement of the circuit switch-
ing networlk,
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TABLE 1
NUMEBER OF TRUNK= BREQUIRED FOR A Busy HoUR
K=10 K =120 K=34 N
B=1% B = 109 B=1% B = 109, B=1% | B=109%

1.43 283 1.43 293 1.43 293 5
4.57 T.587 4.57 7.57 4.57 T.67 10
7.6 11.8 8.23 12.60 8.23 12.60 15
10.4 16.0 12 13 17.72 12,13 17.72 0
13.4 20.2 159 226 16.27 | 23.00 25
16.4 24.4 19.7 27.5 20.5 : 28.31 30
19.4 28.6 23.6 324 248 33.4 35
224 328 27.3 31.2 290 386 40
25.4 37.0 31.2 42,1 3d.1 43.7 45
284 41.3 a5.1 47.0 37.3 48.9 a0
a14 45.5 a9.0 51.9 41.5 5.0 Ah
4.4 497 42.9 H6.8 458 592 60
37.4 839 46,8 61.7 B0 Bd.3 65
40.4 581 o8 66,6 3 604 L)
43.5 62.3 54.7 71.5 he5 T4.5 Th
46.5 66.5 58.6 T4 62.8 a7 20
49.6 T0.7 R2.5 H1.3 GB7.0 84.8 85
52.6 749 A4 B6.1 71.5 89.9 o)
55.6 . 79.1 70.3 91.0 75.6 95.0 95
58.7 | 834 74.3 95.9 79.9 100.2 100

N = Hequired Namber of Tranks
B = Grade of Service

K

= Accessibality

Accessibility

The maximum number of trunks that
are available to an individual subscriber
15 designated as the accessibility, to the
trunk group. This limit is a function of
the type of switch used in the exchange
where access is being sought.

In the Western Union Telex Network,
a TW39 Exchange uses a two-motion
switch which has a physical trunk scan-
ning limit of K=10. A TWM2 exchange
uses a motor driven switch (EMD) hav-
ing 192 output studs, which can bhe di-
vided into fourteen different groups, each
having varying values of K. In the TWM2
exchange, the actual value of K used
depends upon the number of groups re-
quired and the relative cost of the individ-
ual trunks in each group.

For example, referring to Figure 1, let
it be assumed that-(1) of the 192 studs
at New York, there are 40 remaining to
bhe proportioned between the Chicago and
Los Angeles trunk groups, (2) the Chi-
cago trunk group carries a Busy Hour
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traffic load of 50 Erlangs, and (3) the
Los Angeles trunk group carries a Busy
Hour traffic load of 30 Erlangs.

If the costs of a trunk between New
York and Chicago is the same as New
York and Los Angeles, then it may be
concluded that the studs should be pro-
portioned according to traffic load. This
however, is not the case, and referring to
Table I, 30 Erlangs can be carried with a
K—=10, by 53 trunks and with a K=20
by 44 trunks, for a 1% Grade of Service,
B. This leaves a 9-trunk difference in the
New York, Los Angeles trunk group be-
tween K=—10 and K=20. On the other
hand, 50 Erlangz can be carried with a
K=20 by 69 trunks and with a K=34 by
65 trunks. This leaves a 4-trunk difference
in the New York, Chicago trunk group
between K—=20 and K=34. Looking at
these figures and the difference in the
costs of a single trunk in each group, the
40 studs are arranged to be K=20 for
both Los Angeles and Chicago.

WESTERN UNION TECHNICAL REVIEW



Direction of Seizure

The Telex network is made up of full
duplex teleprinter trunks between ex-
changes that can be seized in one direc-
tion or in both directions. Since all trunks
are full duplex, the only reason for one
direction seizure is that less equipment
and/or less expensive equipment is re-
quired. This also saves floor space and
installation time. A given trunk pgroup
will then consist of incoming, two-way
and out-going trunks. The porportions to
he provided for these three types of trunks
are the result of a very careful traffic an-
alysis.

For example, referring to Figure 3.
the traffic distribution between New York
and Los Angeles consists of two almost
equal peak periods. However, the direc-
tion of the traffic during each period usu-
ally flows in opposite directions because
of the different time zones. The Busy
Hour is the first peak period of 30 Erlangs
and with a K=20 in both directions and
a B=1%, 44 trunks are required. The
first peak period consists of 25 Erlangs
from New York to Los Angeles, which
requires 37 trunks in that direction. The
second peak period consists of 22 Erlangs
from Los Angeles to New York which
requires 33 trunks in that direction. These
three requirements can then be met with
11 out-going trunks from New York, 26
two-way trunks and 7 incoming trunks to
New York. From this example, it is evi-
dent that the proportions to be assigned
in any trunk group, is not just a function
of the traffic carried by the group. Rather,
it is a combined consideration of the ac-
ceasithility in each direction, and the traf-
fic and time relationships hetween the
peak periods in each direction and the
Busy Hour. For example, if the peak
trafhc period in both directions occurred
simultaneously, this period would be the
Busy Hour. If the traffic carried during
this period were 30 Erlangs as in the
previous example, (which contains 609
two-way trunks), the number of two-way
trunks would be a very small percentage
of the trunk group.

Another factor in determining the per-
centage of two-way trunks is the size of
the trunks group. As shown in Figure 1,
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the Busy Hour between Washington and
New York carries 7 Erlangs. With an ac-
cessibility in both directions of K—34 and
a B=1%, 14 trunks are required. How-
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Figure 2. Trunk Group Effciency [B = 1%)

ever, in small trunk groups it is very dif-
ficult to predict or define the peak in
either direction hecause random access is
to be gained by only a small group of
subscribers, and daily individual factors
could affect the direction of traffic. The
requirement for 14 trunks was oblained
from Table I; however, this table 15 based
on all two-way trunks and the graph
shown in Figure 2 indicates that trunk
efficiency decreases as the number of
two-way trunks decrease, for small trunk
groups. As in this example, 14 two-
way trunks can actually carry 7.46 Er-
langs and if it is decided to make 6 trunks
two-way, then the trunk group would be
operating at an cficiency of 95%,. This
would mean that the trunk group arrange-
ment could carry 7.09 Erlangs instead of
7.46 Erlangs during the Busy Hour. The

10 ERL. BUSYT HOUR

3

>

- ~
AT ™ '
£ LA TONY. | s =

| 1

A
1 QETEram
|
]
j
¥

_h:nﬁ'rrrm STANDERD TIME
800 600 7o

CB00 900
Figure 3. Distribution of Traffic
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economies, however, obtained by making
only 6 trunks two-way will justify this
arrangement, because the trunk group 13
only required to carry 7 Erlangs.
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Automatic Alternate Routing

In order to obtain the maximum possi-
hle efficiency in major trunk groups in the
Telex network, automatic alternate rout-
ing is provided. For example, as shown in
Figure 1, 50 Erlangs of traffic during the
Busy Hour between New York and Chi-
cago would require 67 trunks fora B=19,.
If however, the traffic between New York
and Los Angeles and Los Angeles and
Chicago is low enough to allow 8 Erlangs
to be imposed on these trunk groups by
alternate routing of the traffic between
Chicago and New York, then only 57
trunks would be required between Chi-
cago and New York. This arrangement
results in increased trunk efficiency for
all trunk groups involved.

The choice of an alternate route path
and the amount of traffic that can be
offered to it 18 materially affected by the
different time zones, and communities of
interest. Sometimes the choice of alter-
nate path must be changed or the pro-
portion of carried traffic altered. There-
fore, a continuous traffic analysis must be
made on the alternate routing pattern. It
must be recognized that automatic alter-
nate routing is the means of maintaining
an economical and efficient trunking ar-
rangement providing it is kept under con-
stant observation.

High Usage and Final Trunk Group

Another application for automatic al-
ternate routing is in the development of
high usage and final trunk groups. There
are two ways to increase the efficiency of
a trunk group. The first is to increase its

size and the second is to decrease its
grade of service. For example, referring to
Figure 1, the San Francisco exchange has
a low traffic volume for the other ex-
changes. If the trunks were allocated ac-
cording to traffic, with automatic alter-
nate routing used to flatten the peak
periods, then small trunk groups would
be provided between San Francisco and
the other exchange. Since these are small
trunk groups, the trunk efficiency will be
low. If on the other hand, the trunks
between San Francisco and Chicago, and
between San Francisco and New York
are made very small with a very poor
grade of service, (High Usage) the trunk
group between San Francisco and Los An-
geles would have to be made large ( Final)
to accommodate the overflow from the
other two trunk groups. The trunks would
now operate at a much higher efficiency.
The method used to calculate the number
of trunks in the high usage and final trunk
groups is purely a matter of economics. A
trunk should be added to the high usage
group, one at a time, until the cost of pro-
viding the service per unit of traffic in the
high usage trunk group is equal to or just
less than the cost per unit of traffic in the
final trunk group.

(Continued in January 1964 issue)
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W. L. Johnson, City Operations Supervisor — Plant Department at Miami, Florida

Test and Dispatching Circuits
-Plan 39-

International tensions and stringent communications requirements of gov-
ernment agencies increased the importance of test and dispatching functions.

Background

In the past decade, Western Union has
experienced more changes in the concept
of communications than ever before. Par-
alleling these changes has been an ever
increasing demand for a more rapid means
of communication between our test rooms,
in order that rapid restoration and quality
performance of circuits be provided for
our leased subscribers. Only a few years
ago, most leased subscribers were located
in or near major cities where facilities
were readily available. The trend towards
dispersion of operations in all industries,
especially with the Armed Forees, has
resulted in further demands for service to
points previously considered unimportant
from the standpoint of requirements for
telegraph service. This may be illustrated
by a review of the changes in service
handling reguirements and the effects
they have had in influencing the design
of the Plan 39 Test and Dispatching
System.

Several years ago, the method of pro-
viding the coordination for service han-
dling and dispatching functions was to
establish territorial “Test and Dispatch-
ing Circuits.” These circuits linked to-
gether only those offices having a need to
communicate with each other. The cir-
cuits originally utilized morse keys and
sounders for the exchange of information
and operated on a “party line” or “way
circuit™ basis. The normal configurations
of these circuits were such that—major
offices were linked with adjacent smaller
offices or test points within a confined
geographical area. The testing for and
isolation of troubles were normally made
via physical line wires and the testing
points were responsible for those sections
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of the circuits which were terminated or
repeatered in their office. The present
state of the art requires only occassional
exchange of test and dispatching informa-
tion between small offices within close
geographical proximity. Infrequently,
manual relay of the information is neces-
sary by a larger test room or by transmis-
sion of this information via public message
channels,

Lengthening of Test and Dispatching Circuits

The general lengthening of leased cir-
cuits and especially the advent of the Cen-
tral Dispatching concept eventually over-
taxed the existing test and dispatching
network. ' The trend towards more com-
plex leased services also necessitated the
lengthening of test and dispatching cir-
cuits. It also became essential for test
rooms, sharing a common responsibility,
to have direct contact with other offices
over greater and greater distances. The
operational and economic limitations,
even at that time, precluded the provision
of direct interconnection of all test rooms
in all cases,

Consideration was given to a means of
providing such contact, on an “as-needed
and when-required basis.” With this oh-
jective in mind, a morse circuit switching
system was developed which would per-
mit, on a selective basis, a direct inter-
connection of any test and dispatching
circuit to another which might be termi-
nated in this system.

This type of switching system was n-
stalled and placed in operation in one of
our mid-western cities. The procedure be-
tween the two offices operating the circuit
switching equipment required that the
originating test room:
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1. Wait until the circuit was idle before
attempting to call or select another
office,

2. Transmit the necessary control se-
quence to establish a connection to
the desired circuit,

3. Transmit the office call letters of the
desired test room until the receiving
operator acknowledges,

4. Transmit the desired information
and await an acknowledgment or
reply,

5. Finally, disconnect or release the
circuit connection.

As with many designs in the field of
communication, this system's shortcom-
ings soon became evident after actual use.
Difficulty was encountered due to the
frequent failure of personnel to properly
release the connection after completing
transmission. The design of the system
required that a disconnect sequence be
initiated on the particular circuit from
which the originating connection was es-
tablished. Failure to observe the proper
operating procedures frequently resulted
in several test and dispatching circuits be-
ing tied together through the switching
system. At times forty or more offices
might be simultaneously connected to a
common circuit. This was convenient dur-
ing low traffic density periods but pre-
sented a serious handicap during the day.
Another problem was the possibility of
establishing a connection to the selected
circuit at a time when that circuit was in
use, This rendered the originating circuit
useless until the selected circuit became
idle and the message exchange could he
completed.

Another factor which began to influence
test and dispatching circuit operation
during this era was the increasing scarcity
of competent morse telegraphers. To ad-
equately train technicians in what was
becoming a ““lost art” was both time con-
suming and expensive. Futhermore, the
rapid expansion and increasing complexi-
ties of leased circuits plus the demands
for more rapid handling of reported mal-
functions on leased systems placed greater
emphasis on more rapid means of han-
dling communications between test rooms.
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Meodernization of Test and Dispatching
Complex

The next step was modernizing the Test
and Dispatching complex and the conver-
sion of these circuits to teleprinter opera-
tion. A simple selector was devised to pro-
duce an audible and visual alarm in the
test room receiving the message. Two
previous problems were immediately al-
leviated by using teleprinter operation:

1. It was no longer necessary to in-
struct technicians in morse tele-
graphy, and

2, Circuit time was no longer consumed
in repeatedly calling for a receiving
operator at another test room. A
message had only to be preceded by

the proper selection of characters of
the destined office. The exchange of

information between these two of-
fices can be transmitted at the max-
imum speed of the operator and the
equipment.

The circuit switching equipment was
abandoned because of the delays experi-
enced due to test wires being tied together
and improper disconnect procedures. Tele-
printer operators were assigned at the
switching center to relay all inter-city
messages.

Since this double-handling of messages
was not conducive to maximum efficiency,
a study was made to determine its short-
comings. A new system and a modern
dispatching center was designed to meet
not only the present demands but also
most future requirements,

As a result of this study many impor-
tant factors were considered:

1. Site selection—such factors as size
of community, housing, continuity
of power, access to other communi-
cations mediums, safety from man-
caused destruction, prevailing winds,
etc. were carefully weighed.

2. Aecess—to other cities having prin-
ciple testrooms and test and dis-
patching circuits.

3. Modern switching center — having
maximum efficiency of terminated
circuits, a system having flexibility,
reliahility and ability-to-expand so-
phisticated operating routines.
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A fully automatic system was designed
to meet these requirements — Plan 39

Switching System®,
Plan 39 Switching System

The Plan 39 switching center equip-
ment was built, constructed, and tested
in Western Union’s Chattanooga Works,
prior to installing it in the new location
for the Central Dispatching Bureau. The
system was subjected to all types of simu-
lated failures, msrouting, deviations from
prescribed routines, simulated equipment
malfunetions, partial power failures, etc.

Minor changes were made in the design
of Plan 39 during these tests so that it
would not only meet present dayv require-
ments but also provide for a 10-vear ex-
pansion.

Plan 39 Circuits

The circuits terminated in Plan 39 are
diversified and triangulated. In the pre-
sent circuit configuration, some test rooms
have several access routes to the switching
complex. Plan 39 has three outlets to
key cities, selected because of their diver-
sified access to alternate communications
mediums. Choice of these locations was
determined by availability of microwave
systems, underground cable and diversi-
fied land lines.

Circuit Dispatcher

The function of the circuit dispatcher
is greatly enhanced in the Plan 39 Switch-
ing System. The dispatchers have im-
mediate access to all test rooms; they have
copies of all messages and trouble reports.
The continuous observation of this array
of circuits helps to pinpoint major failures
before the dispatchers can be notified via
test room reports. Through the advance
correllation of this information, major test
rooms are notified as to the location and
magnitude of these failures. The necessity
of tracing troubles individually has been
eliminated. Several minutes advance time
may be used toward service restoration
which might be otherwise lost through
notifying the circuit dispatcher.
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Figura 1. Dizpotchers with Patching Boord and Printers

Flexibility of the System

Failure on a facility lead or the loss of
oné or more areas within the country has
little effect on the continuity and flow of
traffic on the test and dispatching circuits.
The configuration and routing of circuits
terminated in the Switching Center is
such that a 50 percent loss of these cir-
cuits would not incapacitate the svstem.
It ensures the protection of vital military
circuits essential to our national defense.

Failure of a Test and Dispatching cir-
cuit activates a visual and audible alarm
in the switching aisle. Operators and dis-
patchers can recognize the most probable
location and severity of a multiple failure.
For example, a power failure in one of the
major test rooms would cause every test
and dispatcher circuit in that office to fail.
A quick observation of the alarm panel
shows which circuits failed and an exam-
ination of the circuit layouts would show
the city or area common to the “failed”
circuits. A message flashed promptly to
all test rooms gives the apparent location
of the failure.

The IDispatcher’s operators have a cer-
tain routine to follow in event of such
failure. Figure 1 shows the dispatchers
with patching board and directly con-
nected printers. Switching control posi-
tions are shown in Figure 2. They are used
to redirect the flow of traffic in the event
of failures. Protection of test and dis-
patching traffic is handled by means of
alternate routing and switching. All avail-
able means are utilized during a crisis to
minimize delays, effect restoration and
keep all test rooms alerted as to the status
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of circuits and prospects of recovery.

Precautionary measures are taken in
the Central Dispatching Bureau to pro-
tect test and dispatching traffic in event
of total or partial failure of the system.
A six months supply of all spare parts and
1) percent of all major components are
kept on hand. Two trained technicians
are assigned to insure and protect the
continuity of message flow,

Portable System

The system was designed and installed
to permit relocation if a national emer-
gency necessitates it. All switching cabi-
nets are interconnected by means of flex-
ible cable and plug-in connectors so that
it is possible to unplug each unit and com-
pletely transport the equipment and re-
establish the system at another location.
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Emergency Power

Emergency power, provided in the Cen-
tral Dispatching Bureau, operates at less
than 25 percent of its rated continuous
load capacity. The power unit is a con-
tinuity preserving source of supply. When
the outside power drops below a predeter-
mined voltage, the unit will immediately
assume the full load automatically and
without interruption to the switching sys-
tem. The power unit is tested weekly
under full load. Fuel tanks are maintained
full—with a supply of fuel for at least
five davs operation under full load.

Training Program

Prior to activation of the Plan 39
Switching System an intense training pro-
gram to acquaint the field with the op-
erating procedures for this system was
established. The full potential of the add-
ed features of this system could not be
realized without adherence to the proper
message format. Delays due to improper
message format were mitigated by pre-
terminating all test and dispatching
circuits, which were to be included in Plan
39 system, in monitoring printers at the
Switching Center. These monitors were
observed by supervisory personnel—and
any deviation from prescribed routines by
an office or test room was immediately re-
ported to the office with an explanation.
The explanation of these deviations in-
cluded the technical problems inherent
in the system. While this was a departure
from normal reporting practice, it was
found that technical explanations were
more effective in obtaining correction of
non-routine operating practices.

The close supervision and cooperation
of our field forces eventually resulted in
almost 100 percent compliance with the
proper operating routines, and necessi-
tated a minimum of supervision in the
switching aisles, as shown in Figure 3.
Operators and supervisors now have more
time for observing all incoming circuts so
that maximum operational efficiency is
maintained. Operators have instructions
to protect a message and promptly switch
it to the office for which it 1s intended;
corrections or remarks to the originating
test room are secondary.
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Potential of Plan 39

The versatility of the Plan 39 Switching
System makes it possible to keep abreast
of the ever increasing demands for more
rapid exchange of test and dispatching
information.

Plan 39 is operating at considerably
less than its message handling capacity.
When required, this capacity may be util-
ized by increasing the operating speed of
the circuits terminated in the system.
Full duplex operation can increase the
present capacity by 50 percent. The sys-

Mr. W. L. Johnson. formerly a General Opera-
tions Supervisor in the Plant and Engineering Department,
iz now City Operations Supervigor, at Miami, Fla. While at
Headguarters he wag basically concerned with the perform
ance and protection of leased wire circuits and the solution of
problems associated with Private Wire Service. He had wide

experience tn field and test rooms practices.

Mr. Johnson joined Western Union in 1953 as
an Apprentice Technician. Later he was assigned as an Oper-

ations Supervisor in the Atlanta Area office.

He received his technical edueation at William
and Marv College and also an electronic technician school, He
spent a two vear tour of duty in the Navy, where he received

an honorable discharge.

Editorin] MNote:

tem also lends itself to satellite switching
from small exchanges.

Future applications for Plan 39 are con-
stantly being considered. Changes in
avoldance routings are made as conditions
require.

Actual restoration of circuits where
major facilities have been lost supports
the planning and success of the Test and
Dispatching circuit complex. Western Un-
ion has established a means of protect-
ing the national interests with its ability
to restore communications effectively
through the Plan 39 Switching System.

The Theory amd Design of Automatic

Switching System-—Plan 39 was desceibed in the July
1963 fzave of the Western Union TECHNICAL REVIEW,

OCTOBER 1963
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TWO YEAR INDEX

JANUARY 1961 — OCTOBER 1963 (Velumes 16 and 17)

SUBJECT INDEX

Computer Technigues
Mechanized Inventory Control. F. A, Herman....

Lrge of the Computer in Routing Messages. W. ]il'. Frﬂmcm anrl J ..ﬂu Hunt...... .

Data Processing

Date Card Transmitter. P. F. Recca.... S

Error Deteetion, Correction and (I'rmtrpL R Etecncck -
Standard Girm:t Cards for Data Switching Circuits, I'r'[ H Gu!d

Display Systems

Bomb Alarm System 210-A. C. R, Deibert and W. D. Buckingham..._............

Electro-Quote Display System. H. F. Burroughs..........

Microwave

ﬂefni, Linearity and White Noise Teatmg of F.M. Radio Eﬁ&py Sya!em.s

C. Ottenberg.... I
Measurement of Dwmntmmhea i Hui:'ey*utdﬂm E Amnnﬂ'

Microwave No-Break Power Units for New Radio Beam byatsm E G Emat

Mierowave Radic Beam System. J. M. Reardon...

New Ideas in Microwave System Maintenance. [‘r B Wmdrnan
Varactor Diode—Part I Theory. R. L. Ernst and J. K, Fltzpa.trmk_--...----....,

Varactor INode—Part 11 Applications to Mtr.‘:mu ave System
R. L. Ernst and J. K, Fitzpatrick.....

Switching Systems

AUTODIN—Technical Control Facility. ¥, B. Falknor....

Automatic Switching System Plan 39—Theory and Dﬂr:yn. R .I ‘Duswalt
Introduetion to Broadband Switching. A. F. Connery....

Switching System—Plan 56B. B. E. Codd...

Type 600 Automatie Four-Wire Switehing Systﬁ-m K M J{.n;,kerz.
USAF, Technical Control—Part 1. H. F. Krantz.._.

I’'S.A.F. Technical Control—Part II. H. F. Krantz

Transmission

Date Transmission and the Common Carrier, J. E. Boughtwood................ ..

Digital Phase Corrector, E. J. Chojnowski....

A Fregueney-Shift Data Set for Voice Gwrdnratcd Asyﬂcﬁrmmua Tr:mﬂ-imssrun

up to 1200 Bouds. R, L. Lowe..

Solid State RCU and Polar Adapter. F R F1rt'|1 uru:l T J D'Eu]lwan-_-....._.-.....-...

Telex in [J.S.A. P. R. Easterlin... s

I'Wss-WU' TELEX ﬂﬂnraﬂhﬂtm" Th-:* T J ﬂEulhvan AT
Twao Channel Multiplex for Italeable Company. A. W. chke;r.'
Western Union Tests Via TELSTAR. P. R. Easterlin...

Miscellaneous

Character Recognition Systems. F. T. Turner...
Dot Generator 10608-A Product Release..

Electrogensitive Paper Types L8 and L“H‘ J I—I Hnekenh-erg amd F L G’Hman

Fifteen years of “Exploding Technology”. F. B. Bramhall..

15th Anniversary of the Western Union TECHNICAL REVIEW. P. J. Howe.

1861 d'Humy Medalist. Robert Steeneck. ..o
1962 d'Humy Medalist. W. D. Eut:l:ingham.----..........,.............
1963 d"Humy Medalist. B, L. Kline.....
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PERT—A Management Tool. E. R. Adamkiewicz and A. J. Marra. ...
Point-to-Point Subseriber Set, R. P. SBOtZ..oovsimisoessmesssseesssssons sosesssssss st tsssesess

Tegt and Dispatehing Civewits—Plan 39, W. L. Johnson. ..o,
Trademarks and Copyrights. M. Borsella.... :
Troffic Evaluation of Telex .“b’ftwﬂﬂ-.—f"urt H. I'rl Jm‘kers
Trende in Cable Design. R, P. Hmnaneih

INDEX {Continued)
AUTHOR INDEX

ApaMKIEWICE, E, E.: A.J. MaRra, PERT A Manarement Toaol

ARoONOFF, K, Measurement of Discontinuities in Waveguides... ...
HorsELLA, M. Trademarks and Copyrigmhbs. ..o
BougHTWwoop, J, E. Data Tranzmizsion and the Common Carrier........ ...
BraMualrL, F. B. Fiiteen years of “Exploding Technology™.............
BuckinGgHanm, W. I).; C. K. DEIBERT. Bomb Alarm-Display .‘:m}rstem EILI ﬁ
Burrovcns, H. F. EleetruuQuum Display Swstem .o
CHoanowskt, B, J, Digital Phase Corrector.......
Copp, B, E. Switching System-—FPlan 56B.. St e e S s AR S R 5
CONNERY, A, F. Introduction to Hlua.dhund ":wzt{,hln:;
DeserT, C. R.; W. D, BucKincHAM, Bomb Alarm Dlsplav E:.rsh:m 11}!!..
Dickey, A. W. Two-Channel Multiplex for ltaleable Cooein
Duswart, R, J. Automatic Switching System Plan 39 ’lheury & Deslp‘n
EA.ETERLIH PHILIP B. Western Union Tests Via TELSTAR ..o i,
EasTerviN, PHILIP R, Telex in UI.8.A.., e S

Erxsr, C. G Microwave No-Break If"uwer l nits fur ‘\[ew Iiadlu Eeam E:.:!.rst.ems
Erwxst, R. L.; I, K. FrrepaTricK, Varactor Diode Part T Theory ...

Erngr, R. L.; J. K. FITzPATRICK. Varactor Diode Part 11 Applications to
R R B S R S e P e e B e

FaLkwor, F. B. AUTODIN-—Technical Control Facility....
FirTH, F. K.; T. J. O0'SvLLivan, Solid State RCU and ]"-::l]ar Adaptm
FirzraTrICK, J. K.; R. L. EHHET Yaractor Diode Part I Theory...o.o e

FirzraTrICK, J. K.; K. L. Egnst. Varactor Diede Part 11
—Appllmt.mna to Microwave Syatems....

Frawcis, W. K. Use of the Computer in Ruuu:ij;' ‘I-'IE*—.HH;.};N, ............................
GoLb, M, H. S3tandard Circuit Cards for Data Switching Circuits...
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Howeg, P, J. 16th Anniversary of the W.U. TECHNICAL REVIEW ...
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Jockers, K. M. Traffic Evaluation for Telex Network—DPart 1o
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Krantz, H, F. U.S.A.F. Technical Control—Part L. eer e
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YEAR WELL DONE—1963

President Walter P. Marshall
Awards the Medal of the Year

On Sept. 25, 1963, President Marshall (right) awarded the 1963 d'Humy
Medal to B. L. Kline (center) Plant and Engineering Department for his
significant contributions to the telegraph art. Mr. C. M. Brown, left, Vice
President of Plant and Engineering was Master of Ceremonies at the Award
Presentation. Mr. Brown reviewed the history of the d’Humy Award and
introduced the previous award medalists. Before turning over the ceremonies
to Mr. Marshall, Mr. Brown paid special tribute to the Award Committee for
its selection of the medalist this year. The Award Committee was composed
of D. F. Hazen, C. S. Lawton, G. G. Light, W. J. Llovd, M. R. Marsh, G. P.
Oslin, K. H. MacGibbon, Program Chairman and G. A. Randall, Chairman.

The portrait in the background is that of Newcomb Carlton who was Presi-
dent of the Western Union Telegraph Company from 1914 to 1933.
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